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Executive summary 
 
 

Introduction 
 
How unified is the European Union when it comes to energy policy? Do all member states face 
similar environmental challenges related to electricity provision? What are the consequences of the 
ongoing liberalisation process? Do some member states deal with a historical burden? Is the “dash 
for gas” still going on and is this a European or a national tendency? How do the member states 
deal with the (post) Kyoto targets? Does the EU needs to worry about security of supply? ...  
 
Energy specialists, from ten different member states in the EU, have been contacted to describe the 
current national energy policy on a level of all 25 EU member states. They have been asked to 
critically review the electricity provision and to tackle meanwhile questions like those mentioned 
above. The authors have a good understanding of the national energy situation, their criticism 
results in an added value; their reports are more than just a simple summary of existing documents. 
Their contributions can be found in this publication.  
 
The different chapters of this publication are written in the framework of the EUSUSTEL-project, 
funded by the European Commission. In this project on European Sustainable Electricity, a 
comprehensive analysis of the future European demand and generation of European electricity and 
its security of supply is made. Eurelectric and VGB operate, among others, as industrial advisors. 
 

Results & general trends 
 
Before going into detail and delineating the 25 country reports, this section describes the main 
general trends, results and emphases which can be found in all reports. It is important to realise that 
this publication gives a snapshot of the existing situation, which implies that one has to be very 
careful when extrapolating the given results in time. 
 
The information, as can be found in the different country reports, can be divided into five parts. The 
first part gives the present factual information on geography, demography, economy, energy, 
electricity and environment. The next part discusses the trends on the abovementioned issues in the 
past, the present and the future. The third part discusses the results of energy studies, carried out on 
the national level. The fourth part discusses the national policy on energy, electricity and 
environment and the last part deals with country-specific peculiarities. 
 
Although a structural framework is provided, each contribution shows different emphases, 
depending on the author’ s interpretation. This different interpretation and the varying resulting 
reports illustrate the European Union as a mosaic of cultures, policies, strategies… within an EU-
framework. 
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Demography & Economy 
 
Although the population in the EU is not ’fast growing’ – i.e. rather stabilising, the number of 
households is increasing. Households become smaller and tend to have only 2 persons. The process 
is already in an advanced phase in the EU-15 states, but the same trend is ongoing in the new 
member states. 
 
In general, GDP is increasing in all member states, but there are some differences in growth rate. 
The newcomers see a more rapid economic growth, with annual growth percentages up to 5% (e.g. 
Hungary, Poland, Latvia and Slovenia), while some old members can benefit only from a 1% GDP 
growth rate (e.g. Portugal). It is expected that within the coming years those fast growing rates will 
gradually decrease to a more modest percentage of approximately 3%. The European economy 
tends to become more and more service-based, and the share of agriculture and (heavy) industry is 
decreasing all the time. In the different member states, the share of services to the overall GDP 
varies between 50% (Ireland) and 80% (Luxembourg). The industry accounts for 15% (Cyprus) to 
45% (Ireland), while agriculture is only responsible for a 0.5% (Luxembourg) to 5% (e.g. Greece 
and Lithuania) share. 
 
Both the above described trends on demography and economy, influence the energy management 
(use and intensity), as will be discussed further on. 
 

Energy 
 
Fossil fuels are very important in the EU. Oil is the most important one, as it is the base product for 
both the chemical industry and transport. Natural gas is important for electricity generation and for 
heating appliances in houses. Recently, the interest in coal has been increasing again (especially for 
electricity generation), both because of the increasing gas prices and the importance of security of 
supply. 
 
The EU is heavily dependent on imports for natural gas and oil, as the EU-domestic resources are 
very limited, or even poor. Coal is abundantly available in the central and eastern member states of 
the Union (e.g. Poland, Czech Republic and Germany), albeit not necessarily at competitive cost. 
 
The aim is to decouple the GDP-growth and the energy consumption as much as possible. On the 
one hand, industry makes a really good effort concerning energy intensity and energy use. On the 
other hand, the service & commercial sector, the households and the transport sector face an 
increasing use of energy. 
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Electricity 
 
Electricity use is growing, and it is not expected that this growth will slow down in the near future. 
Electricity is an important form of energy. 
 
Table 0-1 gives an overview of the most important electricity generation options as they are found 
in the EU. The right column gives some remarks, questions or topics of interest which are 
mentioned very often in the case of the respective generation technology. 
 

Electricity production technology Peculiarities 
Nuclear Waste & safety issues; legal phase out in some MS 

Natural gas Heavily relying on fuel imports; currently high prices 
Coal/lignite Environmental concern; existing EU-domestic resources 

Hydro Largest share of existing renewable potential  
(for large scale hydro power plants) used 

Oil Very moderate use 
CHP1 Increasing interest 
RES High interest, R&D-efforts needed, grid issues 

Table 0-1 Overview most important electricity production options & remarks 

 
For the future electricity generation, a broad range of technologies is envisaged. Until recently, both 
in the context of low gas prices and the environmental concern, gas-fired power plants were seen as 
the most important contributor to the future electricity provision. Low emissions, a small 
investment cost and a short construction time for combined cycles were seen as its major 
advantages. But with the recent gas price surges – the continuation of which is everybody's guess – 
the interest in clean coal technologies is increasing and many R&D-efforts exist (and are still 
needed) on coal. Also concerning security of supply, coal-fired and new nuclear power plants are 
important options. Besides those three “classical2” options, renewable energy sources are of interest 
as well. Although generally the growth ratio is large in most of the EU member states, the absolute 
and relative share in the electricity provision differs from country to country. E.g. in Spain, 
Germany and Denmark, the impact of wind power is large, but in other countries (e.g. Belgium), 
until now, renewable energy sources only provide a marginal share in electricity generation. 
 
To ensure a reliable electricity provision, all member states realise the importance of a good 
electricity network. Sufficient cross-border transport capacity is a key issue to make import and 
export possible. Countries where new nuclear base load capacity is foreseen (e.g. France and 
Finland), realise that this choice is important for the region’ s import/export strategy. Import and 
export, which is closely related to security of supply, becomes a strategic issue. 
 

                                                
1 CHP = Combined Heat and Power 

  RES = Renewable Energy Source 
2 In which “classical” does not mean that those options are not under development. “Classical” is to be interpreted as 

“generally known as electricity production method, without specifying the advanced features.” 
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Environment 
 
The reduction of emissions, which is the major environmental concern in the EU, is double-sided. 
On the one side, the reduction measures for SOx-, NOx-, NMVOC3-emissions seem to be 
successful. Emissions are being reduced. But on the other side, reaching the Kyoto target by 
reducing the emission of greenhouse gases – especially CO2 – is much more challenging. The ever 
increasing mobility and transportation, with the mounting use of oil, and the increasing use of 
energy in the households and the service & commercial sector, make up a large share of the 
emissions. In industry, the shift of the activities towards less heavy industry has a positive effect on 
the emissions, but it is important to realise that this is not as a result of a good environmental 
policy, but rather of a more added-value industrial tendency. On the other hand, the industry does 
make a substantial effort to reduce the emissions, e.g. by the introduction of the use of formal 
Agreements with governments (‘covenants’ ). 
 
Wind energy and biomass are the most important sources of renewable energy. To promote these 
non-depletable energy sources, most member states use comparable mechanisms: feed-in tariffs, 
guaranteed prices, taxes and obligatory supply quota. All countries mention the link between the 
emission reduction strategy and the national economic competitiveness. So as not to punish the 
countries with a progressive emission reduction policy, measures on a European scale are of major 
importance. A good example is the EU-ETS4. 
 
Although all member states take measures to reduce the CO2-emissions, most countries realise that 
national measures are not sufficient to reach the Kyoto target. Consequently, they count on the 
flexible mechanisms to reach their goal: the Clean Development Mechanisms (with developing 
countries), Joint Implementation (between industrialised countries) and international emission 
trade. The awareness of the fact that extra flexible mechanisms are necessary to reduce the 
emissions is to be applauded as those investments should lead to CO2 abatement at the lowest 
marginal cost. However, one may not forget that in the end, someone has to make the real physical 
effort (which is not entirely guaranteed, given the e.g. over-allocation of some countries such as the 
Russian Federation with GHG allowances). 
 

Liberalisation 
 
All member states are gradually opening up their energy market at a pace which differs from 
country to country. Mostly large users and industrial clients profit from the liberalisation process. 
Small, residential users do not seem to make a lot use of it. 
 
Although the energy markets are (or become) liberalised, long term contracts remain responsible 
for the largest part of the energy deals. The market is free, but the major clients search for stable 
trade mechanisms. The power exchanges, which deal with the short term markets and the balancing 
activities, deal only with a small share of the power flows. To increase this share, many member 
states stress the importance of liquidity. 
 

                                                
3 NMVOC = Non Methane Volatile Organic Components 
4 ETS = Emission Trading Scheme 
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The role of the regulator is comparable in most countries: supervision of the liberalisation process, 
price & tax advice, supervision of the market, etc. Very often, the decision power of the regulators 
is very restricted; they only have a supervisory control function and an advisory role. Although 
privatisation has mostly been carried out, in some member states, the state (especially in the Eastern 
European countries) tries to keep a strategic share in the energy sector (e.g. Czech Republic, 
Estonia, Latvia, Slovakia and Slovenia), although also in some older member states (notably 
France) state control or involvement remains important. 
 
Due to the historic evolution of the energy markets, dominant players are still present on many 
national markets. Even though they do not abuse their market power, very often, they put a barrier 
to potential newcomers on the energy market. 
 
Recently, a consolidation trend can be seen on the national level. Different small players merge and 
there is a vertical re-integration. More and more, competition takes place on the international level. 
Large, dominant national players compete at a European scale. A remarkable trend is that some 
incumbent EU-15 players enter at the national markets of the EU-newcomers. 
 

Policy 
 
When analysing all national energy policies, the same concerns emerge all the time. The first, and 
major concern, is security of supply – both in the sense of reaching a high reliability and safety 
standard, and of import dependency. The geographical position of the Central Eastern European 
countries can play a strategic role in the future import policy (i.e. for natural gas). 
 
A second major concern is the economic competitiveness of the electricity and energy provision. It 
goes hand in hand with the environmental policy, which has to present cost efficient measures, so 
that national productivity is not harmed. A clear regulatory framework and good communication 
between the several authorities is necessary to ensure a high level of security of investment. These 
are necessary basic conditions to stimulate potential industrial investors. 
 
Another important issue is the social involvement and the social side of the energy policy. A good 
price policy is of major importance. Prices have to reflect (marginal) costs. This was certainly not 
the case in the formal centrally-planned states, where cross-subsidies and artificial low prices (in 
favour of the people) were normal practice. Now, those transition economies make their price 
policy cost-based. Very often this goes together with price surges, but in any case, it makes people 
aware of the costs of the energy they use. Taxes have a very large influence on the final energy 
prices as they can make prices artificially high. Between industrial and residential users, there exist 
large price differences. To conclude this paragraph on price policy, it is worthwhile mentioning that 
a good price policy can indirectly have a positive effect on the introduction of RES-technologies. 
 
A last important policy concern is energy efficiency. All member states are taking measures to 
decouple GDP-growth from energy use. Many member states mention the importance of indicators 
for the evaluation of their policy. 
 
It is worth mentioning that two electricity production options are rather controversial in the EU, i.e. 
nuclear and coal-fired power plants. Camps, both in favour and against, exist among the member 
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states. For the nuclear-based electricity production, some countries opt for a phase-out, because of 
alleged safety and environmental concerns (e.g. Belgium, Germany and Sweden), while others 
choose for new capacity and further R&D in the interest of fuel diversification and security of 
supply (e.g. France and Finland). A similar discussion is held for coal-fired plants, although this 
debate is less controversial. 
 
As a last remark, analysis of the country reports and national policies provides evidence that the 
governments focus very much on the industrial sector. For potential energy savings and efficiency 
measures, the households, the service & commercial sector and the transportation sector are rarely 
looked at. 
 

Conclusion 
 
Without going too much into details, the country reports give a good overview and a critical 
analysis of the energy and electricity provision of all 25 EU member states. Although all country 
reviews are written according to a provided template, national influences can be discerned. The 
reports reflect the European Union as it is: a mosaic of 25 countries, with their own culture and 
heritage, but within a global framework. 
 
Nevertheless, it is not impossible to draw some general conclusion. All countries are faced with 
comparable challenges concerning energy, electricity and environment, and very often, comparable 
policies exist – within the national context – to cope with those challenges. 
 
Although the country reviews are not focused on a small time window, it is important to realise that 
they only give a snapshot of the current situation of the member states: the market situation can 
change rapidly and policies can swing with elections, etc. This makes that the described results 
should not be extrapolated as such. 
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1.1. Energy-related and socio-economic analysis : past, present and 
future 

 
1.1.1. Geographical description 

 
Austria lies in the centre of Europe, bordering with eight other countries. The two largest 
neighbouring countries are Germany to the north and Italy to the south of Austria. The other six 
neighbouring countries are the Czech Republic, Slovak Republic, Hungary, Slovenia, Switzerland 
and Liechtenstein. Austria is entirely landlocked with 2562 kilometers of borders and a land area of 
approximately 85850 km². Two-third of Austria’ s territory are alpine regions, concentrated in the 
west and the south, whereas the northern and eastern parts are nearly flat. The capital Vienna and 
most of the largest cities are located in the flat regions. Almost 45 % of the country is covered by 
forests, which provides most of the biomass used for energy supply. 
 
The country is federally structured and comprised of 9 states as administrative divisions, namely 
Burgenland, Kärnten, Niederösterreich, Oberösterreich, Salzburg, Steiermark, Tirol, Vorarlberg and 
Wien. Each state has its own government responsible for various endemic issues, related to specific 
local or regional conditions. The federal governments’  responsibility covers issues which have to 
be coordinated between the states and which concerns the whole country like energy taxation, 
security of supply and energy statistics, respectively. Figure 1 presents a map of Austria. 
 

 
Source: IEA (2003) 

Figure 1: Map of Austria 
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1.1.2. Demographics 
 
In 2003, Austria’ s population was estimated at 8.118 million (latest census in 2001, 8.033 million), 
with a population growth of 0.22 % in this year. In 2050 the population is projected to be about 
8.162 million. Austria has 3.342 million households, with an average size of approximately 2.4 in 
2001. As in many western European Countries, Austria’ s average age of population will increase 
over the next decades. The group of seniors (60 years and older) will rise by 73 %, whereas the 
group of 15 years and younger will decrease by approximately 26 % and the group between 15 to 
59 year by 15 %, respectively. Gainful employment is approximately 3.967 million persons in 
2003. About two-third of the employees work in services, almost 30 % in the industry and crafts 
and about 4 % work in agriculture and forestry. 
 

1.1.3. Economics 
 
Austria joined the European Union in 1995 and adopted the Euro in 1999. Since the mid-1990s the 
economic development lies on the average of the European Union’ s countries. The GDP rose from 
118 bill. Euro in 1988 to 235 bill. [Eurocurrent prices] in 2004. The average annual GDP growth rate 
between 1989 and 1995 was 5.8 %, whereas the annual average growth rate between 1996 and 
2003 decreased to 3.2 %. Table 1 presents the GDP development of Austria between 1995 and 
2004. 
 

Table 1: Gross domestic product and figures form 1995 to 2004 
 1995 2000 2001 2002 2003 2004 
GDP [bill. Euro2000] 182.0 210.4 211.9 214.4 216.1 n.a. 
GDP, PPP, current prices [bill. Euro2000] 175.6 210.4 215.6 221.0 226.1 235.4 
GDP, PPP/capita,   
current prices [TEuro2000] 

22.1 26.3 26.8 27.4 27.9 28.8 

Source:  Austria Statistik (2005), own calculations 
 

1.1.4. Energy 
 

1.1.4.1. Supply 
 
Austria faced a total primary energy supply (TPES) of about 1332.5 PJ (31.82 Mtoe) in the year 
2003, which is an average annual change of approximately 1.8 % between 1990 and 2003. TPES 
per GDP is 0.097 [TPES/Euro2000]  in 2003, decreasing between 1990 and 2003 about 0.3 % on an 
average annual basis. 
 
Regarding the different energy carriers, coal is providing approximately 12.2 % of the TPES, 
whereas oil provides about 42.2 % of TPES in 2003. Gas supply was increasing between 1990 and 
2003 at about 2.9 %, reaching 23.7 % in 2003. Combustible renewables and waste show a ratio of 
10.9 % with an increase of approximately 2.7 % between 1990 an 2003. Geothermal, solar, tide and 
wind reach a ratio of 0.4 %, whereas hydro shows 8.9 % of TPES. Table 2 presents the primary 
energy supply by energy carrier between 1990 and 2030. 
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Table 2: Total primary energy supply by energy carrier, 1990 to 2030 [PJ, (Mtoe)] 
 Statistics Projections 

Energy Carrier 1990 2002 2003 2010 2020 2030 

Coal 
171.7 

(4.10) 

151.2 

(3.61) 
162.9 (3.89) 

124.8 

(2.98) 
158.7 (3.79) 195.6 (4.67) 

Oil 454.4 (10.85) 
554.4 

(13.24) 
562.4 (13.43) 525.1 (12.54) 538.9 (12.87) 527.2 (12.59) 

Gas 
216.9 

(5.18) 

276.8 

(6.61) 
316.2 (7.55) 355.1 (8.48) 406.2 (9.7) 415.0 (9.91) 

Comb. Renew. 

and Waste 

102.6 

(2.45) 

141.5 

(3.38) 
145.7 (3.48) 142.4 (3.4) 144.5 (3.45) 154.9 (3.7) 

Nuclear 0.00 0.0 0.0 0.0 0.0 0.0 

Geothermal 0.00 
1.26 

(0.03) 

1.3 

(0.03) 

2.9 

(0.07) 

3.8 

(0.09) 

4.6 

(0.11) 

Solar, Tide, Wind 
0.4 

(0.01) 

3.77 

(0.09) 

4.19 

(0.10) 
10.1 (0.24) 20.5 (0.49) 40.6 (0.97) 

Hydro 
113.5 

(2.71) 
143.63 (3.43) 119.4 (2.85) 

166.7 

(3.98) 
170.9 (4.08) 173.4 (4.14) 

Net Electricity Import 
-1.7 

(-0.04) 

2.51 

(0.06) 
20.1 (0.48) 

-2.1 

(-0.05) 

-2.1 

(-0.05) 

-2.1 

(-0.05) 

Total 1057.8 (25.26) 1274.7 (30.44) 1332.5 (31.82) 1325.4 (31.65) 1441.4 (34.42) 1509.6 (36.05) 

Source: IEA (2004a), European Commission (2003) 
 

In 2000 Austria has imported about 783.1 PJ (18.7 Mtoe), which is about 65.3 % of its TPES. The 
yearly import shares of TPES is almost determined by seasonal hydropower production and 
Austria’ s capacities of domestic natural gas supply. Austria imports about 90 % of its oil 
consumption in 2000, whereas natural gas imports are approximately 81 % of overall natural gas 
consumption in 2000. The largest amount of gas comes from Russia, whereas no unexpected import 
cuts had to be handled within the last 40 years. Concerning the security of gas supply, Austria holds 
one of largest capacities of gas storage facilities in Europe with almost 140 days of independent 
supply. 
 
Compared to the European Union and the largest neighbouring countries Austria faces a high 
import dependency of fuel supply except of gas. Due to a significant share of domestic gas 
production, the share of Austria’ s imported gas is below average of the four neighbouring countries 
Germany, Italy, Hungary and Czech Republic. Compared to 2000, the import share of gas has 
fallen because of higher hydro electricity generation, smaller gas consumption, which has 
decreased about 16,7 % between 2000 and 2002 and larger domestic gas production. Figure 2 
presents the import dependency of the European Union, Austria and some of its neighbouring 
countries in 2002.  
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Figure 2: Import dependency 2002 [%], EU 15, EU 25, Austria and neighbouring countries 
 

1.1.4.2. Demand 
 
In the year 2002, the final energy consumption was about 1059 PJ (25.3 Mtoe). The growth in final 
energy consumption between 1990 and 2002 of approximately 25 % lies below the growth in GDP 
(approx. 29 %), which is consistent with the increasing energy efficiency in Austria. The 
breakdown of energy consumption between industry, transport and services and households shows 
a share of approximately 29 % for industry and transport, respectively, whereas services and 
households have a share of 42 %. Tables 3 and 4 present the breakdown of total final energy 
consumption by fuel and by sector, respectively, between 1990 and 2002 as well as projections to 
2030. 
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Table 3: Breakdown of total final energy consumption by fuel between 1990 and 2030 [PJ, (Mtoe)] 
 Statistics Projections 
Fuel 1990 2001 2002 2010 2020 2030 

Coal 
63.7 
(1.52) 

53.2 
(1.27) 

38.9 
(0.93) 

16.3 
(0.39) 

13.0 
(0.31) 

10.5 
(0.25) 

Oil 
387.8 
(9.26) 

495.8 
(11.84) 

513.8 
(12.27) 

425.5 
(10.16) 

446.8 
(10.67) 

452.8 
(10.79) 

Gas 
128.1 
(3.06) 

178.8 
(4.27) 

150.3 
(3.59) 

201.8 
(4.82) 

215.2 
(5.14) 

219.0 
(5.23) 

Comb. 
Renew. and 
Waste 

90.0 
(2.15) 

107.6 
(2.57) 

103.4 
(2.47) 

Geothermal 0.0 0.0 
0.4 

(0.01) 

Solar, Wind, 
Others 

0.4 

(0.01) 

2.9 

(0.07) 

2.9 

(0.07) 

105.5 (2.52) 106.4 (2.54) 103.4 (2.47) 

Electricity 
154.1 

(3.68) 

197.2 

(4.71) 

198.5 

(4.74) 

224.5 

(5.36) 

265.1 

(6.33) 

307.0 

(7.33) 

Heat 
25.5 

(0.61) 

50.7 

(1.21) 

50.3 

(1.2) 

87.5 

(2.09) 

92.1 

(2.2) 

99.2 

(2.37) 

Total 849.7 (20.29) 
1086.3 
(25.94) 

1058.6 
(25.28) 

1061.6 
(25.35) 

1139.0 
(27.20) 

1190.5 
(28.43) 

Source: IEA (2004a), European Commission (2003) 
 

Table 4: Breakdown of total final energy consumption by sector between 1990 and 2030 [PJ, (Mtoe)] 
 Statistics Projections 
Sector 1990 2001 2002 2010 2020 2030 
Industry 255.4 (6.10) 305.7 (7.30) 276.8 (6.61) 281.0 (6.71) 298.2 (7.12) 309.9 (7.40) 

Agriculture 30.2 (0.72) 28.5 (0.68) 28.1 (0.67) n.a. n.a. n.a. 

Residential 247.1 (5.90) 305.3 (7.29) 300.7 (7.18) 289.4 (6.91) 291.0 (6.95) 286.0 (6.83) 

Transport 198.5 (4.74) 282.7 (6.75) 302.3 (7.22) 328.7 (7.85) 361.0 (8.62) 374.8 (8.95) 

Other 118.5 (2.83) 164.2 (3.92) 150.8 (3.60) 162.5 (3.88) 188.9 (4.51) 219.8 (5.25) 

Total 849.7 (20.29) 
1086.3 
(25.94) 

1058.6 
(25.28) 

1061.6 
(25.35) 

1139.0 
(27.20) 

1190.5 
(28.43) 

Source: IEA (2004a), European Commission (2003) 
 

Regarding energy intensity within the various production sectors and households, different 
developments can be observed until 2020. On a yearly basis, e.g. energy intensity in iron and steel 
production is projected to increase by 0.7 between 2005 and 2010, whereas energy intensity 
decreases by -0.2 between 2010 and 2020. Vehicle construction shows the largest decrease in 
energy intensity of -6.8 between 2005 and 2010, and -5.3 between 2010 and 2020. Energy intensity 
in mining industry increases by 2.3 between 2005 and 2010, and by 2.7 between 2010 and 2020. 
Average energy intensity over all production sectors decreases by -2.0 between 2005 and 2010, and 
-1.9 between 2010 and 2020, whereas households face an increase of 0.6 per apartment and year 
between 2005 and 2020. 
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1.1.5. Electricity 
 
Regarding electricity consumption, one can see that total final consumption was increasing between 
1990 and 2002 about 28.7 % and will nearly double up to 2030. The largest increase in electricity 
consumption is faced by the residential sector by approximately 41 % (see table 5). 
 

Table 5: Breakdown of total electricity consumption by sector between 1990 and 2030 [TWh] 
 Statistics Projections 
Sector 1990 2000 2002 2010 2020 2030 
Industry 17.98 20.31 20.61 n.a. n.a. n.a. 
Agriculture 1.06 1.22 1.22 n.a. n.a. n.a. 
Residential 11.88 14.80 16.75 n.a. n.a. n.a. 
Transport 2.77 3.48 3.53 n.a. n.a. n.a. 
Other 9.89 13.87 13.98 n.a. n.a. n.a. 
Total 43.57 53.68 56.09 62.34 73.62 85.25 

Source: IEA (2004a), European Commission (2003) 
 
Due to its geographical situation, Austria’ s electricity supply is mostly based on hydropower 
(66 %). The electricity generation by renewable energy sources including biomass and wind is 
approximately 69 % of the gross electricity supply in 2002 of about 62.5 TWh. Coal electricity 
production has a share of approximately 11.8 % (7.4 TWh), whereas gas contributes by 15 % (9.4 
TWh) and oil by 2.6 % (1.6 TWh) to the Austrian gross electricity generation. 
 
Regarding installed generation capacities, hydropower has a share of approximately 64 % and 
renewable electricity generation as a whole of about 65 %, respectively. Facing a peak demand of 
about 9.4 GW in December, total electricity generation capacity amounts to 17.8 GW with a 
reserve capacity of 800 MW. The breakdown of installed electricity generation capacity 
development is shown in figure 3 (since 1960) and table 6, whereas fuel inputs for electricity 
generation and efficiency between 1990 and 2020 is presented in table 7. 
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Source: IER power plant database, E-Control (2005) 

Figure 3: Development of cumulative installed electricity generation capacity in Austria between 1960 and 
2001 

 
Table 6: Breakdown of installed electricity generation capacities between 1990 and 2020 [MW] 

 Statistics Projections 
 1990 2000 2001 2002 2005 2010 2020 
Nuclear 0 0 0 0 0 0 0 
Conventional Thermal 5060 6121 6422 5959 5660 5750 5850 
Coal 1080 1460 1549 n.a. 1220 1220 1220 

Brown Coal 760 421 321 n.a. 300 0 0 

Oil 950 870 933 n.a. 340 340 350 

Natural Gas 2050 3090 3319 n.a. 3520 3910 4000 

Derived Gas 220 280 300 n.a. 280 280 280 

Hydro 10870 11730 11668 11476 11900 11940 12200 
Other Renewables 110 49 69 142 180 210 220 
Not Specified 150 140 0 222 250 300 400 
Total 16190 18040 18159 17799 17790 18200 18670 

Source: eurelectric (2004) 
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Table 7: Fuel inputs for electricity generation [PJ, (Mtoe)] and efficiency [%] between 1990 and 2020  
  Statistics Projections 
  1990 2000 2001 2002 2005 2010 2020 

Input 38.0  
(0.91) 

37.0  
(0.88) 

36.0  
(0.86) n.a. 32.0  

(0.76) 
32.0  
(0.76) 

32.0  
(0.76) Hard Coal 

Efficiency 35.1 39.9 52.0 n.a. 39.4 39.4 39.4 

Input 23.0  
(0.55) 

13.0  
(0.31) 

13.0  
(0.31) n.a. 12.0  

(0.29) 0.0 0.0 
Brown Coal 

Efficiency 36.0 30.5 44.3 n.a. 30.0   

Input 17.0 
(0.41) 

17.0  
(0.41) 

17.0  
(0.41) n.a. 

17.0  
(0.41) 

18.0  
(0.43) 

22.0  
(0.53) Oil 

Efficiency 36.0 31.8 33.9 n.a. 31.8 32.0 32.7 

Input 72.0  
(1.72) 

81.0  
(1.93) 

84.3  
(2.01) n.a. 

135.0  
(3.22) 

181.0  
(4.32) 

204.0  
(4.87) Gas 

Efficiency 37.5 37.3 51.2 n.a. 37.3 38.0 39.9 

Other Fuels Input 7.0  
(0.17) 

21.0  
(0.50) 

21.0  
(0.50) n.a. 

23.0  
(0.55) 

26.0  
(0.62) 

28.0  
(0.67) 

Input 157.0  
(3.75) 

169.0  
(4.04) 

171.3  
(4.09) n.a. 219.0  

(5.23) 
257.0  
(6.14) 

286.0  
(6.83) Thermal Total 

Efficiency 34.9 32.2 42.9 n.a. 32.9 33.9 35.5 
Source: eurelectric (2004), own calculations 

 
Austria is engaged in significant electricity trade with its neighbouring countries. On a yearly basis 
Austria used to be a net exporter of electricity during the last years. But this was not true for the last 
three years, where the exchange balance was positive (see figure 4).  Due to the seasonal 
fluctuations of hydropower supply a change in electricity exchange balance can be observed over 
the year. While hydro supply is high during the summer months allowing net electricity exports, 
Austria imports up to 18 % (December, 2004) of its monthly electricity consumption. Because of 
the dry summer in 2003, exchange balance (net imports) was unusually high. Hydro electricity 
production lay under the production in 2004, especially in the summer months (see figure 5). 
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Figure 4: Monthly electricity generation and exchange in Austria between 2002 and 2004 
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Despite the low hydro generation, even conventional electricity production in 2002 and 2003 was 
below the 2004 figures. These two factors led to a net electricity import in 2002 and 2003. 
Nonetheless, a usual exchange on the seasonal level, even in 2004 a net import balance can be 
observed. In 2002 and 2003 Austria was exporting 13975 GWh and 12595 GWh, respectively, 
whereas its imports amounted to 15735 GWh and 18742 GWh, respectively. In the year 2004 
electricity exports amounted to 12994 GWh, whereas imports are 16453 GWh. Main export 
countries are Switzerland, Germany and Slovenia, whereas import regions are Germany, the Czech 
Republic and Hungary. Figure 6 illustrates Austria’ s contribution to gross European electricity 
trade between 2000 and 2004. 
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Figure 5: Monthly electricity generation by hydro as percentage of 2004 hydro production 
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Figure 6: Annually electricity exchange between Austria and its neighouring countries from 2000 to 2004 
[TWh] 

 
Transmission and distribution of electricity is guaranteed by 150 grid operators overall, whereas 
almost 98.5 % of the combined length of the transmission and distribution system is owned by the 
10 largest operators. Three control areas, are being operated by the independent system operators 
Verbund-AG, Tiroler Regelzone AG (TIRAG) and VKW-Übertragungsnetz AG (VKW-ÜN). 
 
Simultaneous to the electricity market liberalization in Austria in 2001, the Energy Exchange 
Austria (EEXA) was implemented as a central market place for electricity and for CO2 certificates 
in 2005. In 2004 wholesale electricity prices for baseload delivery lay on an average of 28.71 
Euro/MWh and for peakload delivery on a level of about 34.38 Euro/MWh. Figure 7 shows the 
wholesale electricity prices at the EEXA in 2004. 
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Figure 7: Wholesale electricity prices at EXXA in 2004 
 
Since liberalization of the Austrian electricity market, end user prices for industrial and small 
business consumers had been falling, whereas end user prices for households stood almost the 
same, due to rising taxes or higher payments to support environmental friendly generation 
technologies. The electricity prices before tax in 2004 for large industrial consumers were about 41 
to 42 Euro/MWh, for small industrial and business consumers of 95 to 96 Euro/MWh and for 
households about 98 Euro/MWh. Table 8 presents the electricity retail prices for different end user 
groups between 2000 and 2004. 
 
Table 8: Electricity retail prices for industry and households between 2000 and 2004 [Euro/MWh], current 

prices before tax 
 

 Large Industry Small Industry and Business Domestic 

Jan. 2000 n.a. 157 95 
Jul. 2000 n.a. 126 95 
Jan. 2001 n.a. 112 95 
Jul. 2001 n.a. 102 95 
Jan. 2002 n.a. 96 93 
Jul. 2002 n.a. 97 93 
Jan. 2003 n.a. 98 93 
Jul. 2003 37 89 92 
Jan. 2004 41 95 98 
Jul. 2004 42 96 98 

Source: European Commission (2005) 
 
Electricity prices for the residential sector face several components, which have to be taken into 
account, when analysing price developments over time. Besides the price for the energy, several 
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payments for utilisation of the grid on different voltage levels, electricity tax, contribution for 
stranded investments, surcharges to the grid tariffs for ECO, CHP and small hydro power plants, 
respectively, tax for use of public properties and value added tax. Due to different regional 
generation structures as well as different grid tariffs, prices for residential consumers differ 
substantially between the states in Austria. Table 9 presents the different tax components while 
figure 8 shows end user prices for households with a annual consumption of 3500 kWh. 
 

Table 9: Tax components of end user price for residential sector, consumption of 3500 kWh per year 
 

Component Fee 
Electricity tax 1.5(Cent/kWh) 
Stranded costs 0 – 0.0922 (Cent/kWh) 
Surcharge to grid tariff for ECO plants 0.134 (Cent/kWh) 
Surcharge to grid tariff for CHP plants 0.15 (Cent/kWh) 
Surcharge to grid tariff for SCHP plants 0.005 (Cent/kWh) 
Tax for use of public properties 0 – 0.53 (Cent/kWh) 
Value added tax 20 % 

Source: E-Control (2005) 
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Figure 8: End user prices for residential sector, consumption of 3500 kWh per year 
 
As presented in figure 8, Austria’ s households face a wide spread of end user electricity prices. 
Between January 2002 and June 2005 most of the regional electricity suppliers charged a nearly 
constant electricity price. Regarding the different price levels, one can observe, that the lowest 
monthly electricity price lies almost 17.1 % to 26.6 % under the highest monthly price for 
residential. 
 



 20 

1.1.6. Environmental Issues 
 
Austria has agreed the European Union burden sharing to reach the Kyoto targets with a 
contribution of -13 % of GHG emissions till 2012 compared to the 1990 emissions. In 2002 
Austria’ s CO2 emissions increased by approximately 14.4 % compared to the 1990 emissions. Due 
to higher energy consumption in the transportation sector, CO2 emissions have risen about 61.5 % 
between 1990 and 2002. The amount of passenger cars has increased by approximately 40 %, while 
the amount of trucks increased by approximately 31 % since 1990. In 2002 about 29.6 % of the 
overall CO2 emissions are caused by road transportation. In the context of transportation induced 
CO2 emissions, Austria faces a specific problem. Due to its geographical location in the center of 
Europe, nearly 10 % of the fuel use for transportation can be lead back to cross-border refueling 
inducing a significant share of Austria’ s CO2 emissions in the transportation sector. 
 
Industry emissions have risen about 10.9 % in the same time period. Despite rising emissions in 
several sectors, the electricity generation sector decreased its emissions substantially by 8 %. 
Especially with a shift from conventional coal fired power plant to hydro power facilities this 
mitigation could be reached. Figure 9 presents CO2 emissions by sector till 2002 as well as 
projections to 2030 by the European Commission. 
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Figure 9: CO2 Emissions by sector, statistics to 2002 and projections to 2030 
 
Regarding CO2, SO2 and NOx emissions from electricity production, Austria reduced SO2 and NOx 
emissions substantially since 1990. As can be seen, CO2 emissions decreased between 1990 and 
2000, but after 2000 these emissions increased again. One reason for the fluctuation of CO2 
emissions is based on the strong deployment of hydro power and its dependency on the 
meteorological situation. Table 10 shows emissions from electricity production between 1990 and 
2002 as well as projections to 2030 by the European Commission. 
 



 21 

Table 10: Emissions from electricity (and steam, for projection) production between 1990 and 2030 
 

 Statistics Projections 
 1990 2000 2001 2002 2010 2020 2030 
SO2 15.1 3.1 3.2 4.5 n.a. n.a. n.a. 
NOx 14.5 7.7 8.5 9.9 n.a. n.a. n.a. 
CO2 12400 9700 10800 11877 13500 18100 21700 

Source: eurelectric (2004), European Commission (2003) 
 

1.2. Politics 
 

1.2.1. Energy market liberalization 
 
Austria has fully liberalized its electricity market on October 1st 2001 followed by the gas market 
liberalization one year later on October 1st 2002 with several amendments of the Federal Act 
(EIWOG) changing the rules for the organization of the electricity and gas market. The former 
integrated energy suppliers have been unbundled and two independent authorities have been 
established. The first is the Energy Control Commission, which is a regulatory body supervising the 
liberalization process. The second is an authority under private law. Energy Control Ltd. (E-
Control) was founded to monitor, support and regulate electricity market liberalization in Austria 
enforced by the Energy Control Commission. 
 
Since the liberalization of the electricity market, each grid owner has to provide non-discriminatory 
third-party access to their lines. The Energy Control Commission sets system access charges based 
on technical and cost related data provided by the grid owners. 
 
One of the main purposes for energy market liberalization is to strengthen competition among 
energy suppliers to lower prices and secure cost-effectiveness of production. As described above, 
price changes differ significantly between end user groups. Six months after liberalization, about 
1 % of the retail customers had changed their supplier, whereas approximately 20 % of large 
(industry) consumers and about 8 to 10 % of smaller industrial consumers had switched to a new 
energy supplier. 
 
Compared with its neighbouring competitors within Europe, Austrian energy companies are of 
relatively small size. To prevent foreign takeovers Austrian energy policy tries to implement so 
called national champions to strengthen the domestic companies’  market position within the 
emerging European internal energy markets. Especially in the gas market, this policy solidified the 
vertically integrated market structures, i.e. integrated gas companies are responsible for the 
production and import level, as well for end user supply on the retail level. Most of the local 
suppliers are still public owned, holding a market share of more than 50 % in these traditional area. 
With respect to the targeted fulfillment of the liberalization process within a European internal 
energy market on July 1st 2007, Austria has to examine, if their gas market policy is targeted in this 
perspective. 
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1.2.2. Environmental and Energy Policies 
 

1.2.2.1. Climate Strategy 
 
In March 2002 Austria ratified the Kyoto Protocol, which obliged the country to reduce its GHG 
emissions by 13 % below the 1990 level by 2012, according the EU burden-sharing agreement. In 
response to this targets, Austria has developed the so called Climate Strategy in 2002, which can be 
interpreted as a comprehensive policy to put various instruments and measures into force to reduce 
GHG emissions. The Climate Strategy is co-ordinated by the Federal Ministry of Agriculture, 
Forestry, Environment and Water Management, involving several institutions on federal, state and 
municipal levels. 
 
Within the framework of the Climate Strategy, seven different categories of measures are listed to 
achieve the Kyoto targets. Table 11 presents the different categories with its specific envisaged 
contribution to GHG emission reductions. 
 

Table 11: Categories and targeted emissions reduction within the Climate Strategy 
 

Category Yearly emission reduction [Mt] 
Space Heating and Small Consumption 4.0 (CO2) 
Energy Supply 2.1 (CO2-equivalents) 
Transport 3.7 (CO2-equivalents) 
Industry 1.25 (CO2-equivalents) 
Agriculture and Forestry 0.4 (CO2-equivalents) 
Waste Management 1.1 (CO2-equivalents) 
Fluorinate Gases 1.2 (CO2-equivalents) 
Total 13.75 (CO2-equivalents) 

Source: IEA (2002) 
 
Total GHG reduction of 13.75 Mt will exceed Kyoto targets by approximately 3.6 Mt CO2 
equivalents. With regard to increased GHG emissions between 1990 and 1999 by approximately 
2.7 % (anthr. CO2 5.6 %) and between 1990 and 2002 by approximately 8.8 % (antr. CO2 14.4 %), 
respectively, one has to wait and see, if Austria will manage to reach the reduction target. 
 
According to the flexible mechanisms in the Kyoto-Protocol, Austria’ s government has signed 
bilateral contracts so called Memoranda of Understanding with partner countries, to co-operate in 
the field of Joint Implementation. Starting with the Czech Republic, Slovakia, Bulgaria and 
Romania, the Austrian government will expand the programme to other countries in the world. 
Within the Austrian national allocation plan, the energy sector on the one side and the industry on 
the other side are engaged to reduce 2.1 Mio t of GHG and 1.25 Mio t of GHG, respectively, 
achieving 50 % of this amount within the first trading period 2005 to 2007. 
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1.2.2.2. Renewable Energy Targets and Feed-In Tariffs 
 
One of the measures that were introduced by the Electricity Act in the year 2000 is the obligation to 
purchase a minimum share of green electricity by distribution system operators. Purchase prices for 
green electricity are regulated. Due to the obligation to sell a defined share of environmentally 
friendly electricity, system operators and consumers can not evade green electricity supply. The 
cost for the green electricity generation is charged to the consumers by a surcharge on the network 
tariff. The following types of plants are qualified as green electricity generation technologies: 

• Wind, on-shore 
• Wind, off-shore 
• Photovoltaic 
• Biomass 
• Biogas 
• Digester and sewage gas 
• Co-fired and multi-fired plants with minimum amount of biofuels 
• Combustion of waste with minimum amount of bio materials 

With the new green electricity act from 2002, Austria implemented the EU Directive from 2001 
into national law. Within the EU Directive the share of renewable energy supply in the European 
Union is envisaged to increase to up to 21 % by the year 2010. Austria is planning to produce 
78.1 % of its electricity by renewable energy sources (see figure 10 for share of RES supply). 
 
The new electricity act governs the feed-in tariffs for electricity generation by renewable energy 
sources throughout the country. Instead of different feed-in tariffs for each state and within each 
state for different technologies, type and duration of contracts, time of feeding in the electricity by 
season and time of day, country wide uniform feed-in tariffs were introduced in order to lower the 
cost for renewable energy supply in Austria. Uniform feed-in tariffs are being defined for combined 
heat and power generation, generation from renewable sources and small hydro power plants. 
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Figure 10: Electricity generation from renewable energy sources, statistics and targets 
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The eco-plants feed-in tariffs according to the green electricity act, which are guaranteed for 
thirteen years, differ from technology to technology. Table 12 presents feed-in tariffs for green 
electricity in Austria since 2002. 
 

Table 12: Eco-plants feed-in tariffs in Austria for various generation technologies since 2002 
 

Technology Feed-in tariff [Euro Cent/kWh] 
Small hydro power plants 

o Existing plants 
o Refurbished plants 
o New plants 

 
0.0315 – 0.0568 
0.0331 – 0.0596 
0.0378 – 0.0625 

Photovoltaic 
o > 20 kWpeak 
o < 20 kWpeak 

 
0.47 
0.60 

Wind, new plants 0.078 
Geothermal 0.07 
Wood chips 0.102 – 0.16 
Waste with high bio-share 0.027 – 0.128 
Co-firing in fossil fuel plants 0.03 – 0.065 
Biofuels 

o > 200 kW 
o < 200 kW 

 
0.1 
0.13 

Biogas 0.00725 – 0.165 
Landfill gas 

o > 1 MW 
o < 1 MW 

 
0.03 
0.06 

Source: IEA (2004b) 
 

1.2.2.3. Environmental Tax and Subsidy Policy 
 
To promote green electricity not only feed-in tariffs were implemented as environmental policy 
instruments but also incentives for investment in heat production capacities were provided. Due to 
increase the innovative investments in the heat producing part on a power plant, 10 % to 30 % of 
the eligible costs were granted. Electricity investments are granted only in case that plants exceed 
the state of the art. For small hydro (0.5 – 10 MW) and micro hydro systems capital subsidies of 
8 % and 25 %, respectively, are available for construction, restoration and enlargement. 
 
Another capital grant instrument is the so called “ Kommunalkredit” , which constitutes 30 % of 
eligible costs for investments in small hydro plants, modern biomass-based heating systems which 
include small networks of district heating, biogas, sewage gas, geothermal system, heat pumps, 
solar thermal over 10 m2, photovoltaic and wind installations. These federal grants can be 
combined with state-based financial support to cover up to 66 % of costs. 
 
An energy tax policy was introduced in 1995 with a modest tax on oil and a similar tax on gas and 
electricity in 1996. These taxes can not be interpreted as instruments to aid environmental friendly 
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consumer behaviour, what can be emphasized due to the doubling of gas end electricity taxes in 
2000 without exempting renewable electricity supply. 
 
The so called Pact on Tax Revenue Sharing between federal, state and municipalities level is 
intended to support environmental targets defined in the Austrian Climate Strategy. The states 
receive an annual amount of 1.78 bill. Euro form the Federation for improvements in the housing 
sector, the infrastructure, etc. Another tax-based instrument that focuses on the residential sector, is 
the possibility to deduct parts of income taxes for the purchase of solar and biomass technologies. 
The amount is capped at 2929 Euro for ordinary tax payers and an additional deduction of 2929 
Euro for single households as well as 1460 Euro for households with at least three children. Similar 
to the federal income tax expenses for housing creation, a state-based subsidy system is 
implemented in Austria to promote dwelling improvement regarding biomass and solar heating. 
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2.1. Energy-related and socio-economic analysis: past, present and future 
 

2.1.1. Factual information 
 

2.1.1.1. Geography & population 
 
Belgium, with its population of about 10.4 x 106 people (and 4.4 x 106 households), has a surface 
area of 30500 km² and a coastline of 65 km. Geographically and politically, it is divided into three 
regions: Flanders (13500 km²), Wallonia (16800 km²) and Brussels-Capital (162 km²). From north 
to south, the surface height changes gradually from 0 to more than 600 metres. It has a moderate 
climate, with an annual rate of 1555 hours of sunshine, approximately 200 days of rainfall5 and a 
limited number of freezing days. 
 

2.1.1.2. Economy 
 
Belgium has a GDP6 of 270 x 109 EUR (2003), of which more than half is generated by the service 
sector (± 74%). Other main sectors are the industry and the building industry (± 25%). The 
contribution of the agriculture is only marginal (± 1%). The concentration of chemical industry in 
Antwerp is among the highest in the world. 
 

2.1.1.3. Energy 
 
Belgium has no domestic energy resources since it has closed down its last coal mines in the 
1980’ s. As Belgium has a high population density, little free space, a moderate climate and almost 
no height differences, the potential for renewable energy sources is limited. 
 
The main energy balances and indicators are summarised in the table below (based on the baseline 
scenario from [6]). 
 

[PJ]7 2000 2005 [PJ] 2000 2005 

      

Gross Inland Consumption (=TPES) 2395.68 2480.94 Final Energy Demand (TFC) by 

Sector 

1550.22 1601.46 

 Solids 344.4 247.8  Industry 572.04 593.46 

 Oil 921.9 951.3  Residential 397.74 398.58 

 Natural gas 561.54 729.54  Tertiary 174.72 175.14 

 Nuclear 521.64 492.66  Transport 405.72 433.86 

                                                
5 Days with precipitation of more than 0.1 mm - climate data valid for Ukkel. 
6 A list with abbreviations can be found at the end of this chapter. 
7 Based on a conversion of 1toe = 42 x 109 J 
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 Electricity 15.54 16.38 Final Energy Demand (TFC) by 

Fuel 

1550.22 1601.46 

 Renewable energy forms 30.66 43.68  Solids 141.12 116.76 

Net Imports8 2038.68 2174.34  Oil 677.04 660.24 

Import Dependency [%] 77.8 80.2  Gas 413.28 488.04 

Energy Intensity Indicators (1990 = 100)      Electricity 280.14 292.74 

 Industry (Energy on Value Added) 103.6 96.4  Heat 30.66 33.18 

 Residential (Energy on Private 

 Income) 

92.9 84.5  Other 7.98 10.08 

 Tertiary (Energy on Value Added) 99.3 89 

 Transport (Energy on GDP) 100.9 96.9 

TPES/GDP (PPP) – 2002  

[GJ/1000 – 95 US$ PPP] [3] 9.24 

 
2.1.1.4. Electricity 

 
Nuclear power plants form the base load of the Belgian electricity system. The contribution of 
those nuclear plants to electricity generation currently amounts to 55 - 60%9. Other main 
contributions come from the gas-based power plants. Recent investments tendencies are towards 
the gas technologies. Nowadays, the contribution of electricity produced by renewable energy 
sources is only marginal. 
 
In 2004, a total of 86587 GWh of electricity was injected on the Belgian grid [19]. The 
consumption peak 13708 MW was reached in December. Net imports were 7793 GWh. The main 
electricity balances and indicators are summarised in the table below [6]. 
 

 2000 2005 

   

Electricity Generation [TWhe] 82.64 86.61 

 Nuclear 48.15 45.48 

 Hydro & wind 0.47 0.91 

 Thermal (incl. biomass) 34.02 40.21 

   

Electricity Generation – installed capacity[Gwe] 14.64 14.08 

                                                
8 Primary nuclear energy is considered as domestic. 
9 Depends on refuelling cycle (12 – 18 months) 
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 Nuclear 6.03 6.03 

 Hydro (pumping excluded) 0.11 0.11 

 Wind and solar 0.02 0.14 

 Thermal 8.49 7.80 

     Of which cogeneration units 2.25 1.69 

     Open cycle 5.18 3.69 

     Supercritical Polyvalent/Clean Coal and Lignite 0.00 0.00 

     Gas Turbines Combined Cycle 2.53 3.50 

     Small Gas Turbines 0.78 0.60 

     Fuel Cells 0.00 0.00 

     Geothermal Heat 0.00 0.00 

Average efficiency for thermal electricity production [%] 38.3 43.3 

 
 

2.1.1.5. Environmental issues 
 
As Belgium is highly populated, with a lot of industry and transport, the environment is constantly 
under pressure. The geographical location of Belgium in Europe makes it a transit country, which 
enlarges the pressure even more. 
 
The main balances and indicators concerning the CO2-emissions are summarised in the table below 
[6]. 
 

 2000 2005 

   

CO2-emissions [Mt of CO2] 115.9 113.6 

 Electricity and Steam production 22.5 21.8 

 Energy Branch 5.5 4.8 

 Industry 31.0 29.7 

 Residential 20.0 19.1 

 Tertiary 8.2 8.0 

 Transport 28.6 30.3 
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CO2-emissions Index (1990 = 100) 109.0 106.9 

Carbon intensity [t of CO2/toe of GIC] 2.03 1.92 

CO2-emissions/Capita [t of CO2/inhabitant] 11.31 10.96 

CO2-emissions to GDP [t of CO2/MEUR ‘00] 466.6 411.2 

Carbon Intensity indicators   

 Electricity and Steam production [t of CO2/MWh] 0.25 0.23 

 Final energy demand [t of CO2/toe] 2.38 2.29 

     Industry 2.38 2.10 

     Residential 2.11 2.01 

     Tertiary 1.96 1.91 

     Transport 2.96 2.94 

 
The Belgian Agency for Radioactive Waste and Enriched Fissile Materials (ONDRAF/NIRAS) is a 
separate government agency created in 1980. It is responsible for the nuclear fuel and the 
radioactive waste management. Both the technical as well as the financial side (by means of long-
term financing programs) of the nuclear waste management are part of its responsibility [7]. 
 

2.1.2. Trends [1] 
 
The main trends in the primary energy supply and final consumption, can be found in the table 
below. 
 

Growth rates [% per year] ’73-‘79 ’79-‘90 ’90-‘98 ’98-‘99 ’99-‘05 

      

TPES 0.7 0.0 2.4 0.5 -1.3 

 Coal -1.0 -0.3 -2.2 -12.7 0.5 

 Oil -1.5 -2.8 3.4 -1.6 -1.7 

 Gas 4.5 -1.2 5.4 6.9 -1.2 

 Comb. Renewables & Wastes 41.7 17.8 2.9 37.5 -23.8 

 Nuclear 130.2 12.8 1.0 6.2 -0.7 

 Hydro 4.9 1.3 4.6 -12.1 0.6 

 Geothermal - - - - - 
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 Solar/Wind/Other - - - - -10.9 

TFC 0.3 -0.6 2.8 0.2 -0.7 

Electricity Consumption 4.2 2.6 3.1 0.7 -1.2 

Energy Production 2.4 5.0 0.0 7.5 -1.7 

Net Oil Imports -0.8 -3.4 4.0 -7.7 -1.0 

GDP 2.4 2.3 1.8 2.7 2.3 

Growth in the TPES/GDP Ratio -1.6 -2.2 0.5 -2.2 -3.5 

Growth in the TFC/GDP Ratio -2.0 -2.8 1.0 -2.5 -3.0 

 
2.2. Energy studies 

 
2.2.1. AMPERE 

 
The AMPERE10 Commission was established in 1999 to investigate policies for future electricity 
generation in Belgium. The Commission made a critical review of the different electricity 
generation technologies on a technical, economic, environmental and future potential scale (scope = 
2020). The study has been done within the future regulatory framework (of a liberalised market), a 
projected economic evolution and the knowledge of a nuclear phase-out (as explained below). 
 
On the assumption of a nuclear phase-out, the Commission advises to focus on CCGT-, RES- and 
CHP-technologies (and further R&D of these technologies) to fill up the supply side. It states that 
the available coal technologies are not a valuable option for electricity generation, concerning the 
stringent environmental requirements. As a consequence, the Commission realises that the 
electricity system will be largely reliant on natural gas, so the implementation of guidelines 
regarding the supply of natural gas will be necessary. Besides that, it stresses on the management of 
the decentralised electricity production, especially within the liberalised framework. 
 
On the demand-side, the Commission stresses on the potential of an enforced DSM and the need of 
RUE to reach the Kyoto targets. This can be done by e.g. consumer information, energy labels, 
energy audits, third party financing, transparent full-cost pricing (including the external 
environmental cost)… 
 
Concerning the nuclear phase-out, the Commission advises to keep the nuclear option open as it is a 
very economical method for electricity production. Closing down of the depreciated nuclear plants 
(after a lifetime of 40 years) can be more expensive than the prolongation of their lifetime. It is 
important to maintain a high-level nuclear expertise (by participating in national and international 
R&D-programmes on nuclear topics, new power plant concepts, waste treatment…). 

                                                
10 The AMPERE Commission (Analysis of Methods for the Production of Electricity and Re-evaluation of Energy 
Vectors) consist of a group of high-level Belgian energy specialists. In October 2000 a final document was published. 

The report has been assessed by an international Peer Review Group in April 2001. 
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In 2001, an international Peer Review Group recognised the efforts of the AMPERE Commission. 
However, it advised a broader mandate for the Commission as the consequences of certain actions 
have not been evaluated and it had some objections to the opinion of the Commission concerning 
the potential of coal technologies. 
 
The “ Commission ENERGY 2030” , which had its kick-off on May 2005, will give an answer on 
these remarks, as it will define, evaluate and interpret scenarios. By September 2006, it has to 
provide the Belgian Government with coherent guidelines and recommendations to optimize the 
future nature (2030) of energy provision & the fuel mix in Belgium, so as to guarantee a reliable, 
clean and affordable, i.e., a “ sustainable energy provision system” . 
 

2.2.2. Other studies 
 

- Federal Plan Bureau [4]: This study analyses the long term evolution of the Belgian energy 
system. As a base scenario, it uses the existing demographic, economic…  trends, and based 
on those trends, the Bureau makes a projection of the evolution of the energy demand, 
production capacity and technology, emissions…  In alternative scenarios, the impact of 
changing parameters like fuel prices, energy policy, no nuclear phase-out…  is analysed. 
This study will be mentioned again, further on in the environmental policy paragraph. 

- Fraunhofer [21]: This study concentrates on the role of the demand reduction to achieve the 
Kyoto-targets. According to this institute, Belgium can reach those targets by an efficient 
implementation of existing – in the EU – measures (minimum energy performance 
standards, voluntary agreements, benchmarking covenants, energy/CO2-taxation… ). But 
there is the need for sufficient and well-allocated staff and a good cooperation between the 
several regional approaches. 

- Indicative Plan regulator Electricity & Gas [10], [11], [12]: Until now, the regulator was 
obliged to present every 3 year an indicative programme on the production means for 
electricity and the supply of natural gas. The regulator defines a strategy which has to result 
in a LT sustainable electricity and gas supply. In its latest plans on electricity and gas, the 
regulator emphasises on the increasing natural gas dependency, the importance of import 
capacity but also on the importance of coping with peak demands. 

- Development plan TSO [20]: Like the regulator, the TSO (ELIA) is obliged to present every 
2 year a development plan for the transmission grid. Within the targets of energy (demand, 
spreading of demand and production… ), environment (sustainability) and economy (most 
economical solution), the TSO wants to facilitate the opening of the market by upgrading 
the import capacity. As a second spearhead, ELIA wants to reduce the dependency of the 
transmission grid of the Belgian production park. Every decision has to fit in the overall 
energy policy. 

 
2.3. Policy 

 
2.3.1. General framework 

 
Belgium is a federal country and is divided into three regions: Flanders, Wallonia and Brussels-
Capital. The regional governments are responsible for designing and implementing policies for 
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energy efficiency, renewables, CHP, RUE, non-nuclear energy R&D and gas and electricity (< 70 
kV) market regulation on the distribution level. The federal government is responsible for the gas 
and electricity regulation on the transport level, nuclear energy (including R&D, generation, 
waste… ) and other issues that need to be dealt with on a national level (e.g. large storage facilities 
and tariffication). The global framework stresses on a further implementation of existing and 
planned measures towards a complete liberalisation of the energy market. 
 
In 2002 – 2003 [22], the federal government decided to phase-out progressively all its nuclear 
electricity generating capacity. The law dictates that all nuclear power plants have to be closed 
down after an industrial operating time of 40 years. This means that the first sites have to be 
dismantled in 2015 and the last in 2025. Besides this, it is not allowed to build any new nuclear 
power plant to generate industrial electricity11. In case of severe problems with the security of 
supply, the decision can be reviewed by Royal Decree. 
 

2.3.2. Electricity policy 
 
On the federal level, the CREG12 was established by law in 1999 as an autonomous organism 
concerning the organisation of the Belgian electricity and gas market. The CREG has two main 
tasks: firstly, it is an advisory body towards the policy makers and secondly, it is a supervisory and 
control body concerning the implementation of the laws and regulations. 
 
As mentioned above, the CREG presents every 3 year an indicative plan concerning the production 
methods of electricity. First of all, the report has to present an estimation of the mid- and long-term 
evolution of the electricity demand. Once the demand is known, the resulting needs of production 
methods can be defined. The choice of the primary energy sources has to be made with a special 
focus on fuel diversification, promotion of the use of RES and the fulfilling of the constraints of the 
regions concerning the environment. Production methods with low CO2-emissions have to be 
promoted. Besides the strategy concerning the future electricity production, the CREG has to 
evaluate the obligations of the public services concerning electricity production, with inclusion of 
their efficiency and cost. The evaluation of the security of supply, in combination with the needed 
recommendations is another important topic to be treated. 
 
Concerning the RUE and CHP-policy, the CREG advises to follow the strategies of the different 
regions (see infra, environmental policy). According to the CREG, the impact of those measures 
may not be overestimated. It suggests investing both in base load and in peak load, by installing 
CCGTs and gas turbines, but it alerts to an exaggerate dependency of gas technologies. That is why 
R&D-activities in advanced coal technologies have to be supported. As a last issue, the CREG 
advises to strengthen the Belgian import capacity, to fulfil the future import and transit demands. 
 
The Flemish electricity market was completely liberalised on 1 July 2003. The VREG13 supervises 
the organisation and functioning of the Flemish electricity and gas market. It advises the regional 

                                                
11 As an interesting remark, the law does not prohibit the construction of new nuclear plants for other means (e.g. sea 

water desalination) 
12 www.creg.be 
13 www.vreg.be 



 34 

government to optimise the energy market. The authority of the VREG is limited to the authorities 
of the regional government, as mentioned above. The Walloon electricity market was opened for 
industrial users on 1 July 2004 and will be open for residential users in 2007. CWaPE14 is the 
Walloon regulatory body and BIM15 the Brussels one. Their regulatory responsibilities are 
comparable to those of the VREG. 
 
A recent study of London Economics [14] shows some weak points in the structure and functioning 
of the Belgian electricity market. Even though Electrabel - the dominant incumbent generator – 
does not abuse its market power, it puts new entrants off the generation market. Electricity imports 
have only a small influence on the position of this main generator. According to [14], this 
dominancy results in a lack of liquidity on the electricity wholesale market. Again, Electrabel does 
take initiatives to tackle the problems on the trading market, but these are not sufficient to persuade 
new entrants. An intervention of a third party will be necessary. 
 
On the supply market, the number of players is increasing (in Flanders at a higher rate than in 
Wallonia), but still, Electrabel stays dominantly present in all Belgian regions. There is lack of 
information and accurate data on consumption, which makes it very difficult for new players to 
enter the market. The decision to work with a “ default supplier”  enforces even more the dominant 
players. 
 
According to [14], merging in the electricity market is a European tendency which results in some 
big players who are dominant on their domestic market and competing on the international level. 
Nowadays, consolidation and a vertical re-integration process are going on. The same happens in 
Belgium, but the horizontal concentration is a more urgent problem to tackle. The best remedy to 
solve this problem is to deal with the dominancy of Electrabel. 
 
As a reaction to this study, the CREG recognises the fact that the market does not yet work 
perfectly, as not all categories of consumers can enjoy all liberalisation profits [13]. Prices are too 
high because decreasing distribution and transmission costs do not compensate the additional taxes 
of the regional governments. Concerning the vertical integration, the CREG stresses on a further 
ownership unbundling between producers, suppliers en network operators. On the issue of market 
concentration, the CREG is not in favour of the breaking up of Electrabel. However it will study the 
possibilities to take away a share of the production capacity of dominant producers and distribute 
that share among other market participants. To conclude, the CREG does not want to go back to an 
over-regulated market, but it will closely monitor price evolution. 
 

2.3.3. Environmental policy 
 
Both the regional and the federal governments have their own policy to reach the environmental 
goals as stated in the Kyoto protocol. Belgium has committed itself to reduce its CO2-emission by 
7.5% by 2008-2012. The followed and planned energy related measures since 1990 are summarised 
below. 

                                                
14 www.cwape.be 
15 www.ibgebim.be 
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On the federal level, the development of RUE, RES and CHP by subsidising, standardisation and 
tariffication are emphasized. In the “ Federal Plans concerning Sustainable Development: 2000 – 
2004 [16] & 2004 – 2008 [17]” , a strategy is outlined. 
 
The promotion of RES is mainly the responsibility of the regional level, but anyhow, some 
arrangements have to be made at the federal level. The introduction of a green certificate system, 
financial support (both for production as for R&D), the promotion of bio-fuels, the obliged 
purchase of green energy and the quota for minimum delivery have to result in 6% of green 
electricity by 2010. One of the biggest obstacles for green energy is the cost. To tackle this 
problem, the government stresses on the internalisation of all costs, based on a life cycle analysis. 
As a result, different production methods (“ classic to green” ) will be able to compete on a fair base. 
Besides that, it is important for investors to have a clear view on the long term policy to have a 
certain rate of “ security of investment” . 
 
As in the neighbouring countries, Belgium investigates further the implementation of the Kyoto 
flexibility mechanisms16 and the feasibility of a CO2 and/or energy tax. If such fiscal measures do 
not fit in a European or international framework, it is important to examine the consequences of a 
unilateral introduction on the Belgian competition position. 
 
An important part of a GHG emission reduction plan, is an evaluation method. Therefore, the 
federal government plans to define by mid 2005 some indicators on emissions, energy use and 
energy intensity. The use of the indicator “ factor”  is a first example. A “ factor 4”  by 2020 means a 
doubling of the prosperity with only half of pressure on the natural resources. 
 
To deal with the complex Belgian political structure, collaboration and good communication 
between the different regions is of high importance. To enhance the intergovernmental debate on 
climate policy, an “ Expanded Interministerial Conference for the Environment”  was established. 
The composition of a “ National Climate Plan [15]”  in which all measures are summarised and 
which has to give an annual evaluation, fits in the same strategy. 
 
To stimulate the rational use of energy, sector-oriented DSM-programs and the use of covenants for 
the industrial sector (for an amelioration of the specific energy consumption and/or a reduction of 
the specific CO2-emissions) are implemented. 
 
On the regional level, there is an allocation of emissions to the different regions [23]. Flanders has 
to reduce its emissions by 5.2%, Wallonia by 7.5% and the Brussels-Capital region is allowed to 
increase its emissions by 3.475% compared to 1990. With this allocation, Belgium allocates more 
emission rights to its regions than it was allocated according to its Assigned Amount. This shortage 
in emission rights will be tackled by the Federal Government through the flexible mechanisms of 
the Kyoto protocol. 
 

                                                
16 Flexibility mechanisms: (1) International emission trade, (2) Joint Implementation (= investments in CO2-reduction 
projects in other industrialised countries); (3) Clean Development Mechanism (= investments in CO2-reduction projects 

in development countries) 
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Flanders commits the distribution companies to provide a 3-yearly plan concerning RUE and the 
use of more RES. It has a long-term policy plan on RUE, RES, CO2-emission reductions, market 
diffusion of RES and other energy efficient technologies and a long term R&D strategy. Under the 
supervision of the VREG, Flanders has introduced a Green Certificate system for RES (3% by 2004 
and 5% by 2010), and comparable to that system, it has introduced a CHP-certificate system as 
well, for the promotion of CHP. 
 
Wallonia is in favour of a linear distribution of the 7.5% CO2-reduction-target between the different 
regions and within a region between all economic sectors and actors, which are emitting CO2. 
Wallonia stresses on the importance of the cost-efficiency of the CO2-reduction measures and on 
the development of relevant indicators to observe the progress. If costs are not reasonable, one has 
to use flexibility mechanisms. It sets a target of 12% green energy (both by RES and CHP) by 
2010. It supports the preparations of energy-efficiency and GHG emission covenants. With the 
introduction of SUE, Wallonia wants to promote more efficient energy consumption as well as 
more efficient energy production. The funding of a permanent discussion forum on climate change 
has to support the climate policy. 
 
The potential for RES in the region Brussels – Capital is not that big, it focuses on the promotion of 
RUE on public and private level. By large scale communication and information campaigns, the 
promotion of better roof insulation, the replacements of old boilers, the performing of energy audits 
and the granting of energy certificates, Brussels – Capital wants to reduce its energy use. 
Concerning RES, Brussels – Capital wants to promote solar energy for public services and the use 
of solar panels on roofs. It has a quotum of green electricity use of 2.5% of electricity consumption 
by 2006. 
 
The Planbureau and Econotec investigated the impact of all the abovementioned measures in a 
BAU-scenario [4]. With the assumption of an annual augmentation of the total final energy 
consumption of 1.1%, energy-related and not-energy-related CO2-emissions are expected to 
increase17. Between 1990 and 2012, overall GHG emissions are expected to grow with an annual 
rate of 0.6%. As CO2-emissions in 2001 have increased by 12% compared to the 1990 level, the 
necessity to take extra measures is clear. A combination of fiscal and non-fiscal measures will be 
necessary to reach the Kyoto targets. RES and CHP have to be encouraged by a green certificate 
system with minimum quota. Fines of the certificate system – for not reaching the quotum – can be 
used for the establishment of an Energy Fund. This fund can for example be used for a support 
tariff system for the promotion of RUE. A last issue is to assure the transparency of the market. 
This is very important for potential investors to have a certain “ security of investment”  in a stable 
political framework. A stable framework, which is also necessary for dealing with nuclear issues, 
especially waste treatment. 
 

                                                
17Between 1990 and 2012: Energy-related CO2-emissions: +0.5%/year; Not-energy-related CO2-
emissions: +2.7%/ year; Total CH4-emissions: -2.6%/ year; Total N2O-emissions: +2.1%/ year 
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2.5. Abbreviations 
 
AMPERE - Analysis of Methods for the Production of Electricity and Re-evaluation of Energy 
Vectors 
BAU - Business As Usual 
BIM – Brussels Instituut voor Milieubeheer 
CCGT - Combined Cycle Gas Turbine (steam and gas) 
CHP - Combined Heat Power 
CREG - Commission for Regulation of Electricity and Gas 
CWaPE - Commission wallonne pour l’ Energie 
DSM - Demand Side Management 
GDP – Gross Domestic Product 
GIC – Gross Inland Consumption 
LT – Long term 
RES - Renewable Energy Sources 
RUE - Rational Use of Energy 
SUE - Sustainable Use of Energy 
TFC – Total Final Consumption 
TPES – Total Primary Energy Supply 
TSO – Transmission System Operator 
VREG - Flemish Regulator for Electricity and Gas 
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3.1. Energy-related and socio-economic analysis: past, present and future 
 

3.1.1. Factual information 
 

3.1.1.1. Geography & population 
 
Cyprus is an island and has a surface area of 9,250 km² (of which 3,355 km² are in north Cyprus 
currently controlled by Turkey). Cyprus’ s climate is temperate, with mild winters and hot dry 
summers. 
 
Cyprus counts 780,133 inhabitants. 
 

3.1.1.2. Economy and Energy Demand 
 
The Republic of Cyprus joined the EU on 1 May 2004. In 1983, the Turkish-held area declared 
itself the "Turkish Republic of Northern Cyprus," but it is recognized only by Turkey. Although 
theoretically every Cypriot carrying a Cyprus passport will have the status of a European citizen, 
the Government of the Republic of Cyprus controls only the southern part of the island.  
 
Cyprus has a market economy mostly based on commerce, services and income from international 
maritime operations. The public sector is small. GDP per capita in purchasing power parity is 
$20,300 (2004 est.) but for north Cyprus it is $7,135 (2004 est.).  
 
Over the last five years GDP growth was steadily higher than 3 % per year, in real terms (3.2% in 
2004). The structure of GDP is roughly: agriculture 4.1%; industry 19.9%; services 76%. Inflation 
is constantly less than 2.4% on an annual basis (but it is high in northern Cyprus). The currency is 
strong. Unemployment is very low (3.2%). All financial indicators are healthy, including the public 
budget, the national debt and the current account of the country. 
 
The services sector accounts for roughly 80% of total economic activity and manufacturing 
concerns light industrial activities (mostly food industry). 
 
The use of primary energy per capita is 90% of the EU-25 average but energy intensity is higher by 
30% of the EU-25 average. Electricity consumption per capita is in Cyprus at 75% of the EU-25 
average. Energy intensity has been increasing over the last 15 years, due to high growth of 
electricity use in houses and in the tertiary sector. The use of electricity is expected to grow over 
the next ten years at rates slightly above GDP growth, as it was the case over the last fifteen years. 
There is a significant potential for more rational use of energy in buildings and in the transportation 
sector. 
 

3.1.1.3. Energy Supply 
 
Cyprus is totally dependent on imports for its supply in conventional energy. The only national 
resources are solar, wind (moderate potential) and wood. About 90% of dwellings and 50% of 
hotels are equipped with solar water heaters. Cyprus is the first user of solar equipments per 
inhabitant for hot water (650 000 m2). 
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Cyprus is almost 100% depending on petroleum, except small quantities of coal used in a small 
cement industry. Crude oil imported is refined in a local refinery, but Cyprus is also importing 
petroleum products. On average, the structure of the imports is the following: crude oil 45 %, oil 
products 55 %. 
 
Electricity is exclusively produced from petroleum products at 3 plants: Dheklia with 360 MW and 
Moni, 330 MW steam generation plants burning fuel oil and the new power plant of Vassikili of 
2x130 MW with fuel oil, plus a gas turbine with diesel oil of 38 MW. The total capacity is now 
around 1000 MW. The electricity prices are high: 130 Euro/MWh for households and 90 
Euro/MWh for industry. Taxes and other policy measures in favour of renewables have been 
recently introduced. 
 
The power plants are heavily polluting and do not comply with the recent directives of the EU. 
Transitory measures are taken to reduce pollution.  
 

3.2. Policy 
 
Within the framework of its development plan of the electricity sector, EAC plans to invest 1.7 G ¼�
during 10 next years, of which a little less than half for completion of the Vassilikos power plant. A 
first unit is already in operation (2000). Unit two (130 MW) should be commissioned in 2005. Unit 
3, (3 groups of 180 MW each) will include a combined cycle (gas/diesel), which will run on gas as 
soon as it is supplied (commissioning in 2006, 2007 and 2009). The power plant will have in 2009 
a total capacity of 960 MW. With the progressive decommissioning of the Moni plant, the capacity 
will reach 1320 MW in 2010. The BEI granted in October 2002 to EAC, a loan of 100 M ¼� WR�
reinforce the electricity transmission network. In Northern Cyprus, occupied by Turkey, the 
electricity demand has rapidly increased; until now electricity is supplied by the southern part of 
Cyprus; the northern government is likely to build in the future 2 plants of 60MW each, between 
Turkey and the north of the country (this project should be piloted by the electric company Kib-
Tek, with a certificate of guarantee given by the Turkish government).  
 
The government of the Republic of Cyprus decided to import LNG to supply the power plants. This 
measure is taken first in order to comply with the environmental restrictions imposed by the EU, 
second to cover the increasing electricity needs. A regasification unit will be built by 2008 close to 
the power plant of Vassilikos. Cyprus had initially planned to import, by an underwater gas 
pipeline, gas from Syria. The LNG consumption should reach 0.7 Gm3 in 2009 and 1.8 Gm3 in 
2021. 
 
Information not officially confirmed as reported in the press, speaks about considerable oil and 
mainly gas fields that are located in the south of Cyprus, in the area between the island and Egypt. 
According to the same information exploration activities will soon begin. Political tensions have 
already been raised regarding the rights of the neighbouring countries. 
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4.1. Energy-Related and Socio-Economic Analysis: Past, Present and 
Future 

 
4.1.1. Geographical Description 

 
The Czech Republic is situated in Central Europe, bordering with Austria, Germany, Poland, and 
Slovakia. With the latter, it formed the Czech and Slovak Federal Republic until 1993. The Czech 
Republic constitutes an area of 78,866 km2. The Bohemian west consists of rolling plains, hills, and 
plateaus surrounded by low mountains whereas the Moravian east is very hilly. The Vlatva River is 
the most noteworthy river, providing hydropower potential for most of the Czech hydropower 
generation. The republic’ s terrain ranges in altitude from 115 m at the Elbe River up to 1,602 m at 
Snezka. The climate is influenced by the mutual penetration and mingling of ocean and continental 
effects. It is temperate with cool summers and cold humid winters, and characterized by prevailing 
western winds. 
 

Figure 1: Map of The Czech Republic 
 

 
Source: Ministry of Foreign Affairs (2002). 

 
4.1.2. Demographics 

 
In 2004, the Czech Republic’ s population was estimated as 10.202 million. Population growth is 
somewhat negative, namely –0.05 % (2004). The average size of a Czech household has been 
declining. In 2000, average household size was 2.61. The number of households was 3,184,000. 
The net migration rate indicating the contribution of migration to overall level of population change 
was 0.6 in 2000. In the next 25 years, demographic indicators are expected to contract further, 
specifically population down to 9.5 million and household size to 2.3.18 
 

                                                
18 See European Commission (2003). 
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4.1.3. Economics 
 
Due to the transformation from a centrally-planned to a market economy, the Czech economy has 
undergone fundamental restructuring during the last decade. The transition process has led to a less 
agricultural and more service based economy. In 2002, 56 % of GDP was generated in the service 
sector, 40 % in industry, and 4 % in agriculture.19 The following table shows GDP development in 
recent years. 
 

Table 1: GDP 
 1995 2000 2001 2002 2003 
GDP in bn ¼����� 55.72 60.4 61.8 62.8 65.12 
GDP in bn PPP current prices 110.2 137.5 144.1 152.1 150.0 
GDP in PPP/capita current prices 10,664 12,811 13,531 14,319 14,690 

Source: Eurostat (2005), Czech Statistical Office (2005), own calculations. 
 
Real GDP expressed in ¼2000 has increased continuously. Average annual growth from 1993 to 2003 
has been 2.3 %/a, which is slightly below EU25 average.20 GDP per capita, expressed in PPP 
(current prices) has risen. Still, in 2003 GDP per capita expressed in PPP was only about 70 % of 
the EU25 average.21 GDP (in ¼2000) is projected to nearly double within the next twenty-five 
years.22 
 
With the beginning of the transformation process, inflation was a pressing problem. Recently, 
relatively low retail prices induced by an increasingly competitive market, as well as a successfully 
implemented inflation targeting network have led to a moderate inflation rate of around 1.5 to 2.5 
percent. 
 
Unemployment has risen continuously throughout transition. In recent years the unemployment rate 
ranged from close to 9 % in 2000 to slightly over 10 % in 2004.23 Rates of unemployment are 
stubbornly high in the coal and steel producing regions of Northern Moravia and Northern 
Bohemia, and among less-skilled and older workers. 
Foreign direct investment (FDI) inflow was 3.6 billion ¼2004 in 2004 compared to 5.4 billion ¼2000 in 
2000.24 FDI towards the sector Electricity, Gas and Water has been quite stable. 
 

                                                
19 See World Bank (2004). 
20 See World Bank (2004). 
21 See Eurostat (2005). Average annual real growth of GDP per capita has been below EU average, too, namely 1.8 % 
from 1995-2002. See OECD (2005a). 
22 See European Commission (2003). 
23 See Czech Statistical Office (2005). 
24 See Czech National Bank (2005). 
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4.1.4. Energy 
 

4.1.4.1. Supply 
 
The Czech Republic has some substantial but limited domestic energy resources, mainly hard coal 
and lignite. Coal resources are mainly located in Northern Bohemia. In 2001, proved amount in 
place was quantified as 9.8 Gt, proved recoverable reserves as 5.7 Gt. They are comprised of about 
42 % hard coal and 58 % lignite. At current production rates, mineable hard coal reserves will last 
more than 50 years; lignite slightly more than 30 years. Resources of oil and natural gas are 
negligible. Reasonably assured Uranium resources (at up to US$ 80/kgU) stood at just over 4,100 
tonnes at the end of 1999. There are 24 uranium deposits of which 20 have been mined-out or 
closed.25 
Solid fuels make up more than half of total primary energy supply (TPES). The Republic is 
strongly dependent on oil and gas imports (40 % of TPES). Since the start of the transition in 1990, 
Czech total energy production has decreased by 27 %, TPES has fallen by 19 %. With imports 
increasing by 27 %, the import dependency has risen throughout the transformation process, 
reaching 23 % in 2000. None withstanding, the Czech Republic is a net exporter of solid fuels. 
Renewable fuels other than hydropower have only slightly entered the picture. 
 

Table 2: TPES by Energy Carrier 
1990 2002 2003 Energy 

Carrier [PJ/a] [mtoe/a] [%] [PJ/a] [mtoe/a] [%] [PJ/a] [mtoe/a] [%] 

Change
[%/a]*** 

Coal 1,253 29.84 62.3 861 20.51 49.2 873 20.79 47.6 -2.7 
Oil 375 8.94 18.9 357 8.52 20.4 368 8.77 20.1 -0.1 
Gas 221 5.26 11.1 326 7.76 18.6 330 7.86 18.0 3.1 
Others* - - - 34 0.82 2.0 34 0.81 1.9 - 
Nuclear 138 3.28 6.92 205 4.88 11.7 283 6.74 15.4 5.7 
Hydro 5.04 0.12 0.25 8.82 0.21 0.5 5.04 0.12 0.3 -0.3 
Import** -2.52 -0.06 -0.13 -41.2 -0.98 -2.3 -58 -1.39 -3.2 27.5 

Total 1,990 47.38 100 1,752 42.72 100 1,835 43.7 100 -0.6 
* Others include Combustible Renewables & Waste. 
** Import stands for Net Electricity Imports. 

*** Average annual percent change 1990-2003. 
Source: IEA (2004a). 
 

4.1.4.2. Demand 
 
With economic transition, final consumption has plumped. Total final energy consumption was 
1,045 PJ (25 mtoe) in 2002, a decrease of 438 PJ (10 mtoe) or 30 % compared to 1990. Coal, which 
constituted 50 % of final energy consumption in 1990, reduced its share to 14 % in 2002. The share 
of gas increased substantially.26 
Regarding future trends, the IEA expects natural gas demand to increase and constitute 21 % of 
total demand in 2010 and 31 % in 2020. Demand for coal is forecasted to reduce to 30 % in 2020. 

                                                
25 See Austrian Energy Agency (2005) and World Energy Council (2001). 
26 See IEA (2004a). 
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Alternatively to the IEA prognosis, the Czech Ministry of Industry and Trade has formulated a 
desired future scenario, which is said to be in compliance with national energy policies. Figure 2 
indicates the associated development of demand by energy sources. It clearly indicates the 
decreasing share of coal as well as the expected gains in gas, nuclear and renewable fuels. Although 
coal will lose further significance (in absolute and relative terms), it will remain the most important 
energy carrier in volume terms. 
 

Figure 2: Scenario Primary Energy Consumption 
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Source: Revised Green Scenario, Ministry of Industry and Trade (2004). 

 
4.1.4.3. Sectoral Energy Demand 

 
The composition of energy consumption by sector has changed. In 2000, industry demand was only 
half of what it was in 1990. Still, industry accounts for 44 % of final energy consumption compared 
to 56 % in 1990. This share is considerably higher than the average for OECD Europe (30 %). 
Demand of the residential and commercial sector has decreased just slightly, to 34 %, because of 
continuing poor energy efficiency in the housing sector. Only the transportation sector has 
increased its energy demand, namely by 46 %. For the future, the Czech government expects a 
rising share of the transport sector, albeit on a relatively low level compared to Germany for 
instance. The strongest demand increase will be experienced by the commercial and by the service 
sector. Industry and construction share of energy consumption is expected to stay constant, whereas 
households’  share is expected to decrease.27 
 

4.1.4.4. Intensity and Efficiency 
 
The economic slowdown and restructuring during the transformation process was accompanied by 
a decrease in energy intensity, albeit on a high level. Measured as TPES per GDP, intensity 
contracted by approx. 17 %. Intensity is below that of Bulgaria and Ukraine, for instance. Still, 
despite achieved improvements, relative primary energy demand and energy intensity in the Czech 
Republic are well above the average of the EU (by approx. 60 %) and of other accession countries, 

                                                
27 See Riesner / Reichel (2003). 



 48 

e.g. Hungary (by approx. 25 %). It is mainly transport, industry and the building industry that 
exhibit high energy intensity. Intensity in the transport sector has even increased due to a shift from 
rail traffic to more energy-intensive road traffic.28 Relatively scant intensity reduction suggests that 
efficiency is still to be improved. Table 3 reflects the decreasing trend of energy intensity in the 
Czech economy. 
 

Table 3: Energy Intensity Indicators – Past, Present, and Future 
 1990 2000 2002 2020 
TFC per GDP (GJ/thousand¼������
[1990=100] 24.5 [100] 17.5 [72] 16.6 [68] 9.7 [40] 

TFC per capita (GJ/capita) [1990=100] 143 [100] 103 [72] 102 [71] 114 [79] 
Energy Intensity by Sector (1990=100)     

Industry (energy on value added) 100 55.3 42.9* 27.0 

Residential (energy on household income) 100 59.8 50.1* 35.9 
Tertiary (energy on value added) 100 50.6 45.3* 31.3 

Transport (energy on GDP) 100 167.8 157.5* 126.8 

* Projections for 2005. 

Source: IEA (2004a), European Commission (2003), own calculations. 
 

4.1.4.5. Energy Transport 
 
The Czech Republic is a major transit country that plays a strategic role in European gas supply. 
There are three major gas border hubs: Two of them are located at the border to Germany for the 
import of Norwegian gas as well as for the transit deliveries of Russian gas targeted at Western 
European markets. The Russian gas enters at a third hub at the Czech-Slovak border. Crude oil 
imports are mainly delivered from Russia via a pipeline entering from Slovakia, denominated 
Slovakia-Kralupy pipeline. It is operated by CEPRO a.s. CEPRO originated from the privatization 
of the former state company Benzina. Sole shareholder of CEPRO is the National Property Fund, 
i.e. the Czech state. To a somewhat smaller but nonetheless important extent, oil is imported from 
Italian ports piped through Germany via the Ingolstadt-Kralupy-Litvinov pipeline. This pipeline is 
under operation by the German company MERO Pipeline GmbH, which is a subsidiary of the 
Czech company MERO CR a.s., the latter being fully owned by the National Property Fund. The 
German subsidiary owns the German part of the pipeline, whereas the trajectories situated on Czech 
territory are owned by MERO CR a.s.29 
The Czech electricity grid network is part of the regional electricity system CENTREL, which links 
the Czech Republic, Slovakia, Hungary and Poland. In 1995, CENTREL was connected to Western 
Europe’ s grid, so that nowadays the Czech Republic is a member of the UCTE transmission 
system. 
 

                                                
28 See Ministry of Industry and Trade (2004), and Deutsche Bank Research (2002). 
29 See Mero (2005), Cepro (2004). 
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4.1.5. Electricity 
 
Despite the overall reduction in TPES, Czech electricity production has increased throughout the 
years. The Czech Republic is independent in its electricity production. In fact, it is a net exporter. In 
2000, it exported 36,120,000 GJ (10 TWh) of electricity. Major target markets are Germany, 
Austria, and the Slovak Republic.30 
Electricity consumption per capita has increased slightly since 1990. In 2002, it was 
4,982 kWh/capita.31 Overall domestic consumption has been rather stable, although with significant 
sectoral changes. Table 4 displays final electricity consumption by sector. It reflects the efficiency 
gains realized through economic transformation as well as the general trend towards a service based 
economy (as indicated by the above stated sectoral economic activity). 
 

Table 4: Final Electricity Consumption by Sector 
1990 2002 Change 1990-2002 Consumer  

Groups [TWh] [PJ] [%] [TWh] [PJ] [%] [%] 

Industry 26.92 96.9 50.7 20.56 74.02 38.3 -23.3 

Transport 3.17 11.4 6.0 2.15 7.74 4.0 -32.2 
Agriculture 2.91 10.5 5.5 1.14 4.10 2.1 -60.8 

Service 3.64 13.1 6.9 11.38 41.0 21.2 +313 

Residential 9.62 34.6 18.1 14.12 51.0 26.3 +46.8 
Energy 4.86 17.5 9.2 2.85 10.3 5.3 -41.4 

Others 1.91 6.9 3.6 1.47 5.3 2.7 -23.0 

Total  53.04 191 100 53.67 193.2 100 +1.2 
Source: IEA (2004a). 

 
The commissioning curve shown in figure 3 gives an approximate overview on the development of 
the electricity generation composition. The dominant role of coal fired generation and the recent 
growth in gas fired generation are obvious. 
 

                                                
30 See IEA (2004a). 
31 See eurelectric (2005). 
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Figure 3: Approximate Commissioning Curve of Installed Capacity 
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Source: Own calculations. 
 
Installed capacity has increased substantially since the mid 1990s. Given a rather stable overall 
consumption, a capacity of about 15.2 GW nowadays implies a reserve margin of over 50 %, well 
above domestic demand. The capacity reserve margin is expected to increase even more 
substantially in the near future, with the second national nuclear plant Temelin (1.8 GW) coming 
fully on line.32 Table 5 displays net maximum electricity generating capacity of major energy 
carriers for recent years. It underlines the decreasing but still clearly dominating role of 
hydrocarbon, i.e. coal, in electricity production. 
 

Table 5: Electricity Generating Capacity 
1995 2000 2002 Change Energy Carrier 

[GW]net [%] [GW]net [%] [GW]net [%] [%]* 

Combustible 9.14 74.5 9.19 70.9 9.27 66.0 1.01 

Nuclear 1.76 14.3 1.76 13.6 2.76 19.7 56.8 

Hydro 1.37 11.2 2.00 15.4 2.01 14.3 1.5 

Total 12.27 100 12.95 100 14.04 100 8.8 
*Change of GWnet 2002 compared to 1995. 

Source: IEA (2004a). 
 

                                                
32 The reserve margin represents the extra supply capacity available to respond to unexpected events. The margin 

should be adequate to cover a reasonable amount of extreme weather and/or unplanned shutdowns. 
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Nuclear power, produced in the two plants Temelin (2 x 1,000 MW) and Dukovany (4 x 440 MW) 
with relatively low variable costs is used for baseload power generation and accounts for 21 % of 
total production. As domestic lignite is relatively cheap, it supplies the largest share of power 
generation, namely 72 % of baseload and middleload. Peak load is mainly supplied by hydropower. 
On the one hand, the full commissioning of the Temelin plant is expected to double the share of 
nuclear power at the expense of coal-fired generation, whose output would then drop by 20 %. On 
the other hand, part of the future shut down of obsolete 110 MW and 200 MW lignite fired units 
after 2010 is expected to be compensated by new plants burning domestic coal. Next to coal and 
nuclear energy, gas will become the third pillar of the mix. The potential of hydropower plants is, 
in practice, used to full capacity. Other renewable energy capacity is projected to play an increasing 
role. Total generation capacity is projected to double until 2030 (28.47GWe). Hence, the Czech 
Republic will remain a net exporter.33 Future trends are summarized in table 6. 
 

Table 6: Future Electricity Production in the Czech Republic 
Electricity Generation 

in TWhel [PJ] 
2005 2010 2015 2020 2025 2030 

Nuclear  28.76 28.67 28.63 28.51 28.41 14.91 

 [103.54] [103.21] [103.07] [102.64] [102.28] [53.68] 

Hydro & Wind 2.28 2.80 3.68 4.45 5.05 6.24 

 [8.21] [10.08] [13.25] [16.02] [18.18] [22.46] 

Thermal (incl. Biomass)  45.69 51.95 58.83 65.84 72.48 91.78 

 [164.48] [187.02] [211.79] [237.02] [260.93] [330.41] 

Total 76.73 83.42 91.15 98.80 105.94 112.93 

 [276.23] [300.31] [328.14] [355.68] [381.38] [406.55] 

Electricity Generation [%] 2005 2010 2015 2020 2025 2030 

Nuclear 37.5 34.4 31.4 28.9 26.8 13.2 

Hydro & Wind 3.0 3.4 4.0 4.5 4.8 5.5 

Thermal (incl. Biomass) 59.5 62.3 64.5 66.6 68.4 81.3 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

Source: European Commission (2003). 
 

4.1.5.1. Prices 
 
At the beginning of the transformation process, the Czech Republic made sluggish progress in 
establishing market prices for energy. Prices were not cost covering but cross-subsidized. To mirror 
actual costs, especially electricity prices had to be adjusted. Electricity prices to industry increased 
from 0.53 CZK/kWh in 1990 to 1.61 CZK/kWh in 1995. In that same period , household prices 
increased from 0.48 CZK/KWh to 0.99 CZK/kWh.34 More recently, from January 2001 to the end 
of 2002 household electricity prices rose by 25 %.35 So, the situation has changed, as the electricity 

                                                
33 See Eurelectric (2005), European Commission (2003), and Deutsche Bank Research (2002). 
34 See IEA 2004a. 
35 See Riesner / Reichel (2003). 
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market has been opened for the wholesale fully and for the final consumption gradually since 2002. 
For years, Czech electricity prices do cover costs and generate profits.36  
Following Eurostat price data as given in table 7, electricity retail prices before taxes expressed in 
current prices have increased substantially only for households (43 % from January 2000 to July 
20004). Industrial consumer prices have fluctuated. Over the years, i.e from January 2000 to July 
2004 they decreased somewhat for large consumers (-1 %) respectively substantially for small 
commercial consumers (-17 %). Gas retail prices have increased for large industrial consumers by 
33 % between January 2000 and July 2004. Small industrial consumes (37 %) and domestic 
consumers (55 %) have experienced an even greater increase. However, from July 2003 to July 
2004 a slight decrease in all three costumer categories is to be observed. 
 

Table 7: Eurostat Electricity and Gas Retail Prices (Current Prices, Before Taxes) 

 
Jan 

2000 
July 
2000 

Jan 
2001 

July 
2001 

Jan 
2002 

July 
2002 

Jan 
2003 

July 
2003 

Jan 
2004 

July 
2004 

Electricity Retail Prices [¼�0:K@          

Large Industrial Consumers 
(>24GWh/year) 

41 34 39 33 43 38 42 38 40 41 

Small Industrial Consumers 
(50MWh/year) 

72 55 74 58 81 65 78 57 77 60 

Household  
(3.5MWh/year) 

48 48 54 55 64 69 65 65 66 68 

Gas Retail Prices [¼�0:K@           

Large Industrial Consumers 
(>24GWh/year) 

11 12 14 15 16 16 14 15 14 14 

Small Industrial Consumers 
(50MWh/year) 

12 14 17 18 19 19 17 18 17 17 

Household 
(3.5MWh/year) 

13 13 16 19 21 21 19 20 19 19 

Source: Eurostat Retail Prices as indicated in Commission of the European Communities (2005). 
 
In an international context, it is stated that in 2000 household power prices were still 50 % lower 
than the average for OECD-Europe.37 For July 2004, household electricity prices in the Czech 
Republic are reported as approx. 60 % of the EU15 average. Electricity prices for large industrial 
consumers and small commercial users are well below EU15 average too. Gas prices for 
households have been about half of EU15 average, and about two third for small industrial 
consumers respectively. To large industrial consumers, Czech prices have been almost exactly on 
EU15 average since mid 2001.38 None withstanding, energy costs already account for a 

                                                
36 See Eurelectric (2005). 
37 See Deutsche Bank Research (2002). This statement is affirmed by price comparisons published in Commission of 

the European Communities (2005). 
38 See Commission of the European Communities (2005). 
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considerable chunk of household budget expenditures.39 As prices affect consumption, it is 
reasonable to assume that the recent development will enhance energy efficiency.40 
 

4.1.6. Environment 
 
Energy transformation and consumption under the centrally-planned system exerted substantial 
stress on the environment. Air and water pollution in areas of northwest Bohemia and in northern 
Moravia as well as in the city of Prague persist. Domestic forest is damaged by acid rain. To 
improve this situation, total environmental investment was increased more than twenty fold from 
1986 to 1997. Thanks to this investment and to dedicated policies, performance has improved in 
terms of greenhouse gas emissions and pollutants. For instance, from 1990 to 1998 total emissions 
of pollutants have been reduced by 55 %. However, since 1997 environmental investment was 
basically halved.41 This is concerning because emissions remain considerably higher than in 
countries with similar population and industrial development. This is mainly due to the economy’ s 
high energy intensity combined with an intensive use of solid fuels. 
Table 8 and table 9 compare sector emissions of relevant greenhouse gases and other sources 
originating from fuel combustion for the years 1990 (1992) and 2002. They detect the drastic 
decrease in emissions of several major pollutants that accompanied the economic transition. Table 
8 and table 9 also highlight the different sectoral trends, especially the increase of CO2 and several 
other gases in the transport sector. It is shown that CO2 emissions in the energy industry have 
increased contrary to the general trend. This reflects the hydrocarbon intensity of the Czech energy 
production. 
 

Table 8: Sectoral Anthropogenic Emissions of Green House Gases from Combustion 
GHG in thousand tonnes 
of CO2 equivalent 

 
CO2 CH4 N2O 

Sum of major 
GHG* 

1990 59,171 149.1 645.7 59,965.6 
Energy Industries 

2002 57,729 13.8 662.2 58,404.6 

1990 59,457 25.9 394.9 59,877.3 Manufacturing Industries 
and Construction 2002 30,969 16.6 206.4 31,191.0 

1990 7,275 64.4 80.4 7,419.8 
Transport 

2002 12,428 46.3 595.4 13,070.2 

1990 34,177 1,006.2 296.1 35,479.7 Residential, Commercial, 
Others 2002 15,108 225.1 66.4 15,399.6 

1990 160,080 1,245.5 1417.1 162,742.4 
Total Fuel Combustion 

2002 117,426 307.1 1545.0 119,278.4 

1990 163,990 16,763.4 11265.5 192,019.0 
National Total 

2002 123,048 10,373.5 8151.2 141,572.6 
* Lacking HFCs PFCs and SF6, due to incomplete documentation. National total emissions of HFCs PFCs and 
SF6 were 1,322 t of CO2 equivalent in 2002. 
Source: UNFCC (2004). 

                                                
39 See Deutsche Bank Research (2002). 
40 See Riesner / Reichel (2003). 
41 See CZSO (2005). 
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Table 9: Sectoral Anthropogenic Pollutants from Combustion 

Pollutant in thousand 
tonnes of CO2 equivalent 

 
CO NOx NMVOC SO2 

1992 130.8 355.7 1.8 814.5 
Energy Industries 

2002 11.3 100.8 6.9 141.7 

1992 22.5 76.9 3.5 532.9 Manufacturing Industries and 
Construction 2002 87.4 35.6 4.3 41.2 

1992 210.0 210.1 53.3 3.2 
Transport 

2002 239.2 112.7 48.4 4.7 

1992 472 39 32 187,8 Residential, Commercial, 
Others 2002 151.4 62.3 36.4 43.0 

1992 835 682 91 1,538 
Total Fuel Combustion 

2002 489.3 311.3 96 230.6 

1992 1141 707 257 1,559 
National Total 

2002 569 318 203 237 
Source: UNFCC (2004). 

 
Despite the obvious success in emission reduction, overall CO2 emissions in 2002 were 123 million 
tonnes. This translates to 12 t CO2 per capita, which is one of the highest in Europe. Table 10 
shows the actual and expected development of CO2 emissions and intensities of the Czech 
economy. It also demonstrates that in recent and in future years further reductions seem to be less 
simple. 
 

Table 10: CO2 Intensity Indicators- Past, Present, and Future 
 1990 1995 2000 2005 2010 2020 2030 
CO2 emission index 
(1990=100) 

100 80.0 74.9 65.0 64.9 63.3 68.5 

Carbon intensity 
(t of CO2/MJ of GIC)* 

79.76 72.62 70.00 60.00 58.33 55.33 59.52 

CO2 in final energy demand 
(t of CO2/MJ) 

72.14 56.00 52.38 51.66 49.29 44.52 39.76 

CO2 per capita 
(t of CO2/inhabitant) 

15.33 12.30 11.59 10.10 10.18 10.18 11.45 

CO2 per GDP 
(t of CO2/thousand¼����� 2.62 2.20 1.94 1.41 1.18 0.87 0.77 

*GIC: Gross inland consumption. 

Source: European Commission (2003). 
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4.2. Politics 
 

4.2.1. Present Politics 
 

4.2.1.1. Harmonizing with IEA and EU Standards 
 
After standard oil stocks and emergency preparedness had been brought in line with IEA and EU 
requirements by the implementation of a legislative act of 1999, in 2001, the Czech Republic 
became the twenty-fifth member of the IEA and the second IEA country in Central Europe. The 
Czech emergency oil reserves are the most far reaching of the new EU members. Although in 2003 
it was still below EU-requirements (80 days instead of 90 days), the Ministry of Trade and Industry 
states that nowadays needs are covered for up to 90 days.42 The overall aim of energy policy is the 
harmonization of the Czech energy sector standards with those in the EU, e.g. full compatibility 
with 96/92/EC Directive. This includes the following issues. 
 

4.2.1.2. Privatization Politics 
 
Energy policy has been dominated by measures to privatize and restructure the industry. Despite 
some considerable success, the leading companies remain predominantly state owned, especially 
the corporation CEZ a.s. which is the main electricity production company and is two-third state-
owned. CEZ produces about 70 % of the country’ s electricity. It operates the two nuclear plants, as 
well as 15 coal-fired plants and 13 hydroelectric plants. CEZ is beginning to operate internationally 
(e.g. Bulgaria), however experiencing some difficulties (e.g. Slovakia). In 2002, privatization of 
CEZ failed because of bidding offers being too low. 
Production and distribution has been unbundled. Since 1999, CEPS a.s. (Czech Transmission 
System Operator) is responsible for development, management, operation and maintenance of the 
transport network. CEPS controls the operation of interconnections, provides real time load 
dispatching services and is responsible for ancillary services. It was statutorily unbundled from 
CEZ but up to March 2003 remained its subsidiary. In April 2003, 51 % of CEPS’ s shares were 
transferred into the ownership of OSINEK, a company controlled by the National Property Fund, 
and 15 % to the Ministry of Labour and Social Affairs leaving CEZ with the remaining 34 %.43 
Nowadays, CEPS is fully held by a 100 % state owned company.44 
Ownership of distributing companies has been consolidated. In 2004, eight regional joint stock 
companies carried out lower voltage electricity distribution to final consumers.45 Two of the 
distribution companies are almost 100 % owned by the German E.ON. In four of them, CEZ owns 
approx. 99 % recently, preparing to buy the rest as well as a fifth company. 
Foreign companies have especially entered the gas sector as well as the oil and refining sector. 
E.ON owns the majority in one Czech gas distributor. The German company RWE is an important 
player in the gas sector, as it holds a majority in six out of eight Czech gas distributors and owns 
the transport company Transgas. Transgas itself receives supplies from Gasexport, which is a 
subsidiary of the Russian Gazprom. In the upstream market, 99 % of available gas are controlled by 

                                                
42 See Ministry of Industry and Trade (2004) as well as Riesner / Reichel (2003). 
43 See CEPS (2004). 
44 See Eurelectric (2005). 
45 See Eurelectric (2004). 
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the largest company.46 The only remaining “ independent”  electricity and gas distributor is 
controlled by the City of Prague.47 
In the oil sector, privatization is somewhat regressive. The important corporation Unipetrol, after 
having been owned by a national fertilizer producer, is now again owned by the state.48 As for the 
coal sector, the government is further reducing its shares in the hard coal mining company OKD to 
the benefit of the majority owner and key market player Karbon Invest.49 Only in one of four major 
Czech coal mining companies, the state possesses a 54 % stake, the rest is fully private.50 
 

4.2.1.3. Diversification, Efficiency and Energy Act 
 
Diversification in supply is aimed at by fully implementing the nuclear sector and by new 
hydrocarbon imports, as well as by renewables in the long term. 
The Energy Efficiency Action Plan focuses on promotion of energy efficiency in end-use. It 
features a list of concrete policy actions to develop energy efficiency. The Czech government has 
endorsed this document and recommended adopting its policies and measures when suitable.51 
More recently, an amendment of the Law on Energy Management is under preparation. The 
amendment aims at incorporating the EU legal provisions on promotion of cogeneration and on 
energy efficiency. 
In 2000, a new Energy Policy Paper was issued by the ministry of industry, addressing the 
development goals of the sector for 2030. The crucial objective is to establish reliable, safe and 
environmentally acceptable energy supplies to support economic competitiveness. Based on that 
policy paper, a new Energy Act came into force in 2002. The act aims at increasing competition in 
the sector, enhancing transparency, designing regulation and -in general- translating EU directives 
into national energy law. 
The Energy Act brought into effect an independent regulatory body for the grid based energy 
industries, the Energy Regulatory Office. It organizes the regulated third party access and sets 
prices for non-eligible customers. Consequently, its main tasks are to grant licenses, to set tariffs, to 
regulate prices, and to resolve disputes related to access to transmission or distribution networks. In 
addition, the Office for Protection of Economic Competition is responsible for enforcing the 
Competition Act in the energy sector. 
 

4.2.1.4. Promoting Renewable Energy 
 
Renewable energy technologies still hold a small share of electricity production. To increase this 
share, renewable electricity production is promoted by guaranteeing prices as well as take-up and 
feeding-in into the grid system. The Energy Regulatory Office sets feed-in tariffs well above 
market electricity price. Distribution companies are obliged to buy the production from renewables’  
operators. The principle target of this policy is to reach a renewable share of 8 % of national 

                                                
46 See Commission of the European Communities (2005). 
47 See Eurelectric (2005). 
48 See Austrian Energy Agency (2005). 
49 See IEA (2004b). 
50 See Eurelectric (2005). 
51 See IEA (2001). 
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production by 2010.52 In March 2005, this support policy was newly designed by the Act on 
Promotion of Use of Renewable Sources. Within this law, two support instruments may be chosen, 
namely either fixed feed-in tariffs or green bonuses. Fixed feed-in tariffs are the purchase price paid 
by the grid operator to the producer of electricity from renewable sources. A green bonus is the 
financial amount increasing the market price of electricity that is paid by the operator to the 
producer of electricity from renewable sources. It takes into account reduced damage to the 
environment resulting from use of a renewable source compared to combustion of fossil fuels, the 
type and size of the production plant and the quality of electricity supplied. In particular, producers 
have the right to get paid green bonuses in the case of self-consumption, meaning if the renewably 
produced electricity is not fed into the grid system. The law is quite controversial. It is said to be 
intransparent and could open doors of misuse in the form of discrimination against new 
independent producers. For instance, distribution companies may refuse access to the grid in case 
of a risk for grid stability. Of course, grid stability itself is desirable; but companies of the 
renewable energy industry as well as independent producers fear to be denied their right to market 
access. Furthermore, tariffs are not fixed but are adjusted by the regulatory body on a yearly basis. 
Consequently, investors confidence is hampered despite a 15 year feed-in guarantee for new 
projects. Also, the law does not clarify the mechanism on how to prorate associated additional costs 
to electricity consumers.53 
 

4.2.2. Environmental Politics 
 
By achieving the national target on renewable energy share, considerable emissions reduction 
would be attained, namely CO2 by 2 million tonnes, SO2 by 1,800 tonnes, and NOx by 1,240 tonnes 
per year. The Czech Republic has ratified the Kyoto Protocol in 2001. The corresponding national 
commitment for greenhouse gas emission reduction is 8 %. Today, emissions are 20 % below the 
1990 reference value so that even in the case of high economic growth, the Czech Republic will 
quite easily fulfill its Kyoto engagement.54 Next to Kyoto, the republic is participating in the 
emission permit trading system of the EU and submitted its corresponding National Allocation 
Plan. For the period 2005-2007, a volume of 107.5 million tonnes per year will be available for 
emission trading allowances. On a national level, the Clean Air Act has introduced emission 
standards for facilities with a unit capacity above 0.2 MW and emission taxes on SO2, NOx, CO, 
hydrocarbons and particulates. In this context, the new environmental legislation has set strong 
emission limits especially for coal fired power plants. Consequently, the producer CEZ by now has 
modernized all its coal-fired capacity in operation. Reduction of environmental damage through the 
energy sector has largely been decreased by voluntary measures, too. Regarding the energy sector, 
especially phasing out of obsolete plants and building of new facilities has improved environmental 
conditions. For instance, the oldest soft coal power stations, whose modernization and 
desulphurization had not been found effective, were gradually phased out. Nonetheless, as 
environmental problems persists, ambitious policies on energy efficiency and the environment are 
still required. 
 

                                                
52 See OECD (2005b). 
53 See Ministry of Industry and Trade (2005) as well as Winkelmann (2005). 
54 See World Energy Council (2003). 



 58 

4.2.3. Future Politics 
 
From 2006 on, the electricity market is planned to be completely open. According to the Energy 
Act, by 2006 all consumers are supposed to be able to choose their electricity supplier. In the case 
of natural gas, however, only major consumers will become eligible. It is planned to further extend 
third party access to include 33 % of natural gas transmission until August 2008.55 
Next to liberalization, major trends and issues are the (associated) reorganization of the energy 
sector, the improvement of energy policy, and the diversification of the energy carrier mix. Hereto, 
topics will be to some extent the decline of coal and its replacement by natural gas, the 
development of renewable energy from currently 1.7 % to 8 % in 2010, and the future of the 
nuclear energy. Regarding the latter, the Czech energy concept does not include any new nuclear 
sources to be put into operation at least until 2010. 
Price changes will affect future development. Concerning the increasing use of gas as energy 
carrier, price increases might delay or partly offset fuel switching. It is possible that for instance an 
increase in gas prices by 13 %, as it was brought into effect by the Energy Regulatory Office at the 
end of 2004, evokes some shift from gas back to coal or to alternative fuels such as biomass. 
Similarly, a substantial increase in electricity prices (around 11 %) is expected.56 A general price 
increase brought into effect by the regulatory body could also enhance privatization of the sector.57 
It has been debated whether a carbon/energy tax should be levied and used to further support 
investment in renewable energy. Finally, repowering and revitalizing old generation plants will be a 
major issue in the medium-term future. 
 

4.2.4. Critical Review 
 
In 2003, the Czech Republic was classified the most well prepared EU accession country with 
respect to its energy profile.58 The Czech Republic has made substantial progress in the fields of 
privatization, market access, regulation, fuel switch replacing coal and in the field of environmental 
improvement. Comparing the number of significant market participants in electricity sectors of the 
EU25 and accession candidates shows that the Czech Republic exhibits a relatively de-concentrated 
market structure.59 Nonetheless, privatization still is too inert. Several privatizations have led to 
joint stock companies that fully or largely belong to the National Property Fund. Hence, the state 
retains a key position in the market. As in most new member countries, upstream gas markets have 
high entry barriers, so that liberalization of the gas market is yet to be improved. Accordingly, 
balancing in the gas sector remains unfavorable or unclear. High network charges and inflexible 
services are observed.60 Much remains to be done before third party access and competition in the 
energy market are truly effective. To offset any possible cohesive development evolving from such 
a constellation of effective cooperation between the regulatory body and the Office of Competition 
is necessary. Furthermore, liberalization should be enhanced by solving the trade-off between 

                                                
55 See World Energy Council (2003). 
56 See IEA(2004b). 
57 See Deutsche Bank Research (2002). 
58 See Riesner / Reichel (2003). 
59 See Commission of the European Communities (2005). 
60 See Commission of the European Communities (2005). 
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conductive privatization and maximizing the profits from selling the (mainly) state-owned 
enterprises. 
Regarding the energy mix, the law for promoting renewables specifies the future role of renewable 
energy but leaves unsolved the trade-off between the associated grid stability and grid access. The 
full commissioning of the nuclear power plant Temelin will further increase electricity export 
potential and opens up possibilities of reducing CO2-emissions by phasing out lignite electricity 
production. Strategies for maximizing the benefits from the Kyoto-Protocol, for example through JI 
should be keenly designed. Further future topics will be to handle or to further reduce the 
dependence on Russian natural gas and oil imports and diversifying the supply. In addition, the 
Czech republic may implement strategies to gain from its location as a transit country for Russian 
energy transports towards the western EU. 
 

4.3. Peculiarities 
 

4.3.1. Visegrad 
 
The Czech Republic is a founding member of the Visegrad Group, which also includes Hungary, 
Poland, and the Slovak Republic. The group was created in February 1991 with the intention to 
organize an economic and also energy-related cohesion and integration of the region. The Visegrad 
countries are neither large producers nor large consumers of energy. Coal is the single abundant 
fossil fuel in the region, with only Poland and the Czech Republic having significant quantities. In 
2002, coal accounted for 45.6 % of the Visegrad countries’  total primary energy consumption. Just 
as the Czech Republic, all other Visegrad countries import most of their crude oil and natural gas 
requirements, mainly from Russia. Dependence on Russian deliveries as well as acquisition 
activities of Russian companies in the course of the Visegrad’ s privatization processes are 
sometimes stated to be a point of discontent. The strategic importance of the region, however, lies 
largely in the crude oil and natural gas pipelines which traverse the Visegrad countries on their way 
to Western Europe.61 
 

4.3.2. Important Characteristics 
 
Coal has been and still is the Czech Republic’ s main energy carrier. None withstanding, substantial 
changes of the energy mix have been carried out in consequence of the economic transformation. 
The Czech Republic is not only self sufficient in its electricity production but is a net electricity 
exporter. Disputes over safety measures in the course of commissioning the nuclear power plant of 
Temelin have arisen with its main electricity buyers Austria and Germany. Despite privatization 
politics, energy sectors are characterized by dominant players, in particular CEZ, RWE, and E.ON. 

                                                
61 See EIA (2004). Eurelectric (2005) states that Russian ownerships do not create an issue. 
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5.1. Factual information 
 

5.1.1. Geographical description 
 
The country consists of the peninsula, Jutland, the two large islands, Zealand and Funen, and many 
smaller islands. The topography of the country is flat and mainly characterised by agricultural 
farmland and coastal areas. 
Most of the populated islands have been connected by rail and road decades ago. More recent the 
Great Belt between Zealand and Funen was covered by a bridge and tunnel in 1998 and in 2000 a 
bridge was completed across the Sound between Copenhagen and Malmö in Sweden. 

Table 1 General data about the country, 2004 (Electricity 2003) 

General data  Indicator  
Area (km2) 43,094   
Population (millions) 5.411 Density (inh./ km2) 126 
Gross Domestic Product  
(Euro billion) *) 

194.4 GDP per capita (Euro) 35930 

Total workforce (millions) 2.766 Working population (%) 51.1 
Total energy consumption (PJ) 846 Consumption (GJ per capita) 

Overall energy coefficient (MJ/Euro) 
156 
4.35 

Electricity consumption (TWh) 32.6 Electricity cons. per capita (kWh) 6400 
*) 1 Euro = 7.44 DKK 
Source: Statistics Denmark, Danish Energy Authority, 
 

5.1.2. Demographics 
 
Denmark is among the smaller countries in the European Union with about five million inhabitants. 
The population density is lower than that of Germany, but much higher than that of the other 
Nordic countries. For the last decades population has been growing slowly, and it is only the 
contribution from immigration that keeps the population growing. Aging is a general trend and 
much discussed in the economic policy debate. Lifetime expectancy has been increasing in recent 
years reaching 79 for women and 74 for men, after stagnating for many years. Fertility is at the 
high end compared to other EU countries with 1.7 children per woman, but still too low to sustain 
the population in the longer term. Average household size is rather small with an average of 2.1 
person per household. 
The majority of the population lives in urban areas and about half of the population is living in 
detached houses. One third is living in apartment blocks. The large cities with the capital 
Copenhagen and their dense population is the background for the high dependence of district 
heating in Denmark. 
 

5.1.3. Economic structure and situation 
 
Danish economy has experienced a long period of sustained growth and declining unemployment. 
As a very open economy the Danish situation is dependent on international growth and especially 
for the large trade partners of the EU: Germany, Sweden and the UK.  
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The economy is dominated by the service sectors, both public and private. The finance and business 
service sector has been expanding rapidly and now constitute 25% of total value added. The 
manufacturing sector has been reduced as a contributor to total value added and is now at levels 
equal to that of trade, but it remains the most important with regard to exports. 
 

Table 2 Composition of the economy in Denmark (value added, current prices, mill DKK) 

 1980 1990 2000 2004 
Agriculture, horticulture and 
fishery 

18269 5.3% 31609 4.2% 31629 2.8% 28013 2.2% 

Mining and quarrying 811 0.2% 7693 1.0% 33620 3.0% 36859 2.9% 
Manufacturing 64949 18.9% 128455 17.3% 181613 16.0% 175931 13.8% 
Electricity, gas and water 5382 1.6% 15136 2.0% 23544 2.1% 26454 2.1% 
Construction 22081 6.4% 37211 5.0% 59140 5.2% 65383 5.1% 
Wholesale, retail trade, 
hotel and restaurants 

51805 15.1% 104605 14.1% 156284 13.8% 173535 13.6% 

Transport etc. 22835 6.7% 56706 7.6% 90629 8.0% 108909 8.5% 
Finance and business 
services 

67914 19.8% 170153 22.9% 265079 23.4% 318360 24.9% 

Public and personal 
services 

89311 26.0% 192347 25.9% 291165 25.7% 345847 27.0% 

Total 343357 100.0% 743915 100.0% 1132703 100.0% 1279291 100.0% 
 
The size and role of the public sector in Denmark is similar to the other Northern European 
countries. Most of budget goes to social security, health and education. In contrast to most other 
countries, the overwhelming part of social security is financed by taxes rather than contributions 
from employers.  
Local government is responsible for about two-thirds of the public expenditures. Their main 
financial source is income tax, and, traditionally, there are significant differences in the tax level 
between neighbouring municipalities. A radical restructuring of municipalities and other regional 
bodies is taking place at the moment and will reduce the number of municipalities to 100 in 2007 
compared to 271 today and 277 after the last major restructuring in 1970. 
 

5.1.4. Energy 
 
Denmark is a country with a low energy intensity economy, as both energy consumption in 
households and especially energy consumption in industry is low compared to other EU countries. 
For industry this is a result of lack of most heavy industries and partly the continued effort to 
increase energy efficiency by regulation and governmental support schemes in the last 20 years. 
Household energy consumption is moderate due to the high taxation levels and the electricity 
consumption is low compared to other Nordic countries because of the minor share of electricity in 
space heating.   
There is very little tradition in Denmark for public ownership in manufacturing industries, but the 
energy sector has seen much public involvement. Most public enterprises have been utilities (post 
and telecommunications, public transport, water, sewerage, and network-based energy industries). 
The utilities for electricity, gas and district heating have been owned by municipalities or consumer 
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co-operatives. This situation is changing now with the restructuring of the industry. Government 
ownership on the national energy level was first introduced when the extraction of oil and gas from 
the Danish sector of the North Sea started in the early 1970s. The increase in this sector is reflected 
in Table  2 where mining and quarrying grows to 2.9% of value added. The government-owned 
companies are mainly responsible for gas and oil transmission via pipelines and the present state 
owned company DONG is planned to be partly privatised in a short time. 

40%

23%

22%

15%

Oil products
Natural gas
Coal
Renewables etc.

 

Figure 1 Primary energy supply in Denmark 2004 

 
The primary energy supply is well diversified in Denmark with oil products related to mainly the 
transportation sector, while the power and heat sectors are based on coal, natural gas and 
renewables. 
 

5.1.5. Electricity 
 
Electricity demand composition is reflecting the structure of the economy and the policy with high 
taxation of households. Manufacturing industry is responsible for a much larger share of 
consumption than its share of value added, reflecting the high energy/electricity intensity for this 
sector compared to that of services. 
The per capita consumption of electricity was around 6400 kWh in 2003. This is similar to most 
European countries, but much lower than in the other Nordic countries. There are very few large 
consumers. 
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Table 3 Electricity consumption in Denmark 

Year Total Residential Agriculture and 
horticulture 

Manufacturing 
industries 

Commerce and 
public service 

 TWh % TWh % TWh % TWh % TWh % 

1976 17.7 100 6.2 35.1 1.5 8.6 4.5 25.4 5.5 30.9 
1980 21.9 100 7.4 33.7 1.9 8.5 6.0 27.1 6.7 30.7 
1985 25.3 100 8.4 33.3 2.0 8.0 7.0 27.8 7.8 30.9 
1990 28.6 100 9.0 31.3 2.4 8.3 8.4 29.5 8.8 30.9 
1995 31.5 100 9.6 30.4 2.6 8.4 9.6 30.5 9.7 30.7 
2000 32.9 100 9.6 29.2 2.6 7.9 10.2 31.0 10.5 31.9 
2003 32.6 100 9.7 29.7 2.4 7.5 9.4 28.7 11.1 34.1 

Source: Dansk Energi 

As shown in Table 3 the consumption by residential, manufacturing industries and commercial are 
now all around 30 % of the total. Over the last 27, years total consumption increased by about 84%. 
The relative share of residential and agriculture have been reduced, while the share of 
manufacturing industries and service has increased. The trends have been reversed somewhat in 
recent years as manufacturing has been reduced considerably from 2000 to 2003 and the increase in 
service has only been observed during the last 8 years. 
Electricity supply industry structure consists of a mix of large and small facilities. For both 
categories the majority is Combined Heat and Power (CHP) plants of which the large ones are of 
the extraction-condensing type and the small-scale category are backpressure units. In addition to 
these the wind-turbine capacity now constitutes a large capacity, relative to its minor importance 10 
years ago. The cogeneration capacity in manufacturing industries is referred to as auto-producers in 
the table and constitute a small share. Hydropower is only marginal in Denmark (11 MW). 
 

Table 4 Electricity capacity in Denmark by categories of generators 

Year Total  
 

Central plants Small local CHP Auto-producers 
 (incl hydro)  

Wind-turbines 

 MW % MW % MW % MW % MW % 

1990 9307 100         
1995 10545 100 8613 81.7 1145 10.9 171 1.6 616 5.8 
2000 12219 100 7771 63.6 1621 13.3 409 3.3 2418 19.8 
2003 12831 100 7545 58.8 1736 13.5 435 3.4 3115 24.3 

Source: Dansk Energi 
 
The windpower share of capacity has increased to around 25%, but the share of production was 
only 12.7% in 2003 due to the especially low availability of wind resources that year. 
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5.2. Trends 
 

5.2.1. Development of energy supply industry 
 
The electricity supply industry has its origin in two separate traditions. In the towns the electricity 
supply was established either by private entrepreneurs or the municipality. In most cases the 
privately owned electricity supply was taken over by the municipality early in this century. In the 
countryside the electricity supply was established by consumer co-operatives.  
The concentration of generation was completed in the mid-20th century. Most of the small 
generators were closed, direct current abandoned, and electricity generation became concentrated 
on a few large generators. More recently distribution has become more concentrated by mergers 
taking place among the many small co-operatives. A great deal of the centralisation took place in 
the form of co-operation among formally independent enterprises. The distributing utilities in 
several regions established a common generating company. These regional generators then formed 
two regional organisations for load management, fuel purchases, transmission grids and new 
generating plants. These two organisations were known as Elsam and Elkraft (formerly 
Kraftimport, i.e. ‘power import’ ), which operated the systems west and east of the Great Belt, 
respectively. 
An important contribution to Danish electricity supply came in the form of Nordic co-operation. 
Since 1915 Zealand had been connected by cable to southern Sweden. From 1963 Nordel has been 
the organisation for co-operation between the large generators in Denmark, Finland, Iceland, 
Norway and Sweden. High voltage direct current (HVDC) cables were constructed from Jutland to 
Sweden and Norway. 
At the time of the first oil crisis in 1973 more than 90 % of the Danish primary energy supply – 
including electricity generation – came from imported oil. Within a few years the oil crisis led to a 
considerable government intervention and to a swift response by the industry itself, as it switched 
from oil to coal. 
An Electricity Supply Act was prepared and passed by Parliament in 1976. It provided the 
government with powers to approve new large generating units. The Electricity Supply Act was 
followed by national energy policies and energy plans. The focus of these activities was security of 
supply and price stability. Excise taxes on energy for households were introduced during the second 
oil crisis in 1979-80. This development has continued, e.g. by the introduction of CO2 taxes in the 
1990s. 
The most significant trends for the power sector are the steady increase in the share of CHP – both 
central and decentral along with wind expansion– and the increasing volatility of import and export, 
which reflects both the natural variations of precipitation in Norway and Sweden and the market 
liberalisation in these countries. 
 

5.2.1.1. District heat with natural gas and combined heat and power (CHP) 
 
In 1979 the Act on Natural Gas Supply and the Heat Supply Act were passed by Parliament as a 
means to enable the switch away from oil in space heating. A natural gas network supplied from the 
Danish sector of the North Sea was established during the first half of the 1980s, and at the same 
time a national space-heating plan was decided. The heat planning was implemented in details by 
local governments. The main feature of this planning effort was the zoning of all built-up area in 
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Denmark into areas reserved for district heating, natural gas and a remainder for individual heating, 
where low heat densities would not justify district heating or natural gas grids. 
This infrastructure offered a very flexible response to the oil price shock in the 1970s. The central 
boilers could easily shift from oil to coal or gas, and many local district heating grids were 
interconnected into larger grids in order to exploit an excess production of heat from waste 
incineration during the summer, or connected to urban grids already supplied by CHP.  
During the 1980s the existing district heating grids were expanded and interconnected, whenever 
possible, and all the large urban grids were connected to existing or new extraction-condensing 
power stations. This process was continued in the 1990s with smaller decentralised CHP units for 
the many district heating grids in towns and villages. 
For generation in the early 1970s two 600 MW coal-fired condensing (i.e. electricity only) power 
units were planned and constructed at sites away from the major district heating markets. They 
were commissioned around 1980. One of those, Ensted 3 in Southern Jutland, was jointly owned by 
the Danish regional utility and Preussen Elektra (E.ON) until 2002, and the production of the 
German share was exported to Germany.  
Since then, all the following large units have been 250-350 MW extraction-condensing units, which 
were located to supply the large urban district heating markets, in order to replace older capacity 
and to increase the capacity and efficiency for both heat and electricity generation. 
 

5.2.1.2. Electricity grids 
 
The transmission network and the international connections were owned and operated by the two 
regional associations, Elsam and Elkraft, who were responsible for the central dispatch of all the 
generation units within their regions. In addition they were responsible for the very considerable 
international trade. Unbundling of monopoly and competition activities started in western 
Denmark, by separating Elsam into two divisions. The separation was completed in 1998, when 
Eltra was formed from Elsam System as a grid company responsible for the monopoly activities 
system operation and transmission. This was the first step towards the nationwide Energinet.dk that 
has been effective from January 2005. 
 

5.2.1.3. Environmental regulation 
 
By 1980, local and visible pollution from power stations had been effectively abated. Local 
pollution was eliminated by high stacks, and particle emissions were reduced by filters. From then, 
transboundary pollution of SO2 and NOx, leading to acidification of vulnerable ecosystems, e.g. 
Swedish lakes, became the major environmental issue. The European Directive on Large 
Combustion Installations a few years later introduced even tighter SO2 emission limits than the 
previous Danish after 1995 and also NOx emission targets. However, by 1995 these limits for SO2 
and NOx emissions had become uncontroversial administrative requirements.  
Since the late 1980s CO2 reduction has become the major environmental issue, leading to a wide 
range of measures. 
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5.2.2. Present situation in the electricity sector 
 

5.2.2.1. Electricity generation 
 
Through the last decades the electricity system has gradually become much more concentrated 
through mergers and co-operation and is now organised into one major operator and one 
corresponding to ¼ of capacity. In the recent years the organisation of the industry has been fully 
reorganised in the direction of separating monopoly activities and activities subject to competition. 
The structure of the electricity generating capacity is shown in Table 4. The most significant trend 
over the last twenty years has been the steady increase in the share of co-generated electricity from 
medium-sized extraction-condensing power plants that allow a flexible combination of heat and 
power. These plants are owned and operated by the utilities and correspond to around 65% of 
power capacity. As a consequence, nearly all base-load electricity generation is co-generation. 
Thus, electricity-only generation is used mainly for intermediate load and security against dry years 
in Norway and Sweden. Wind power constitutes a very high share of capacity and as a share of 
generation it is also contributing around 15% at present. 
 

5.2.2.2. Fuel use for electricity production 
 
Electricity generation in Denmark is based mainly on imported fossil fuels. During the 1960s and 
early 1970s there was a steady substitution of heavy fuel oil for coal. By 1973 more than 90 % of 
the Danish primary consumption was imported crude oil or oil products. From the first oil crisis to 
the early 1980s this was shifted back from oil to coal. This shift was made possible by the multi-
fuel facilities at most of the existing power stations, or coal conversion investment at oil fired 
stations. New harbour facilities were built, and barge transport of coal was established to power 
stations at coastal sites where the harbour did not allow large ships. Therefore a large part of the 
Danish capacity exhibits multi-fuel properties today. 

Table 5 Primary fuels for electric production at public utilities in Denmark 

Year Total Coal Oil*) Gas Renewables 
 PJ % PJ % PJ % PJ % PJ % 

1970/71 175 100 48 27.6 126 72.4     
1980 249 100 204 81.8 45 18.2     
1990 215 100 206 95.9 7 3.3 2 0.7 0 0.0 
1995 270 100 229 84.8 29 10.8 9 3.3 3 1.1 
2000 207 100 137 66.2 37 17.9 28 13.5 5 2.4 
2003 276 100 213 77.1 17 6.2 33 12.0 13 4.7 

*) incl. orimulsion. 
 
The development in the fuel use is shown in Table 5. From the mid-1980s natural gas was 
introduced in Denmark. A few of the large power stations now use gas and during the 1990s more 
than 100 small-scale gas-fired CHP stations were constructed, ranging from less than 1 MW to 100 
MW, designed for the district heating grids from small villages to mid-sized towns. 
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5.2.2.3. Distributors, grid operation and international connections 
 
The recent developments have resulted in the inclusion of distributors in broader based energy 
companies. Municipalities have been selling off their share in generation activities and in some 
cases this has included also the distribution part. 
Transmission grid management and ownership has now been assigned to the new Energinet.dk that 
manages both transmission of electricity and gas. 
Denmark (west of the Great Belt) is interconnected to the countries in the Continental Western 
Europe by transmission lines based and synchronised to this system. Norway, Sweden, Finland and 
Denmark east of the Great Belt are interconnected in another synchronised region. New cables were 
commissioned around 1995, connecting east Denmark with Germany. The national connection 
across the Great Belt has been discussed for decades. The black-out in Zealand and Southern 
Sweden in September 2003 resulted in a revival of this debate. A parliamentary decision was taken 
some years ago, but investors have been reluctant, because the two systems, which will be directly 
connected, are very similar in their production and consumption structures. 

Table 6 Capacities of international transmission lines from Denmark 

Year WestDenmark

Germany, AC 

WestDenmark

-Norway, DC 

WestDenmark 

-Sweden, DC 

EastDenmark-

Sweden, AC 

EastDenmark 

-Germany, DC 

Norway/Swe-

den, Total 

Germany, 

Total 

 MW MW MW MW MW MW MW. 

1990 1200 510 500 1170 0 2180 1200 
1995 1400 1040 630 1360 600 3030 2000 
2004 1200 1040 740 1900 600 3680 1800 

Source: Dansk Energi 

The electricity generating system in Denmark is located at the border between hydro power in the 
North and the thermal system in Western Europe. The capacities of the connections from the 
western and eastern parts of Denmark are shown in Table 6. The very significant trade with the 
hydro-based systems in Norway and Sweden has a considerable impact on the operation. Electricity 
is imported during the day and exported during the off-peak hours in the night. This pattern is 
influenced by the night export of wind power and heat related CHP production. Annual variation in 
hydropower in Norway and Sweden is the major explanation from annual trade balance shown in 
Table 6. 
 

5.2.3. Future outlook and consequences of competition 
 
The Danish electricity supply industry is facing two major challenges: increased competition from 
liberalised markets and changing environmental regulation. The increased competition has already 
resulted in many changes of organisational structure of the energy sector. The industry is already 
used to the national environmental policy, but still has to deal with the new European wide market 
based instruments in relation to the liberalised electricity and gas markets and more specialised 
elements of these markets.  
The Danish generators are well established in the Nordic power market. The Danish generators are 
considered relatively efficient when compared to other European countries. The construction of 
well capitalised energy companies (DONG) and the inclusion of 25% of central generation capacity 
in Vattenfall have softened the financing issue for future expansion of activities for Danish 
generation. 



 71 

5.3. Regulation and policy 
 

5.3.1. Energy policy 
 
The Danish energy policy has three main objectives: security of supply, economic efficiency and 
environmental protection. The priority of these three objectives has changed over time. At present 
the three objectives are considered equally important. In the first energy plan from 1976, security of 
supply had priority. During the 1980s, after the diversification of the energy supply and the 
exploitation of the Danish resources of oil and gas in the North Sea had gained momentum, priority 
was shifted to environmental protection. Economic efficiency is now targeted by the commitment 
to increase Danish participation in liberalised markets and the privatisation of energy companies 
along with shifting environmental targets (renewable energy share) from specific shares to shorter-
term expansion plans (auctions) and increased dependence on market forces for achieving 
environmental goals. 
 

5.3.2. The structure of regulation 
 
The central instrument for regulating the electricity supply industry has been the Electricity Supply 
Acts and implementation of the EU directives. The process of liberalisation of electricity markets 
and unbundling of monopoly and competition exposed activities was implemented with the 1999 
Electricity Supply Act. 
The Electricity Supply Acts have also regulated and limited the choice of generating technology: 
The utilities should construct a certain number of generators that use renewables (wind turbines and 
bio-mass) or natural gas, they should respect emission targets and engage in integrated resource 
planning (IRP). Not all restrictions on generating technology were implemented by legislation. 
Often they have been the result of an agreement between the sector and the government. Recently 
the agreements have been replaced by auctions for the establishments of new offshore windparks. 
The price for electricity was subject to price control until the liberalised markets were fully 
implemented. The main principle was to allow utilities to cover all necessary costs subject to a non-
profit restriction. This price control was administered by the Electricity Price Commission. From 
January 2003 all customers have third party access. Prices of the monopoly operators as well as 
network access to the electricity grid are regulated by the Energy Supervisory Board, which 
replaced the Electricity Price Commission. Prices and competitive behaviour of generators and 
suppliers of customers are regulated by the Competition Agency and the Competition Council. 
The Energy Supervisory Board is composed by five members, all of them independent of consumer 
and producer interests. They will not be subject to instructions by the Minister, nor can they be 
dismissed during the period for which they have been appointed. 
The production and supply of energy in Denmark is heavily conditioned by energy taxes, which are 
among the highest in the OECD area. These taxes influence the electricity industry directly and 
have been reducing the impact of market liberalisation on final consumer prices. The regulation has 
become increasingly complex because of the indirect price link to its use of gas and integration 
with heat production. 
Through the Association of Danish Energy Industries (Dansk Energi) the sector has co-operated 
with the authorities and sometimes provided assistance in implementing its decisions. 
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5.3.3. Taxes 
 
Energy taxes were introduced in the early 1980s and increased in 1986 following the decrease in 
international oil prices. Fuels used for other purposes than power generation are taxed directly, 
whereas electricity is taxed with the consumer. Business firms have also been exposed to the new 
green taxes; however, with a lower percentage than households. The structure of the energy and 
environment taxes on electricity is shown in Table 7. 

Table 7 Electricity taxes (Eurocents/kWh) 

 Households* Business firms 
 1990 1996 2000 2005 1990 1996 2000 
Electricity tax 3.4 4.9 6.2 7.7 0 0 0 
CO2 tax 0 1.4 1.4 1.2 0 0.1-0.7 0.1-1.2 
Sulphur tax 0 0.1 0.2 0 0 0.1 0.2 
Total 3.4 6.4 7.8 8.9 0 0.2-0.8 0.3-1.4 

Source: Dansk Energi  
*Households pays VAT 25% additional to the electricity tax. 
 

5.3.4. The environmental issue and regulation 
 
Environmental considerations have become a central concern of Danish energy policy along with 
economic efficiency and supply security. Danish energy consumption causes relatively high 
emissions of CO2 and NOx to which the electricity generation is a large contributor, while the SO2 
emissions have been reduced significantly. The explanation is the extensive use of coal for power 
generation. 
 

Table 8 Emissions (without correction for electricity import) 

 Total Electricity production  

 CO2 NOx SO2 CO2 NOx SO2 Net elec. 
import 

 Mton kton Ton Mton kton kton PJ 

1975 52 227 421 15 54 192 4 
1990 51 275 181 23 83 119 25 
1995 58 255 147 29 78 100 -3 
2003 58   25 41 14 -31 

 
The measures for reducing emissions include. 
• Specifically for the sector emission targets for CO2, SO2 and NOx. Since the mid-1980s the 

sector has been obliged by quotas for its emission of SO2 and NOx. From 2000 it is also obliged 
by quotas for CO2. The quotas, which are fixed in accordance with the Danish international 
commitments, decrease over time. The sector can freely choose the instruments applied: to 
invest in low-NOx burners etc., to buy coal with a lower content of sulphur or to switch to other 
fuels. CO2-quotas can be traded as well as transferred from one year to another. 

• Green taxes are used for reducing end-use energy demand and are affecting especially the 
space-heating technology choice. 
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• Savings measures include subsidies to savings in households and public institutions and 
additional programmes such as advisory campaigns on electric appliances. 

• Incentives for renewables  
• Subsidy scheme for existing small-scale CHP to replace the three interval fixed production unit 

subsidy.  
• Public support of research and development in renewables and co-generation has been 

reemphasised in the in the latest fiscal budget for research.  
 

5.4. References 
 
1 Association of Danish Energy Companies (Dansk Energi): 

http://www.danskenergi.dk/webtech/statistik.nsf 
2 Danish Energy Agency, www.ens.dk 
3 Grohnheit, P.E., Denmark: Long-term planning with different objectives. In: Climate change 

and power. Economic instruments for European electricity. Vrolijk, C. (ed.), (Earthscan 
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5.5. Abbreviations 
 
CHP: Combined Heat and Power 
IRP: Integrated Resource Planning 
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6.1. Factual information 
 

6.1.1. Geographical description 
 
Estonia gained its freedom in 1991. It joined both the EU and NATO in May 2004. 
 
Estonia is situated in northern Europe at 59 oN. The climate is cold with an average yearly 
temperature of 6-7 oC. The land area is 45,226 km2 of which 2,015 km2 is water. 

 
6.1.2. Demographics 

 
The population is 1.36 million. 68% of population is Estonian, 26% Russian and 2.1% Ukrainian. 
The largest city is the capital Tallinn with about ½ million inhabitants. 
 
The population by age group is given in Table 1. Population growth rate is -0.65%. 
 

Table 1: Population by age in Estonia. 
 

 2005 
Population 1,332,000 
0-14 years 16% 
15-64 years 68% 
65- years 17% 

 
6.1.3. Economical situation 

 
The GDP in 2002 totaled 19.2 billion $ or 14,300 $/capita of which 67% is services, 29% industry 
and 4.1 % agriculture. The GDP growth rate is around 5-6% (2004). Figure 1 shows the historical 
economic development compared to other countries. 
 

 
Figure 1. Economic growth in Estonia 1990-2002. 
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6.1.4. Energy 
 
The TPES (2004) of the country is 4.51 Mtoe. The TPES/GDP is 0.77 toe/’ 000$. Around 40% of 
the energy is imported. Oil shale is the key primary energy source, or over ½ of the primary energy 
production. Oil shale reserves in Estonia are vast. Renewables (mostly biomass and waste) 
represent 11% of total energy. The amount of fossil fuels is almost 90% of total. 
 

 
Figure 2. Primary energy sources in Estonia (2001). 

 
6.1.5. Electricity 

 

Estonia has 3400 MW of electric-generating capacity, providing the country with ample electricity 
to meet domestic demand. The majority of this generating capacity comes from Estonia's two oil-
shale-fired power plants in the northeast of the country, the 1,610-MW Eesti plant and the 1,390-
MW Balti plant. The two power stations, the Narva Power Plants, supply approximately 95% of 
Estonia's electricity. Although Estonia has a small amount of hydropower and other renewable 
energy capacity, the power produced at these facilities costs twice as much as the electricity 
generated at the oil-shale-fired power plants.  Oil-shale is a domestic fuel. 

93% of electricity capacity is oil-shale based. Oil and gas makes some 7%. Estonia has a small 
amount of hydropower. CHP and DH is common in larger cities. CHP share in electricity 
production is 20-25%. 

Figures 3 and 4 show the electricity consumption by sector as well as the historical development. 
The industrial decreased very much in the early 1990s. Nowadays, the electricity use seems to be 
quite stable. 
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Figure 3. Electricity consumption in Estonia 1991-2001 (without losses and export). 

 
 

 
Figure 4. Electricity consumption by sector in Estonia. 

 
The transmission system has connections both to Russia and Latvia due to historical reasons. The 
country has electric generation capacity exceeding its own use. A new cable cross the Gulf of 
Finland to Helsinki is planned (Estlink). 
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Figure 5. Electric system. 

 
6.1.6. Environmental issues 

 
Estonia’ s main environmental problems with energy were linked to sulphur emissions from oil 
shale. The emissions have been reduced dramatically through power plant renovations from 200 mg 
per m³ down to 10-20 mg per m³ but some improvements are still needed. 
 
As to CO2 emissions, Estonia is performing well and is presently about 40% under its targets. The 
State has retained the emission right to this so-called hot air. 
 
Some other environmental problems with polluted land remain from the Soviet era. 
 

6.2. Trends – past, present and future 
 
The electricity production in Estonia has stabilized to around 7 TWh after the main structural 
changes in the country in the 1990s. Oil shale as a domestic source is important for electricity 
production and will most likely dominate in the future as well. Next fuel of interest would be 
natural gas. 
 
Oil shale reserves will last for 40-50 years, but the main concern of its use in the environmental 
problems and large ash contents. 
 
Eesti Energia is the dominating electric utility in Estonia. It is a 100 per cent state-owned vertically 
integrated public limited company, engaged in power production, transmission, distribution and 
sales as well as other power-related services. The company invests both in power plants 
(renovation) and networks. At the Narva power plant, 3 units need to be renovated in the near 
future. 
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 The privatisation of the company was discussed a few years ago. 
 
Estonia’ s grid is linked to Russia and Latvia and in future also to Finland. Electricity exchange with 
the neighbours may increase in the future. 

 
6.3. Policy – present, future and critical review 
 

Estonia’ s energy policy has been dominated during the last years with the accession to the 
European Union. This has included incorporating EU legislation in Estonia and establishing 
corresponding official bodies. Opening of the electricity market is important. EU has put 2015 as 
time limit to renew the Narva power plant and to reduce the emission levels. 
 
Domestic energy policies show interest in renewables (wind) and energy efficiency. 
 
 

6.4. References 
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6.5. Abbreviations 
 
EU – European Union 
NATO – North Atlantic Treaty Organisation 
GDP – Gross domestic product 
Mtoe – Millions of tons of oil equivalent  
TPES – Total primal energy supply 
CHP – Combined heat and power 
DH – District heating 
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7.1. Factual information 
 

7.1.1. Geographical description 
 
Finland is situated in northern Europe between 60 and 75 oN. The climate is harsh with an average 
yearly temperature of 5-6 oC in the southern parts and around 3 oC in the northern parts.  
 
The land area is 338,145 km2 of which 68% is forest, 10% water and 8% cultivated land.  

 
7.1.2. Demograhics 

 
The population is 5.2 million with an average density of 17 persons per km2. More than 2/3 of the 
population resides in the southern third of the country. 
 
The largest city is the capital Helsinki with some ½ million inhabitants, but the whole metropolitan 
area has about 1 million people. Seven municipalities have a population of more than 100,000 
inhabitants and in total these represent 32% of the whole population. 
 
The population projection by age group is given in Table 1 indicating an ageing population profile 
and stagnating or decreasing total population over time. 
 

Table 1: Population projection 
 2010 2020 2030 2040 

Population 5,310,000 5,412,000 5,443,000 5,367,000 
0-14 years 16 16 16 15 
15-64 years 66 61 58 58 
65- years 17 23 26 27 

Source: Statistics Finland, Demographic statistics 

 
7.1.3. Economical situation 

 
The GDP in 2003 totaled 143 billion ¼�RU��������¼�FDSLWD�RI�ZKLFK�����LV�VHUYLFHV������VHFRQGDU\�
production and 3.5% primary production. The value added in industrial production was 32 billion ¼��
In early 1990s, the country encountered one of the worst recessions during its history. 
 
The industry sector provides some 30% of the total GNP. Energy intensive industries such as 
forestry, metal and chemical industry are important. Machinery and electrical equipment production 
are about the same size as the industries mentioned above. Table 2 summarizes key sectoral 
information. 
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Table 2. Enterprise information, 2003. 
Enterprises Personnel Turnover Branch 

 % 1000 % ¼�PLO % 
Agriculture, hunting, forestry and fishing 7 640 3,3 20 1,5 2 724 1,0 
Industry 24 964 10,9 404 30,9 105 281 37,1 
Construction 30 803 13,5 123 9,4 16 919 6,0 
Trade 46 561 20,4 236 18,0 94 333 33,2 
Hotels and restaurants 10 126 4,4 49 3,8 4 257 1,5 
Transport, storage and communications 23 097 10,1 149 11,4 23 921 8,4 
Financial intermediation and insurance 3 166 1,4 43 3,3 - - 
Real estate and renting activities 11 810 5,2 27 2,1 5 355 1,9 
Technical services and other business activities 33 481 14,7 164 12,6 15 472 5,4 
Other branches 36 774 16,1 93 7,1 15 820 5,6 
All branches 228 422 100 1 308 100 284 082 100 
       
Size of personnel       
       
0-9 212,428 93,0 319 24,4 48,736 17,2 
10-49 13,154 5,8 254 19,4 45,847 16,1 
50-249 2,265 1,0 228 17,4 53,461 18,8 
250-499 316 0,1 111 8,5 27,597 9,7 
500- 259 0,1 396 30,3 108,441 38,2 

Source: Statistics Finland, Business Register 

Productive forestland is the most valuable natural resource in Finland. Finland also has some rich 
deposits of metallic ores. The indigenous energy sources are biomass and hydropower. 
 

7.1.4. Energy 
 
Because of paper and metal processing industry, northern location and sparsely populated land area, 
Finland is an energy intensive country. The total energy consumption in 2003 was 1,487 PJ. The 
TPES is 35.62 Mtoe, TPES/GDP is 0.21 toe/1000$. Around 70% of the energy is imported. 
 
The mix of energy production is perceived as being quite optimal constituting of different energy 
sources. About ¼ of the primary energy is renewable and domestic energy sources. The share of 
biomass is the highest among the EU countries which is explained by the large forestry resources 
but also by an effective forestry industry (paper and pulp) which is able to use e.g. waste products 
from the forestry processes and to provide an infrastructure for biomass utilization. In addition, 
domestic peat accounts for 6% of total energy. CHP and district heating are worthwhile mentioning 
as specific Finnish energy “ solutions”  in addition to maintaining a diversified energy portfolio. 
 
Table 3 summarizes the total energy consumption in the country during 1998-2004. The energy use 
has steadily increased, reflecting increased industrial production output, and also economic growth. 
Large fluctuations in the use of different energy sources 2002-2004 is mainly due to the electricity 
production and Nordpool market. For example in 2003, Finnish coal and peat powered power 
plants operated at full capacity to sell electricity to the customers outside Finland. 
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Table 3. Total energy consumption in Finland. 

 1998 1999 2000 2001 2002 2003 *2004 %
 2000 2001 2002 2003 *2004
Oil 364 366 354 360 366 374 373 25 -3 2 2 2 0
Wood fuel 248 l    273 273 265 283 289 303 20 0 -3 7 2 5
Nuclear energy 229 241 235 238 233 238 238 16 -2 1 -2 2 0
Coal 148 150 149 168 185 245 219 15 0 13 10 32 -11
Natural gas 139 139 142 154 153 169 164 11 2 9 -1 11 -3
Peat 80 71 62 86 89 99 91 6 -12 39 4 11 -8
Hydro power 53 45 52 47 38 34 53 4 15 -10 -18 -11 56
Net imports of electricity 34 40 43 36 43 17 18 1 7 -16 20 -59 0
Other energy sources 15 16 16 19 20 22 23 2 3 14 6 12 2
Total 1 310 1 340 1 327 1 373 1 411 1 488 1 480 100 -1 4 3 5 0
Renewable energy sources 1), % 23.4 24.2 25.1 23.3 23.4 22.4 24.7

l   line across a time series shows substantial breaks in the homogeneity of a series

petajoule (PJ)  
Annual change, %  

1) includes recycled fuels
* preliminary data

 
Source: Statistics Finland, Energy statistics. 

 
The energy use by sector is presented in Table 4. It is worthwhile noting the large share of the 
industries, which is about ½ of all primary energy. 
 

Table 4. Energy use by sector in Finland. 
2000 2001 2002 2003 *2004 %

Industry 528 518 535 546 568 50
Space heating 215 235 241 246 239 21
Transport 170 171 175 178 182 16
Other 131 136 138 140 140 12
Total 1 044 1 061 1 089 1 110 1 129 100

petajoule (PJ)  

* preliminary data  
Source: Statistics Finland, Energy statistics 

 
7.1.5. Electricity 

 
Total electricity supply in 2003 was 85.2 TWh. Nuclear stands for 22, coal 18, natural gas 11, 
hydro power 10, biofuels 10, peat 7, imports 5, oil 2, waste 1, and wind 0 TWh, respectively. 
Figure 1 shows the shares of different supply form. The large share of CHP (almost 1/3) in the 
electricity production is noticeable 
 

 
Figure 1. Supply of electricity in Finland, 2003. source: Statistics Finland. 
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The peak demand of electricity is around 13-14 GW (Figure 2) and has steadily increased over the 
last years. 
 

 
 
Figure 2. Peak demand of electricity in Finland, 2003. source: Statistics Finland., Adato Energia Oy 
 
The consumption of electricity by sector is shown in Figure 3. The largest user is the industry with 
a share larger than 50%. Paper and pulp industries alone consume 24.7 TWh/yr. Electric heating 
represents 13 TWh/yr. 

 
Figure 3. Use of electricity in Finland, 2003. source: Statistics Finland. 

 
7.1.6. Environmental issues 
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Energy related emissions have decreased over time except for carbon dioxide emissions that 
continue to raise. Table 5 gives details of air emissions since 1980. 
 

Table 5. Air emissions in Finland 
 Unit 1980 1990 1997 1998 1999 2000 2001 2002 2003 *2004 
Greenhouse gas 
emissions, CO2 eq.  

mil. 
tons 

- 70,4 76,0 72,9 72,4 70,2 75,8 77,2 85,5 - 

Carbon dioxide 1) 
mil. 
tons 

54,2 53,7 59,9 57,1 56,7 55,0 60,6 62,3 70,4 6 

Sulphur (as SO2) 1 000 t 584 260 100 90 86 76 87 85 98 - 
Nitrogen oxides 1 000 t 284 285 238 223 218 206 210 211 218 - 
Particles 1 000 t - 84 51 49 48 45 45 46 46 - 
1) Emissions from combustion of fossil fuels and peat. 
* preliminary data 

Source: Statistics Finland, Environment statistics 

The CO2 emissions are probably the main environmental concern in Finland at present. The Kyoto 
targets are clearly exceeded (Figure 4), but partly explained by strong export of electricity to the 
Nordpool market 2003 based on coal and peat. 
 

 
 

Figure 4. Use of electricity in Finland, 2003. source: Statistics Finland. 
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The energy sector’ s role in the carbon dioxide trend is clearly shown by the figure below. 
 

 
Figure 5. CO2 emissions by energy sector. 

 
Other environmental concerns related to energy and electricity in particular are the plans for new 
hydro power dams in Lapland which would affect large areas of wildmarks. The so-called Vuotos 
reservoir project was stopped by the high court of Finland a few years ago because of conflicts with 
environmental law, but has been raised recently again by its proponents. 
 
Nuclear waste deposits in rock have been approved by the Parliament for the existing four nuclear 
reactors, but raise still occasionally some discussions. 
 
Particle emissions from biomass and noise or landscape intrusion of wind power may receive some 
attention sporadically. Emissions from waste gasification and their interpretation (EU-laws) and 
corresponding electricity production caused stopping of a major power plant project in Vantaa close 
to Helsinki. 
Environmental issues and emission levels are covered by the Environmental Law and local 
environmental authorities. Building permissions of power plants require strict environmental 
screening. 
 
EU regulations will set now and in the future most of the environmental boundary conditions in 
Finland. 
 

7.2. Trends – past, present and future 
 
The share of the electricity in the total energy balance of Finland has shown a steady increase over 
the years (Figure 6). The electricity growth is higher that the growth of primary energy. 
Considering several industrial investment plants, this trend seems to prevail in the future as well. 
The share of industrial electricity use has increased. 
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Figure 6. Historical development of electricity in Finland. 
 

As to the electricity supply sources, almost all hydropower is already exploited. Unexploited 
small-scale hydro could contribute a few hundred MW or at most 1-2 TWh/yr. Biomass offers 
still some potential but is also dependent on the forestry industry production plans. CHP is 
considered important in the future in this context. By 2030, new biomass for electricity would 
be at most 10 TWh. Peat, which is not classified as a renewable source but having emissions of 
the same size as coal, has an uncertain future and could mean a drop of 7 TWh of production. 
Wind power resources are good due to long and windy coastal areas, but only around 0.2 TWh 
is in use. The gross potential in off-shore areas in particular is high, or even up to 50 TWh/yr. 
Cost of wind is still too high on the open electricity market and requires subsidies. 
 
Finland builds a new 1600 MW (10-12 TWh) nuclear power plant at the TVO site, mainly to 
satisfy future industrial needs. The plant is built and financed by the industry. The Parliament 
favoured construction permission with majority voting. Industry spokesmen are propagating for 
1-2 additional nuclear power plants (10-20 TWh). Other motives for nuclear are the CO2 
emissions and the Nordpool electricity exchange. 
 
Natural gas imports from Russia will most likely increase, a pipeline from Norway has been 
discussed but depends on Sweden’ s decision to use natural gas and share investments. A very 
crude potential estimate up to 2030 would be a doubling of the natural gas use, or 10 TWh more 
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from todays level, mainly through CCGT but maybe through some distributed electricity 
generation as well. 
 
Efficiency improvements in electricity use will most likely be important in the coming decades 
as the electricity intensity of the country is high. An estimate of the potential (of the savings 
through efficiency improvements) would be around 20 TWh, but requires strong policy 
measures. 
 
Finland has electricity exchange with neighbouring countries (Sweden, Norway, Russia). In 
near future, there will be a link to Estonia as well. On a long-term run, these networks may be 
strengthened to enable stronger electricity exchange. The Swedish link will most probably be 
extended. Russia offers potentially large electricity import opportunties for Finland, estimated 
at 10-20 TWh, provided the connecting links are strengthend and cheap long-term contracts are 
available. On the other hand a strong link to Sweden could mean significant electricity export 
possibilities if Swedish nuclear moratorium proceeds and if a nuclear renaissance appears in 
Finland.  
 

7.3. Policy – present, future and critical review 
 
The energy policy of Finland has traditionally relied on three factors (in order of priority): 
cheap energy, energy security and environment. In the 1990s, the deregulation of the electricity 
market was the largest single politicial decision. The market is completely liberalized. Pricing 
of electricity transmission is not yet always fully transparent and the Energy Market Regulator 
has occasionally intervened in the pricing. The Regulator allows a certain return on the network 
investments as often the network owners have a monoploy in their region. 
 
A second important event has been integration with the Nordpool electricity exchange. Even 
though just a small part of all electricity goes through the Nordpool, the exchange sets the price 
level for other contracts as well. The nuclear power plants owned by industries sell the 
electricity to their owners to self-costing price, the same will apply very much to the new 
nuclear station. Most utilities have sophisticated market instruments to master the price 
fluctuations. 
 
Since the late 1990s the environmental issues have received more attention, in particular the 
legislation coming from the EU. Emission trading is a widely discussed topic. Those not having 
carbon neutral production blame the emission trading system and the huge profits the others are 
making. The combination of Nordpool and emission trading has been claimed to cause a 
difficult combination and PVO utilitity has claimed that the new practice may give insider 
information to some utilities in the Nordpool exchange. 
 
Government energy policy is influenced by the industries meaning that cost factors will be 
given high priority even in the future. The relations to environmental issues is somewhat 
ambivalent – there are strong political opinions to oppose the Kyoto second phase if the 
conditions are not favourably to Finland. Renewable energy sources, in particular forestry 
based, have been and will be supported. So far Finland has invested some 1 billion ¼�SXEOLF�
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money into biomass technology development and deployment. Wind energy is the second 
important domestic renewable being supported. 
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7.5. Abbreviations 
 

EU – European Union 
GDP – Gross domestic product 
GNP – Gross national product 
TPES – Total primal energy supply 
CHP – Combined heat and power 
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8.1. Factual information  
 

8.1.1. Geographical description 
 
France is a large country, with a surface of 544 435 km2, extending on 1 000 km from north to 
south, and 900 km from east to west. It is the largest country of the European Union. 
Areas of low altitude make the major part of the relief: two sedimentary basins (Parisian and 
Aquitan) cover 2/5 of the surface (220 000 km2). 
There are two mountainous areas reaching up to 3 400 m (Pyrenees in the south) and 4 800 m (Alps 
in the east). , There are three other mountainous areas of smaller height, located in the middle and 
in the east of the country. 
Five rivers cross the country on a distance of about 3 100 km and can provide, when it is favorable, 
hydraulic power. Large dams have been built to exploit this resource. 
A large part of the area of France is devoted to agriculture (54% of lands are cultivable / 293 995 
km2), with large protected zones (72 400 km2) and forests (172 000 km2). 
The French borders make 5 660 km in length, more than half of it being maritime coasts, along the 
Mediterranean Sea, the Atlantic Ocean, the Channel, and the North Sea. The remaining borders are 
partly mountains or rivers. 
Finally, climate is moderate: Mediterranean in the south, oceanic in the west and continental 
elsewhere, with an annual sunshine period between 1 750 and 3 000 hours/year. 
Along the year, France has moderate rains, pleasant temperatures. However, cold periods and heat 
waves can happen. 
 

8.1.2. Demography 
 
The French population is about 62,4 millions in 2005, and will probably be larger than 63 millions 
in 2010. 
Three large cities and theirs suburbs concentrate more than 15 millions people (Paris, Lyon and 
Marseille). There are about one hundred cities with more than 100 000 inhabitants, the number of 
city dwellers is about 45 millions, which represent close to 75% of the total population. There are 
in all 38 000 communes, 90% of them have less than 2 000 inhabitants.  
Therefore, only 15 millions people live in the countryside, and this number is steadily decreasing. 
The population density is 109 inhabitants/km2, lower than the European average, which is 112 
inhabitants/km2. 
There are 25.5 millions households, made up in the average of 2.4 people, and the working 
population amounts to 27 millions. In  2010, there will probably be 28.7 millions households made 
up of 2.2 people. 
The life expectancy is 80.2 years (83.8 for women, 76.7 for men) and the birthrate is 1.7 children 
by woman. 
The population pyramid shows a distribution, with a peak around 30-60 years and a mean of 38 
years old. 
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Figure 1 Population pyramid of France 2004 
 

8.1.3. Economical situation 
 
The Gross Domestic Product was 1 416.9 billions euros in 2000, and will probably be 1 791.9 in 
2010, i.e. an increase of 0.4% per year. The GDP/person was 23 360 euros in 2000 and is expected 
to be 28 380 in 2010.  
In parallel to the GDP, the households consumption will also increase from 756.96 billions euros in 
2000 to 959.5 billions euros in 2010. 
Most of the Gross Value Added has been generated in 2000 by services (922.4 millions euros ≈ 
70%), and this situation is likely to continue with, in 2010: 1190.4 millions euros ≈ 72%. 
There are about 2.4 millions companies in France, mainly in services and trade. France exports 
transport equipments, planes, chemical and pharmaceutical products, iron and steel…  and import 
cars, machines and other goods. Energy is one of the most important growth promoters: in 2004, it 
represented 1.8% of the GDP, billions of euros of imports, and 230 000 jobs. 
 

8.1.4. Energy 
 
National production of primary energy is 1 611 TWh. It ensures an energetic independence of 
50.2% in 2004 (gross inland consumption = 3 209 TWh), principally because of nuclear and 
hydroelectric power (France has only 0.01% of fossil fuels reserves in the world). 
An extrapolation of 2004 data’ s leads to a consumption of primary energy is about 3313 TWh in 
2005 (53 MWh/year/inhabitant), the final consumption is about 1 894 TWh, slowly growing every 
year (except between 2002 and 2003), as we can see in next tables. 
The conversion rate used is 1MWh = 0.086 Toe / 1 Toe = 11.63 MWh 
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Unit TWh
2000 2005 Annual change 2000 2005 Annual change

Oil 29 14 -13,6 1031 1128 1,8
Gas 18 6 -19,7 410 484 3,4
Coal 27 27 0,0 177 172 -0,6

Electricity 1317 1443 1,8 1180 1314 2,2
RESt 132 148 2,3 200 216 1,6

Total 1523 1638 1,5 2998 3313 2,0

Gross Primary Production Gross Inland Consumption

 
Table 1 Energy balance of France 

 
Unit TWh 2000 2005 Annual change

Industry 409 456 2,2
Residential 449 477 1,2

Tertiary 291 310 1,3
Transport 598 650 1,7

Total 1747 1894 1,6  
Table 2 Final energy demand by sector 
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Figure 2 
 
As for all the OECD countries, oil is an important part of the primary energy consumption in 
France (34% in 2005) but less than electricity (39%). Gas, which represents only 15%, has an 
annual change of about 3.4% for the period 2000/2005. Coal and renewable energies are less 
significant, with respectively only 5% and 7% of the consumption. 
In the final energy demand, transport represents the most important part with 35% associated to 
road transport (cars, buses and trucks). It is followed by industry and residential areas, which 
represent each 25% of the demand. The tertiary sector represents 16% of the 1 894 TWh energy 
consumption.  
Primary and final energy intensity are decreasing, respectively -0.4% and -0.9% per year on 
average since 1990. This decreasing rate accelerates during the two last years: respectively –1.6% 
primary and –1.9% final average annual rate, mainly due to higher energy prices. 
Consumption per inhabitant remains stable: 53.15 MWh for primary energy and 31 MWh for 
final energy in 2004. 
National production of fossil fuels has notably decreased with closing the last coal mine in 2004. 
On the other hand, renewable energies production increases (+2.1% in 2004), especially for wind 
power (+47%), which has reached 573 GWh in 2004. 
 
The potential of renewable energies is sizeable: 700 000 TWh/year are directly received from the 
sun on the French territory, a potential of wind energy of about 12 000 MWe, for an average 
potential production of 100 TWh/year, geothermal resources (low temperature <100°C) of 67 



 94 

GWh/year, a potential power of wave by 30 kW per meter in Gascogne Gulf, and also a potential of 
energy from biomass of about 335 MWh/year. 
Hydropower is the first renewable energy used in France, but a new potential of 1300 MW can be 
developed by some renovations (300 MW) and new building (1000 MW). 
Moreover, France has the most important generating capacity operating of energy from tides, with 
the La Rance plant: 250 MWe, 91% of world tidal power since 1966. 
As a matter of fact, France is the first producer, in absolute value, of renewable energy in 
Europe, thanks to hydropower.  
 

8.1.5. Electricity 
 
Due to a lack of inland energetic resources, the French electricity production relies heavily on 
nuclear power, which produces most of the electricity of the country (78.1% in 2004). There are 
58 nuclear reactors (54% of the installed capacity with 63.4GW) set up on 19 sites. It is the 
second number in the world, after USA. It is characterized by an important standardization and a 
short period of construction. The consequence of this is a low price for electricity, which remains 
stable over time. Building nuclear plants has been decided around the seventies because of the oil 
crisis. It turns out that it was a good choice in regards of the amount of currency saved up. A price 
of 60$/barrel would represent about 800¼�\HDU�LQKDELWDQW� RI� RLO� LQ� WKH� FDVH�ZKHUH� )UDQFH�ZRXOG�
have chosen oil plants in the seventies instead of nuclear power. 
For a long time, hydropower has been the main source of electricity in France. It represents now 
24% of the installed capacity with 27.9GW. The dams have been built mainly in the 1940’ s and 
1960’ s. Some of the dams are used to store electricity during off-peak hours to be used during peak 
hours and to regulate the electricity network (1% of the electricity). One of the problems with 
hydropower is its dependency upon rain. In the last years, were we had drought, the amount of 
water available for producing electricity has decreased. This amounts to about 1-2% of the total 
electricity production.  
Thermal power (22% of the installed capacity with 25.4GW) is especially used for the peak 
demand. It emits also CO2 (about 30 Mt/year). 
 

TWh % installed capacity (GW)

Nuclear 426,8 78,1 63,4
Hydro 64,5 10,1 27,9

Other thermal power 
and renewable 55,3 11,8

25,4

Total 546,6 100 116,7

04/03 (%)

Steel 11 2,6 0,5
Insdustry 133 31,5 1,2

Housing and service 266 63,0 1,5
Transport 12 2,8 2,5

Total 422 100,0 1,4

Production

Consumption

 
Table 3 Electricity repartition for 2004 (RTE) 

 
If we focus on year 2004, the total French inland electricity production was 547 TWh. On this 
amount, 427 TWh was produced by nuclear reactors (78.1%), 64 TWh are coming from 
hydropower (11.8%) and 55 TWh from conventional thermal plants (10.1%). An amount of 7 TWh 
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is imported. The gross inland consumption in 2004 has been equal to 477 TWh with a net 
consumption of 445 TWh (99.3%). Losses amount to 32 TWh (6,7%). Pumping storage 
corresponds to 7 TWh and the import-export balance was equal to 62 TWh. 
As far as renewable electricity production is concerned, we have the following estimated figures for 
France including the overseas departments in 2003. 65 867 GWh of hydroelectricity, 376 GWh of 
wind, 19 GWh of solar energy, 23 GWh of geothermal energy, 3285 GWh coming from municipal 
waste, 1344 from wood ans wood residues, 370 GWh from crop residues and 416 GWh from 
biogas (figure below). This gives a total of 71 700 GWh (16,8 Mtoe) coming from renewable 
energies. Compared to that, the thermal generation electricity amounts to 456 000 GWh in 2003, 
92% coming from nuclear energy, 2,3% from mineral solid fuels, 0,5% from oil, 1% from natural 
gas and 1,2% from other fuels and gases from blast-furnace, excluding lignite.  
 

 
Figure 3 

 
The strong increase of electricity consumption in France within half a century (see figure below) is 
noteworthy. 
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Figure 4 

 
The demand for electricity is more important in winter and depends very much on the external 
temperature. A decrease of 1° Celsius increases the demand by 1000 MW (about one nuclear 
reactor). The peak load, in winter, was 86 GW (02/2005) and, in summer, 57 GW (07/2003). 
 
The evolution of the electricity production park over the past decades has allowed a significant 
decrease of thermal plants. The extensive use of hydropower and nuclear power has allowed to 
strongly decrease greenhouse gases emissions. It has also been possible to export quite a lot of 
electricity since the 80’ s. As opposed to fossil fuels, nuclear electricity depends little upon the price 
of uranium (uranium’ s costs represent only 15% of the nuclear electricity, while coal’ s costs 
represent 34%, gas 63% and oil 78%). As far as natural uranium is concerned, an increase by a 
factor of 10 of its price would lead to an increase of the price of the kWh lower than 40%. 
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Figure 5 Evolution of electricity production and consumption 1973/2003 
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The interconnections with European neighbors have increased by 21% since 2003. The French 
electrical network has an important capability of exchange with other countries (about 9% of the 
installed capacity for electricity production) and will increase: 3500 MW with Belgium, 3000 MW 
with Switzerland, 2500 MW with Italy, 2000 MW with Great Britain and 1200 MW with Spain. 
The main parts of these interconnections have to be set up to increase security and decrease 
overloading. The French balance of export was about 60 TWh in 2004 but slightly decreases 
since two years.  
 

Input Output
TWh TWh

Belgium, 
Germany, 

Switzerland and 
Italy

26 71,9

Spain 1,9 7,2
Great Britain 1,2 10,5

Total 29,1 89,6  
Table 4 European exchange with France 2004 (RTE) 

 
There are four main electricity producers in France. One of them, EDF (Electricité de France) 
controls 90% of production. The others, SNET, CNR (Electrabel) and SHEM (Electrabel), have 
some production capacities in France (6200 MW), mainly in hydro and thermal power, and can buy 
electricity through the Virtual Power Plant provided by EDF (6000 MW). This enables them, and 
other 19 independent suppliers, to control in fact 20% of the production. 
 
Let us now have a look at trading and market. Because of the liberalization of the sector, 
electricity has become a commercial good. Powernext is a multilateral trading facility, in charge of 
managing an optional and anonymous organized exchange in France. With a trading of 14 TWh 
(day ahead) and 13 TWh (future) in 2004, that is to say 5% of the total market, Powernext will have 
a more and more significant influence on the price making. Before deregulation, the price of 
electricity was not volatile, but now its evolution will depend on weather conditions, global 
demand, and delay of forecasting…  The volatility is significant during high demand period 
(winter) as well as for peculiar situations like in the summer of 2003 during the scorching heat 
(environmental limits of thermal and nuclear plants, almost no wind in Germany… ). The price of 
electricity strongly depends on the demand, which varies from time to time. For a high level of 
demand, particularly during winter, producers have to start thermal plants like coal plants, which 
are expensive, increase the price of electricity and emit greenhouse gases. On average, the price is 
about 30¼�0:K, but was over that value several times and reached values up to 130¼�0:K��$�
special mention should be done about summer 2003 where, exceptionally, a price of 1000¼�0:K�
has been reached. 
Storing electricity, with hydraulics, allows decreasing the pressure on the demand. Large-scale 
solutions are nevertheless insufficient and many electricity storage technologies are still too 
expensive at the moment. However, storage at the electric grid level and at consumer level will 
increase the supplying security. It is worth mentioning that immersion heaters, which use electricity 
during part of the night to heat up water, play a significant role in smoothing the electricity demand.  
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Figure 6 Price evolution during a day of February 2005 

 

8.1.6. Environmental issues 
 
Electricity, and more generally energy production generates some environmental damages. France 
tries to reduce them as much as possible in view of its politics of sustainable development. When 
electricity is produced, one has, on one hand waste which, if they are properly managed, do not 
create pollution and, on the other hand, some pollution due to the emission of various pollutants in 
the environment. A main concern is CO2 emissions, which are responsible for an increase of the 
greenhouse effect. 
 
With hydraulic and nuclear power, France does not emit CO2 in the atmosphere while running these 
plants. However, with coal plants, which are started during peak periods, CO2 and other pollutants 
are emitted (dusts, SO2,, NOx). Gas plants, like for example GTCC (Gas Turbines Combined 
Cycles), are much better in this respect. 
 
The average emissions of CO2 are 6.2 t/year/inhabitant. On this amount, 1.7t are coming from 
energy production. The total amount of CO2 emissions for France is 369 Mt from which 105Mt 
arise from energy production (11% of European emissions). Nevertheless, France is still one of the 
most efficient industrialized countries as far as greenhouse gases are concerned (7th/30 for 
CO2/population and 4th/30 for CO2/GDP in OECD). 
The green house gas (GHG) emissions, all sectors included, amounts to 557 MtCO2, which 
represents 3% of European emissions, but there is a light trend to decrease since ten years. 
Transport and industry are the main sectors responsible for these emissions. The energy sector 
represents only 16% and decreases continuously. The Climate Plan that we shall detail in part 4 
should improve the situation. 
 
Due to thermal plants used for peak electricity production, France emits about 70g of CO2 /kWhe. 
This is below European emissions, which are, on average, about 340gCO2/kWhe. The nature of the 
pollution depends on the production unit used, on the technology and on the temperature variations. 
Typically, coal plant produces about 900gCO2/kWhe.  
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Figure 7 CO2 emissions by use 

 
We can see in the figure the spread of CO2 emissions among the different uses, and the high level 
of pollution due to heating (180gCO2/kWhe) and electric light (100gCO2/kWhe). As far as heating 
is concerned, this corresponds to electricity directly used for heating and to run circulating pumps 
for fuel and gas heating systems. The consumption of electricity at peak production leads to large 
CO2 emissions because thermal plants are required.  
Hydropower plants and all other renewable energies have a small impact on natural surroundings. 
Dams have an influence on the aquatic environment, but all necessary dispositions are taken, 
among others for fish spawn, to protect natural surroundings. Moreover, for all new power plants 
project, renewable or not, environmental impact studies are systematically made before any 
implementation. 
 
Nuclear reactors produce nuclear waste. The Bataille Act of December 1991 has established three 
complementary research lines for high activities and long lifetime nuclear waste:  

• Separating and transmuting 
• Reversible deep geological storage 
• Surface packaging and long-term storage  

Results are expected for 2006, but there are already scientific solutions. Any choice will depend on 
the long-term policies adopted by the country. 
 
The French production of radioactive waste is about 1kg/year/inhabitant. Most of them are coming 
from energy production. Among them, 99% have a short or medium lifetime and their activity will 
have decreased so much, after 300 years, that they will no longer be dangerous as far as 
radioactivity is concerned. The total annual volume of waste represents between 12 000 m3 and 
15 000 m3. 
Used nuclear fuels represent 1 100/1 200 t per year. About 70% of them are reprocessed in La 
Hague plant which has an annual capacity of 1 600 t.  
In used nuclear fuels, there are 95% of uranium, 1% of plutonium, 4% of fission products, and 
0,1% of minor actinides. Only fission products and minor actinides can de considered as final 
waste, because uranium and plutonium can be reused in fast reactors. 
Nowadays, the low and intermediate level waste, which represent 978 000 m3, are stored on two 
disposals, for a total storage capacity of 1 527 000 m3. 
The existing stock of high-level waste is about 1 640 m3. 
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8.2. Trends 
 

8.2.1. Past 
 
During the last 50 years, France has built a lot of plants for electricity production. After the Second 
World War, hydraulics represented about 50% of electricity generation. For example, in 1960, 56% 
of the French electricity was produced with hydraulics. After the first oil crisis, France has built 
nuclear plants to reduce its energetic dependence as much as possible. This has allowed reducing 
the amount of fossil fuels to produce electricity and decrease CO2 emissions as well. However, for 
transportation, based mostly on oil, and also for heating, the quantities of imported oil and gas have 
increased.  
As far as renewable energies are concerned, they are dominated by hydraulics for electricity 
production and by biomass for heat production. Use of other renewable sources is very small. 
 

8.2.2. Present 
 
The situation is presently in a steady state; the structure of the electricity production is stable. 
Nuclear power plants provide the base operation (8000h), and enable exporting electricity (about 60 
TWh/year). Large hydraulic power, for which France has developed nearly all of its possible 
potential (550 installations), is running at full capacity for base production (run-of-river 
installations) and peak (3000h/reservoir installations). Thermal (fossil fuel) generation is used for 
semi base operation (5000h) and peak. Other renewable energies are in constant development, even 
if France is late compared to its European neighbors, especially as far as wind and solar energies 
are concerned. France is also depending on imports for coal (no national production), and for oil 
and gas (very low production). 
Primary and final energy demands are still increasing at low pace.  
 

8.2.3. Future 
 
The increasing trend of the demand will go on because of the increase of the population and of 
the economic growth. Therefore, France will have to adapt and increase its means of electricity 
production. For long term projections one has also to include new needs: a possible extension of the 
use of electricity in new transport areas (electric or hybrid vehicles), an increase of use of air 
conditioning and heat pumps, etc. France will have to decide about prolongation and renewal of 
some nuclear plants that will arrive at the end of their supposed initial life during the next 20 
years. 
The construction of the first EPR in Flamanville will give the opportunity to dispose and study an 
advanced nuclear technology, before making any decision, and also before the new generation IV 
reactors. It should be noted that such a reactor has already been ordered by Finland. This 
technology will be also used to replace the first nuclear reactors which reach the end of their life 
operation. The GTCC (Gas Turbines Combined Cycle) technology will also probably be developed 
to provide semi base and peak demand. The question is open to whether some of the nuclear 
reactors may be replaced by gas plants. The main problem in that respect is the evolution of the 
price of gas, which is unknown, and the emission of CO2 which will increase, making difficult to 
satisfy the Kyoto Protocol. The energetic mix evolution towards 2020-2025 will have to be 
studied taking into account many external factors. 



 101 

Some more measures in favor of renewable energies will have to, and have already, been taken in 
order to increase their part in the electricity production, with a target of 21% in 2010, and a final 
consumption of primary green energy up to 8%. Mini hydraulic, biomass, wind power, waves and 
tidal power, have large potential, and it would be interesting to develop them. Nevertheless, it will 
be difficult to reach this objective.   
 
French policy cannot be easily predicted, particularly concerning renewable energies. That is why 
two types of scenarios have been made by RTE (French transmission system operator) for 
electricity. The first one, called minimal, only takes the production unit which will be certainly 
used, the second one, called ENR (Renewable Energies), includes production units which are likely 
to be built, like wind power plants. They represent the low and the high scenarios. 
 

2006
minimal ENR minimal ENR minimal 15/06 (%) ENR 15/06 (%)

Nuclear 422 425 422 427 422 0,1 0,0
Hydro 67 66 66 64 64 -0,5 -0,5
Coal 31 39 31 35 29 1,4 -0,7
Fuel 2,2 6,1 1,7 12 3,8 20,7 6,3
Wind 0,3 0,3 27 0,3 37 0,0 70,7

Others 34 34 44 34 47 0,0 3,7
Unit needed (GW) 0 3 0 8,1 3,7

Interior 477 504 504 527 527 1,1 1,1
Export 73 61 81 40 70 -6,5 -0,5

556 571 591 573 603 0,3 0,9

Production (TWh)

Consumption (TWh)

Total (TWh)

20152010

 
Table 5 RTE’ s scenarios for electricity projection for 2015 

 
The last columns represent the percentual changes. 
 

8.3. Results of energy studies 
 
Published in 2003, and presented by the French Industry Minister, Mme Nicole Fontaine, the 
“ Livre Blanc des Energies”  (White Book of Energies) identifies four aims for the French energetic 
policy.  
This policy should be able: 

• To guarantee an access to energy for all citizens, at competitive price, anywhere in France 
• To contribute to the economic competitiveness of the country 
• To preserve the energetic security of supply 
• To preserve the environment. 

 
Energetic policy will have to face two major challenges during the two next decades:  

• The Greenhouse Gas emissions, due for 2/3 to CO2 released in the atmosphere, by 
extensively using fossil fuels  

• The limitation of oil (oil peak) and gas production, leading to an increase of theirs prices. 
Indeed we shall reach the maximum oil production within one or a few decades. 

To face these problems, three action lines, on a period going from 2003 to 2020, are proposed:  
• Boosting energetic efficiency and saving 
• Diversifying the energetic sources, with an increased contribution of renewable energies 
• Maintaining all energetic options opened, and exploring new tracks like using low 

temperature heat sources. 
Concerning mastering energy and savings, the aim is, towards 2015, to try to disconnect more the 
relationship between growth and increase of energy consumption. 
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For ordinary consumers, the aim is to give better information and education about energy with 
possibly introducing certificates for energetic performance for houses, labels on domestic electrical 
appliances, subsidies for investment in equipments saving energy, …  
For professionals, a regulation will be made to require a minimal energetic performance for new 
buildings, and to draw up a long-term plan for towns and architecture policy. In parallel, market 
instruments, like saving energy certificates or CO2 licenses will help in that respect. Public 
authorities are expected to show the example behavior on this point. 
The second action is in line with the European directive whose goal is to produce 21% of the 
consumption of electricity with renewable energies. For example, the contribution to thermal 
energy of wood and sun should have a 50% increase by 2015. This will be supported using taxes, 
financial aids and feasibility study for new buildings. Researches will be devoted to transportation, 
costs of renewable energies, waste, hydrogen, etc... 
 
The French government has recently launched some long-term energy studies, in order to 
understand how French CO2 emissions may be cut by a significant factor (3 or 4) in 2050, vs. 
2000’ s emissions. The first study has been presented in March 2004 on behalf of the French 
Environment Minister. According to this study, the key political decisions (no other option) are 
simultaneously to increase the final energy efficiency, both acting on technical systems and 
behaviours, to develop a new politics on transport (smaller vehicles, more public transports… ), 
and to increase the renewable energy production. Open questions and options concern electricity 
storage, carbon sequestration, hydrogen, nuclear vs. renewables, and natural gas vs. oil and coal. A 
second study, launched in 2004 by the DGEMP (Economy and Industry Ministry), will present 
2050 energy scenarios, based on prospective energy models. A preliminary result, using MEDEE 
and POLES energy models (ENERDATA and LEPII, Grenoble) has been published in February 
2005: it mainly shows that the model can cope with such a “ not business as usual”  factor 4 
objective, and that electricity may play an increasing role in the transportation sector. 
 

8.4. Policy (energy, electricity and environment) 
 

8.4.1. Present 
 
Energetic policy is of great concern in France. It involves many aspects but is basically based on 
three points: 

• Security of supply 
• Competitiveness of French economy, faced with new energy markets, and with unequal 

repartition of resources in the world 
• Reduction of costs and negative impacts on the environment 

 
It should also cope with two concerns, at the social level: 

• Employment and solidarity 
• Mission of public utility for electricity: access to electricity for everybody, liability, tariff 

balancing out…  
 
Concerning more specifically electricity, the French strategic policy is oriented on nuclear energy 
since the 1970’ s with the aim to maintain the energetic independence of France and produce 
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electricity at low cost. Hydropower is also largely involved in this policy. Thermal plants are used 
to a lesser extent because of costs and CO2 emissions. 
Renewable energies have to be developed, as mentioned in part 3. Purchase obligations by EDF 
and invitations to tender have been introduced since 2000, to push their development. 
 
Environmental concerns, and especially greenhouse gases (GHG), are predominant. The Climate 
Plan 2004, with a roadmap until 2010, would allow France to satisfy its Kyoto objectives of GHG 
emissions reduction. It is updated every two years. The aim is to stabilize the French emissions at 
the 1990 level, and even less, to reduce total emissions by 2010 to about 72.3MteqCO2. Without 
the Climate Plan, the total GHG emissions would be expected to increase to 9.6% by 2010. The 
Plan intensifies the measures for all sectors, and prepares France to necessary long-term 
fundamental changes to preserve climate within a sustainable development, in 8 points: 

• National campaign on climate change, and on the adaptations of behavior that are required. 
The ADEME, a governmental institution for control of energy and environment, is running 
this campaign for saving energy, using all medias, to make the public aware. 

• Sustainable transports: information about consumption, speed, incentive to use urban 
collective transports, biofuels…  

• Eco-habitat: promotion of bio-climatic concept 
• Industry, energy and waste: reducing emissions, quotas markets, controlling energetic 

demand by saving energy certificates allowance, labels, developing research and use of 
renewable energies, reducing and recycling waste 

• Sustainable agriculture and forests: developing the energetic valorization of biomass, 
including wood in buildings, coaching agricultural practices  

• Sustainable air conditioning: promoting limited and rational use, in transports, residential 
and tertiary refrigeration sector 

• Exemplary behavior of public authorities: necessary mobilization, responsible purchases…  
• Research and prospective: creation of a Climate Foundation. 

 
8.4.2. Future 

 
The Project of Energy Orientation Law aims at reducing the dependence of the French economy 
on oil, dividing by four before 2050 (that is to say -3% per year) the GHG emissions, and 
guarantying a competitive price of energy. 
This would be possible by: 

• Boosting nuclear energy, 
• Saving energy: the purpose is to reach a steady final energy intensity decreasing annual rate 

of 2% in 2015, and 2.5% before 2030. The tools to do that are the creation of a cap and 
trade system on final energy efficiency, the intensification of technical norms in buildings, 
and an increased part of biofuels going from 2% to 5.7% by 2010. 

• Promoting renewable energies: produce 21% of electricity from renewable energies before 
2010, and develop thermal energy from renewables. 

 
The nuclear option is maintained opened by 2020, through the Investment Multi Annual Plan 
(PPI) for electric production, made by RTE, the French transmission system operator, and 
researches on generation IV reactors. 
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8.4.3. Critical review 
 
Some comments can be made about the French policy, notably about the diversification of power 
plants and the place of renewable energies in the French system. 
 
French capacities are little diversified, but except with hydraulics, it is not possible to produce 
quickly large quantities of electricity. Most part of the electricity comes from nuclear power, which 
ensures a low price, stable in time and avoid GHG emissions. As a consequence, France is one of 
the less polluting countries to produce electricity as far as CO2 emissions are concerned. Nuclear 
power gives also to France a high level of energetic independence. But on the other hand, nuclear 
plants are mainly concerned with basic electricity production and cannot satisfy peak requirements. 
Moreover, the standardization of the nuclear park includes that if there is a generic default on 
one reactor, we have some chance to get it on all the others. This explains why security issues are 
taken very seriously in France, at a level well above of what would be necessary. Perhaps, it should 
be better in this case to have several families of reactors, to limit this technical risk. But the 
standardization has enabled to build the French nuclear park very quickly (58 reactors in 20 years, 
42 of which in the 10 first years), to lower the costs and to keep a high expertise in this domain. 
 
Although there is not a large quantity of uranium in the French soil, France monitors all nuclear 
sectors from uranium enrichment to reprocessing of waste and their management. This has allowed 
a decrease of combustible cost and an increase of supply security. It is a major advantage for 
France compared to other countries operating nuclear plants. 
 
Hydropower enables a large production of electricity with almost no greenhouse gas emission. It 
gives a lot of flexibility to the French electricity production system allowing to produce electricity 
on a very short time scale and to store the excess of energy produced by nuclear plants during the 
off-peak periods. But its production (run-of-river installations) depends on hydrometry (72 TWh in 
2000, 64.5 TWh in 2004), which can be hardly predicted. 
 
Thermal plants are necessary, in spite of their high level of pollution and cost, because they give 
flexibility to the system and allow to balance the electricity network. Today, coal stations are in use 
but they can be replaced by fuel or gas plants, less polluting. 
Concerning renewable energies, some factors play against them. Consumers want electricity at 
anytime and any weather condition, so intermittent energies, like wind and solar, are penalized. The 
tariff balancing out does not show real costs of electricity generation and transport. In some places 
where the real price is higher than the price which is billed, this plays against renewable energies. 
In this way, even if renewable global costs could be attractive in places, connections to the grid are 
favored, to beneficiate to the tariff balancing out. 
In France, wind power has not really environmental benefits although France has relatively 
favored windy places. This is because one always needs to associate a thermal plant (a gas one to 
reduce pollution) to windmills in order to get electricity when there is no or not enough wind. 
Therefore, there are GHG emissions during the time the thermal plants are used, i.e. around 70% of 
the time. Consequently, compared to a nuclear reactor, which does not emit GHG, the association 
of windmills and thermal plants would emit a lot of CO2. In a country where a lot of coal plants are 
installed, the use of windmills would be, on the contrary, very useful because one would avoid 
GHG during about 30% of the time. 



 105 

 
8.5. Peculiarities 

 
The first peculiarity of France is the large predominance of nuclear energy for electricity 
production. Hydropower and nuclear power produce about 90% of the total electricity of the 
country. The French park is the first in Europe, and the second in the world after USA: 58 reactors 
for 63 GW (34 REP 900 MWe, 20 REP 1 300 MWe, 4 REP 1 450 MWe). In addition, France is 
going to build the first EPR 1 600 MWe (European Pressurized Reactor) in Flamanville, in order to 
prepare for the future. 
 
The second point concerns the deregulation of French electric market. 
It began on February 2000, with 30% of the market, and will be achieved on July 2007, with a total 
opening for all domestic consumers. Today, all professional consumers can choose theirs 
producers. With 295 GWh opened to competition, the French market is the third in E.U. in volume, 
after Germany and United Kingdom. Between 2000 and 2004, the volume share between 
challengers has gone from 5% to 21%. Powernext, the French Electricity Stock Exchange was 
born in 2001 to create a price reference in the French market, for spot and futures segments. To 
control the accessibility to the market and the grid (electric and gas), France has created the CRE 
(Energy Regulation Commission), which watches that the market operates in good conditions and 
the independence of the transmission operator. 
 
Third, concerning green electricity, the certificates system has been introduced in 2003. 
Observ’ ER, energies observation institute, is managing the RECS (Renewable Energy Certificate 
System) plan in France. Each certificate equals 1 green MWh. It is unique and is destroyed when it 
is used. The specificity of the French system is that the certificate includes information about the 
place and the nature of electricity production, thus enabling its traceability to consumers. In March 
2005, about 595 000 certificates have been issued, and 913 MW capacities have been recorded. 
 
Fourth, the cap and trade system on energy efficiency, the white certificates system, that is 
innovative in Europe (there is such a system in New South Wales in Australia). Basically, every 
energy supplier (excluding fuels for transportation) will have a given amount of final energy 
savings to do. On the other hand, every company that engages a “ not business as usual”  energy 
efficiency action may have this action certificated (i.e. the amount of avoided energy is validated by 
a public organism), and this certificate may be sold on a dedicated market. The “ obliged”  energy 
suppliers can both engage their own energy efficiency actions, or buy certificates, in order to 
comply with their obligations. 
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9.1. Energy-related and socio-economic analysis: past, present and future 
 

9.1.1. Geographical Description 
 
Germany is a federal country comprised of 16 federal states each responsible for the government of 
its own state and with the capital Berlin. The reunification of West and East Germany took place on 
October 3, 1990, /1/. Germany is located in Central Europe and covers about 357 031 km², making 
it Europe’ s sixth largest nation measured by area. The longest distance from north to south as the 
crow flies is 876 km, and from west to east, 640 km, /2/. In the northwest Germany is bordered by 
the North Sea and to the northeast by the Baltic Sea and Denmark. Poland and the Czech Republic 
surround the eastern border, with Austria and Switzerland to the south and France, Luxemburg, 
Belgium and the Netherlands to the west. The total land boundary is about 3 757 km, /3/. 
 

 

Figure 1:  Map of Germany /2/ 

 
From the North and Baltic Seas to the Alps in the south, Germany is divided geographically into 
the North German Plain, the Central Upland Range, the Southwest German Central Upland Scarps, 
the South German Alpine Foreland and the Bavarian Alps, /3/. About 29.5% of the total area of 
Germany is afforested. The North German Plain boasts hilly landscapes with many lakes and is 
interspersed with heaths and moors as well as fertile land. It stretches down as far as the edge of the 
Central Upland Range. The Central Upland Range shows a considerable variety of landscapes. It 
includes the Rhenish Slate, the Hessian and the Weser /Leine Mountain Ranges. It comprises 
different areas, like the Rhön, the Bavarian Forest and the Ore Mountains. The Central Upland 
Range divides northern Germany from the south. The narrow Central Rhine valley between Bingen 
and Bonn and the Hessian depressions, serve as the main natural arteries of north-south traffic. The 
Southwest German Central Upland Scarps embrace the upper Rhine valley, whose boundaries are 
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formed by the mountain ranges of the Black Forest, the Oden Forest and Spessart, the Palatinate 
Forest and the Swabian-Franconian scarpland. The broad South-German Alpine Foreland boast 
hills and great lakes in the south, as well as broad gravel plains, the hilly landscape of lower 
Bavaria and the Danube valley. Characteristic features of this landscape are moors, dome-shaped 
hill ranges with lakes and small villages. The Alpine region of Germany between Lake Constance 
and Berchtesgaden embraces only a narrow section of this mountain range. The Zugspitze is the 
highest point and reaches almost 2 962 m, /3/. Germany has about more than 12 000 lakes, of which 
750 of them are bigger than 0.5 km². The biggest lake of Germany, the Lake Constance, is situated 
at the border triangle of Germany-Switzerland-Austria. 
 
Germany's climate is determined by its location in a zone of temperate climatic conditions with 
frequent weather changes. There is precipitation all the year round. Progressing from the northwest 
to the east and southeast, the maritime climate gradually changes into a more continental climate. 
Prone to rapid weather variations from merging of Gulf Stream and extreme northeastern climate 
conditions. Considerable snowfall occurs in east and south. However, neither the daily variations of 
temperatures nor the seasonal ones go to extremes anywhere. The annual mean temperature is about 
9°C, /1/. 
 
The major natural resources of Germany are: the hard coal deposits of the Rhenish-Westphalian 
industrial area and the Aachen and Saar fields; the large lignite fields in the Rhenish and Leipzig 
Basins and in Lower Lusatia; the iron ore deposits in the Rhenish Slate Mountains, in the east of the 
Franconian Alp and the northern periphery of the Harz; the rock salt deposits in Lower Saxony and 
Bavaria and the potash fields in Lower Saxony, Hesse, Thuringia and South Baden, /3/. 
 

9.1.2. Demographics 
 
There are some 82.5 million people (2004) living in Germany with an average population density 
of 231 persons per km², /1/. Germany is one of the most densely populated countries in Europe, 
although the population in Germany is very unevenly distributed. Almost 88% of the population 
lives in urban centers. Thereof, approximately one third of inhabitants, about 25 million people, 
live in large towns and some 50.5 million people live in communities and towns with between 
2 000 and 100 000 inhabitants. The three biggest cities of Germany and their 2004 populations are 
Berlin with 3.3 million; Hamburg with 1.7 million and Munich with 1.3 million. About 6.4 million 
have their homes in villages with up to 2 000 inhabitants. Having experienced rapid growth since 
German unification, the area in and around Berlin currently boasts more than 4.3 million 
inhabitants. The industrialized region on the Rhine and the Ruhr rivers, where the towns merge into 
one another without clear boundaries, is home to more than 11 million people i.e., some 1 100 per 
km². These densely populated regions contrast with very thinly populated areas such as large 
sections of the March of Brandenburg and Mecklenburg-Western Pomerania, /2/.  
 
The most striking demographic feature of the country, observed across Europe, is the increasing 
proportion of elderly people in the population over the past 20 years. With nine births per 1 000 
inhabitants per year, Germany has one of the world's lowest birthrates. However, over the past 
years Germany's population has remained at a stable level. The deficit in births was compensated 
for by the immigration of some three million migrants, respectively about 200 000 persons p.a. The 
low birthrate is coupled with an increasing life expectancy which affects the age distribution of the 
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population. It is projected that in 2030 the percentage of over-60-year-olds will have grown from 
today’s figure of 23% to around 30%. This over-aging of the population causes tremendous 
problems for the future, for example for the existing social security system, /3/. 
 
The number of single and small sized households has grown within the last decades (in particular in 
big cities), whereas the number of larger households has diminished steadily. About two thirds of 
the households have less than three members; the average household size is 2.1 persons (2004). 
 
The literacy rate in population over age fifteen is about 99%. In Germany there is an education 
compulsory until age eighteen. At age ten, after primary school (Grundschule), students attend one 
of five schools: short-course secondary school (Hauptschule), intermediate school (Realschule), 
high school (Gymnasium), comprehensive school (Gesamtschule), or a school for children with 
special educational needs (Sonderschule). At about age fifteen, students choose among a variety of 
vocational, technical, and academic schools. Higher education consists of many kinds of technical 
colleges, advanced vocational schools, and universities. 
 

9.1.3. Economical Situation 
 
Germany is one of the largest economies in the world and a founding member of the European 
Union (EU). It joined the common European currency on January 1, 1999 and Frankfurt/Main is the 
seat of the European Central Bank.  
 
In 2004 the GDP reached an increase of about 1.6% and totaled 2 078.6 bn Euro2000 (refer to Table 
2). In the past few years Germany and its citizens have had to master considerable economic 
changes brought on by unification. Based on the amount of population the GDP was about 
25 200 Euro2000/inhabitant. About 69.9% of the gross value added was generated within the service 
sector, whereas the industry sector produced 29.0% and the agriculture, forestry and fishing sector 
about 1.1% /2; 3; 4/. Compared with other industrial nations, the German economy has an almost 
unprecedented international focus. Foreign trade is exceedingly important for both growth and 
employment. Companies generate almost a third of their profits through exports, and almost one in 
four jobs are dependent on foreign trade. In manufacturing this dependence is even stronger, with 
over one third of the sector’ s produce being exported. Germany’ s foreign trade surplus illustrates 
the strong competition of German firms: Imports totaling 704.2 bn Euro2000 were offset by the 
export of goods and services totaling 820.7 bn Euro2000, /3/.  
 

Table 2:  Socio-economic data of Germany in 2002 to 2004 taken from /4; 5; 6 /, 
own calculations 

Index Unit 2002 2003 2004 
inhabitants million 82.48 82.52 82.50 
employee million 38.64 38.3 38.40 
unemployed persons million 3.44 3.84 3.92 
households million 38.72 38.94 39.12 
gross domestic product Euro2000 bn 2 049.2 2 046.7 2 078.6 
gross value added Euro2000 bn 1 909.7 1 913.2 1 949.0 
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agriculture, forestry and 
fishing sector 

Euro2000 bn 
21.5 21.3 21.5 

industry sector Euro2000 bn 551.5 547.9 565.3 
- manufacturing industry Euro2000 bn 464.7 466.7 487.2 
- construction Euro2000 bn 86.7 81.2 78.1 
service sector Euro2000 bn 1 336.8 1 343.9 1 362.3 
- trade and transport Euro2000 bn 344.4 344.7 350.3 
- financial, renting and 
business service activities 

Euro2000 bn 
576.5 583.5 598.6 

- public and private 
service activities 

Euro2000 bn 
415.8 415.7 413.4 

heating degree days 1) Kd 2 721 2 794 2 618 
1) For Frankfurt/Main, the longtime average value between 1970 and 2004 amounts to 2 930 Kd 

 
The economy is based on several industries including steel, ships, vehicles, machinery, electronics, 
coal, and chemicals; and the chief crops are grains, potatoes, sugar beets, and livestock. Major 
export goods are cars and car parts, machines as well as chemical products. In the future, the 
support of German companies engaged in exporting new technologies such as renewable energy 
will become a focal point in the promotion of exports. The western industrialized countries are 
Germany’s most important trading partners. The closest trading relationships continue to be those 
with EU member states, with whom more than half of all foreign trade is conducted /5/.  
 
The unemployment rate in 2004 was about 9.3% (3.92 million person), an increase of about 2.1% 
of the previous year. 
 
The total consumer price index in 2004, as an indicator of the inflation rate in Germany was about 
1.6% compared to the previous year 2003. It is estimated as an average of indices within twelve 
different sections. Table 3 gives an overview of selected consumer price indices and their trend 
since the year 2002. 
 

Table 3:  Trend of consumer price indices 2002-2004 of selected sections /3/ 

Year Total index 
(all 

sections) 

Food and 
nonalcoholic 
beverages 

Clothing and 
footwear 

Housing, water, 
electricity, gas 
and other fuels 

Miscellaneous 
goods and 
services 

 % change on the previous year 
2004 1.6 -0.4 -0.7 1.5 1.4 
2003 1.1 -0.1 -0.8 1.5 1.7 
2002 1.4 0.8 0.7 1.0 1.9 

 
9.1.4. Energy 

 
Despite an overall economic expansion of 1.6% and a slight population growth in the year 2004 the 
total primary energy consumption in Germany has been relatively stagnant. The effects which 
result to an increase of the consumption based on the economic situation and were almost absorbed 
by the high energy prices during the course of 2004. In absolute terms the total primary energy 
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consumption was about 14 438 PJ (345 Mtoe), /7/ and the primary energy consumption per capita 
amounts to 175.0 GJ (4.2 toe). Based on the total GDP the primary energy consumption in 
Germany is about 6.9 MJ/Euro2000 (0.2 Mtoe/bn Euro2000) and shows that energy in Germany is 
used very efficiently.  
 
With limited domestic hydrocarbon reserves, other than coal, Germany relies on imports to meet 
most of its energy needs. The reserves of hard coal comprise of about 674 EJ (16.1 Gtoe) in 2003, 
however according to their unfavorable geological conditions they are not enough economical. The 
reserves of lignite amount to about 375 EJ (9 Gtoe, 2003). Although oil was Germany’s most 
important primary energy source in 2004, its share has decreased, albeit slightly, from 36.5% in 
2003 to 36.4% in 2004. Germany’s onshore oil fields are located primarily in the north and 
northeast of the country, many of which are depleted and producing only small volumes of oil.  
 
The primary energy consumption of crude oil and oil products dropped scarcely by about 0.4% to 
5 258 PJ (126 Mtoe). However the progression of the consumption of different oil products rather 
differs from each other. Thus the sales of light fuel oil decrease strongly by about 9.3% mostly 
according to the market price of crude oil; likewise the sales of heavy fuel oil (-5.3 %) and of petrol 
(-2.7 %) decreased. But on the other hand the consumption of Diesel (3.4 %) and gasoline (4.7 %) 
increased obviously /8/. Natural gas was the other important fuel, accounting for 22.4% of the total 
primary energy consumption in 2004 but with different progressions within the seasonal quarters 
and consumption sectors. Due to the economic situation more natural gas was used in the industrial 
sector, while the use of gas remained almost constant in the power stations and the demand of gas 
slightly decreased in the household sector according to the higher temperatures during the heating 
season. Compared to the year 2003 the consumption of hard coal decreased by about 3.6% because 
of the lessen use in the electricity supply sector whereas at the steel industry the consumption 
exceeded slightly the amount of the previous year due to the favorable economic situation. In the 
same time the consumption of lignite increased by about 0.5% because more lignite was supplied to 
the power stations and the primary energy consumption of nuclear power station rose by about 
1.2%. The contribution of hydro power plants and wind-powered devices to the total primary 
energy consumption strongly increased by about 21.5% compared to 2003. The reason for the 
strong growth is seen in the unfavorable weather conditions of 2003; in the combination of less 
wind and less water appearance than in a 10 years-average /9/. The consumption of other sources of 
energy (primarily firewood and other renewable sources of energy) increased by about 1.6% (refer 
to Table 4). In 2003 the consumption of primary energy comprises 29% of consumption and losses 
in the energy sector, 7% of non-energetic consumption and 64% of the final energy consumption. 
 
Table 4:  Primary energy consumption by energy carriers in Germany in 2002 to 2004 /7/ 

2002 2003 2004 Energy 
carrier [PJ/a] [Mtoe] [%] [PJ/a] [Mtoe] [%] [PJ/a] [Mtoe] [%] 
Hard coal 1 885 45 13.2 2 013 48 13.9 1 940 46 13.4 

Lignite 1 659 40 11.6 1 638 39 11.3 1 647 39 11.4 

Mineral oil 5 349 128 37.3 5 281 126 36.5 5 258 126 36.4 

Natural gas 3 142 75 21.9 3 224 77 22.3 3 236 77 22.4 

Nuclear 1 800 43 12.6 1 802 43 12.5 1 823 44 12.6 

Hydro / Wind 143 3.4 1.0 135 3.2 0.9 164 3.9 1.1 
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Balance of 

foreign trade 
3 0.1 0.02 -29 -0.7 -0.2 -23 -0.5 -0.2 

Other 1) 343 8 2.4 387 9 2.7 393 9 2.7 

Total 14 324 342 100 14 451 345 100 14 438 345 100 
1) Other energy carrier like solar, biomass, waste 

 
Due to the lack of domestic energy resources Germany has to import most of its required primary 
energy carriers. In 2004 about 35.5% of the primary energy consumption (without nuclear energy) 
is covered by domestic energy carrier and the rest has to be imported from abroad. Energy imports 
are widely diversified between energy carrier and origin country. Currently there are four crude oil 
and one petroleum product import pipelines operating in Germany. Moreover, Germany has a 
comprehensive pipeline network for natural gas, allowing the country to import and to transit large 
volumes of natural gas. The most important foreign energy supplier for Germany is the Russian 
federation, followed by Norway, the Netherlands and Great Britain. 
 

9.1.5. Electricity 
 
In 2004 the total gross electricity consumption from the net of the public supply (including grid 
losses) increased by about 0.7% to 599.3 TWh (51.5 Mtoe). According to this growth about all 
consumer groups might have contributed to some extent as seen in Table 5. Thereby, the electricity 
consumption in the year 2004 rose less strongly than the economic growth which had increased by 
1.6% in 2004. 
 

Table 5:  Electricity consumption by customer groups from the net of the public supply in 
2002 to 2004 /10/, own calculations 

2002 2003 2004 Customer 
groups [TWh] [Mtoe] [%] [TWh] [Mtoe] [%] [TWh] [Mtoe] [%] 
Industry 226.4 19.5 38.7 228.5 19.6 38.4 230.2 19.8 38.4 
Transport 16.0 1.4 2.7 16.1 1.4 2.7 16.2 1.4 2.7 
Public 
facilities 

42.2 3.6 7.2 42.9 3.7 7.2 43.2 3.7 7.2 

Agriculture 8.0 0.7 1.4 8.2 0.7 1.4 8.1 0.7 1.4 
Households 136.5 11.7 23.3 139.1 12.0 23.4 140.4 12.1 23.4 
Trade/ 
Commerce/ 
Services 

70.4 6.1 12.0 72.9 6.3 12.3 73.3 6.3 12.2 

Sum 499.5 42.9 85.4 507.7 43.7 85.3 511.4 44.0 85.3 
Losses / Own 
consumption1) 

85.5 7.4 14.6 87.2 7.5 14.7 87.9 7.6 14.7 

Total 585.0 50.3 100.0 594.9 51.2 100.0 599.3 51.5 100.0 
1) Include pump and distribution losses 
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9.1.5.1. Gross electricity generation 
 
Germany has Europe’s largest electricity market and is based on several production forms and fuels. 
In the year 2004 the total gross electricity generation increased by about 0.6% compared to 2003 to 
about 606.6 TWh (52 Mtoe). The distribution of gross electricity supply by energy carriers in 
Germany is shown in Table 6.  
 
Coal and nuclear power plants are the pillars of Germany’ s power generation. Coal is the most 
important energy source, accounting for 48.9% of the country’ s gross electricity production in 2004 
(lignite 26.1% and hard coal 22.7%). Nuclear power was the second most important energy source, 
providing 27.5% of total gross electricity production. Compared to the year 2003 the electricity 
generation of nuclear power rose by about 1.2% to 167.1 TWh (14.4 Mtoe). Particularly in 
November and December the nuclear power plants operated well at full capacity.  
 
The biggest increase in electricity generation is contributed by wind and hydro-power plants. As 
regards the use of renewable energies for electricity production, Germany can point to very high 
growth rates especially for wind energy. The built-up of wind energy power plants, which has been 
promoted by the determination of feed-in tariffs and the priority to grid-access on the one hand and 
the more favorable wind conditions on the other hand result in a rise of the electricity generation of 
about 25.0 TWh and/or 2.1 Mtoe (32.3%). Even so, hydro-power with a share of 4.5% (27.0 TWh, 
2.3 Mtoe) (including pump storage) of the total gross electricity production is still number one of 
the renewable energy carriers in Germany in 2004. About 78.0% of the electricity generation of 
hydro power plants is produced by pump storage power plants. Other renewable energy carriers like 
biomass, photovoltaic and the electricity generation of waste incineration power plants account for 
about 3.2% of the total gross electricity generation. 
 

Table 6:  Gross electricity generation by energy carriers in 2002 to 2004 /11/, own 
calculations 

2002 2003 2004 
Energy Carrier 

[TWh] [Mtoe] [%] [TWh] [Mtoe] [%] [TWh] [Mtoe] [%] 
Nuclear 164.8 14.2 28.2 165.1 14.2 27.4 167.1 14.4 27.5 
Hard coal 134.6 11.6 23.0 146.6 12.6 24.3 138.0 11.9 22.7 

Lignite 158.0 13.6 27.0 158.2 13.6 26.2 158.5 13.6 26.1 
Natural gas 56.3 4.8 9.6 61.5 5.3 10.2 62.0 5.3 10.2 

Mineral Oil 8.7 0.7 1.5 9.7 0.8 1.6 9.5 0.8 1.6 
Hydro 1)2) 28.9 2.5 4.9 24.1 2.1 4.0 27.0 2.3 4.5 

Wind 1) 15.9 1.4 2.7 18.9 1.6 3.1 25.0 2.1 4.1 
Other 3) 17.1 1.5 2.9 18.8 1.6 3.1 19.5 1.7 3.2 

Total gross 
generation incl. 
feed-ins 

584.3 50.2 100 602.9 51.8 100 606.6 52.2 100 

Balance of foreign 
electricity trade 

0.7 0.1  -8.0 -0.7  -7.3 -0.6  

Total gross 
consumption incl. 

585.0 50.3  594.9 51.2  599.3 51.5  
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2002 2003 2004 
Energy Carrier 

[TWh] [Mtoe] [%] [TWh] [Mtoe] [%] [TWh] [Mtoe] [%] 
grid losses 

1) Feed-ins of private producers to the public supply grid are included 
2) Running river and pumped storage hydro power plants 
3) Other energy carriers like solar, biomass, waste, and other gases 

 
As of the year 2004, Germany had an installed net electric generating capacity of about 
129.5 GWnet which is rather similar to the year 2003 (126.5 GWnet). About 78% of this amount 
(101.1 GWnet) is installed for the public supply. In comparison to the year 2003 the biggest growth 
of net electric capacity of about 11.7% is scheduled by the private operators. 
 

Table 7:  Installed net power capacity by sectors in 2002 to 2004 /10, 12/ 

2002 2003 2004 
Sectors 

[GW]net [%] [GW]net [%] [GW]net [%] 
Public power 

plants 1) 
101.0 81.2 100.3 79.3 101.1 78.1 

Industry 10.3 8.3 10.3 8.2 10.4 8.0 

Private 2) 13.1 10.5 15.9 12.6 18.0 13.9 

Total 124.4 100.0 126.5 100.0 129.5 100.0 
1) Include the national railway organization 
2) Include the private power plants of water, wind, photovoltaic and biomass; not included are any private cogeneration 

units.  

 
At the end of 2004 there were 18 nuclear power plants in use with a total capacity of 20.6 GWnet. 
While nuclear power is scheduled to be completely phased out in Germany until 2022, electricity 
generated from natural gas, coal and renewables, particularly wind, are expected to increase. 
 
In Germany there are plenty of power plants especially in the base and mid load range which were 
built in the 1970s. Because of the old inventory, there will be a need of replacement of about 
40.0 GW of new capacity which has to be installed at least by 2020, refer to Figure 2. Additionally, 
there will be a capacity of about 20.0 GW of the remaining nuclear power plants which have to be 
substituted by alternative power plants if the agreement on the phase out of nuclear energy is 
completely realized. 
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Figure 2: Chart of decommission of the power plants in Germany, /13/, own 
calculations 

 
In Table 8 the installed net capacity of the power plants in Germany for the years 2003 and 2004 
are shown for the public supply sector. In 2004, thermal sources (coal, natural gas, and oil) 
accounted for 66.4% of the country’ s installed capacity, followed by nuclear with 20.5%, hydro 
with 9.8% and other renewables (mainly wind) with 3.3%. While the biggest increase of installed 
capacity is shown for hydro (including pump storage) followed by natural gas in comparison to the 
year 2003, the biggest decrease is scheduled for hard coal. The growth of wind power plants is 
mainly performed in the private sector. 
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Table 8:  Installed net power capacity of the public supply including the national 
railway organization by energy carrier in 2003 and 2004 /10, 12/ 

2002 2003 2004 Energy Carrier 
[GW]net [%] [GW]net [%] [GW]net [%] 

Nuclear 22.4 22.0 20.6 20.6 20.6 20.5 
Lignite 19.8 19.4 19.7 19.7 19.7 19.5 
Hard coal 1) 25.1 24.6 25.1 25.1 25.1 24.9 
Natural gas 16.2 6.5 16.0 16.0 16.2 16.1 
Oil 6.7 15.9 6.0 6.0 6.0 5.9 
Hydro 2) 8.9 8.7 9.4 9.4 9.9 9.8 
Other 3) 2.9 2.8 3.2 3.2 3.3 3.3 
Total 4) 101.0 100.0 100.3 100.0 101.1 100.0 

1) Include hybrid-combustion 
2) Include pump storage 
3) Include wind, solar and waste incineration power plants 
4) Differences in sums are based on rounding errors. 

 
9.1.5.2. Use of fuels for electricity generation 

 
In 2003 the use of fuels in the electricity industry comprises of about 5 471 PJ (130.7 Mtoe). The 
major parts of fuels were provided by coal with about 51.9% (about 23.7% of hard coal and 28.1% 
of lignite) and nuclear with about 32.9% (refer to Table 9).  

Table 9: Use of fuels of the electricity generation in 2003 in PJ (Mtoe) /7/, own 
calculation 

Unit Nuclear Hard 
coal 

Lignite Natural 
gas 

Oil Hydro/ 
Wind 

Other Total 

PJ 1 802.0 1 298.0 1 539.0 510.0 73.0 158.0 91.0 5 471.0 
Mtoe (43.0) (31.0) (36.8) (12.2) (1.7) (3.8) (2.2) (130.7) 
Share 32.9% 23.7% 28.1% 7.5% 1.3% 2.9% 3.5% 100% 
Averaged 
efficiency 

33 41 37 43 48 98 74 40 

 
9.1.5.3. Electricity exchange with foreign country 

 
In 2004 the electricity exchange (physical electric flows) obtained an export surplus. However, both 
the total electricity exports from Germany of about 51.5 TWh (4.4 Mtoe) and the electricity import 
to Germany of about 44.2 TWh (3.8 Mtoe) decreased by 4.3% and 3.4% respectively compared to 
2003. The total electricity balance is -7.3 TWh (-0.6 Mtoe), refer to Table 6. The exports in 2004 
amounted to about 8% of the total electricity supply in Germany.  
 
Based on the physical electric flows over the frontiers, France remains the largest electricity 
exporter to Germany, /11/. Its portion of the total electricity imports of Germany amounts to 35%, 
followed by the Czech Republic (30%), Denmark (12%), Austria (10%) and Switzerland (6%). 
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However large parts of the physical imports, particularly from France, might have flowed over 
Germany into Switzerland and Austria to Italy and/or over Germany into the Netherlands. The 
Netherlands is the country with the largest electricity imports from Germany (34%), followed by 
Switzerland (23%) and Austria (17%). In the physical exports of Germany the transits over 
Germany to other countries are included. 
 

9.1.5.4. Electricity Prices 
 
Between 1995 and 2000 electricity prices for both industrial and private consumer decreased 
drastically. Reduction rates up to about 37 % (compared to 1995) within the industrial sector 
seemed to be possible. However, till 2004 electricity prices incremented gradually and particularly 
for private households prices have already exceeded the price level of 1995. 
 

Table 10:  Trend of electricity prices for industrial and household customers’ 
/10, 14/ 

Electricity 
Prices Unit 1995 1998 2000 2002 2003 2004 

Industry1) Euro-Ct2000/ 

kWh 
7.90 7.05 4.95 5.56 6.40 6.70 

Households2) Euro-Ct2000/ 

kWh 
17.14 16.00 15.10 15.30 16.92 17.20 

1) Prices without equalization tax and VAT for an averaged annual consumption of 50 GWh  
2) Prices include equalization tax and VAT for an averaged annual consumption of 3 500 kWh 

 
9.1.6. Environmental Issues 

 
Germany has a strong commitment to protect the environment. From the early 1990s, the federal 
government’ s environmental policy has given increased emphasis to global warming issues. 
Germany signed the Framework Convention on Climate Change in Rio de Janeiro in June 1992 and 
ratified it on December 9, 1993. Signers of the agreement pledged to stabilize CO2 emissions in the 
year 2000 and beyond at 1990 levels. In 1995 Germany established a demanding national target of 
reducing CO2 emissions from 1990 levels by 25% by 2005 and in 2000, Germany set a goal of 
reducing the six greenhouse gases cited in the Kyoto Protocol by 21% between 2008 and 2012, 
within the context of the EU burden-sharing agreement (EC, 2002). To fulfill these commitments, 
German energy policy is increasingly influenced by environmental concerns. The government has 
been promoting renewables and energy efficiency initiatives. The mid-term goal of the government 
is to increase electricity generation of the renewable energy carriers to 12.5% till 2010 and to 20% 
till 2020 /15/. 
 
The energy-related CO2 emissions have decreased in Germany since 1990, even though GDP has 
grown. In the Old Laender, CO2 emissions increased by 2% between 1990 and 1995, whereas in the 
New Laender they decreased by 44%, mainly thanks to economic restructuring and significant 
energy efficiency improvements. Total CO2 emissions fell by 12% between 1990 and 1995. By the 
end of 1995, per capita emissions in the New Laender were very close to those in the Old Laender. 
The average per capita emission value in 1995 was about 10.68 CO2 per inhabitant and decreased 
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gradually till 2002 to about 10.11 CO2. However, in 2003 the energy-related CO2-emission in 
Germany increased by about 0.4% (3.0 Mt CO2) compared to the previous year (refer to Table 11). 
In absolute terms it was about 837 Mt CO2, /16/. Thus, the per capita emission value increases 
slightly by about 0.3% to 10.14 CO2 per inhabitant. The growth of emissions is particularly due to 
the cold weather at the beginning of 2003. If the weather condition i.e. the fluctuation of outdoor 
temperature is deducted, the total emissions were reduced by about 0.6% (5.4 Mt CO2). The 
ranking of CO2-emissions by energy carriers has not changed much in comparison to 2002: with 
about 35.6% the most part is emitted by the use of mineral oil, followed by gas with about 23%, 
lignite with about 22% and hard coal with 19.4%. 
 

Table 11: Energy-related CO2-emissions by energy carriers in Germany in 1990, 
2002 and 2003 /16/ 

1990 2001 1) 2002 1) 2003 1) Fuels 
[Mt CO2] [%] [Mt CO2] [%] [Mt CO2] [%] [Mt CO2] [%] 

Hard coal 182.5 18.5 162.5 19.1 156.1 18.7 162.7 19.4 
Lignite 343.4 34.8 181.1 21.3 186.5 22.4 184.1 22.0 
Mineral 
oil 2) 

315.0 31.9 318.3 37.5 305.9 36.7 298.2 35.6 

Gas1) 143.8 14.6 185.1 21.8 183.0 22.0 189.5 22.7 
Others 2.2 0.2 2.1 0.2 2.1 0.3 2.1 0.3 
Total 986.9 100.0 849.1 100.0 833.6 100.0 836.6 100.0 

1) Preliminary data 
2) Without fuel consumption for international air traffic  
3) Include natural gas, coke oven gas / town gas and converter gas 

 
An overview of CO2-emissions by sectors is given in Table 12. The main part of CO2-emissions is 
produced within the energy generation and conversion sector. In 2002 about 373.0 Mt CO2 were 
emitted, followed by the transport sector of about 172.6 Mt CO2. In 2002 Germany’ s per capita 
carbon emissions which are emitted within the energy generation and conversion sector was about 
4.5 tons of carbon dioxide per person. 
 

Table 12: Overview of CO2-emsissions by sectors in 1990, 2001 and 2002 /16/ 

1990 2001 1) 2002 1) 
Sectors 

[Mt CO2] [%] [Mt CO2] [%] [Mt CO2] [%] 
Energy generation and 
conversion 

439.2 43.3 369.1 42.3 373.0 43.5 

- Power plants 353.8 34.9 316.9 36.3 322.0 37.5 

- Cogeneration plants / 

district heating plants 2) 
85.4 8.4 52.2 6.0 51.0 5.9 

Industry 169.3 16.7 112.6 12.9 109.1 12.7 

Transport (national) 158.8 15.7 174.6 20.0 172.6 20.1 

Households 129.0 12.7 129.9 14.9 119.6 13.9 

Trade/ Commerce/ 90.5 8.9 63.0 7.2 59.0 6.9 
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Services 

Energy-related emissions 986.8 97.3 849.2 97.2 833.6 97.2 

Industrial processes 27.6 2.7 24.4 2.8 24.4 2.8 

Total 3) 1 014.4 100.0 873.6 100.0 857.7 100.0 
1) Preliminary data 
2) Include rest of conversion areas  
3) Differences in sums are based on rounding errors. 

 
Table 13 shows the factual and expected development of CO2 emissions and intensities of the 
German economy till 2030. Accordingly, from 1990 to 2000, total CO2 emissions decreased up to 
15.5% in 2000, whereas in 2002 a slight rise of CO2 emissions is seen compared to 2000. However, 
since 1990, CO2 emission per capita permanently decreased up to about 18.2% in 2002 compared to 
1990. Till 2030, CO2 emissions per capita might reduce further on by about 28.9% compared to 
1990 and might reach a value of about 9.04 tCO2/inhabitant. 
 

Table 13: CO2 Intensity Indicators – past, present and future /17/, own 
calculations 

Index Unit 1990 1995 2000 2002 2010 2020 2030 

CO2 emission 
index 1) 

[%] 100 86.0 84.5 84.6 82.5 78.1 70.7 

[t CO2 / 
GJ] 

0.068 0.061 0.060 0.060 0.059 0.061 0.059 CO2 per 
primary energy 

consumption 
[t CO2 / 
toe] 

2.85 2.56 2.50 2.51 2.46 2.55 2.48 

CO2 per 
capita 

[t CO2 / 
inhabit.] 

12.72 10.66 10.42 10.40 10.16 9.75 9.04 

CO2 per GDP 
[t CO2/ 
kEuro2000] 

588.8 469.8 422.0 418.7 362.8 294.4 235.0 

1) 1990 = 100% 

 
In 2002 the total emissions of greenhouse gases decreased by about 1.1% compared to 2001, /18/. 
However, the emissions of PFCS and SF6 slightly increased by 8.7% and 13.7% respectively. 
Determined in CO2-equivalent about 1 016 Mt CO2 was emitted in 2002. Table 14 shows the 
emissions of GHG for the year 2001 and 2002, whereas Table 15 gives an overview for which 
activities the GHG appeared. According to Table 15 in 2002 the main part of the GHG emissions of 
about 82.8% took place in the fuel combustion sector, followed by the agriculture of about 8.6%. 
Compared to 2001 the GHG emissions slightly decreased by about -1.1%, while the biggest 
reductions were fulfilled at waste (-5.9%) and at fugitive emissions from fuels (-3.4%). 
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Table 14:  GHG emissions in CO2-equivalent of Germany in 2001 and 2002 /18/, 
own calculations 

Base-
line2) 

Baseline 
year 

2001 2002 Change 
GHG 

[-] [Mt CO2] [Mt CO2] [%] [Mt CO2] [%] [%] 
CO2 1990 1 023.1 888.1 85.3 878.0 85.2 -1.1 

CO2* 1) 1990 1 015.6 874.1 - 864.1 - -1.2 

CH4 1990 141.6 84.8 8.1 83.3 8.1 -1.8 

N2O 1990 81.4 56.1 5.4 55.8 5.4 -0.5 

HFCS 1995 6.4 8.1 0.8 8.2 0.8 1.4 

PFCS 1995 1.8 0.7 0.1 0.8 0.1 8.7 

SF6 1995 4.3 3.3 0.3 3.8 0.4 13.7 

Total   1 041.2 100.0 1 029.9 100.0 -1.1 
Total* 1)   1 027.4  1 016.0  -1.1 

1) Without land-use change and forestry 
2) Baseline year set by the Kyoto Protocol 

 

Table 15:  GHG emissions in CO2 -equivalent by sectors in 2001 and 2002 /18/, 
own calculations 

1990 1995 2001 2002 Change Sector 
[Mt CO2] [Mt CO2] [Mt CO2] [%] [Mt CO2] [%] [%] 

Fuel combustion 1 004.5 888.8 862.0 82.8 852.5 82.8 -1.1 
Fugitive emissions 
from fuels 

36.1 27.0 17.0 1.6 16.4 1.6 -3.4 

Industrial processes 60.3 61.3 42.5 4.1 42.6 4.1 0.3 
Solvent and other 
product use 

1.9 1.9 1.9 0.2 1.9 0.2 0.0 

Agriculture 109.9 91.1 88.7 8.5 88.3 8.6 -0.5 
Land-use change and 
forestry 

7.5 5.7 13.8 1.3 13.9 1.4 0.7 

Waste 35.9 28.3 15.3 1.5 14.4 1.4 -5.9 
Total 1 256.2 1 104.1 1 041 100.0 1 029.9 100.0 -1.1 

 
9.2. Trends 

 
In several studies, for example EWI/PROGNOS /17/, PRIMES /19/, Eurelectric /20/, Enquete /21/ 
and UBA /22/, projections of the electricity consumption and/or generation and the development of 
the economy are given. The results of these studies slightly differ from each other according to their 
underlying assumptions. While the study of PRIMES is the most optimistic study corresponding to 
the figures for the assumption as well as for the projections, the prognosis of EWI/PROGNOS 
regarding the main assumption and of UBA regarding the projections are more moderate 
respectively compared to the average of the studies. Table 16 summarizes the development of the 
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inhabitants and the GDP till 2030 given in the studies. The band of inhabitants in Germany 
amounts to 81.5 to 83.2 million people in 2010 and might decline slightly to 78.0 to 81.8 million 
inhabitants in 2030. In the same period the GDP might increase between 32.3% and 49.3%, which 
will come to an annual growth of the GDP of about 1.6% and 2.5%. 
 

Table 16: Basic assumptions of different analyses given in /17; 19; 20; 21; 22/, 
own calculations 

 Unit EWI / 
PROGNOS 

PRIMES Eurelec 
tric 

Enquete UBA 

2010       

Inhabitants Million 82.4 83.2 82.4 82.1 81.5 

GDP Euro2000 bn 2 307 2 495 2 423 2 514 2 440 

GDP per capita 
Euro2000 th 

/inhab. 
28.0 30.0 29.4 30.6 29.9 

2020       

Inhabitants Million 81.3 83.1 81.4 80.8 80.3 

GDP Euro2000 bn 2 692 3 069 2 887 2 971 2 884 

GDP per capita 
Euro2000 th 
/inhab. 

33.1 37.0 35.5 36.8 35.9 

2030       

Inhabitants Million 79.3 81.8 n.a. 77.9 78.0 

GDP Euro2000 bn 3 052 3 723 n.a. 3 388 3 288 

GDP per capita 
Euro2000 th 

/inhab. 
38.5 45.5 n.a. 43.5 42.2 

n.a. not available 

 

Table 17 Projection of electricity consumption, gross electricity generation and 
net power capacity as results of different analyses, given in 

/17; 19; 20; 21; 22/, own calculations 

 
Unit EWI / 

PROGNOS 
PRIMES Eurelec 

tric 
Enquete UBA 

2010       
TWh 515.3 535.9 570.0 511.9 507.5 Final energy consump. 

electricity Mtoe 44.3 46.1 49.0 44.0 43.6 

TWh 617.0 611.7 563.0 557.0 546.0 Gross electricity 

generation Mtoe 53.0 52.6 48.4 47.9 46.9 

TWh -23.3 5.1 5.0 0.0 n.a. 
Import balance 

Mtoe -2.0 0.4 0.4 0.0 n.a. 

Net power capacity GW n.a. 132.1 131.4 117.6 116.0 

2020       
TWh 521.1 581.7 585.0 526.7 497.5 Final energy consump. 

electricity Mtoe 44.8 50.0 50.3 45.3 42.8 

Gross electricity TWh 594.0 650.3 578.0 569.5 550.0 
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generation Mtoe 51.1 55.9 49.7 49.0 47.3 

TWh -1.4 6.4 10.0 2.2 n.a. 
Import balance 

Mtoe -0.1 0.6 0.9 0.2 n.a. 

Net power capacity GW n.a. 150 139.5 117.1 121.0 

2030       
TWh 515.3 629.3 n.a. 529.4 483.6 Final energy consump. 

electricity Mtoe 44.3 54.1 n.a. 45.5 41.6 

TWh 584.0 697.1 n.a. 568.4 543.0 Gross electricity 
generation Mtoe 50.2 59.9 n.a. 48.9 46.7 

TWh -2.7 6.6 n.a. 2.8 n.a. 
Import balance 

Mtoe -0.2 0.6 n.a. 0.2 n.a. 

Net power capacity GW n.a. 166.7 n.a. 119.6 128.0 

n.a. not available 

 
In Table 17 the projections of the final energy consumption of electricity, the gross electricity 
generation, the trade balance and the net power capacity from 2010 till 2030 are given. While the 
studies of PRIMES and Enquete come from an increase of the electricity final energy consumption 
and generation by about 3.4% and 17.5% (electricity final consumption) and by 2.0% and 14.0% 
(electricity generation), the studies of EWI/PROGNOS and UBA project a decrease by about -0.1% 
and -4.6% of the final consumption of electricity and by -0.5% and -5.3% for the electricity 
generation. All studies project an increase of the installed net power capacity from 2010 to 2030. 
The increase ranges from about 1.7% to 26.2% with a corresponding annual growth of about 0.1% 
to 1.3%. 
 

9.3. Policy 
 

9.3.1. Liberalization 
 
With the adoption of the Energy Industry Act (Energiewirtschaftsgesetz) in 1998 Germany has 
opened its electricity and natural gas sectors with 100% full customer choice. At the same time the 
liberalization lead to the privatization of undertakings and an increasing internationalization by the 
entrance of foreign undertakings. New market entrants were given the right to a wheeling in order 
to supply customers by the introduction of negotiated third party access (NTPA). The concrete 
conditions for the access in terms of prices and the relating issues were laid down in the 
Associations Agreements (Verbändevereinbarungen).  
 
The amendment of the Energy Industry Act (Energiewirtschaftsgesetz EnWG) has passed the 
German Parliament on June 2005 and will come into force at the beginning of July 2005. The law 
transposes the EU Acceleration Directive for electricity (Directive 2003/54/EG of the EU 
Parliament and Council) and gas (Directive 2003/55/EG of the European Parliament) into German 
national law. The act gives the legal general conditions for generation and distribution of electricity 
and gas in Germany. Main target of the law is to ensure the non discriminatory network access to 
both the electricity and gas markets to all suppliers at same conditions. The abuse of market power 
which might result to bad competition has to be prevented. For this reason a national regulatory 
authority, the Federal Network Agency (Bundesnetzagentur) has been established to determine 
network charges in future and to regulate grid operation by means of incentives, /24/. 
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There are about 1 100 energy companies operating in the German electricity market. The 
proportion of installed available capacity that is owned by the largest three companies amounts to 
about 63% (EnBW AG about 13.6%, E.ON AG about 34%, RWE AG about 34%). Regarding the 
end user supply market the four largest companies have market shares of about 54% (RWE AG 
19.6%, E.ON AG 16.3%, EnBW AG 12.2%, Vattenfall Europe AG 6.0%).  
 

9.3.2. The ecological tax reform 
 
In 1999 the ecological tax reform (Ökologische Steuerreform) was introduced with the goal of 
encouraging conservation, energy efficiency and the increasing use of renewable energies, /25/. To 
avoid endangering the German industry’ s international competitiveness, exceptions will be granted 
for the entire good-producing industry, public short-range passenger transport, and agriculture and 
forestry.  
 
Tax benefits are granted for the use of low-sulfur fuels as of November 1, 2001 by way of a tax on 
conventional fuels. The petroleum tax was increased on fuels (petrol and diesel), fuel oil (light and 
heavy), gas and electricity. The Eco-tax was applied in five steps until 2003 and remains constant 
beyond 2004. It envisages the gradual increase of taxes on fossil fuels and electricity. For petrol 
and diesel the tax was increased annually by 3.07 Euro-Ct/liter and reached an amount of 
15.34 Euro-Ct/liter in 2004. The Eco-tax for light oil was introduced in 1999 with 2.05 Euro-
Ct/liter and for heavy oil the tax was levied in 2000 and was augmented in 2003 to a final tax 
amount of 0.97 Euro-Ct/kg. For gas the final Eco-tax was performed by two steps in 1999 by 
0.164 Euro-Ct/kWh and in 2003 by 0.202 Euro-Ct/kWh. The electricity tax was introduced at 
1.02 Euro-Ct/kWh with an annual increase of 0.26 Euro-Ct/kWh from 2000-2003; this came up to 
an Eco-tax of 2.05 Euro-Ct/kWh in 2004, refer to Table 18; /25; 26/. 
 
Since January 2004 all liquid biofuels are exempted from the fuel taxes. This applies for biodiesel 
(RME), bioethanol as well as for all other fuels from biogenic resources. Fossil fuels may be 
blended with 5% biofuels without explicit declaration. Moreover, cogeneration installations with 
efficiency rates of at least 70% are exempt from the petroleum tax. Gas-fired and steam-powered 
power stations with (net) electric efficiencies of at least 57.5% are to be exempted from the 
petroleum tax. The tax benefits are to apply to new installations that were completed after 
December 31, 1999 and whose production of electrical power was used for the first time on an 
ongoing basis before September 10, 2007. 
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Table 18:  Rates of the petroleum and eco-tax for different energy carriers /25; 26/ 

energy 
carrier 

Petro. tax 
plus eco-

tax 

Petro. tax 
until 

March 
1999 

Petro. tax 
plus 

1.step of 
eco-tax 

(April 
1999) 

Petro. tax 
plus 2. 

step of 
eco-tax 

(Jan. 
2000) 

Petro. tax 
plus 3. 

step of 
eco-tax 

(Jan. 
2001) 

Petro. tax 
plus 4. 

step of 
eco-tax 

(Jan. 
2002) 

Petro. tax 
plus 5. 

step of 
eco-tax 

(Jan. 
2003) 

Share of 
the eco-

tax 2003 

Electr. 
[Euro-Ct/ 

kWh] 
- 1.02 1.28 1.54 1.8 2.05 2.05 

Fuels 

Diesel 1) 
[Euro-

Ct/liter] 
31.70 34.77 37.84 40.91 43.98 47.04 15.34 

gas 1) 
[Euro-

Ct/liter] 
50.11 53.18 56.25 59.32 62.39 65.45 15.34 

natural 
gas 

[Euro-
Ct/liter] 

6 7 7 8 8 8 2 

liquid 
gas  

[Euro-
Ct/liter] 

6 7 7 7 8 8 2 

fuels for heating 

Light oil 
[Euro-
Ct/liter] 

4.09 6.14 6.14 6.14 6.14 6.14 2.05 

Heavy 

oil 

[Euro-Ct/ 

kg] 
1.53 1.53 1.79 1.79 1.79 2.5 0.97 

Natural 

gas 

[Euro-Ct/ 

kWh] 
0.18 0.344 0.344 0.344 0.344 0.55 0.37 

1) Since 2001 for low-sulfur fuels, since 2003 for fuels without any sulfur  

 
9.3.3. Nuclear phase-out 

 
On April 26, 2002 the "Act on the structured phase-out of the utilisation of nuclear energy for the 
commercial generation of electricity" came into force, /27/. It makes fundamental amendments to 
the 1959 Atomic Energy Act by stipulating the phase out of the use of nuclear energy in a 
structured manner. Among the key points of the amendment is the ban on constructing new 
commercial nuclear power plants. The new act lays down a maximum permitted residual electricity 
volume for each existing individual nuclear power plant. The electricity volumes of older nuclear 
power plants can be transferred to other plants and the on-going operation must be ensured up to 
the date of the plant’s discontinuation. The nuclear electricity production of about 2 623.3 TWh 
(1.1.2000) will gradually decrease and be phased out by the year 2022. At the end of the year 2004 
an amount of about 1 829.0 TWh remains of the electricity generation within the nuclear power 
plants. On November 14, 2003, E.ON Energie closed its Stade nuclear power plant, marking the 
first plant to be decommissioned and Germany’ s oldest nuclear power plant, Obrigheim, closed in 
2005. The government plans to compensate for the loss of nuclear power with renewables and 
increased use of natural gas. Use of coal could also increase slightly. 
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9.3.4. Hard coal subsidies 
 
In July, 2003 the German Government, the state of North Rhine-Westphalia, the industrial union of 
mining, chemistry, energy and the RAG Company set the framework for further support of the 
German hard coal mining industry in the period 2006 to 2012, /28; 29/. The financial aids from the 
Government and the states will fall from about 2.7 bn Euro in 2005 to 1.83 bn Euro in 2012. 
Throughout the entire period public financial assistance to support sales of German hard coal and 
towards expenditure on closures will amount to a total of up to 15.87 bn Euro. The company RAG 
with its subsidiary DSK (Deutsche Steinkohle AG), which operates the German pits will make a 
contribution of about 1.13 bn Euro. Output of German hard coal will be brought down to about 
469 PJ (11 Mtoe) by the year 2012. The EU Commission has approved the limitation of hard coal 
subsidies till 2010. 
 

9.3.5. Renewable Energy Sources Act (EEG) 
 
The aim of the Renewable Energy Sources Act (EEG) is to double at least the amount of electricity 
generated from renewable energy sources by 2010 (12.5%) compared to 1999 (5.8%), /30/. Thus 
electricity generation from renewable energy resources in Germany is supported by this act (EEG, 
renewed in 2004) which guarantees fixed feed-in tariffs.  
 
Therefore, electricity grid operators are obliged to purchase electricity produced with hydropower, 
landfill gas, sewage treatment plant gas and mine gas, with biomass, geothermal and wind energy 
as well as electricity produced from solar radiation prior to electricity produced from other 
resources. Also, grid operators have to guarantee sufficient grid capacity for the transport of this 
electricity. They have to pay a specific price for this electricity, which is set by the law and is 
calculated by estimating the production costs for this energy.  
The feed-in tariffs are differentiated according to energy forms, size of power plants, applied 
technology (e. g. innovative technologies, etc) and the use of special subforms of specific energies 
(e. g. for biomass). The legally fixed feed-in tariffs and the relevant electricity can be passed on by 
the grid operators to the transport system operators, who afterwards balance the electricity and the 
tariffs nationwide with regard to the amount of electricity supplied by the relevant suppliers to 
customers. In the end the customers of the suppliers have to pay the difference between the costs 
for the feed-in tariffs and the market price for the electricity to their suppliers. Also with regard to 
costs for grid measures to guarantee the feed-in of the electricity the Renewable Energy Sources 
Act leads to an increase in electricity prices for customers. 
 

9.3.6. CHP Law 
 
In April 2002 the new German CHP Law, the “ Law on the Conservation, Modernization and 
Development of Combined Heat and Power”  came into force, /31/. The law enacts a duty to 
connect certain types of CHP units to the grid and to purchase their electricity feed-ins to the public 
grid. On top of the agreed price for this feed-in, the operators of the units are entitled to obtain 
supplementary payments on each kWh feed-in as given in Table 19. If an agreement on the feed-in 
price cannot be reached between the CHP plant operator and the operator of the relevant grid, the 
plant operator is entitled to claim the stock exchange price for baseload electricity, as traded at the 
European Energy Exchange (EEX). This measure is limited to CHP power plants with not more 
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than 2 MW electrical capacity. Thus the law increases the financial returns and it will therefore 
support the continued operation and modernization of already existing CHP plants regardless of 
their size. It also aims to encourage the installation of new small-scale CHP units up to 2 MWe 
electrical capacity and applications based on fuel cell technology.  
 

Table 19:  Supplementary payment for electricity feed-ins of CHP plants to the public 
grid /31/ 

2002 2003 2004 2005 2006 2007 2008 2009 2010 
 

Euro-Ct/kWh 

Existing old CHP plant (start 

of operation until 31/12/89) 
1.53 1.53 1.38 1.38 0.97     

Existing new CHP plant (Start 
of operation between 01/01/90 

and the date when the new law 
comes into effect) or existing 

old CHP plant modernized 
within this period of time 

1.53 1.53 1.38 1.38 1.23 1.23 0.82 0.56  

Modernized CHP plant 
(existing old CHP plant 

modernized after the new law 
came into effect) 

1.74 1.74 1.74 1.69 1.69 1.64 1.64 1.59 1.59 

New small-scale CHP plant 

between >50 and 2000 kWe 
2.56 2.56 2.40 2.40 2.25 2.25 2.10 2.10 1.94 

New small-scale CHP plant ��
50 kWe which start continuous 
operation before the end of 

2005, and fuel cell units 

5.11 Euro-Ct/kWh for a period of 10 years beginning from the start of 
continuous operation 

Supplementary payments for small scale CHP plant up to 2 MWe (this includes also unit <50 KWe) will only 
be made up to a total electricity feed-in of 17 TWh from these plants 

 
9.3.7. Federal Immission Protection Law 

 
Recent power plants fulfill the environmental requirements according to the environmental 
protection limits of the regulation of large combustion plants according to the Federal Immission 
Protection Law (Bundes-Immissionsschutzverordnung - 13. BImSchV), /32/. Its amendment passed 
the Parliament on June 2004 and intensifies the reduction of emissions of power plants depending 
on their combustion capacity. The regulation is based on recent western standards. Future power 
plants will be designed with the environmental protection systems including pollution control 
equipment to comply with it. 
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Table 20:  Environmental limit values of emissions for large combustion plants as 
stipulated in /32/ 

Pollutant  Coal Oil Gas 
SO2 [mg/m³] 8501) / 2002)3) 8501) / 200-4002) / 

2003) 
35 

NO2 [mg/m³] 4001) / 2002)3) 180, 200, 2501) / 2002) 

/ 1503) 
1001) / 1002)3) 

CO [mg/m³] 1501) / 2002)3) 80 50 
Dust [mg/m³] 20 204) 5 

1) Plants with a combustion capacity between 50 and 100 MW 
2) Plants with a combustion capacity between 100 - 300 MW 
3) Plants with a combustion capacity bigger than 300 MW 
4) By the use of light oil the soot value of 1 is valid. 

 
9.3.8. Emission trading 

 
In the context of the implementation of the Kyoto Protocol, the European Union launched its 
emissions trading scheme on 1 January 2005. On the basis of the Emissions Trading Directive, 
which came into effect in October 2003, EU Member States are obliged to adopt National 
Allocation Plans (NAP) to the Commission for notification, /33/. The NAP of Germany was 
represented on March, 31 2004 to the European Commission. It shows how many CO2 emission 
allowances Germany plans to allocate for the 2005-2007 trading period, and how many emission 
allowances each plant will receive. The emissions trading system provides an economic basis for 
lowering emissions of climate-damaging CO2 where such a reduction is most cost-efficient. This 
means that ecologically effective action is implemented economically.  
 
In general, under the European burden sharing agreement, Germany has pledged to reduce 
emissions of the six greenhouse gases by the period 2008-2012 by 21% compared with the hybrid 
baseline year 1990/1995 (refer to Table 14). The National Inventory Report for 2003 gives 
greenhouse gas emissions for the baseline year as 1 218.2 Mt CO2 equivalents. Averaged, over the 
commitment period 2008-2012, this results to an annual emissions budget of 962 Mt CO2 
equivalents. During the initial stage, the EU Emissions Trading Directive is confined to CO2-
emissions. The German government estimates that the total annual emissions of the other five 
greenhouse gases in the period 2008-2012 will fall to about 116 Mt CO2 equivalents compared to 
203.7 Mt CO2 equivalents in the baseline year, resp. 127 Mt CO2 equivalents in the period 1999-
2001. This leaves a national CO2 emissions budget during 2008-2012 of 846 Mt CO2 per year. 
Compared to the annual average for 2000/2002, this requires an additional CO2 reduction of about 
17 Mt or 2%. Table 21 sums up the national emissions budgets described for the periods 2005-2007 
and 2008-2012. 
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Table 21:  Greenhouse gas emissions in Germany 2005-2007 and 2008-2012 /33/ 

Year CO2 CH4 N2O HFCs PFCs SF Total 
non 
CO2 

Total 

 in Mt CO2 equivalent 
Base year 1 014.4 101.1 87.9 6.4 1.8 6.6 203.7 1 218.2 
Average 
2000/20021) 

863 55 60 7 1 4 127 990 

Target 2005-
2007 

859      123 982 

Target 2008-
2012 

846      116 962 

1) Average for non-CO2 emissions during 1999-2001 

 
Specific reduction targets are set for each branch of industry and the individual installations 
concerned, which will receive this quantity of free emissions allowances (grandfathering) as of 
September, 30 2004 for the first trading period 2005-2007. In the first trading period, one emission 
certificate authorized the owner to emit 1 t of CO2 per year. The certificates are tradable. If the 
company meets the targets by means of its own cost-saving CO2 reduction measures, it can sell 
unused certificates on the market. Alternatively, it will buy additional certificates on the market if 
its own reduction measures become more expensive. If a company does not meet the reduction 
requirements, sanctions are due, which amount to 40 Euro per ton of carbon dioxide in the first 
trading period (2005/2007). The failed reduction requirement still has to be fulfilled in the 
following year.  
 
The CO2 emissions budgets for the energy and industry sectors during the periods 2005-2007 and 
2008-2012 have been determined by defining the budgets for total greenhouse gas emissions and 
for CO2 emissions as mentioned above. This automatically also defines the emissions budgets over 
those two periods for the totality of the remaining sectors (Table 22). For the entire reduction of 
17 Mt CO2 the energy conversion and industry sector has to reduce 10 Mt CO2 till 2012 and 
additional 7 Mt CO2 has to be decreased within the household, transport and 
trade/commerce/service sector. 
 

Table 22:  CO2 emissions budgets 2005-2007 and 2008-2012 in Germany by 
sectors /34/ 

Year Energy conversion / 
Industry 

Households, Transport, 
Trade/ commerce/ services 

Total 

Average 
2000/2002 

505 358 863 

Target 2005-
2007 

503 356 859 

Target 2008-
2012 

495 351 846 
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In Germany, operators of about 1 849 installations are able to participate in emissions trading from 
2005 onwards. In particular, this applies to all large combustion plants (thermal output higher than 
20 MW) as well as larger installations in the energy-intensive sectors. For the period 2005-2007 
about 1 485 millions certificates were distributed to the operators, thereof about 78.9% account for 
energy generating plants and 21.1% for industrial plants (Table 23).  
 

Table 23:  Emission certificates for the industry and energy conversion sector 
taken from /34/ 

Sector Emission certificates 2000-2007 Number of plants 
 [million] [%] [-] 
Energy plants 1 171 79 1236 
Industrial plants 314 21 613 
- Iron / Steel  101 321) 39 
- Refineries 73 231) 37 
- Cement 71 231) 48 
- Lime / Sugar 28 91) 67 
- Paper 15 51) 122 
- Glass 14 41) 90 
- Ceramics 8 31) 206 
- Pulp 4 11) 4 
Totals  1 485 100 1 849 

1) Based on the number of emission certificates of industrial plants 

 



 131 

9.4. Bibliography 
 
1 Deutschland auf einem Blick. http://www.deutschland.de/aufeinenblick/ 
2 Auswärtige Amt: http://www.tatsachen-ueber-deutschland.de/ 
3 Statistisches Bundesamt Deutschland: http://www.destatis.de/. 
4 Statistisches Bundesamt Deutschland: Volkswirtschaftliche Gesamtrechnungen,  Wichtige 

Zusammenhänge im Überblick 2004. Wiesbaden 2005 
5 Bundesministerium für Wirtschaft und Arbeit (BMWA): Zahlen und Fakten Energiedaten - 

Nationale und internationale Entwicklung, 02.2000. http://www.bmwa.bund.de/ 
6 Institut Wohnen und Umwelt (IWU), Forschungseinrichtung des Landes Hessen und der Stadt 

Darmstadt: Gradtagszahlen in Deutschland, 05.2005.   
http://www.iwu.de/deutsch/arbeitshilfen.htm 

7 Arbeitsgemeinschaft Energiebilanzen (AGEB): http://www.ag-energiebilanzen.de/ 
8 Deutsches Institut für Wirtschaftsforschung (DIW): Primärenergieverbrauch in Deutschland 

von hohen Energiepreissteigerungen und konjunktureller Belebung geprägt. Wochenbericht 
des DIW, Berlin. Nr. 7/2005. http://www.diw.de/ 

9 Böhmer, T.: Nutzung erneuerbarer Energien zur Stromerzeugung in Deutschland im Jahr 2003. 
ew, Heft 10; 2005, S. 14-20 

10 Verband der Elektrizitätswirtschaft (VDEW): Stromdaten. Stand: April 2005. Berlin 2005.  
11 Verband der Elektrizitätswirtschaft (VDEW): Entwicklung der Stromversorgung 2004. VDEW 

Materialen, M-01/2005. Berlin 2005 
12 Verband der Elektrizitätswirtschaft (VDEW): Stromdaten. Stand: Oktober 2004. Berlin 2004.  
13 Blesl, M.; Fahl, U.; Kempe, S.; Voß, A.: Wirtschaftlichkeit neuer Stromerzeugungs-techniken 

im Hinblick auf eine nachhaltige Entwicklung. ew, Heft 13; 2005, S. 32-37 
14 Europäische Gemeinschaften, 2005. EUROSTAT: http://epp.eurostat.cec.eu.int/ 
15 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit: Umweltpolitik; 

Environmental Policy. Renewable energy sources in figures – national and international 
development. Berlin 2004 

16 Deutsches Institut für Wirtschaftsforschung (DIW): CO2-Emisssionen in Deutschland im Jahre 
2003: Witterungsbedingt leichte Steigerung. Wochenbericht des DIW, Berlin 10/04.  
http://www.diw.de/ 

17 Prognos AG: Energiereport IV. Die Entwicklung der Energiemärkte bis zum Jahr 2030. 
Energiewirtschaftliche Referenzprognose. Köln, Basel, April 2005. 

18 United Nations Framework Convention on Climate Change (UNFCC): http://ghg.unfccc.int/ 
19 European Commission: European Energy and Transport – Trends to 2030. http://europa.eu.int. 

Belgium 2005 
20 Union of the Electricity Industry (EURELECTIC): statistics and prospects for the European 

electricity sector (1980-1990, 2000-2020). 32ND edition. EURPROG Network of Experts 2004: 
http://www.eurelectric.org. Brussels 2004 

21 Enquete Kommission: Nachhaltige Energieversorgung unter Bedingungen der Globalisierung 
und der Liberalisierung, Abschlussbericht.  
http://www.bundestag.de/ gremien/ener/schlussbericht/index.htm. Deutscher Bundestag. 
Berlin 2002. 

22 Umweltbundesamt (UBA): Klimaschutz in Deutschland bis 2030. Endbericht zum 
Forschungsvorhaben Politikszenarien III. http://www.umweltbundesamt.de. Berlin 2005 

23 Energy Information Administration: http://www.eia.doe.gov/emeu/cabs/germany.html 



 132 

24 Umweltbundesamt (UBA): Kurzinformationen zur Neuregelung des Energiewirtschaftsrechts. 
Juni 2005 

25 Umweltbundesamt (UBA): Ökosteuer – sparen oder zahlen? Berlin 2002 
26 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit: Die Ökologische 

Steuerreform: Einstieg, Fortführung und Fortentwicklung zur Ökologischen Finanzreform. 
Februar 2004. http://www.bmu.de/ 

27 Bundesregierung: Gesetz zur geordneten Beendigung der Kernenergienutzung zur 
gewerblichen Erzeugung von Elektrizität. http://www.bundesregierung.de/ 

28 Gutberlet, K.; Hilligweg, G.: Steinkohle. BWK Bd. 57, Nr. 4; 2005, S. 70-75. 
29 Bundesministerium für Wirtschaft und Arbeit (BMWA): Annual Economic Report for 2004. 

Berlin 2004 
30 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU): Renewable 

Energies Innovation for the Future. Berlin 2004 
31 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU): Gesetz für die 

Erhaltung, die Modernisierung und den Ausbau der Kraft-Wärme-Kopplung. 
http://www.bmu.de/klimaschutz/ 

32 Bundes-Immissionsschutzgesetz: Federal Immission Protection Law: Dreizehnte Verordnung 
zur Durchführung des Bundes-Immissionsschutzgesetzes (Verordnung über Großfeuerungs- 
und Lastturbinenanlagen – 13. BImSchV. Berlin 2002 

33 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU): National 
Allocation Plan for the Federal Republic of Germany 2005-2007. Berlin 2005 

34 Umweltbundesamt (UBA), Deutsche Emissionshandelsstelle (DEHST): Emissionshandel in 
Deutschland: Verteilung der Emissionsberechtigungen für die erste Handelsperiode 2005-  
2007. 2004 

 
 
 



 133 

 
 
 
 
 
 
 
 
 
 
 
 
 

10. Greece 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P. Capros 
 
 
ICCS/NTUA 
Greece 
 

 

 

 



 134 

10.1. Energy-related and socio-economic analysis: past, present and future 
 

10.1.1. Factual information 
 

10.1.1.1. Geography & population 
 
Greece has a surface area of 131940 km², including an archipelago of more than two thousand 
islands. Greece is a peninsular country located at the southern part of South-East Europe. There are 
several mountains leaving arable land which corresponds to only 21.1% of total surface. Greece has 
a coastal line of 14,220 km. Greece’ s climate is temperate and mild, with wet winters and hot dry 
summers. 
 
Greece counts 11 million inhabitants and approximately 4.7 million households. 
 

10.1.1.2. Economy and Energy Demand 
 
Greece is since 1981 a member of the European Union and since 2002 a member of the European 
Monetary Union. Greece has a market economy with the public sector accounting for 40% of GDP 
and with per capita GDP slightly above 70% of the leading euro-zone economies. Tourism provides 
15% of GDP, agriculture 7% and industry 22%. In purchasing power parity, Greece’ s GDP per 
capita was 15 thousand euros in 2004.  
 
Over the last five years GDP growth was steadily higher than 3.5% per year, in real terms. Inflation 
is constantly around 3% on an annual basis. Unemployment is high, exceeding 10% of active 
population. Public debt, being higher than 110% of GDP, and public budget deficit which exceeds 
the EU stability pact criterion of 3% of GDP are the most important problems of the Greek 
economy. Public debt, inflation and unemployment are all above the euro-zone average. 
 
The services sector accounts for 70% of total value added and manufacturing accounts only for 
11.7%. There exist no more than 200 industrial plants that are heavy energy users, among which 
only 50 are directly connected to high voltage power. Iron and steel, nickel and other metals, 
aluminium melting, cement and basic chemicals are the most important heavy energy-using 
industrial activities. 
 
The use of primary energy per capita is 75% of the EU-15 average but energy intensity is higher by 
25% of the EU-15 average. Electricity consumption per capita is in Greece at 80% of the EU-15 
average. Energy intensity has improved by 8% over the last 15 years, but deteriorated in houses and 
in the tertiary sector by more than 15% over the same period. The use of electricity is expected to 
grow over the next ten years at rates slightly above GDP growth, as it was the case over the last 
fifteen years. There is a significant potential for more rational use of energy in buildings and in the 
transportation sector. 
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10.1.1.3. Energy Supply 
 
Greece has large endowments of lignite of low calorific value, but has little hydrocarbon resources.  
These lignite endowments have a large influence on the energy balance and as a consequence on 
the environmental issues as well. 
 
Estimations of Greece fossil reserves: 

- Lignite: 3.5 Gt (exploitable through open air mines) which implies more than 50 years 
of reserve at current utilisation level; however opening of new lignite mines involves 
considerable environmental damages and is very unlikely given the current land use 
constraints; despite their low calorific value (0.125 toe per ton) the lignite resources 
extracted from the currently open mines are very competitive in economic terms; 

- Hydrocarbons: The proven oil reserves are 1.2 Mt and those of gas 1 Gm3. 
 
Greece has a considerable technical potential of renewable energy resources. The hydro potential is 
estimated at 84 TWh/year, but generation from lake reservoirs is very unlikely to exceed 4500 
GWh annually. The deployment of small hydro generation is very limited due to environmental 
restrictions. The wind potential is important (theoretically up to 10,000 MW) but very little 
exploited mainly due to the fact that most of the windy areas are deprived from high voltage power 
grid. Solar radiation is also important in Greece. 
 
Natural gas was introduced into the Greek energy balance since the late 90s after the construction 
of a gas pipeline of 8 bcm capacity which goes from the North to the South of Greece and a LNG 
gasification terminal in the Attiki region. Despite this infrastructure, gas is penetrating very slowly 
in final energy consumption. Currently 2.1 bcm of gas are imported from Russia and 0.5 bcm of 
LNG gas from Algeria. Most of this gas (77%) is used in power generation. Gas is the fastest 
expanding energy form. This is expected to continue in the next two decades. Energy imports of 
Greece are expected to increase significantly in the future, consisting mainly of gas to be used 
mainly in power generation and crude oil to be used mainly in transportation.  
 
Import dependency of Greece, being 67% in 2000, may reach 75% over the next twenty years. Gas 
imports are considered an important policy issue, given the high dependence of incremental power 
generation on gas and the current dependence on a single supplier and a single pipeline. This 
explains the efforts to diversify gas imports by origin and to expand the LNG terminal, as well as 
the priority given to new projects of gas interconnection, linking Greece with Turkey and with 
Italy. The new gas linkage to Turkey is under construction (expected to finish by 2008). 
 
The production of crude oil is negligible and covers less than 1 % of the oil needs. Crude oil 
imports come for 50% from Russia, 25% from Saudi Arabia and 13% from Iran. With 4 refineries 
with a quasi-stable capacity (0.40 Mbl/d since 1990), Greece is largely over-equipped compared to 
its needs. The modernization of its refineries allows the country to export light products (gasoline, 
jet fuel) but import diesel and heavy oil. 
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The main energy balances and indicators are summarised in the table below. 
 
[Mtoe] 2000 2005 [Mtoe] 2000 2005 

            

Gross Inland Consumption (=TPES) 28.08 32.39 Final Energy Demand (TFC) by 

Sector 

18.48 21.77 

Solids 9.04 9.95 Industry 4.40 5.49 

Oil 15.93 19.97 Residential 4.48 5.03 

Natural gas 1.71 2.34 Tertiary 2.40 2.89 

Nuclear 0 0 Transport 7.20 8.35 

Electricity -0.01 0.5 Final Energy Demand (TFC) by Fuel 18.48 21.77 

Renewable energy forms 1.41 1.97 Solids 0.89 0.82 

Net Imports 21.98 25.71 Oil 12.46 12.95 

Import Dependency [%] 70% 70% Gas 0.24 1.64 

Energy Intensity Indicators (1990 = 100)     Electricity 3.71 4.63 

Industry (Energy on Value Added) 94.52 92.63 Heat 0.19 0.32 

Residential (Energy on Private Income) 110.35 104.74 Other 0.99 1.40 

Tertiary (Energy on Value Added) 126.46 120.87       

Transport (Energy on GDP) 98.38 91.97       

 
10.1.1.4. Electricity 

 
In 2004, 57 TWh of electricity were produced in Greece of which 52 TWh in the mainland 
(Greece’ s interconnected system) and 5 TWh in non-interconnected islands. In the same year, net 
imports were 3 TWh and transit flows to Italy were 1.5 TWh. Net generation electricity was 49 
TWh in the mainland and 4.5 TWh in the non-interconnected islands. Electricity was mainly 
generated from lignite (32.5 TWh), followed by gas (8 TWh), hydro-reservoir (4.9 TWh) and oil 
products (2.7 TWh). In the non-interconnected islands almost all electricity was generated by using 
oil. Renewables (except hydro-reservoirs) contributed by 0.9 TWh only. 
 
Peak electricity demand takes place in July and is increasing faster than total electricity demand 
because of the fast penetrating air conditioning systems. On July 12, 2004, Greece experienced a 
severe black out which was due to insufficient generation capacity, mainly in the South of the 
country near Athens, where most of the load is located. At the moment of power supply disruption 
the peak load attained 9370 MW, which is the maximum load ever seen. Estimations say that peak 
demand could have been 9600 MW if the disruption was not taken place. 
 
The disruption revealed two fundamental problems of the Greek power supply system. First, the 
geographical imbalance between generation plants mainly located in the North (where lignite and 
hydro is located) and demand load mainly concentrated in the South. Grid reinforcements and 
measures aiming at managing reactive power proved not sufficient to prevent the disruption. The 
second problem is lack of investment in new generation plants, a failure which is attributed to the 
incomplete and distorted electricity market liberalisation. 
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All power plants currently in operation in Greece date from the times of centralised planning of 
investment, as implemented by the state-owned monopoly company (PPC SA) until 2000. Except 
small scale renewables, not a single new plant was constructed on a private basis since 2000. The 
electricity market is fully controlled by the dominant vertically integrated company, namely PPC 
SA, who owns almost 100% of current generation capacity, holds 97% of electricity customers and 
owns the entire transportation and distribution grid. Although, since 2004 all customers, except the 
residential users and those located in non-interconnected islands, are eligible, few customers 
changed supplier. Currently, the few competitors of PPC are electricity traders who import up to 
200 MW in total from Bulgaria. They are supplying peak needs of few industrial customers. 
 
The installed power generation capacity of about 13.7 GW (gross) is mainly based on lignite firing 
plants (5.2 GW), followed by hydro-reservoir plants (3 GW), oil plants (2.7 GW of which 1.6 GW 
located on non-interconnected islands) and gas plants (1.9 GW of which 1 GW corresponds to 
modern combined cycle gas plants). Small-scale renewables have a total capacity of 710 MW of 
which 590 MW are wind parks. Cogeneration is poorly developed in Greece: 110 MW of CHP 
plants in industrial users, 90 MW in refineries and a small scale CHP district heating from lignite 
power plants in the North of Greece.   
 
All analytical studies have identified lack of generation capacity especially in the South of Greece. 
Expansion of the generation park is expected to take place over the next 10 years mainly through 
combined cycle gas plants. Currently two new combined cycle plants of a total capacity of 800 MW 
are under construction by PPC SA and the state-controlled dominant refinery company. These 
plants are expected to be commissioned in 2006. It has been identified that an additional capacity of 
1200 to 1500 MW of combined cycle gas plants are necessary in the coming 3-7 years. According 
to the amended electricity law (in 2003), financial incentives will be set in place to attract private 
generation companies for the delivery of this additional capacity. This policy package has not been 
yet implemented, so there is still uncertainty about the deployment of this private investment. The 
same law allowed PPC to replace old power plants by new ones up to a total capacity of 1600 MW. 
It is expected that PPC will build in the future 1200 MW of combined cycle gas plants and a new 
400 MW lignite plant. New coal plants are expected to emerge beyond 2015. New hydro-reservoir 
lakes are practically not possible. There are no prospects about the deployment of nuclear energy in 
Greece. 
 
Despite its considerable wind power potential and the subsidisation support schemes that are in 
place, the development of wind power is progressing slowly. This is mainly due to two reasons: the 
implementation difficulties related to land use planning and other administrative procedures, and; to 
the lack of high voltage power grid in the windy areas. More than 4,000 MW of wind parks are in 
the pipeline, but it is expected that less than 2,000 MW will be effectively constructed in the next 5-
10 years. The realistic potential for small hydro plants is not higher than 200 MW. The 
development of biomass plants is also slowly progressing, except for plants exploiting landfill gas. 
There are prospects for the development of high enthalpy geothermal energy (up to 100 MW), but 
this is expected beyond 2010. 
 
Since 2002, Greece is linked with Italy through a 500 MW of DC power interconnection. This 
cable has allowed for extensive transit flows from the Balkans to Italy, an activity which is 
expected to continue in the future. It is expected that by 2008 Greece will also be connected with 
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Turkey through a new high voltage line currently under construction. The total capacity of power 
imports of Greece from the northern system cannot exceed 750 MW (this is the NTC capacity) 
although the physical interconnections have a capacity of 1500 MW. This limited capacity and the 
constraints from the transit flows to Italy restrict the overall contribution of imported electricity to 
the Greek electricity balance to less than 7-8%. This is not likely to change unless new 
interconnections with the North are built, a process which might take more than 7-8 years. The 
electricity system of Greece, as well as the Balkan grid, is operating, since 2004, under the full 
synchronous mode of UCTE. 
 
The main electricity balances and indicators are summarised in the table below. 
 

 2000 2005 

Electricity Net Imports [TWh] 0 3.5 

Electricity Generation [TWhe] 53.4 62.2 

 Hydro 2.11 3.82 

                Small scale renewables 0.9 1.9 

 Thermal 49.3 57.0 

                - of which lignite 34.2 34.4 

                - of which gas 5.4 10.7 

                - of which oil 9.2 11.4 

Grid losses [TWhe] 4.3 5.3 

Self consumption incl. pumping [TWhe] 4.3 4.6 

Efficiency for thermal electricity production [%] 32 33 
 
 

10.1.1.5. Environmental issues 
 
As mentioned before, the rich lignite endowments put a considerable load on the environment, both 
by the mining industry as by the electricity production. Greece has a commitment to limit the 
increase of greenhouse gas emissions in 2010 to a level of 25% compared to the 1990 level. This 
commitment has been reflected in the recently approved National Allocation Plan submitted to the 
European Commission. Achieving this objective raises important policy concerns regarding power 
generation from lignite. The current national plan states that generation from solid fuels should 
stagnate over the next 20 years. 
 
The main balances and indicators concerning the CO2-emissions are summarised in the table below. 
 

 2000 2005 

   

CO2-emissions [Mt of CO2] 89.2 97.8 

 Electricity and Steam production 44.0 48.3 

 Energy Branch 3.4 3.3 

 Industry 9.6 9.7 

 Residential 4.8 7.4 

 Tertiary 3.3 3.9 
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 Transport 21.2 24.5 

CO2-emissions Index (1990 = 100) 125.4 137.5 

Carbon intensity [t of CO2/toe of GIC] 3.2 3.0 

CO2-emissions/Capita [t of CO2/inhabitant] 8.4 8.9 

CO2-emissions to GDP [t of CO2/MEuro ‘00] 725.6 641.0 

Carbon Intensity indicators   

 Electricity and Steam production [t of CO2/MWh] 0.82 0.70 

 Final energy demand [t of CO2/toe] 2.28 2.12 

     Industry 2.29 2.09 

     Residential 1.66 1.25 

     Tertiary 1.39 1.34 

     Transport 2.95 2.93 

 
 

10.1.2. Trends 
 

Growth rates [% per year] ’90-‘00 ’00-‘05 ’05-‘10 

        

TPES 2.4 3.1 2.0 

Coal 1.1 1.5 0.8 

Oil 2.2 0.7 0.9 

Gas 28.6 20.2 7.6 

Electricity - -407.4 4.6 

Total Renewables 2.4 9.0 3.0 

TFC 2.4 3.3 2.1 

Electricity Consumption 4.2 4.6 3.2 

Oil 2.3 0.8 1.2 

Gas 32.9 46.9 8.4 

GDP 2.3 4.4 3.5 

Growth in the TPES/GDP Ratio 0.0 -1.3 -1.5 
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10.2. Policy 
 

10.2.1. General framework 
 
Greece’ s energy policy fits in the EU-integration and the fulfilment of international obligations 
concerning environmental issues.  The energy policy is based on four objectives: 

- Security of energy supply 
- Economic efficiency – low prices 
- Environmental protection 
- Regional development 

 
Despite the considerable lignite reserves of Greece, security of supply is an important policy issue 
because of dependence on imports of hydrocarbons. In relation to environmental policy restrictions, 
natural gas is considered as the strategic fuel for the medium term, since natural gas is expected to 
cover the rather fast growing incremental energy needs of Greece, including incremental needs for 
power generation. Security of supply of gas imports, increase of competition in the upstream gas 
supply and new interconnections are among the key issues of the energy policy.  
 
The public administration involves the Ministry of Development who has probably the entire 
decisional power to set the legislation, supervise and control the state-owned companies (who 
control all energy markets in Greece) and regulate the market and the prices, including the supply 
prices of gas and electricity. The Regulatory Authority for Energy (RAE) has been established in 
2000, but its decisional powers have been extremely limited. In most cases, RAE is only allowed to 
submit an opinion to the Minister who takes the decisions. The new electricity and gas directives 
have not yet been transposed to the Greek legal system. The three state-owned energy companies, 
namely PPC (electricity), DEPA (gas) and ELPE (oil) are dominating the energy markets.  
 

10.2.2. Electricity and gas market policy 
 
Since February 2001, liberalisation started in the electricity sector. Until July 2004 only customers 
connected to high and medium voltage grids were allowed to select their supplier. From July 2004, 
all consumers except the residential ones became eligible. However, a very small number of 
industrial customers have bought electricity from non PPC supply and all of them for small 
amounts on top of their current PPC supply contracts. The Greek electricity TSO is an independent 
state-owned company with no ownership of the grid. To provide third party access, the TSO rents 
the grid from PPC according to regulated tariffs. 
 
The lack of private investments in power generation is probably the most important policy issue. It 
was expected that such investments would enable both security of electricity supply and 
competition in the electricity market. These expectations proved to be wrong for various reasons, 
such as: a) the dominance of PPC in the supply market; b) the regulation of supply prices to a low 
level, below the costs calculated with private rates of return on capital, and c) the difference 
between PPC’ s power mix which hedge against price variability (as lignite has a substantial part in 
the mix) and the mix of private competitors which is based on gas produced electricity and little 
imports. This policy failure explains the reform of the power market organisation that took place in 
2003 but has not been yet implemented. According to the new amended electricity law, a 
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mandatory electricity pool will be established in Greece. The pool will probably operate in 2006 
and will involve all PPC’ s plants, one plant of the state-owned refinery company and few traders 
who import electricity. In 2006, no more than 600 MW over a total of 12,000 MW will be managed 
by non PPC entities. The amended law also envisages the establishment of a capacity certificate 
system which will impose on suppliers the obligation to hold an adequate number of certificates 
issued by Greek power plants. The certificates will be tradable and the possible contracts for 
differences may provide financial security to future investors. In addition, the Greek TSO who will 
also be manager of the pool will put in place partial revenue guarantees for some of the new power 
plants to be constructed by private entities. It is expected that these incentives will be put in place in 
2006. Their outcome is however still uncertain. 
 
In the gas market, the entire infrastructure is owned by a vertically integrated state-owned company 
(DEPA). The gas market is still under a monopoly regime, as Greece being considered as a gas 
emerging market got an exemption from the previous gas directive. The tariffs for gas 
transportation and LNG are five times more expensive than in the rest of the EU because of the 
investment cost of the over-dimensioned infrastructure as compared with the current gas 
consumption. This is one of the major obstacles to rapid expansion of the use of gas in power 
generation. However, in order to facilitate gas procurement from new power generation investors, 
the amended law of 2003 provided for gas market liberalisation for power generation users by 1st 
July 2005. The legislation about gas market organisation is still pending. Regarding gas distribution 
in the cities, a monopoly regime is established which will last for thirty more years. 
 
The most important policy development in Greece relates to the establishment of an internal energy 
market in the South East of Europe. It is expected that in late 2005, a legally binding treaty will be 
signed to establish the so-called Energy Community of South East Europe.  
 

10.2.3. Environmental policy 
 
Greece has a target for renewable electricity generation of 14% of total electricity in 2010. This is 
considered as a very ambitious target. Policy measures in place provide for a system of feed-in 
tariffs for renewable electricity, except large hydro, and for small scale CHP. In addition, subsidies 
are provided to capital costs of renewable, CHP and energy efficiency investments, covering up to 
40% of investment costs. The available funds for subsidisation are significant. 
 
As mentioned, Greece participated to the EU emission trading scheme and is expected to be a net 
buyer of emission rights. 
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11.1. Factual Information 
 

11.1.1. Geographical and Demographical Description 
 
Hungary is a landlocked country in the centre of Europe with no direct access to a seaport. It 
borders Austria, Slovenia, Croatia, Serbia and Montenegro, Romania, the Ukraine and the Slovak 
Republic. The most important rivers are the Danube, the Tisza and the Lajta. Temperatures in 
Hungary vary from -28° C to 22° C. Average yearly rainfall is about sixty-four centimetres per 
square meter. Distribution and frequency of rainfall are unpredictable. The western part of the 
country usually receives more rain than the eastern part, where severe droughts may occur in 
summertime. Weather conditions in the Great Plain can be especially harsh, with hot summers, cold 
winters, and scant rainfall. Arable land, pastures, meadows, vineyards, and gardens occupy 70 
percent of the total land area. Hungary has large tracts of fertile black soil, especially in the Great 
Plain region. Concentrated in mountainous areas, the forests occupy about 1.5 million hectares. 
 

 
Source: IEA (2003b) 

Figure 1: Map of Hungary 
 
The capital Budapest with about 1.8 millions inhabitants is the biggest city in the country. The total 
population is about 10.2 million. Almost two-thirds of population live in urban regions. The over-
all density of population is about 110 people/km². The average size of a household declined from 
2.62 (1990) to 2.34 (2002). In the next decades this trend is expected to continue, so that the 
average size will be about 2.02 in 2030 /EU 2003/. 
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11.1.2. Economic Situation 
 
In the years 1990 to 1993 the GDP declined substantially because of the transition from a centrally 
planned to a market economy and the collapse of the Former Soviet states. But after these years the 
Hungarian economy has grown very rapidly. With average annual growth rates around 4 %, 
Hungary is the fastest growing OECD country. Since transition, the GDP growth was the highest in 
2000 at 5.2 %. Because of the worldwide economic slowdown the growth declined to 3.9 % in 
2001 and to 3.3 % in 2002. With a rate of 2.7 %, the slowest growth was in the first three quarters 
of 2003. The absolute GDP in Hungary was about EUR2000 59.93 bn in 2003. The unemployment 
rate is one of the lowest in Europe. Between 1997 and 2002 the unemployment rate fell from 8.9 % 
to 5.6 %. In the first two quarters of 2003 the rate rose slightly to 5.8 %. The high economic growth 
in the last years comes also from the fact that Hungary began its transition during the communist 
period with a more pragmatic economic policy. Already under the leadership of Janos Kadar in 
1968, Hungary began liberalizing its economy, introducing the so-called "Goulash Communism." 
Thus Hungary had some significant advantages over other Central European economies, e.g. a 
higher living standard /CIA 2005/. 
 
In the first years after transition the inflation rate was very high with rates around 10 %. In 2002 the 
inflation came down to an annual rate of 5.2 %. The lowest level since transition, at a rate of 3.6 %, 
was reached at May 2003. Then the inflation rate rose again to a rate of 4.7 % in August 2003. At 
the beginning of 2003, the combination of a strong currency and high interest rate spread in a low 
risk environment triggered a speculative attack on the upper end of the Forint’ s trading band. The 
situation was temporarily brought under control through significant interest rate cuts and 
administrative measures. In the aftermath of this turbulence, new inflation targets were agreed to 
between the central bank and the government for 2003 and 2004 (3.5 % +/-1.0 % for both years). In 
June 2003, the Forint’ s central parity against its euro peg was devalued by 2.3 %. This was a joint 
decision by the government and the central bank. A little later the central bank raised interest rates 
again by a total of 3 percentage points in an attempt to strengthen the currency’ s exchange rate 
which had started to depreciate sharply as a reaction to a deteriorating overall market situation, 
reflecting a considerable degree of uncertainty about monetary and exchange rate policy strategies, 
as well as the overall economic policy-mix, in Hungary. This effects were that reference interest 
rates stood at the same nominal level as before the speculative attack in early 2003, whereas real 
interest rates were even higher, given the fall in inflation that had meanwhile occurred. As a 
consequence, the Forint suffers greater volatility, and risk premiums have risen sharply in 2003. 
 
The capital market is developing rapidly. The credit volume grows twice as fast as the GDP. Bank 
profitability remains high, and no significant deterioration of the overall credit portfolio quality 
took place.  
 
Hungary continues to demonstrate strong economic growth and joined the European Union in May 
2004. Foreign ownership of and investment in Hungarian firms are widespread, with cumulative 
foreign direct investment totalling more than EUR2000 24 bn since 1989. Hungarian national debt 
was upgraded in 2000 and together with the Czech Republic holds at the highest rating among the 
Central European transition economies. However, rating agencies have expressed concerns over 
Hungary's budget and current account deficits. Germany is by far Hungary's largest economic 
partner. Policy challenges include cutting the public sector deficit to 3 % of GDP by 2008, from 
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about 5 % in 2004, and orchestrating an orderly interest rate reduction without sparking capital 
outflows. 
 
The main administrative body in the energy sector is the Hungarian Energy Office which was 
created in the early 1990s. It is responsible for licensing producers of gas and electricity, 
determines tariffs for third party access to electricity and gas and is the lead organization for 
consumer protection and investigation of any complaints. The privatisation process had been 
completed at large in 1997 in Hungary. In 2003 the privatisations got a new impulse when the sale 
of 19 remaining larger corporations had started. In late 2003 the large retail bank “ Postabank”  was 
sold to a foreign bank group. The gradual liberalization of the electricity market started in 2003. 
The legal basis for the liberalization of the gas market was set in 2004. 
 

11.1.3. Energy 
 
The total primary energy supply (TPES) in Hungary amounted to 1071 PJ (25.6 Mtoe) in 2002. In 
the years after economic transition the TPES decreased from 1228 PJ in 1989 to 1034 PJ in 1994. 
After an increase in the years 1995 and 1996 TPES was reduced by 1.5 % in 2000. But in the year 
2002 there was an increase in primary energy supply.  
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Source: IEA (2003) 
Figure 2: Total Primary Energy Supply from 1965 to 2001 [PJ] 

 
The energy supply in Hungary is not very diversified. Almost 84 % of the energy is derived from 
the fossil fuels: coal, petroleum and natural gas. In 2002 the most important energy source was 
natural gas with a share of 45 % followed by petroleum products at 25 % and coal at 14 %. Nuclear 
energy is still an important primary energy source at 14 %. Renewables and waste come into 
account at 1.7 % and hydro power at 0.1 %. Natural gas plays a mayor role in Hungarian´s energy 
sector. In 1965 its share on TPES was about 8 %. Since then natural gas gets a more and more 
important role. Like in other European Countries the past dominance of coal decreased. In 1965 the 
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share of coal on energy supply amounted to 62 %. In 1980 it declined to 30 % and in 2002 to 25 %. 
Nuclear energy came into play 1983. Since the beginning of the 90s its share has been stable at 
14 % as Figure 2 shows. 
 
As it can be seen in Figure 3 the dominance of fossil fuels will remain in the future. All renewables 
will account for only 3.5 % of the primary energy supply by 2030. Natural gas still will be the most 
important energy source with a stable share of 45 % by 2030. Solid fuels will play a much greater 
role than today because of the decreasing energy production form nuclear power plants. In 2030 
there will be no electricity produced from nuclear energy. The total primary energy supply will 
achieve its absolute peak in 2020 with 1270 PJ. By 2025 the total supply will decrease to 1257 PJ 
and to 1231 PJ by 2030. 
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Source: EU (2003) 
Figure 3: Total Primary Energy Supply – Future [PJ] 

 
Hungary is a small producer of oil and natural gas. It can be seen from Table 1 that from a total 
supply of oil of 259 PJ only 63 PJ (24 %) was produced in the country. Crude oil is imported 
mainly from Russia. The oil products were imported mainly from the Czech Republic, the Slovak 
Republic, the Ukraine and Russia. The only company in Hungary that owns refineries is the 
company MOL. It was created in 1991 by a merger of nine associated firms of the Hungarian Oil 
and Gas Industry Board and was privatised in 1995. MOL owns and operates all crude oil and most 
of the oil product pipelines and storage facilities. The government is considering selling the 
remaining state-held 25% stake to a private investor. MOL is listed in the Budapest, London, 
Luxembourg and New York stock exchange markets.  
 
According to its three-year (2003-2005) strategic plan MOL wants to double its oil exploration and 
extraction investing EUR2000 40 to 50 million annually on exploration activities in Hungary. In 
2003 MOL reported that it had increased its crude oil production at 8 % year-on-year. On the 
international level MOL is involved in a joint-venture with Russia’ s Yukos to explore and develop 
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the 145 million barrel Zapadno-Malobaik oil field in Western Siberia. Oil production from the field 
is expected to reach 55,000 barrels per day by 2005 /DOE 2004/. 
 
The same import dependence for oil is true for natural gas with a share of domestic production of 
21 %. The domestic proven reserves of natural gas are also minimal. To meet EU membership 
criteria, natural gas is becoming increasingly important to the energy mix. Increased consumption 
of natural gas, as an alternative to coal, is considered to be a key component to meet the stricter EU 
energy use and environmental regulations. Coal is the single abundant fossil fuel in Hungary. Only 
one forth of the total energy coal supply is imported. Hence, the major part of Hungary´s coal use 
in the energy sector is produced in own mines. 
 

Table 1: Production und Imports of Energy for 2002 [PJ] 
[PJ] Production Net Imports Total 

Solid fuels 112 37 150 

Oil 63 196 259 

Gas 99 364 463 

Nuclear 151 15 166 

Renewables 18  - 18 

Total 443 613 1055 
Source: EU (2004) 

 
In the next 30 years the import dependency will rise to a total of 82 % (2002: 58.1 %). Natural gas 
will still be the most important energy source with an import share of 82 % (see Table 2). In 
contrast to 2002 the import share of coal will then be higher than for natural gas with a share of 
83.7 %. Nearly all of the petroleum (90.4 %) will be imported in 2030. One problem of the 
Hungarian energy system is the unchanged high dominance of the fossil fuels. The domestic 
renewables are still unimportant with a total amount of 44 PJ or 3.5 %.  
 
 
 

Table 2: Production und Imports of Energy for 2030 [PJ] 
[PJ] Production Net Imports Total 

Solid fuels 48 244 291 

Oil 33 312 345 

Gas 98 453 551 

Nuclear - - - 

Renewables 44 - 44 

Total 222 1009 1231 
Source: EU (2003) 
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11.1.3.1. Total Final Consumption 
 
Figure 4 shows that total final energy consumption declined from 1990. Total energy consumption 
amounts to 785 PJ in 1990 and to 675 PJ in 2002. In 1990 the consumption of oil and natural gas 
was nearly the same with 251 PJ and 249 PJ respectively. The oil consumption declined in 2002 to 
182 PJ (26.9 %) and the gas consumption increased significantly to 296 PJ (43.8 %). The share of 
solid fuels declined from 13.4 % in 1990 to 4.4 % in 2002. 
The largest share of final demand is that of households and services (52 %), followed by industry. 
Industry accounts for 21 % of final consumption, its share having dropped dramatically from 
around 45 % in the 1970s and 1980s due to restructuring of the industrial production towards less 
energy intensive industries. This is also true for the share of electricity consumption by industry 
which dropped from 48 % in 1990 to 32 % in 2002. In the transport sector 18 % of the final 
demand was used in 2002. 
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Figure 4: Development of the Total Final Energy Consumption [PJ] 

 
11.1.4. Electricity 

 
The electricity supply sector is largly dominated by MVM (Magyar Villomos Muvek) which was 
created 1992. The subsidiaries of the MVM Trust, formed in 1963, responsible for generation, 
transmission and distribution were formed into independent stock companies. As the Electricity Act 
came into force 1994 the generation side of MVM was reorganised into eight different generating 
companies. These are the Vértes, Mátra, Tisza, Bakony, Budapest, Dunamenti, Paks, and Pécs 
power companies. The Paks power plant company owns the only nuclear power plant in Hungary. 
The power plant consists of four Soviet-designed VVER-440 pressurized light water reactors with a 
gross generating capacity between 460 and 471 MW, which were put into operation between 1983 
and 1987 /DOE 2004/. MVM and the Paks nuclear power plant remained in state ownership. The 
government has not yet made a decision regarding the privatisation. Since the liberalisation some 
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big companies took the opportunity to enter the Hungarian electricity market. These are for 
example RWE (Germany), Tractebel (Belgium) and AES (USA). 
 
The electricity supply industry consists of 8.32 GW installed public utility capacity and 220 MW of 
industrial autoproducers /IEA 2004/. The majority of the capacity (6.4 GW) are thermal power 
plants (see table 3). Nuclear capacity amounts to 1.87 GW and hydropower has a capacity of only 
48 MW /EU 2004/. 
 

Table 3: Net Maximum Electricity Generation Capacity in Hungary 
[GW] 1990 1995 2000 2001 2002 

Nuclear 1.76 1.84 1.85 1.87 1.87 

Hydro 0.05 0.05 0.05 0.05 0.05 

Combustible Fuels 5.16 5.33 6.19 6.28 6.40 

Total 6.97 7.22 8.09 8.20 8.32 
Source: IEA (2004) 

 
The three biggest hydroelectric power plants are Kesznyeten, Tiszalök and Klskore with gross 
generating capacities of 4.4, 11.4 and 28 MW. These three plants were build in 1945, 1959 and in 
1975. The power plants fired with lignite were mostly built between 1957 and 1972. Between 1984 
and 1986 there were built three smaller lignite plants in Tiszaujva. The lignite power plants are 
located near to the coal mines and their efficiency is low. Most of them are in the process of being 
decommissioned or refurbished. The lignite deposits are situated in the northeast of the country. 
The brown coal is used mainly in the Mátra power plant which has five generating units with a net 
capacity of 2 x 90 MW (build in 1969) and 3 x 200 MW (build in 1972). Over the next years old 
plants are expected to be decommissioned. The most hard coal fired plants were built in the 1960s 
and 1970s. Many of them have capacities of less then 100 MW and their efficiency is low. But 
there were two new hard coal fired plants commissioned in 2003 and 2004 (figure 5). The most 
multi-fired plants (oil and gas fired) were built in the 1960s and 1970s. Only one plant with 63 MW 
net capacity was commissioned in 1990. In the last years many gas fired units were built. Since 
1995 over 2000 MW new gas fired capacity were commissioned. 
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Figure 5: Commission of the power plants in Hungary 

 
In the next few years new plants, mainly gas and perhaps oil are expected to be build. As table 4 
shows, the total expected capacity will amount to 11.86 GW in 2010. Between 2010 and 2020 a lot 
of new plants could be built. The total generation capacity could then amount to 15.64 GW. The 
growth rate for wind and solar generation capacity will be high in the next decades. But with an 
absolute capacity of 1.47 GW wind and solar will play no important role in the Hungarian 
electricity sector. 
 

Table 4: Electricity Generation Capacity in Hungary – Future Trends 

[GW] 2005 2010 2015 2020 2025 2030 

Nuclear 1.76 1.76 1.76 1.76 0.88 0 

Hydro 0.05 0.05 0.05 0.05 0.06 0.06 

Wind and Solar 0.09 0.38 0.73 1.09 1.26 1.47 

Thermal 7.45 9.67 11.23 12.74 13.78 14.69 

Total 9.35 11.86 13.77 15.64 15.98 16.22 

Source: EU (2003) 
 
In 2002 39 % of the produced electricity comes from the nuclear power plant Paks (see table 5). 
This shows the importance of the nuclear power in Hungary. 30 % comes from gas fired plants 
followed by coal fired plants with 28 %. Oil has a share on the electricity production of about 6 % 
in 2002. Between 1990 and 2002 natural gas became a very important column in the Hungarian 
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electricity sector. Renewables, mainly small run-of-the-river hydroelectricity plants, amount to less 
than 1% of power production. The total electricity produced rose from 28.5 TWh in 1990 to 
36.2 TWh in 2002. The efficiency of electricity generation is 38 % and has improved in the last 
years. Transmission and distribution losses amount to 13 %. Much of the losses are non-technical 
due to electricity pilferage. 
 

Table 5: Gross Electricity Production in Hungary 
[TWh] (PJ) 1990 1995 2000 2001 2002 

Coal 
8.55 

(30.8) 

9.08 
(32.7) 

9.59 
(34.5) 

8.84 
(31.8) 

8.98 
(32.3) 

Oil 
1.35 
(4.9) 

5.28 
(19.0) 

4.40 
(15.8) 

4.19 
(15.1) 

2.14 
(7.7) 

Gas 
4.63 

(16.7) 
5.46 

(19.7) 
6.73 

(24.2) 
8.95 

(32.2) 
10.82 
(39.0) 

Nuclear 
13.73 
(49.4) 

14.03 
(50.5) 

14.18 
(51.0) 

14.13 
(50.9) 

13.95 
(50.2) 

Renewables 
0.21 
(0.8) 

0.26 
(0.9) 

0.29 
(1.0) 

0.30 
(1.1) 

0.26 
(0.9) 

Total 
28.47 

(102.5) 
34.11 

(122.8) 
35.19 
126.7) 

36.41 
(131.1) 

36.16 
(130.2) 

Source: EU (2004) 
 
The electricity Consumption in 2002 was 33.34 TWh. This was nearly as high as in the year 1990 
with 33.02 TWh (see Table 6). 
 

Table 6: Electrictity Consumption by Sector 
[TWh] (PJ) 1990 2000 2001 2002 

Industry 
13.75 
(49.5) 

8.80 
(31.7) 

9.43 
(33.9) 

10.26 
(36.9) 

Transport 
1.19 
(4.3) 

1.02 
(3.7) 

1.03 
(3.7) 

1.02 
(3.7) 

Agriculture 
1.93 
(6.9) 

0.96 
(3.5) 

0.96 
(3.5) 

1.05 
(3.8) 

Commercial & Publ. Service 
5.54 

(19.9) 
8.88 

(32.0) 
8.99 

(32.4) 
8.72 

(31.4) 

Residential 
9.19 

(33.1) 
9.79 

(35.2) 
10.13 
(36.5) 

10.44 
(37.6) 

Energy 
1.42 
(5.1) 

1.42 
(5.1) 

1.65 
(5.9) 

1.85 
(6.7) 

Total Consumption 
33.02 

(118.9) 
30.87 

(111.1) 
32.19 

(115.9) 
33.34 

(120.0) 

Source: IEA (2004) 
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In 1990 most electricity was used in the industry sector. But the share declined from nearly 50 % in 
1990 to 36.9 % in 2002. The same is true for the absolute electricity consumption in the electricity 
sector: from 13.75 TWh in 1990 to 10.26 TWh in 2002. Also in the agriculture sector the electricity 
consumption declined from 1.93 TWh to 1.05 TWh in 2002. But the households need much more 
electricity. From 1990 to 2002 the electricity consumption increased from 5.54 TWh to 8.72 TWh. 
 
Table 7 shows that the electricity production growth in the next years will be enormous. Up to 2030 
the total electricity production will nearly double to 64 TWh. The electricity production from the 
nuclear power plants will decrease. With a total operation time of 40 years the reactors will shut 
down between 2021 and 2026 and there will be no electricity production from nuclear in 2030 (see 
Table 7). Fossil fuels will then be the dominant player in electricity production. In 2030 it is 
projected, that there will be produced over 95 % from fossil sources and biomass. The other 
renewables will still play no important role in the Hungarian power sector. Their share amounts 
only to 4.8 % in 2030. 
 

Table 7: Predicted Electricity production in Hungary between 2005 and 2030 

Electricity Generation in TWh (PJ)      

  2005 2010 2015 2020 2025 2030 

Nuclear 
13.9 
(50.0) 

13.9 
(50.0) 

13.9 
(50.0) 

14.0 
(50.0) 

6.9 
(25.0) 

0.0 
(0.0) 

Hydro & Wind 
0.4 
(1.9) 

0.9 
(3.4) 

1.6 
(5.9) 

2.3 
(8.4) 

2.7 
(9.6) 

3.1 
(11.2) 

Thermal (incl. Biomass) 
26.0 
(93.5) 

35.1 
(126.2) 

40.9 
(147.4) 

46.2 
(166.4) 

53.9 
(194.1) 

60.9 
(219.3) 

Total 
40.3 

(162.6) 
49.9 

(179.5) 
56.5 

(203.3) 
62.5 

(224.8) 
63.5 

(228.7) 
64.0 

(230.5) 

Electricity Generation [%]      

  2005 2010 2015 2020 2025 2030 

Nuclear 41.7% 27.8% 24.6% 22.3% 10.9% 0.0% 

Hydro & Wind 0.8% 1.9% 2.9% 3.7% 4.2% 4.8% 

Thermal (incl. Biomass) 57.5% 70.3% 72.5% 74.0% 84.9% 95.2% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
Source: EU (2003) 

 
11.1.4.1. Electricity Prices 

 
Between 2000 and 2004 the electricity price for large industry consumers increased from 
39 EUR/MWh to 55 EUR/MWh (+41 %). The electricity prices for small industry consumers are 
much higher. In January 2000 they had to pay 118 EUR/kWh and in July 2004 166 EUR/MWh. 
The difference between small and large consumers can be explained through the electricity 
consumption assumptions. Eurostat assumed an electricity consumption of 24 GWh/a for the large 
industry consumers and an electricity consumption of only 50 MWh /EU 2005/. The electricity 
prices for households increased also substantially. In 2004 they had to pay 35 % more 
(84 EUR/MWh) than in the year 2000. The same development can be seen for the gas retail prices 
(Table 8). The large industry consumers had to pay 105 % more in July 2004 than in January 2000. 
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In the same period the prices for small industry consumers and the residential sector rose about 
79 %. One has to bear in mind that the prices for all three groups are nearly the same. The large 
industry consumers have to pay 17 EUR per MWh, the small industry consumers and the 
residential sector have to pay 19 EUR per MWh.  
 

Table 8: Eurostat Electricity and Gas Retail Prices (current Prices, before Taxes) 

[EUR/MWh] 
Jan   
2000 

Jul    
2000 

Jan   
2001 

Jul    
2001 

Jan   
2002 

Jul    
2002 

Jan   
2003 

Jul    
2003 

Jan   
2004 

Jul    
2004 

Electricity Retail Prices                 

Large Ind. 
Consumers 39 39 40 43 46 45 46 48 52 55 

Small Ind. 
Consumers 118 115 120 127 137 135 139 143 157 166 

Residential 62 61 63 68 72 71 73 73 79 84 

Gas Retail Prices                   

Large Ind. 
Consumers 8 9 12 15 15 16 16 15 16 17 

Small Ind. 
Consumers 11 12 11 14 14 14 14 14 18 19 

Residential 11 12 12 11 14 14 14 15 18 19 
Source: EU (2005) 

 
11.1.5. Climate Protection 

 
Hungary signed the United Nations Framework Convention on Climate Change (UNFCC) in 1994. 
The accession to the Kyoto Protocol was in September 2002. Under Annex B of the Kyoto 
Protocol, Hungary is committed to reduce its greenhouse gas emissions by 6 % in the time period 
from 2008 to 2012. As an economy in transition, Hungary has the right to choose its base year, and 
has opted for 1985 to 1987 as its base line period. In 2002 the CO2 emissions are 19 % less then 
1990. So the Hungarian industry does not need to buy CO2 certificates and has consequently no 
cost increases in production. Additionally the companies could sell their CO2 quotas and increase 
their budget. 
 
Indeed, the energy supply consists of 84 % fossil fuels. But there was and still is a fuel switch 
between coal and natural gas. In 1990 21.27 Mt CO2 (31.5 %) were emitted from the combustion of 
coal (see Table 9). In 2002 the total emissions amounted to 13.9 Mt CO2 (24.8 %). In the same time 
the CO2 emissions from natural gas increased from 20.68 Mt CO2 (30.7 %) to 24.88 Mt CO2 
(43.8 %). Another aspect is the negative economic growth after economic transition at the 
beginning of the 1990s. 
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Table 9: Fossil Fuel-related Carbon Dioxide Emissions in Hungary 

 [Mt ofCO2] 1990 1995 2000 2001 2002 

CO2 from Coal 21.27 15.44 14.63 13.93 13.90 

CO2 from Natural Gas 20.68 21.38 22.40 24.93 24.88 

CO2 from Petroleum 25.52 22.00 18.44 18.04 18.00 

Total Emissions 67.47 58.81 55.48 56.91 56.78 

Source: DOE (2005) 
 
With the entrance to the EU Hungary is obliged to submit a National Allocation Plan (NAP) under 
the Directive 2003/87/EC. The NAP is of key importance for the environmental integrity of the 
emission trading scheme. The purpose of the NAP is to determine the total amount of allowances to 
be allocated in 2005-2007. The total amount of allowances to be allocated was estimated on the 
basis of the projected emissions established on sectoral level forecasts. Based on this forecasts the 
total amount of allowances in 2005-2007 is set at 89 714 000 t CO2 (29 904 667 t CO2 p.a.). 
 
The CO2 emissions will rise significantly until 2030 (see Table 10). Many machines and equipment 
are now renewed and the Hungarian economy shows a high economic growth. Another point is the 
decreasing importance of nuclear power. Following the predictions from the /European 
Commission 2003/ there will be no electricity produced by nuclear from 2030 on. This means from 
today´s view that nearly all energy will be produced from fossil fuels. Two points will be important 
in the future. First the renewables must play a much greater role in the future. Second it will be 
important to increase the energy efficiency. 
 

Table 10: CO2 emissions in Hungary – future trends 
[Mt of CO2] 2005 2010 2015 2020 2025 2030 

Electricity  24 26.4 27.6 30.6 35 38.3 

Energy Branch 1.4 1.4 1.4 1.4 1.4 1.3 

Industry 5.6 5.1 5.2 5.0 5.1 5.0 

Residential 8.2 8.5 9.0 9.3 9.4 9.6 

Tertiary 6.9 7.0 7.0 6.9 6.6 6.5 

Transport 11.6 13.9 15.1 15.7 15.8 15.6 

Total 57.7 62.3 59.3 68.9 73.3 76.3 

Source: EU (2003) 
 
Table 11 shows the development of the three greenhouse gases: carbon dioxide (CO2), methane 
(CH4) and nitrous oxide (N2O) for the years 1990 and 2002. The emissions of all three gases 
declined since 1990. The total emissions in 1990 of 112.7 Mt consist of 84.1 Mt CO2 (74.6 %), 
13.1 Mt CH4 (11.6 %) and 15.6 Mt N2O (13.8 %). The shares in 2002 are nearly the same with 
73.9 % for CO2, 12.6 % for CH4 and 13.5 % for N2O but the total absolute emissions declined from 
112.7 Mt in 1990 to 77.4 Mt in 2002. The emissions of all gases diminished in almost all sectors. 
But one exception is the transport sector. The overall emissions in the transport sector increased 
from 8.0 Mt in 1990 to 9.8 Mt in 2002.  
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Table 11: Greenhouse Gas Emissions in Hungary 

[Gg of CO2 equivalent] CO2  CH4  N2O  Total 

1990 24,807.4  14.3  976.3  25,798.0  
Energy Industries  

2002 19,679.6  6.9  680.6  20,367.2  

1990 22,866.8  168.7  376.8  23,412.4  Manufacturing 
Industries and 
Construction  2002 10,127.5  57.8  152.3  10,337.7  

1990 7,563.7  27.0  389.0  7,979.6  
Transport  

2002 9,269.7  32.8  541.1  9,843.6  

1990 79,570.8  982.5  3,271.2  83,824.4  TOTAL Fuel 
Combustion 2002 54,582.7  686.8  2,734.1  58,003.5  

1990 84,063.5  13,110.4  15,554.9  112,728.8  
NATIONAL TOTAL  

2002 57,210.5  9,778.0  10,415.3  77,403.8  

(Data for the other GHG HCFCs, PFCs and SF6 are not available from the UNFCC) 
Source: UNFCC (2004) 

 
11.1.5.1. Energy Intensity 

 
In the last decade the energy intensity declined substantially because of the economic slowdown in 
the early 1990s and the following restructuring process in all parts of the economy. The TPES per 
unit GDP declined from a height of 28.8 MJ/EUR2000 in 1990 to 19.3 MJ/EUR2000 in 2002 (see 
Table 12). This trend should hold in the next years. In 2030 TPES per unit GDP should only be 
9.6 MJ/EUR2000. The same is true for the electricity generation. In 1990 the electricity generation 
per GDP was almost 700 kWh/TEUR2000. In 2002 there was 663 kWh/TEUR2000 necessary and in 
2030 there will be only 493 kWh/TEUR2000 necessary. As a result of the enormous economic 
growth in the last years the energy use per capita increased. This effect can be seen by the TPES 
per capita and also by the electricity generation per capita (see Table 12). Analogously the CO2 
emissions per GDP will decline in the next decades and the CO2 emissions per capita will increase. 
 

Table 12: Energy Intensity Indicators 
  1990 2000 2002 2020 2030 

TPES per GDP (MJ/EUR2000) 28.8 20.6 19.3 11.9 9.6 

TPES per Capita (GJ/Capita) 114 102 104 141 145 

Electricity Gen. per GDP (kWh/TEUR2000) 697 695 663 584 493 

Electricity Gen. per Capita (kWh/Capita) 2743 3446 3553 6885 7463 

CO2 Emissions per GDP (tonnes/TEUR2000) 1.3 1.0 1.0 0.6 0.6 

CO2 Emissions per Capita (tonnes/Capita) 6.3 5.3 5.4 7.6 8.9 

Source: EU (2003, 2004) 
 
The energy intensities for the respective sectors are shown in Table 13. The effect for the industry 
sector is enormous. Between 1990 and 2000 the energy intensity declined over 50 %. Only in the 
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tertiary sector the energy intensity raised by 10 % at the same time. But in the next decades the 
energy intensity will fall in all sectors substantially. 
 
 

Table 13: Energy Intensity by Sector 

  1990 2000 2010 2020 2030 

Energy Intensity by Sector (1990 = 100)      

Industry (energy on value added) 100.0 44.7 30.0 25.7 22.4 

Residential (energy on private income) 100.0 81.3 59.5 49.3 42.4 

Tertiary (energy on value added) 100.0 110.6 84.0 64.2 52.3 

Transport (energy on GDP) 100.0 97.5 96.6 84.0 70.1 

Source: EU (2003) 
 
 

11.2. Energy Policy 
 
The aim of the Hungarian energy policy is to maintain a balance between security of supply, cost 
efficient delivery of energy, energy efficiency and environmental protection. In 1993 the Hungarian 
Parliament adopted an energy resolution. The aim of this resolution is to develop diverse energy 
supplies and eliminate the dependency on imports from the Former Soviet states. Furthermore to 
increase energy efficiency through the modernization of the energy supply structure and better 
management of electricity consumption and attract foreign capital for investment in capital-
intensive energy projects. Another aim is to improve environmental protection and better 
information management to the general public. 
 

11.2.1. Energy efficiency 
 
An energy efficiency programme was introduced in 2001 with the main objectives of promoting the 
use of renewable energy sources and improving public energy awareness. The original amount of 
EUR2000 9.7 Mio. for the implementation of the programme in 2002 has been doubled to meet the 
increased demand. The aim of the Hungarian government within the framework of the Hungarian 
Energy Conservation Programme and Action Plan is to reach a share of renewable energy 
consumption of at least 6% by 2010. 
 

11.2.2. Energy Market Liberalizations 
 
A new Electric Power Act passed in December 2001 and was implemented from 2002 on. This Act 
introduced competition into the restructured power industry and making the legislation in this area 
compatible with EU law. The Hungarian electricity retail market will be partially opened to 
competition and then gradually fully opened.  
 
To establish a regulatory framework for a liberalized natural gas market in Hungary the 
government approved a new Gas Act in June 2004. The Act calls for partial liberalization of the 
country’ s gas market, allowing all residential users to choose their supplier by July 2004, and for all 
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consumers by July 2007. With opening the market liberalization the Hungarian oil and gas 
company MOL as required by the Gas Act and EU regulations, has unbundled its gas business 
activities (supply, storage, and transmission) into three 100% MOL-owned independent entities. 
The Gas Act created a new tariff regime, which came into force in October 2003. Previously, the 
government required MOL to sell consumers natural gas at below-market rates while buying at 
world prices, resulting in huge losses for MOL. Under the new price regime, MOL will continue to 
subsidize residential consumers but on a smaller scale in order to make the transition to higher 
prices less abrupt. Hungary’ s natural gas sector is organized around six regional distributors: Fögáz 
(Budapest region); Tigáz (northeast region); Dégáz (southeastern region); Ddgáz (south Danube 
region); Kogáz (west and mid-Danube region); and Egáz (northeast region), with MOL still 
controlling most of the country’ s upstream and downstream natural gas activities. The regional 
distributors have all been privatized, with RWE, E.ON Energie, Ruhrgas, Eni and EdF holding 
stakes /EIA 2004/. 
 

11.2.3. Increased use of renewables 
 
An important body for the themes: energy efficiency, renewable energy and environmental 
protection is the Energy Centre. The Centre was increased considerably in 2002 from 20 to 65 
employees. The primary reason for promoting increased use of renewables is to mitigate local 
pollution: over 13% of Hungary’ s land is at least moderately polluted. Much of the pollution is due 
to the use of indigenous low-quality high-ash and high-sulphur coal in power generation. Subsidies 
are available from certain funds e.g. the central environment protection fund and the regional 
development fund that operate under the Action Programme for Energy Conservation. 
 
Also to be mentioned, the Ministerial Decree 55/1996 on the Establishment of the Purchase Price of 
Electricity by Public Power Stations. Electricity supply companies are obliged to purchase 
electricity produced from renewable sources above 0.1 MW and from small scale CHP (from 
0.5 MW up to 20 MW) at guaranteed prices, between 0.045 ¼�N:K�DQG������ ¼�N:K��7KH�VXUSOXV�
costs of this purchase are incorporated in the consumer price. The Government plans to introduce a 
system of tradable green certificates, as soon as the market of renewable electricity has reached a 
critical mass for competition of 300 to 350 MW. In the transition period, there will be a fixed 
premium system for small-scale power plants based on cogeneration or renewables. 
 

11.3. Peculiarities 
 

11.3.1. The Visegrad Group 
 
Hungary, Poland, the Czech Republic and the Slovak Republic are members of the Visegrad Group, 
created in February 1991 at the northern Hungarian town of Visegrad. The Visegrad countries are 
neither large producers nor consumers of energy. Coal is the single abundant fossil fuel in the 
region, with only Poland and the Czech Republic having significant quantities. The most of the 
crude oil and natural gas imports comes mainly from Russia. The Visegrad Group privatize their 
energy markets in line with EU directives, some government officials have argued against giving 
up control in state energy companies as privatization not only could compromise national energy 
security, but also increase Russian-based companies control through acquisition. During the past 
decade, the Visegrad countries have diversified their energy supplies to reduce their dependence on 
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Russia by connecting national oil and natural gas networks to Western Europe. The strategic 
importance of the region, however, lies largely in the crude oil and natural gas pipelines which 
traverse the Visegrad countries on their way to Western Europe. 
 
The Druzhba (Friendship) pipeline transports Russian crude oil through the Visegrad countries to 
Western Europe. The pipeline splits in Belarus into northern and southern branches. The 1-million-
barrel-per-day capacity northern branch brings oil to Poland and Germany. The 1.2-million-barrel-
per-day-capacity southern branch splits in Uzhgorod (Ukraine), with one section going through 
Slovakia and the Czech Republic and the other section going to Hungary, where it connects to the 
Adria pipeline. The Adria pipeline in turn transfers oil to Serbia and to Croatia. In December 2002, 
the governments of Russia, Belarus, Ukraine, Slovakia, Hungary and Croatia signed an agreement 
to integrate and expand the capacity of the Druzhba and Adria pipeline systems in order to facilitate 
the transportation of Russian crude oil to the Croatian deepwater port of Omisalj. This would allow 
direct shipments of Russian oil to North America, which Russia’s oil company Yukos, one of the 
main supporters of the project, envisions.  
 
The Visegrad region is also a key transit center for Russian natural gas exports to Western Europe. 
The Yamal-Europe pipeline, which is routed through Belarus and Poland to Germany, is Russia’s 
only natural gas export pipeline to Europe that does not cross Ukrainian territory. Most of this 
natural gas is destined for German markets. A second natural gas pipeline, the Yamal II, is planned, 
but the pipeline has not been formally approved /EIA 2004/. 
 

11.3.2. Nuclear Policy 
 
The Paks nuclear power plant with its four soviet designed VVER 440 reactors is the only nuclear 
power plant in Hungary (see also chapter 1.3). The technical and the economic experience with the 
Paks plant have been satisfactory so far. The average load factor remained constant for several 
years and is above the international average. The new CEO of the Paks Nuclear Power Plant Ltd. 
wants to increase the lifetime of the power plant to year 2037. The money needed for the lifetime 
increase can be paid from the earned revenues. The Paks Nuclear Power Plant Ltd. gets 3.65 Euro 
Cent per kWh. The profit for the year 2005 could amount to 6.3 Mio. Euro. 
 
In the year 1986 a preliminary decision was made by the government to continue the nuclear power 
programme. The Paks power plant should be extended with two soviet reactors of 1000 MW each. 
But the project was cancelled in 1989 because of lower demand growth forecasts and problems in 
providing the funds for such a large project. Ever since, there has not been made any decision on 
new power plant construction. There is no provision made to start a new nuclear power project in 
the near future. The future of nuclear power in Hungary remains open. There is no referendum 
against nuclear power. In fact, the Paks Power Plant Comapany sees a future for nuclear power in 
Hungary and submitted a bid in 1998. The bid proposed three alternatives for a new nuclear power 
plant of around 700 MW to come into operation by 2006. The alternatives were a Westinghouse 
pressurized water reactor (AP-600), a Canadian Candu-6 reactor, and a VVER-640 supplied by 
Atomstroexport of Russia with Siemens participation. None of the three bids were accepted by 
MVM /IAEA 2003/. 
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11.3.3. Fossil Fuel Dependency 
 
In the next decades the import dependency on energy will rise significantly. The import 
dependency in 2002 accounted to 58.1 % and will rise to a total share of 82 % in 2030 (see also 
chapter 1.2). The main energy resources in Hungary are coal and lignite. The coal mining has been 
in a critical situation for a long time because of difficult geological conditions, poor heating value 
and low quality of the Hungarian lignites. These circumstances together with the current low prices 
of the other energy sources have resulted in a declining annual production. In recent years Hungary 
produced about 20 million tonnes of coal including about 5 million tonnes of poor quality lignite. 
The recoverable known reserves of hard coal are characterized through a low average caloric value, 
high sulphur contents and high production costs. These factors limit the extent of recovery and the 
specific fields of utilization. Hungary is also producer of crude oil. But the present production 
covers less than a quarter of the national demand and is decreasing. The same is true for the 
production of natural gas. The mining of uranium began in Hungary in the 1950s. Under a special 
arrangement, the total production was exported to the former USSR and hence did not play a role in 
the national energy balance.  
 
The import dependency on fossil fuels declined in the beginning of the 1990s but since than the 
dependency of imported fossil fuels increased. As mentioned above, Hungary’ s energy sector will 
be dependent to a large part on imported fossil fuels in the future.  
 

11.3.4. The Use of Renewables 
 
One way to lower the import dependency would be the augmented use of renewable energy 
sources. Today the renewables account for less than 2 % of the total energy supply. These are 
mainly biomass, solid municipal waste and hydropower. At present the percentage of renewable 
energy in the overall energy production is 3.6 %, while electricity produced from renewables is 
only 0,5 %. In accordance with the EU expectations, Hungary wants to double the share of 
renewable energy usage. Regarding electricity, the share of green energy in the EU is 13 %, which 
is to be raised to 22 % by 2010 according to the directive 2001/77/EC. This directive also applies to 
Hungary. As far as electricity is concerned, a share of 3.5 to 6 % was set by the EU for Hungary to 
be reached by 2010. It means that Hungary has to increase the share of renewables in the total 
energy production from the current 266 GWh to at least 1.600 GWh. 
 
Hungary has only limited hydroelectric potential because it is one of the less mountainous countries 
in Europe. As a result of the geographical situation there are less opportunities for further hydro 
development. Today wind power plays no role in the energy sector. Numerous experimental and 
commercial wind-generators have been supported in the framework of the Government´s 
Széchényi-Plan since 2000 in Hungary. The Szechenyi Plan was initiated as a tool to vitalise 
Hungary´s economy. The Plan also highlighted that wind power is an environmental friendly way 
to produce electricity and it decreases the countries import dependence of energy. But there is an 
uncertainty how big the wind energy potential is because there is no country-sized wind energy 
map. In 2000 windmills started their way in Hungary. The first 250 kW generator was installed on 
the territory of the thermal plant at Inota. After that a few bigger wind mills were installed and set 
into operation at Kulcs.  
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At present there is no electric energy production from geothermal energy in Hungary and according 
to optimistic estimations only a 0.01% share can be achieved by 2010. But Hungary has one of the 
largest reserves of geothermal energy in Eastern Europe. The identified resources are more suitable 
for heat supply than for electricity production. There has been low intensity potential identified for 
solar energy. Currently these resources are not implemented. There are only poor opportunities for 
solar development based on photovoltaics because of the relatively poor average solar insolation 
/EBRD 2002/. 
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12.1. Energy-related and socio-economic analysis: past, present and future 
 

12.1.1. Geographical description 
 
Ireland is the most northwesterly member state of the European Union and covers an area of 70 
273 km2. It shares a northern border with Northern Ireland (UK), but is otherwise surrounded by 
the Atlantic Ocean and the Sea of Ireland. Its temperate maritime climate is influenced by the North 
Atlantic Current. The terrain mainly consists of plains surrounded by hills and low mountains 
(Department of Public Enterprise 1999; IEA 2003;Wikipedia 2005). 
 

12.1.2. Demographics 
 
Ireland’ s population was approximately 3.9 million people in 2003, with a population density of 
around 56 people per square kilometre. The population is heavily concentrated around Dublin with 
slightly more than one million residents in this area. The rest of the country is sparsely populated 
(IEA 2003). In 2002 there were 1,287,958 households, and the average number of persons per 
household was approximately 2.9 (CSO Ireland;European Commission 2003;Wikipedia 2005). 
 

12.1.3. Economy status 
 
During the decade 1990-2000 Ireland experienced an impressive average annual GDP growth rate 
of 7.2%. From 2000 to 2003 the average GDP growth rate slowed to 5.3%. Ireland’ s GDP was 
24,500 ¼� SHU� FDSLWD� LQ� ����� �HVWLPDWHG�� SXUFKDVLQJ� SRZHU� SDULW\�� (Sustainable Energy Ireland 
2005). The Irish unemployment rate for year 2004 was 4.6%. The reported labour force for the year 
2004 is 1 920 300 people which is approximately 48% of the total population. 
 

Table 1. Percentage of Labour force and GDP by sector for year 2002 

 Labour force by 
occupation (%) 

GDP by 
sector (%) 

Services  64 49 
Industry  29 46 
Agriculture  8 5 

 

The GDP of the country counts for slightly more than 1% of the total of the EU countries 
(Wikipedia 2005). 
 

12.1.4. Energy 
 

12.1.4.1. Domestic Production and Reserves 
 
Ireland does not have any domestic oil production. In 2000 oil and oil products accounted for 
56.5% of the Total Primary Energy Supply (TPES), while in 1996 this percentage was 50.4%. The 
annual growth rate of oil supply between this period was 5.4% (IEA 2003). 
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On the contrary, gas exploration and production has been underway in the Irish territories since 
1979 from the Kinsale Head field. As the Kinsale Head field is depleting, a smaller field, the Seven 
Heads is being exploited and could supply 10% of the country’ s gas demand. Additionally, the 
Corrib field, with reserves between 22.6 Mtoe (949.2*103 TJ) to 28.3 Mtoe (1188.6*103 TJ), is 
planned to provide quantities beginning from 2005 such that 70% of the country’ s needs can be met 
by domestic production during 2005 and 2008. 
 
Peat is an indigenous source of energy that is produced and consumed domestically. Its production 
is strongly dependent on weather conditions and varies from year to year (IEA 2003). 
 

12.1.4.2. Imports/exports 
 
The vast majority of oil imports until 2000 were from Norway. This changed the following year 
and the UK became the main oil provider of Ireland.  
 
The decreased gas production from the Kinsale Head field has lead to gas imports from the UK 
using two undersea gas pipelines connecting the two countries. The first interconnector has been in 
commercial use since 1993 and in 2001 it supplied 82% of the country’ s needs. The second 
interconnector, built to satisfy the rapid Irish economic growth needs, was expected to come on line 
from late 2002. However, domestic demand was lower than projected, and operation 
commencement is not due until at least 2005 (IEA 2003). 
 

12.1.4.3. Final energy use by sector and fuel 
 
Government sources (Sustainable Energy Ireland 2004c) indicate that between the years 1980 and 
1998 the Total Primary Energy Requirements (TPER) grew by 58%. The overall energy 
consumption between 2002 and 2003 remained at the levels of 2001 despite economic growth of 
10% during that period. The estimates for 2010 show a further 37% TPER increase over 1980 
levels (Department of Public Enterprise 1999; Sustainable Energy Ireland 2005). 
 
The dominant energy source is oil which in 1990 accounted for 46% of the TPER and increased to 
a peak of 59% of TPER in 1999. In 2003 the oil consumption decreased by 3.2% accounting for 
almost 54% of the TPER (Sustainable Energy Ireland 2004a). 
The main use of oil is in the transport sector which accounted for 56% Total Final Consumption 
(TFC) in 2000. Projections for future growth of the transport sector are 45% by 2010 over 1998 
levels (Department of Public Enterprise 1999). The residential sector, as well as the industrial one, 
consumed 13% of oil TFC in 2000. During the decade 1990-2000 the annual growth of oil 
consumption in the residential sector was 9.3%, while for the same period the industrial growth rate 
for oil consumption was 3.5% (IEA 2003). The estimated increase in final energy use in the 
residential and industrial sectors is significant, at almost 32% (combined with the agriculture 
sector) and 45% respectively compared to 1998 levels (Department of Public Enterprise 1999). 
 
The contribution of natural gas to the TPER since the beginning of the eighties has been 
consistently and significantly increasing. Gas consumption growth has reached 25% of the TPES in 
2003 from 15% in 1990 and is expected to rise to 30% in 2010 (Department of Public Enterprise 
1999;Sustainable Energy Ireland 2004a). This rapid growth is mainly due to its use in the electricity 
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sector – 13.9% increase in 2003 alone and 150% increase by 2010 over the 1998 levels expected. 
This increase appears to be driven by the relative price of the fuel and its lower carbon emissions 
compared to the other fossil fuels. The residential sector also presented an important increase in gas 
consumption in 2003 (13.3% of total gas consumption increase) (Department of Public Enterprise 
1999;Sustainable Energy Ireland 2005).  
 
Coal use increased during the period 1985-1987 from 1% to 39% caused primarily by its 
contribution in the electricity sector. Its overall contribution to TPER from 23% in 1990 reduced to 
16% in 1998 and 13% in 2000, expected to keep falling by 2010 to the level of 11%. The future of 
coal is mainly dependent on the Moneypoint 915 MW power plant. (Department of Public 
Enterprise 1999; Sustainable Energy Ireland 2005). 
 
Peat, in 1980, contributed 15% to the TPER and since then this percentage is constantly falling. For 
2003 it was almost at 5.7% and the projection for 2010 is 4%. 
The combustible renewables, mostly wood, hold a constant 2% of TPER which is expected to reach 
3% by 2010 (Department of Public Enterprise 1999;Sustainable Energy Ireland 2005). 
 
Renewable sources saw a significant increase by 9% in 2003 due to a 35% increase in hydro 
power output over the 2002 levels. From 1990 to 2003 the overall growth reached 54% (3.4% 
annually), so that their share in the TPES is around 1.8% (Sustainable Energy Ireland 2005). 
 

12.1.5. Electricity 
 

12.1.5.1. General 
 
At approximately 5GW, Ireland has the second smallest installed electricity generation capacity of 
any EU country (after Luxembourg). The Electricity Supply Board’ s (ESB) installed capacity 
consists of 295 MW peat, 512 MW of pumped and regular hydro, 915 MW coal, 860 MW oil, 640 
MW gas, and 1286 MW of oil and gas fired generation. The Electricity Regulation Act 1999 
stipulates that nuclear power cannot be used for electricity generation in Ireland (IEA 2003). From 
1990-2000 the annual increase of the peak demand was 4% (from 2.6 GW in 1990 to 3.84 GW in 
2000). The ESB, which in 2000 possessed more than 85% of the country’ s generation capacity, has 
a total of 4.5 GW of installed capacity, which is slightly more than the 4.4 GW peak demand record 
in January 2003 (IEA 2003). The Department of Public Enterprise estimates that the electricity 
demand by 2010 will be 65% greater than that of 1998 (Department of Public Enterprise 1999).  
 
Irish consumption of electrical energy is constantly rising. During the decade 1990-2000 the annual 
growth in electricity consumption was 5.4%, almost double the average of the OECD countries. In 
2000 electricity consumption was approximately 72 864 GJ (20.24 TWh) (IEA 2003). According to 
the IEA (IEA 2003) the primary components of electricity consumption are industry (38%), 
residential (34%), and commercial (27%).  
 
The contribution of each primary energy source to the fuel mix for electricity generation from 1980 
to 2010 is displayed in Figure 1. From 1990 onwards there has been continuous growth of natural 
gas use, an increase in renewable generation and a reasonably constant level of coal-fired 
generation. On the contrary, peat and oil are losing their shares after 2005 and 2000 respectively. 
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According to the Green Paper on Sustainable Energy (Department of Public Enterprise 1999), 
estimated natural gas use for electricity generation will dominate the fuel mix by 2010, accounting 
for almost 56%.  
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Figure 1. Fuel Mix 1980-2010 

(Department of Public Enterprise 1999) 
 
The transmission network is reinforced by an interconnection with the Northern Ireland’ s network 
which in 2001 was upgraded from 2x300 MW to 2x600 MW of nominal capacity. However, 
transmission constraints around the interconnectors severely limited the actual export/import 
possible in 2003 (IEA 2003). An interconnector with Wales (UK) of 500 MW capacity is under 
consideration, and if agreed could be complete between 2007 and 2009 (IEA 2003). Transmission 
and distribution losses in Ireland account for 1-2% in high voltage transmission and 6-8% in 
distribution network (Department of Public Enterprise 1999).  
 

12.1.5.2. Renewables 
 
The renewables installed capacity in Ireland in June 2005 was around 664.7 MWe (of which 223.6 
MWe from large hydro and 378 MWe from on-shore wind). Biomass accounts for a small share of 
renewable capacity with only 4% (Department of Communications 2005). The contribution of 
renewables in TPER has slightly increased from 1.8% in 1990 to 1.9% in 2002. the actual absolute 
increase is well hidden behind the overall significant growth of the TPER especially during 1998 
and 2001 (Sustainable Energy Ireland 2004c). 
 
The Alternative Energy Requirement (AER) competition has set a target of installed capacity of 31 
MW per annum between 2000 and 2010. This target has been updated such that by 2005 the 
renewable installed capacity should have reached 500 MWe over the 2000 levels, but the time limit 
has been moved to 2007 in the AER V and AER VI. The bulk of this capacity will come from wind 
turbines (Department of Public Enterprise 1999;Sustainable Energy Ireland 2004c). 
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12.1.6. Environmental issues 
 
The energy efficiency level in power production in 2003 has been significantly increased to 40.4% 
from approximately 33% in 1990. This was due to a number of reasons, including the introduction 
of generation capacity using CCGT technology, the general increase of gas usage in fuel mix, and 
imports of electricity. This had direct effect in carbon intensity of generated electricity (kg of CO2 
emissions per kWh of generated electricity) which was reduced by almost 30% in 2003 compared 
to 1990 levels (Sustainable Energy Ireland 2005). 
 
Due to the rapid economic growth described earlier, in 1997 the Kyoto targets (under the EU 
Burden Sharing Agreements) of an increase of 13% by 2008-2012 compared to 1990 levels for 
emissions abatement were overshot, and by 2000 were 24% above 1990 levels (IEA 2003). In 2003 
the CO2 equivalent emissions had a slight reduction of 1.3% compared to the previous year. The 
share in Greenhouse Gas (GHG) emissions related to power generation in 2003 was 66% while in 
1990 was 58%, but the tendency (as data for 2002 and 2003) show is for the reduction of these 
electricity related emissions (Sustainable Energy Ireland 2005). 
 
An important factor is the relation between the carbon emissions related to the energy sector, the 
GDP and the TPER. Figure 2 indicates substantial decoupling of energy consumption from 
economic growth and a slight reduction in carbon intensity of energy supply. 
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Figure 2. Index of Gross Domestic Product, TPER and Energy-related CO2 

(Energy in Ireland 1990-2003) 
 

12.2. Policy issues 
 

12.2.1. General 
 
Policy concerning the energy sector and the environment are very closely related. Targets for 
Greenhouse Gas emissions reduction are focused primarily on the energy sector, which is 
responsible for the majority of the total emissions. Ireland has ratified the Kyoto Protocol 
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agreement which has set the targets for GHG emissions control by 2008-2012. These targets require 
Ireland to reduce CO2 equivalent emissions by 7 million tones of CO2 per year by the commitment 
period (Department of Public Enterprise 1999). However, according to the ‘Burden Sharing 
Agreement’  among EU countries, Ireland’ s GHG emissions are permitted to be 13% over those in 
1990, because it has been recognised that Ireland’ s economy is rapidly developing and it will have 
an associated increase in carbon emissions (Sustainable Energy Ireland 2004b).  
 
Another relevant policy related issue is the Demand Side Management (DSM) program that the 
ESB implemented from 1976 to 1993. The shortage of capacity, the high generation costs and the 
difficulties in primary energy imports were the justification for this program. The three instruments 
of DSM were: (a) changes in price structure, (b) incentives and (c) information programs. At the 
end of the implementation period it became apparent that the impacts of the program were more 
long- than short-term, and that the energy consuming habits of the households became more eco-
friendly. The program saved an estimated 7% of energy consumption. This fact shows that with the 
right incentives for the utilities, the customer information programs can have remarkable results 
(Dulleck & Kaufmann 2004). 
 

12.2.2. Energy and electricity 
 
Along with the environmental concerns and the emission targets, the Irish Government has set three 
aims to achieve in its energy policy: Energy Security, Environmental Protection and Economic 
Growth. The objectives to achieve these aims have to do with the energy market reform, the 
improvement of energy infrastructure and the sustainability. The responsible bodies for the 
formulation and implementation of the energy policy are (a) the Department of Communications, 
Marine and Natural Resources (DCMNR), (b) the Commission for Energy Regulation (CER) and 
(c) Sustainable Energy Ireland (SEI) 
 
The main market reforms of the energy sector were the opening of the market for competition and 
the establishment of an independent regulatory body for electricity and gas (CER). 
 
CER’ s responsibility is to provide authorisation for the building of new power plants and for the 
regulation of electricity suppliers. CER regulates the overall operation, maintenance and upgrade of 
the transmission and distribution network, and the arrangement of the tariffs for third-party access 
to the network. However the final decision for all these issues is taken from the minister of the 
DCMNR. From 2002 according to the Gas Act 2002, CER has also taken over the regulatory 
responsibilities for the gas market. 
 
The SEI mainly deals with the promotion of energy efficiency and renewable energy policies. 
 
The gas market reform has started in 1995 with the Energy Act 1995. Since then, with the Gas Act 
2000 and more recently the Gas Act 2005, the market is gradually opening. The percentage of 
market opening as at January 1st, 2003 was 85% and in 2005 the market is expected to be fully 
liberalised. The customers have the right to switch gas supplier (it is estimated that by the end of 
2002 20-30% of the eligible customers for switching had used their right to do so) and furthermore 
private pipeline developers (other than the BGE – the state owned gas transmission and distribution 
company) are able to build and operate their own pipelines (CER 2005;IEA 2003). 
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The electricity sector has also been undergoing a process of reform. The Electricity Regulation Act 
1999 was the initial step for the sector’ s reform. First of all, the creation of CER as the independent 
regulator supported the market opening and supplier switching (which gradually gave the right to 
‘eligible’  customers to change their electricity supplier). According to the CER every customer will 
have the right to switch supplier from 2005. ‘Green’  electricity from renewables and CHP plants 
enjoyed the free market even earlier, from February 2000. The ‘green electricity customers’  who 
wish to use green electricity had the right to choose their supplier according to the Electricity 
Regulation Act 1999. The Alternative Energy Requirement competitions (from I to VI) launched by 
the Government targeted the increase of renewables in the energy mix. Some instruments provided 
by the Alternative Energy Requirement competitions were tax incentives for investing in 
renewables and the obligatory purchase of the green electricity by the ESB at a fixed price 
(Sustainable Energy Ireland 2004c). 
 
Furthermore, other very important changes for the reform were the establishment of an independent 
Transmission System Operator (TSO) and the simultaneous unbundling of the ESB (state owned 
electricity company). The TSO holds the responsibility to operate, develop and ensure the 
maintenance of the transmission network, but the transmission owner (now the ESP but from very 
shortly the EirGrid) carries out the construction and maintenance works. (CER 2005;IEA 2003). 
 

12.2.3. Environment 
 
The environmental concerns in the global scene are strongly attached to the energy consuming rates 
of economies. Ireland is no exception, with economic growth over the last 15 years posing concerns 
regarding the way the country should meet the Kyoto Protocol targets. As previously stated, the 
Kyoto threshold for Greenhouse Gas emissions has been overshot since 1997. The National 
Climate Change Strategy (NCCS) which sets a 10-year strategy for meeting the Kyoto targets was 
initiated by the Government in 2000. The NCCS includes cross-sectoral and sector-specific 
measures. The cross-sectoral measures are taxation and international emissions trading.  
 
Carbon taxes are described by the NCCS as a way to identify the least expensive way to reduce the 
CO2 emissions and in the same time as a fair way of introducing the different sectors of the 
economy to carbon abatement. However, the NCCS is concerned about the effects of any new 
taxation in the Irish economy. 
These concerns, affected the postponement of the tax impose which finally resulted to 
abandonment of the carbon tax in mid-2004. The Department of Finance in September 2004 
announced that a carbon tax will not help significantly to the carbon emissions abatement. On the 
contrary, it can easily be replaced by other more efficient ways of doing so, such as the energy 
efficiency measures (Department of Finance 2004). 
 
International emissions trading (within the EU but also with other international players) is 
supported by the Department of Environment and the NCCS as a complementary means of 
reducing carbon emissions. In addition, the ESB and the industry also favour this strategy, as it is 
considered to be the less costly one (IEA 2003). 
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12.2.4. Future policy 
 
Ireland has a small and relatively isolated energy market. Historical and future policy is dominated 
by energy security, competition concerns, and Kyoto burden sharing agreement targets. 
 
A decision has recently been taken to extend the service life of the 915 MW Moneypoint coal-fired 
power station, thus improving Ireland’ s energy security, but seriously undermining the strength of 
the NCCS, which suggested Moneypoint’ s decommissioning in order to provide 22% of total GHG 
emissions reductions. Even with the extension of Moneypoint’ s life, Ireland faces energy security 
concerns due to a steadily increasing share of natural gas in the fuel mix. Therefore, diversification 
of energy sources, particularly towards renewables, and location of secure sources of natural gas 
are high policy priorities. In addition to these fuel mix concerns, Ireland’ s rapid economic 
development and coincident increase in energy demand have left the system strained and requiring 
capacity investment in the short term. 
 
The possibility of Nuclear energy does not appear to be under consideration. The 1971 Carnsore 
reactor development never proceeded due to public opposition, and the site has now been used for 
wind energy development. 
 
Barriers to competition are also perceived to be a continuing policy issue. The ESB owned around 
85% of electricity generation capacity in 2003, giving it a high level of market power (IEA 2003). 
ESB also owns a supply business, and the transmission and distribution networks. It operates the 
distribution networks. Overall the electricity market in Ireland is dominated by the company, and it 
is anticipated that continuing international pressure to alleviate ESB’ s market power and encourage 
new market entrants will continue in the future. 
 
Ireland’ s targets under the Kyoto agreement (and EU burden sharing agreement) were a 13% 
increase in GHG emissions by the commitment period over 1990 levels. In 2001 Ireland emitted 
24% over 1990 levels, and business-as-usual scenarios projected approximately GHG emissions 
37% above 1990 levels by the commitment period. Although it is unclear what impact the NCCS 
will have on the business-as-usual scenario, it is clear that Ireland faces a GHG-related challenge 
that will continue to be a policy driver. 
 



 171 

12.3. References 
 
1 CER, Gas-General Information, 2005, [Online] Available at: 

http://www.cer.ie/display_sub_sections.asp?13 Date accessed: 19-5-2005.ı  
2 CSO Ireland, Housing and Households, [Online] Available at: 

http://www.cso.ie/statistics/privhseholdsprovcountcity2002.htm Date accessed: 
22-5-2005. 

3 Department of Communications, M. a. N. R, Renewable Energy Generating 
Plant statistics, 2005, [Online] Available at: 
http://www.dcmnr.gov.ie/Energy/Renewable+Energy+Division/Renewable+Ene
rgy+Division.htm Date accessed: 9-6-2005. 

4 Department of Finance, McGreevy Abandons Carbon Tax, 2004, [Online] 
Available at: http://www.finance.gov.ie/viewdoc.asp?DocID=2608 Date 
accessed: 10-6-2005. 

5 Department of Public Enterprise, Green Paper on Sustainable Energy, 1999, 
[Online] Available at: 
http://www.dcmnr.gov.ie/Energy/Sustainable+Energy+Division/Green+Paper+o
n+Sustainable+Energy/ Date accessed: 19-4-2005 

6 Dulleck, U. & Kaufmann, S. 2004, "Do customer information programs reduce 
household electricity demand?--the Irish program", Energy Policy, vol. 32, no. 
8, pp. 1025-1032. 

7 European Commission, Summary Energy Balances and Indicators, Appendix 2, 
2003, [Online] Available at: 
http://europa.eu.int/comm/dgs/energy_transport/figures/trends_2030/appendix2_
en.pdf Date accessed: 19/04/2005 

8 IEA, Ireland 2003 Review, 2003, [Online] Available at: 
http://www.iea.org/textbase/nppdf/free/2000/ireland2003.pdf Date accessed: 19-
4-2005ı  

9 Sustainable Energy Ireland, 2003 Energy Balance, 2004a, [Online] Available at: 
http://www.sei.ie/uploads/documents/upload/publications/Final_2003_Balance.p
df Date accessed: 19-4-2005 

10 Sustainable Energy Ireland, Energy in Ireland 1990-2003, 2005, [Online] 
Available at: 
http://www.sei.ie/uploads/documents/upload/publications/Energy_in_Ireland_19
90-2003_Final.pdf Date accessed: 19-4-2005 

11 Sustainable Energy Ireland, Managing Energy, 2004b, [Online] Available at: 
http://www.sei.ie/uploads/documents/upload/publications/SEI_ManagingEnergy
.pdf Date accessed: 19-4-2005 

12 Sustainable Energy Ireland, Renewable Energy in Ireland, 2004c, [Online] 
Available at: 
http://www.sei.ie/uploads/documents/upload/publications/Renewable_Energy_i
n_Ireland_1990_-_2002.pdf Date accessed: 19-4-2005 

13 Wikipedia, Ireland, 2005, [Online] Available at: 
http://en.wikipedia.org/wiki/Ireland Date accessed: 19-4-2005 

 
 



 172 

 
 
 
 
 
 
 
 
 
 
 
 
 

13. Italy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U. Farinelli 
 
 
AIEE 
Italy 
 
 

 



 173 

13.1. Factual information 
 

13.1.1. Geographical description 
 
Italy is a peninsula located in the South of Europe which begins in the Alps and stretches out for 
over 1100 km to the southeast into the Mediterranean sea. Italy is bordered by France, Austria, 
Switzerland, and Slovenia and englobes two small independent States - Vatican City and the 
Republic of San Marino. Its total land area62 is 301,230 km2, with over 3000 km of coast, also 
including two of the largest islands in the Mediterranean (Sardinia and Sicily) as well as several 
other minor offshore island groups. 
 
Italy exhibits different geographical, climatic and cultural environments. Northern inland regions 
have a continental climate with hot summers and cold winters. The South enjoys a Mediterranean 
climate. Winters tend to be cold and dry in alpine regions and milder towards the coastal areas. 
Italy is mostly mountainous or hilly. Running North to South over the entire length of the 
peninsula, the Apennine mountains form the peninsula’s backbone. Just south of the Alps in the 
northeast part of the country is a large and fertile plain known as the Po River Valley. This area is 
the most densely populated and includes the most important industrial and agricultural resources of 
Italy. Much of the area of Southern Italy is either rugged, hilly terrain or heavily forested with some 
plains and numerous mountain plateaus created by volcanic activity. A fault line runs just south of 
Naples to Sicily and, as a result, Southern Italy has several active volcanoes. This area is also 
susceptible to earthquakes.  
 

13.1.2. Demography 
 
Italy has the fifth-highest population density in Europe — about 191.263 persons per km2. The most 
populated areas are in the North where 45% of the population lives. Central Italy has 19% of the 
population, the South 24.5% and the islands 11.5%. As of July 2004, the population64 of Italy just 
exceeded 58 M, slightly less than Britain and France. The population growth rate is 0.09% per year, 
due to immigration, whose rate is 0.094%. It has a rapidly aging population, placing it among the 
oldest of the OECD countries (18% aged 65 and older), and the smallest group of people under 24 
years old (15.5 % of its population, slightly less than Japan) (see Fig. 1). The population is expected 
to decrease slightly to about 54.65 Million in 2030. The population is divided in 25.6 Million 
households. The number of people per household has decreased from 2.98 in 1970 to about 2.27 in 
2005 and the trend is towards further decrease. 
 

13.1.3. Economic situation 
 
In 2004, Italy’ s nominal Gross Domestic Product65 (GDP) was 1.349.370 M¼�� RU� �������¼� SHU�
person, the fourth-largest in Europe and the tenth-largest in the world. In the last years, however, 
the performance of Italy’ s economy has lagged  behind the rest of the EU. In 2003 and 2004, Italy 
                                                
62 Description from Ministero Attività Produttive. 
63 Data from Ministero dell’ Economia e delle Finanze Annual Report. 
64 Data from Istat. 
65 Data from Ministero dell’ Economia e delle Finanze. 
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experienced real GDP growth of 0.4 and 1.2%, respectively, compared to 1.0 and 2.2% for the EU 
as a whole. Industry contributes to GDP by 32% employing 31.8% of the working population, 
services by 63% employing 63.3%, and agriculture by 5% employing 4.9% of the working 
population. Unemployment rate in 2004 was 8.7% – which is comparable with the developed 
countries rate – with a juvenile unemployment rate of 2.1%. Consumer Price Index66 (CPI) fell 
with about 2.2% in 2004. 
 

Italy - Demography and Economics 67 

Year 1990  2000  2010  2020  2030  

Population 

(million) 
56.72  57.76  57.92  56.61  54.65  

Variation 

(% per year) 
 + 0.18  + 0.03  - 0.23  - 0.35  (00-30: - 0.18) 

Inhabitants per 

household 
2.64  2.37  2.16  1.97  1.83  

Variation 

(% per year) 
 - 1.07  - 0.92  - 0.92  -0.72  (00-30: - 0.85) 

Per capita 

GDP (
���

 
17,570  20,165  25,395  32,439  41,408  

Variation 

(% per year) 
 + 1.39  + 2.33  + 2.48  + 2.47  (00-30: + 2.45) 

 

 

Figure 1 

                                                
66 Data from Istat. 
67 European Commission, Directorate-General for Energy and Transport, "European Energy and Transport Trends to 2030", Brussels, January 2003 
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13.1.4. Energy 
 
With limited domestic energy sources, Italy is highly dependent on energy imports to meet its 
consumption needs. In absolute terms, oil consumption has remained relatively stable since 1970, 
but oil's share of Italy’ s primary energy mix has decreased significantly, and is steadily being 
replaced by natural gas. Over the past decade, Italy’ s installed electricity generation has barely been 
able to keep up with demand, resulting in an increased share of electricity imports, from 8.8% in 
1997 to 11% in 2002. (Electricity data are from Ref.  68) 
 
In 2004, total primary energy consumption69 was 194.76 Mtoe, which represented 0.8% growth 
over the previous year. Coal consumption, with a 8.7% of total consumption, increased by 11.6%; 
oil, with a 45%, fell by 3.1%; gas, with 33.9%, increased by 3.7%; renewables reached 7.2% of 
total consumption, which represents an increase of 10.4% with respect to the the previous year. 
Finally, electricity import amounts to 5% of total consumption and is fallen by 10.5%.  

 
Total primary energy consumption in Italy in 2004 by source (Mtoe) 

 
Coal Natural gas Oil Renewables 

Electric 
import 

Total 

Production 0.400 10.700 5.400 13.250  30.020 

Import 17.000 55.400 82.900 0.600 10.040 165.940 

Total energy supply 17.400 66.100 88.300 12.920 10.049 194.760 

 
Total final energy consumption in 2004 was 143.354 Mtoe, with a growth rate of 1.1% over the 
previous year. At the sector level, industry demands 28.9%, transportation 31%, housing and 
services 30.2% and agriculture 3.3% of TFEC. It is worth noting the large increase in consumption 
of the housing and services sector, from 40.5 Mtoe in 2002 to 43.254 in 2004 (+8.2%). This is a 
sector in continuous expansion. This growth, however, depended mostly on climatic factors (colder 
winter and hotter summer).  
 
 

 
Coal Natural gas Oil Renewables 

Electric 
energy 

Total 

Usage by sector 4.17 42.30 70.00 1.70 25.183 143.354 

Industry 4.044 17.564 7.60 0.20 11.982 41.390 

Tranport  - 0.40 43.00 0.20 0.817 44.417 

Housing and 
services 

0.017 23.30 6.80 1.20 11.937 43.254 

Agriculture  0.136 2.60 0.10 0.447 3.283 

Non energy uses 0.110 0.90 6.60   7.610 

 

                                                
68 GRTN (Gestore Rete Trasmissione Nazionale), Dati provvisori di esercizio del sistema elettrico 2004, www.grtn.it  
69 “ Bilancio di sintesi dell’ energia in Italia 2004” , Ministero delle Attività Produttive. 

Total final energy consumption in 2004 by sector (Mtoe) 
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• Italy imports more than 80% of its energy consumption, while the average in the EU is 
50%.  

• Self supply has reduced in the last few years mainly due to the reduction of national natural 
gas production. The maturation of Italy’s natural gas fields and the rapid advance in 
domestic consumption have increased the country’s reliance upon natural gas imports. As a 
result, in 2004 84% of the country’ s domestic gas consumption was supplied by imports, 
versus only 59% in 1985. The country consumed 79,521 million Nm3 of natural gas in 
2004, with consumption increasing at an average of 7.4% per year since 1985. An increase 
in the construction of combined-cycle plants  has been the principal driving force behind the 
increase in natural gas consumption.  

• Italy was one of the first European countries to completely stop domestic coal production, 
with the last facility closing in 2001. The importance of coal in Italy's energy needs declined 
to only 6.8% in 2002, one of the lowest levels in the EU. 

 
Italy has proven crude oil reserves of 622 million barrels, the fourth-largest in the EU, and proven 
natural gas reserves of 220 billion cubic metres, the sixth-largest in the EU. Italy is a net exporter of 
refined petroleum products.  
 
In Italy, primary energy intensity followed a growing trend during the last few years, with a peak 
in 2003, but by now it shows a decreasing trend. The largest increase, relative to GDP growth, is 
caused by increased consumption in the transport, housing and service sectors. 

Energy and electricity intensity
(Toe/thousands of EURO)

Energy intensity Electric intensity

Source: Elaboration on Grtn data
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13.1.5. Electricity 
 
The electricity demand in 2004 amounted to 322.0 TWh; this was met by a national production of 
276.4 TWh (85.8%) and a net import of 45.6 TWh (14.2%). In 2003, demand amounted to 
320.7 TWh, domestic production 269.7 TWh and import 51.0 TWh (15.9%). 
 
Demand increased on average 2.3% per year since 2000: 
 

Electricity demand in Italy 

year TWh % variation 

2000 298.5 +4.4% 

2001 304.8 +2.1% 

2002 310.7 +1.9% 

2003 320.7 +2.9% 

2004 322.0 +0.4% 

 
 

Generation mix in 2004 
source TWh % of generated % of used 
Hydro 48.0 17.4% 14.9% 

Fossil 221.5 80.1% 68.8% 

Geothermal 5.1 1.8% 1.6% 

Wind 1.8 0.7% 0.6% 

Total generated 276.4 100 % 85.9% 

IMPORT 45.6  14.2% 

Total used 322.0  100% 
 

It should be noted that 2004 was a rainy year, and hydroelectric production was 10.1% greater than 
in 2003 (43.6 TWh or 13.6% of demand) 
 

Breakdown of the fossil fuel component by fuel in 2004 

Fuel TWh 
% of fossil fuel 

generated electricity 
% of total generated 

electricity 
Coal 45.1 20.3% 16.2% 
Natural gas 121.4 54.8% 44.0% 
Oil products 45.1 20.3% 16.2% 
Others 9.9 4.6% 3.7% 
Total 221.5 100 % 80.1% 

 
There have been important changes between 2003 and 2004, indicating a definite trend: the 
contribution of oil has decreased from 65.8 to 47.2 TWh. This trend has been compensated by an 
increase of the share of coal (from 38.9 to 47.1 TWh) and natural gas (from 117.3 to 126.9 TWh). 
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Breakdown of the electricity demand by sector  in 2004 

Sector TWh % 
industry 154.2 51.2% 

domestic 64.8 21.5% 

tertiary 77.2 25.6% 

agriculture 5.2 1.7% 

Net consumption 301.4 100% 
Grid losses 20.6  

 

Peak power demand 

Year Power (GW) Time 
2002 52.6 December 12, 2002 at 17:00 

2003 53.4 December 10, 2003 at 17:00 

2003 53.6 December 16, 2004 at 17:00 

 
Traditionally, as it appears here, the peak demand arises during the winter. However, the peak of 
the demand during the summer months has been increasing steadily and rapidly due to the diffusion 
of air conditioning. In 2004, the summer peak has practically equaled the winter peak: on July 23th, 
2004, at 11 a.m. the power demand has reached 53.507 GW, as compared with 53.606 GW during 
the winter peak. This crossing had actually been predicted ten years ago for the year 2005! 
 

13.1.6. Environmental issues 
 
Environmental awareness has grown in Italy in recent years; air pollution remains a serious 
problem. Italy first adopted a Clean Air Act in 1966, with additional regulations added in 1983 and 
1988, which set guidelines for controlling pollution. Over the past two decades, Italy has made 
great improvements in reducing emissions of sulphur dioxide (SO2), primarily by substituting 
natural gas for fuel oil. 
 
The Italian government is gradually strengthening environmental laws in response to the country’s 
obligations as a member of the European Union. As an Annex I country under the Kyoto Protocol, 
Italy has agreed to reduce its carbon dioxide emissions by the 2008-2012 commitment period. 
Under the EU plan, Italy must reduce its carbon dioxide emissions by 6.5% below the 1990 level 
during 2008-2012. In 2002, Italy emitted 7.8 tCO2eq per inhabitant. The total amount of CO2 for 
Italy is 469 Mt, of which 443 Mt arise from the energy sector, and which is 9% above the Kyoto 
target. 
 
Particularly, 35% of CO2 emissions arises from electric generation, 28.2% from the transport 
sector, 18% from industry and 18% from other sectors. In 2002, the Greenhouse Gas (GHG) 
emissions, all sectors included, amounted to 553,5 Mt CO2eq. Power generation, transport and 
industry are the main sectors responsible for these emissions. The energy sector represents 29.4% 
and has increased (15%) since the 1990 level due to electric consumption growth. Despite the 
country’s rising carbon emissions over the past two decades, Italy’s carbon intensity has decreased 
over that time period due to the country’s shift to more clean-burning natural gas in its energy mix 
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as well as to gains in energy efficiency. The transport sector, instead, shows the highest growth rate 
(22.7%), while industry and the building sectors show a decrease (3.3%). 
 

Air Emissions 

 1990 1995 2000 2001 2002 2003* 

Greenhouse gas emission 
(MtCO2) 

509 525 544 554 554  

CO2 (Mt) 431 447 462 470 469  

from energy sector 403 420 462 443 443 459 

CO (kt) 7.117 7.111 5.179 5.090 4.486  

from energy sector 6.671 6.700 4.781 4.679 4.097 4.021 

SO2 (kt) 1.774 1.287 772 737 665  

from energy sector 1.734 1.264 752 717 649 480 

Nox (kt) 1.929 1.789 1.374 1.359 1.267  

from energy sector 1.911 1.770 1.356 1.340 1.250 1240 

NMVOC 2.038 2.021 1.541 1.442 1.340  

from energy sector 1.318 1.399 959 883 793 744 

* Preliminary data. 

GDP Energy CO2 Emissions

 
 
 GDP 

Source: Elaboration UP on Istat, Ministry of Environment and Ministry of Poduct Activity data. 
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13.2. Historical development and trends 
 
Much of the peculiarity of the present electric system in Italy results from its history. It therefore is 
interesting to review its highlights as some keys to understand its present structure. 
 

13.2.1. The early times (1893 to 1962) 
 
The first Italian commercial power plant (selling electricity to the users) was inaugurated by the 
Edison Company in Milan in 1893, just one year after the global first one (New York 1892). It 
consisted of six generators of 90 kW each, and in its first year of operation it generated 
760,000 kWh of electricity. This electricity was mostly used for lighting application while 
industrial applications lagged behind (each industry preferring to generate its own electricity when 
necessary). The second large application of electricity in Italy was the electrification of railways: in 
1913 Italy was the first country in Europe in terms of electric railways (810 km). This first position 
was maintained until the second World War (3929 km in 1937)70. 
 
Another peculiarity of the electric system in Italy (only partly matched by France) was the 
prevalence of hydroelectricity in the generation mix, due to the favourable geographic conditions 
(especially in the Alps) and to the scarcity of domestic coal deposits. In 1897, hydroelectricity 
accounted for more than 50% of the total (44 GWh, or 59% of the electricity generated); this 
proportion increased to over 95% in the 1930’s, and only in 1966 thermoelectricity again took the 
lead. The obliged location of the power plants at the appropriate mountain sites in Northern Italy 
also pushed the development of transmission lines at increasingly high voltage. 
 
A further distinctive feature of the Italian electricity supply system (although on a lower scale) is 
the use of geothermal energy. Italy was the first country in the world, in 1905, to generate 
electricity from geothermal heat (the steam deposits in the Larderello area in Tuscany). With an 
installed capacity which grew to about 500 MW in the 1980’s, Italy remained for a long time the 
largest producer of geothermal electricity in the world. 
 
The second world war had a disruptive effect on the Italian electricity system; 40% of the 
electricity production assets were destroyed in Southern Italy, 96% in Central Italy, but only 5% in 
Northern Italy. Since most of the production was concentrated in the North, only about 25% of the 
generating capacity was destroyed in Italy as a whole. The electricity produced in 1945 (when the 
war ended) was 12.6 TWh, or nearly two thirds of that generated in 1940 (which was the first year 
of war). 
 

13.2.2. The nationalisation of the electricity sector (1962 to 1999) 
 
Following Great Britain and France with a long delay, the Italian electricity sector was only in 
December 1962 nationalised, with the creation of ENEL (the National Electricity Board), which 
inherited the production plants, the transmission lines, and the distribution networks of a large 
number of private (and a few public) companies. This concentration had a number of positive 
impacts: it allowed an increase in technical efficiency and reduction of waste; it created the 

                                                
70 G.B. Zorzoli, "Il mercato elettrico Dal monopolio alla concorrenza," Quaderni AIEE, Franco Muzzio editore, Roma (2005) 
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necessary conditions to access the financial resources required for the massive investments needed 
to meet the rapid growth of demand; and it supplied the instrument needed for implementing a 
national energy policy, in terms of strategic choices, extending the distribution grid in rural regions 
(an unattractive market for private companies) and providing electricity at equal rates all over the 
country, in an attempt to rebalance economic disparities between the North, the South and the 
islands. 
 
In the meantime, the interest in nuclear power had started playing a major role in the electric 
business71. Shortly before the nationalisation of the electric industry, three different groups (one 
private, two public) had obtained permissions and had started building three nuclear plants based on 
three different technologies (a GCR from the UK, a BWR and a PWR from the US). These plants 
were completed and started operation between 1963 and 1965 in the frame of ENEL. At the end of 
the 1960’s and beginning of the 1970’s Italy was the third country in the world (after the US and the 
UK) for electro-nuclear capacity and production. The subsequent energy plans approved by the 
government aimed at a further massive introduction of nuclear power. Lacking any measure of 
realism, the plans made in the middle 1960’s had a goal of between 33,000 and 46,000 MW for 
1990 and between 74,000 and 108,000 MW for the year 2000 of installed nuclear power in Italy. 
Actually, only three new power plants were constructed and only one was completed and started 
operation in 1981. In the meantime, ENEL (with the technical support of ENEA and the 
collaboration of industry) developed the "Unified Nuclear Design" of a 1000 MW Light Water 
Reactor. Towards the end of the 1970’s, public opinion, which had been previously either 
indifferent or in favour, turned against nuclear energy – particularly at the local level. Both the 
Three Mile Island accident (1979) and (especially) the Chernobyl accident (1986), transferred the 
opposition at the national level. In November 1987 a popular referendum expressed a vote against 
further development of nuclear power. The nuclear production was halted and in the following 
months the construction of new plants was discontinued. 
 
The choice that was made at that point was to rely heavily on fuel oil. This corresponded to an 
economic opportunity: the price of fuel oil was low because at that time European refineries were 
driven by the demand of petrol for cars, the mix of products was rather rigid before catalytic 
cracking, hydrogenation and reforming became common technology and there was little demand 
for fuel oil (especially from the power industry). In addition, fuel oil could be used in gas turbines, 
which were then employed especially for load-following generation. 
 
This choice, which was profitable on the short term, proved to be counterproductive on the longer 
term and still has a negative effect on the present Italian power system (which has the highest 
dependence on petroleum products in Europe). Cheap fuel oil had a very high content of sulphur 
giving rise to huge emissions of SO2 (the ENEL plants released 1.35 million tonnes (Mt) of SO2 in 
1980, and still more than 1 Mt in 198772) Initially, health effects were reduced by diffusing the 
pollution over a wide area by means of high stacks, but when at the beginning of the 1980's the 
preoccupations about acid rains started diffusing, the "Sulphur Protocol" was signed, and the 
European Directive on Large Combustion Plants was approved (1988). This Directive was 
imperative to reduce emissions. End-of-pipe measures were difficult and costly, and the main route 

                                                
71  P. Fornaciari, "Il petrolio, l’atomo e il metano - Italia nucleare 1946-1997," 21.mo Secolo Editori, Milano (1997) 
72 Data from ENEL annual reports 
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was to use fuel oil containing less sulphur (Medium- and Low-Sulphur Content fuel oils) which 
however was more expensive. In addition with the restructuring of the refineries that produced a 
greater share of light products, these measures reduced, if not cancelled, the initial economic 
advantage. 
 
The attention then turned to coal: although coal deposits are practically non-existent in Italy, coal 
could be imported at low cost (relative to other energy sources). However, the possibility of 
increasing the use of coal for power production had to deal with a very strong public opposition: 
(comparable with the one that had cancelled the nuclear programme). It is somewhat surprising that 
this opposition had not turned up against the plants burning fuel oil, which had a much more 
environmental record than a state-of-the art coal plant.  
 
The solution devised by ENEL out of this impasse was to build "multi-fuel" plants that could 
employ indifferently coal, oil derivatives and natural gas, and switch from one to the other 
according to needs and opportunities. This strategy, which would enhance flexibility, had its merits, 
but proved in the end a complete failure. The reasons for this were the high capital cost of the 
plants (the plants did not cost less than a coal-based plant, which is the most expensive of the three) 
and the low efficiency when burning gas (less than 40% against a more than 50%, and now even 
more efficiency, of a combined cycle plant costing less than one half). Because local opposition 
continued to prevent ENEL from burning coal, the solution was in many cases to use the multi-fuel 
plant to burn natural gas, thereby obtaining the maximum capital cost plus the maximum fuel cost 
for the electricity generated. 
 
Although the situation was later partially corrected by the progressive installation of new 
combined-cycle gas plants and the phasing-out of some of the more inefficient plants, the following 
process of privatisation and liberalisation of the market started with the heavy legacy of very high 
"stranded costs" due to the aborted nuclear programme, and of an inefficient and expensive 
generation park.  
 

13.2.3. Privatisation and liberalisation of the electricity market (1999 to present) 
 
The liberalisation of the electricity market, required by the European Directive 96/92/CE published 
in January 1997, was officially initiated by the Ministerial decree of March 31, 199973.  Previous 
steps in this direction, however, have been, in 1992, the transformation of ENEL from a public 
body into a private-type company (as a prelude to its slow privatisation) and the creation, in 1995, 
of the Authority for Electricity and Gas, which – by subtracting the fixation of tariffs from the 
government during the liberalisation process – would actually make this process possible. 
 
ENEL was at that time the third largest electric utility in the Western world, supplying good quality 
service, with a high asset of competences and a very active programme of research and 
development. ENEL supplied about 90% of the electricity generated in Italy: the rest was split 
among a few municipal companies (also public, and mainly engaged in distribution) and some self-
producers (large industries producing electricity for their own needs, often coupled with process 
heat production in CHP). ENEL was the owner and manager of the high and medium voltage 

                                                
73 E. Curcio, S. Delli Colli, "La faticosa apertura del mercato elettrico," Quaderni AIEE, Elicònie Editrice, Roma 2004 
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electricity lines, and the predominant distributor of electricity (about 87% in 2003), the balance 
being again a few municipal companies. ENEL had served the main policy objectives of the 
government by extending the access to electricity to virtually everywhere in Italy, including the 
countryside; it had supplied electricity under cost to a broad section of low-income citizens as well 
as to high-energy intensive industries so as to allow them to compete on the international market; 
the artificially low price of electricity was also a means to limit inflation. In the 1980’ s, this has 
lead to heavy losses, in the order of one billion euro per year, which were partially repaid by public 
money (through the so-called "endowment funds"). All this would end if privatisation and 
liberalisation were to take place. 
 
The guidelines of the reform process were: 

• The liberalisation of electricity production 
• The creation of an independent company for electricity transmission and dispatching 
• The opening of a direct competition for an increasing fraction of the final market 
• The creation of an independent Single Buyer (to take care of the interests of clients not yet 

qualified for a competitive market) 
• The constitution of an Electric Market. 

In order to allow an initial competition in electricity generation to start, the objective was that 
ENEL would not exceed 50% of total production, and ENEL was obliged to sell at least 15,000 
MW of its generating capacity to three Generating Companies (GENCO). 
 
The European directive called for the "unbundling" of ENEL so as to separate generation, 
transmission and distribution activities. This was done by transforming ENEL into a holding; 
however, four of the five companies into which ENEL was split remain of its ownership, so there is 
a risk that the subdivision of the activities remain theoretical. 
 
ENEL remained the owner of the electricity transmission system, but its management was given to 
a public company, GRTN (Gestore Rete Trasmissione Nazionale) so as to ensure equal rights of 
access to the grid (and equal transmission costs) to all producers and clients. This situation has been 
changing recently, with ownership and management of the grid being transferred to a company, 
TERNA, formerly part of ENEL, whose shares will be sold on the market. 
 
As could be easily be predicted, the processes of privatisation and of liberalisation of the electricity 
market in Italy have proceeded slowly, due to the entirely monopolistic starting point, as well as to 
the strong position (and political influence) of the monopolist. The fraction of electricity generated 
by ENEL is decreasing in time, since new actors enter the market, but for the first time in 2003 it 
barely managed to go below the goal of 50% maximum (49.4%74). The access to the market of the 
"eligible clients" (initially, only industrial clients having a yearly consumption larger than 20 GWh 
per year; however this limit will be progressively lowered) has started in a lively manner, especially 
when industrial clients were given the possibility of forming consortia that would represent them, 
and so be able to aggregate demand surpassing the threshold. At present, all industrial and business 
clients are eligible, and domestic clients will be able to choose in the next couple of years. 

                                                
74  Autorità per l'Energia Elettrica e il Gas, e Autorità Garante della Concorrenza e il Mercato, "Indagine Conoscitiva sullo stato della liberalizzazione 

del settore dell'energia elettrica," 9 Febbraio 2005 
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However, their choice in terms of providers is very limited for the time being, and the most 
interesting option appears to be direct import of electricity from abroad. 
 
The privatisation of ENEL is also proceeding, but it is far from being concluded. 
Corrections to the regulation of the electricity market have been introduced since the liberalisation 
decree entered into force, to take into account some of the problems that have shown up. On June 
26th, 2003, there was a "brown-out" met by a programmed cut of non priority users to avoid a 
general blackout. On the night of September 28th, 2003, at a time of minimum demand (4 a.m.), 
there was a general blackout in all Italy, lasting several hours, the worst of the recent history in 
Italy. The first one was linked with the insufficient reserve margin existing at that time, and 
signalled the necessity of promoting some stand-by capacity; the second actually originated in 
Switzerland, which at that time provided practically the totality of the power required, and pointed 
to the vulnerability of an excess dependence on electricity import. 

 

13.2.4. Energy efficiency in Italy 
 
The high price of energy (and electricity in particular) prevailing for a long time in Italy induced a 
fairly high degree of efficiency in the final uses. Industry in particular had a high record of 
performance in terms of kWh per unit of added value (the particular mix of products prevailing in 
the "made in Italy" helping in this respect). The performance of the domestic and tertiary sector is 
perhaps less brilliant than that of industry. The difference in climate makes comparison with other 
countries less easy, but Italian appliances have been known in the past for good energy 
performance. In addition electric (resistance) space heating has a very low diffusion. 

 

13.3. Legislation 
 
As previously mentioned, the present legislation in Italy stems from the European Directive on the 
single market for energy. Its implementation, however, is limited by the scarce competition existing 
on the electricity market and by the dominant position of the traditional monopolist and main 
provider, ENEL, that, by possessing the cheapest generating plants (large scale hydro and coal 
plants) is in a position to fix the final price in most cases. Many people think that competition will 
have a limited effect in lowering electricity prices for final users. The situation is unlikely to change 
in the short and medium term, even if the Authority for Energy is striving to introduce more market 
elements. A political problem not yet fully solved is the respective roles central government and 
regional governments are having. 
 
Italy has a system of “ Green Certificates”  to promote the diffusion of renewable energy sources 
(RES). The legislation in this respect is innovative and interesting, but its effects are endangered by 
the fact that district heating is “ assimilated”  to RES and may unfairly compete with real renewables 
in generating green certificates. Moreover, the green certificate system runs parallel with the 
heritage of the previous system, which included direct subsidies and assured uptake price for RES 
generated electricity; the plants built within the previous system presently generate green 
certificates that are publicly owned and put on the certificate market at a fixed price, which acts as a 
ceiling for the price of green certificates. 
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Italy also has introduced (since January 2005) an innovative system of “ White Certificates”  to 
promote efficiency in the final uses of energy. This system sets an obligation on distributors of 
electricity and of gas (for the moment limited to those serving more than 100,000 clients) to prove 
each year that they have introduced energy-saving measures in final uses, in amounts proportional 
to the quantity of gas or electricity they distribute. The savings do not have to concern their own 
clients, but can be obtained anywhere in sectors of final use (excluding those subjects to the 
Emission Trading directive). At least 50% of the savings must stem from of electricity for 
electricity distributors, and similarly for gas distributors. The distributors can make these saving 
interventions directly, or through Energy Service Companies, or they can buy (from independent 
energy service companies or from other distributors) certificates that are generated by others on the 
market. The system is similar to the Energy Efficiency Commitments of the UK, but it is not 
limited to a pre-defined set of interventions, nor to the residential sector. The system now being 
considered in France is similar to the Italian one. 

 

13.4. Peculiarities 
 
Summing up what has been mentioned, it may be stated that the peculiarities of the Italian electric 
system are: 

• A high dependence on imported fuel and on imported electricity 
• The exclusion of nuclear power 
• A decreasing but still important role of oil in electricity generation 
• An increasing penetration of dual-cycle natural gas generating plants 
• A minor role of coal 
• A relatively important contribution of large-scale hydro (also for pumped electricity 

storage) and the most important contribution in Europe of geothermal energy 
• A high share of industrial CHP and a small presence of district heating CHP 
• A slow penetration of renewable sources, with limited effects of the Green Certificate 

system 
• A relatively high energy efficiency in final uses, especially in the industrial sector 
• An innovative legislation to promote increases in energy efficiency 
• A theoretical more than actual free market for electricity 
• A somewhat confused situation as regards the respective roles of local, regional and central 

governments in energy matters 
 

13.5. Prospects for the future 
 
At the present time, there is little debate in Italy on the long-term energy future, and no strategic 
energy document has been issued so far by the government. Some discussions, partly initiated by a 
statement of the Prime Minister, concern the possibility that Italy reconsiders its stand vis-à-vis 
nuclear energy, but the question remains highly speculative and does not seem to lead to practical 
action, legislative or other. The shortage of electricity generating capacity which was looming in 
the last three years now appears to have been overcome by the construction of new power stations 
or the re-powering of existing ones. The tendency is towards high-efficiency natural gas dual cycle 
power plants, to replace inefficient oil burning plants. Some industrial pressures are in the direction 
of a larger use of coal, which is perceived as the least-cost solution. Electricity imports are expected 
to remain at the present level, or even higher, but more for economic reasons than for structural 
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weakness of the power system. The main worry at present is the high cost of electricity in Italy, 
which endangers the competitive position of industry, especially in the energy-intensive sectors. 
Hopes that the increasing role of the market will improve the situation are dwindling. 
 
On the short term, no clear solution for respecting the Kyoto engagements can be seen other than 
making a large use of the flexibility mechanisms. Little discussion, at least officially, concerns the 
post-Kyoto horizon, with a tendency to steer clear of further engagements. As mentioned above, no 
official long-term energy scenario is available. GRTN (the Italian Transmission System Operator) 
has published a 10-years extrapolation scenario. 
 
A long-term trend scenario of final electricity uses in Italy, by economic sector, final utilisation and 
geographical region was built by employing a MARKAL-TIMES model, by the Italian Association 
of Energy Economists and by CESI (Italian Experimental Electricity Centre)75 in the frame of the 
SCENARI research project. 

Consumi finali di energia elettrica in Italia 
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The scenario displays an increase of final electricity consumption from 280 TWh in 2000 to 470 
TWh in 2030, with an average yearly increase of 1.7% over the coming thirty years. This increase 
is slightly higher than the GDP growth, implying a small increase of the electricity intensity of final 
uses. Electricity consumption should increase on average 2.0% per year until 2010, 1.7% per year 
from 2010 to 2020 and 1.5% from 2020 to 2030. Industry will maintain the larger share of 
electricity consumption, passing however from the present 23% to 46% in 2030. The service sector 

                                                
75   CESI is the institution in charge of the electric system R&D (www.ricercadisistema.it), which is financed by means of a levee of 
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will be the most dynamic, with annual growth rates of about 3% until 2010 and 2.5% between 2010 
and 2020. Its share will grow from the present 21% to 28% in 2030. The residential, transport and 
agricultural sectors will keep their present share more or less constant. Thus, unlike the present 
situation, the service sector will consume more electricity than the residential sector.  
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14.1. Factual information 
 

14.1.1. Geographical description 
 
Latvia became independent in 1991 and joined both NATO and the EU in the spring of 2004. 
 
Latvia is situated in Eastern Europe at 57oN, bordering the Baltic Sea. The climate is maritime with 
wet, moderate winters and an average yearly temperature of 6-7oC. The land area is 64,589 sq km 
of which 1,000 sq km is water. 
 

14.1.2. Demographics 
 
The population of Latvia is 2.29 million. 57.7% of population is Latvian, 29.6% is Russian, 4.1% 
Belarusian, 2.7% Ukrainian, 2.5% Polish and 1.4% Lithuanian. The capital Riga is Latvia’ s largest 
city with almost 800 000 inhabitants. 
 
The population by age group is given in Table 1. The population growth rate is -0.69%. 
 

Table 1. Population by age group in Latvia. 
 

 2005 
Population 2,290,000 
0-14 years 14.4% 
15-64 years 69.4% 
65 years and over 16.1% 

 
14.1.3. Economical situation 

 
The GDP in 2004 amounted to $26.53 billion or $11,500 per capita. The GDP is composed of 
services (70.8%), industry (24.8%) and agriculture (4.4%). The GDP growth rate is 7.6%. The GDP 
growth is shown in figure 1. 
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Figure 1. GDP Growth in Latvia and EU-25 (Ministry of Economics) (in per cent, 1995 = 100%) 
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14.1.4. Energy 
 
Latvia is very dependent on energy imports as it lacks indigenous resources. About 80% of primary 
energy sources are being imported, mostly from Russia. Imported energy sources include coal, 
natural gas and oil products. Mainly natural gas and heavy oil are used in heat generation. Local 
energy sources, wood and peat, are used to supplement imports for domestic electricity and heat 
production. 
 
The TPES in 2002 was 4.27 MToe. The structure of energy resources was dominated by oil 
products with 36%. Next come biomass with 31% and gas with 26% share. Hydropower generated 
some 5% of the total. 
 
In the Latvian energy sector, electricity and gas supply as well as combined heat and power 
generation are regulated because monopolies operate in these areas. 
 

 
Figure 2. Final energy consumption per sector, 2002. (Austrian Energy Agency) 

 
14.1.5. Electricity 

 
Latvia is a net importer of electricity. The electricity production was 4.547 billion kWh in 2002, 
whereas electricity consumption totaled 5.829 billion kWh. Most of the electricity generated in 
Latvia is from hydroelectric power plants, which have a power-generating capacity of 2.1 GW. The 
remainder is generated by thermal plants using natural gas as well as smaller amounts of peat and 
fuel oil.  
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Latvia’ s electricity imports come from Estonia, Lithuania and Russia. Electricity imports amounted 
to 2.7 billion kWh in 2002. At the same time, Latvia exported 1.1 billion kWh of electricity. 
 
The major power plants in Latvia are all operated by the state-owned utility Latvenergo, and they 
constitute 97% of Latvia’ s capacity. The remaining 3% are privately owned hydro and thermal 
plants. In 2003, Latvenergo generated 54% of the demanded electricity, 40% was imported and 6% 
purchased from small power plants. 
 

Table 2. Electricity Supply in Latvia (Ministry of Economics1) 
(billion kWh) 

Components of electricity supply 1999 2000 2001 2002 2003 

Total electricity supply 6.065 5.922 6.163 6.323 6.608 

Total generation of electricity 4.110 4.136 4.280 3.975 3.975 

of which:      

HPP2 2.744 2.799 2.801 2.433 2.216 

CHP3 1.222 1.163 1.246 1.238 1.363 

Block stations and other equipment 0.128 0.150 0.198 0.263 0.298 

Small HPS 0.014 0.020 0.032 0.030 0.050 

Wind generators 0.002 0.004 0.0034 0.011 0.048 

Total import of electricity 1.955 1.786 1.883 2.348 2.633 

1 Source: state JSC Latvenergo, Ministry of Economics, CSB 
2 Daugava cascade and Aiviekste HPP (HPP of state JSC Latvenergo) 

3 CHP of state JSC Latvenergo 

 
14.1.6. Environmental issues 

 
The CO2 emissions totaled 9 million tons in 1998, which is a dramatic reduction of 64% from 
1990. The ratio of 3.4 tons of CO2 per inhabitant is one of the lowest in the European Union. 
 
The energy sector generated about 50% of total emissions in 2000. There is an inclination to shift 
from coal use to gas. The extraction of peat from wetlands is threatening wetland habitats. 
 

14.2. Trends – past, present and future 
 
The main objectives of the Latvian energy sector are to diversify fuel supply and to promote 
competition. The modernization of hydropower plants and conventional thermal power plants as 
well as the electricity grid are projected. There are some plans to build new thermal power plants of 
capacity of 350-400 MW and new CHP of about 32 MW. 
 
In the electricity generation sector, the relatively low prices of imported electricity do not 
encourage new, independent electricity generators to enter the market. During the past years, only 
electricity generation with state-supported prices has evolved, namely small hydro-electric power 
plants, cogeneration, and wind power. 
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At the moment, Latvia is co-operating with Estonia and Finland in a project called “ Estlink”  to 
contruct an underwater cable linking the Baltic states to the Scandinavian and Nordic power 
grids."Estlink" is designed to reduce regional dependency on Russia, and is expected to be 
completed by late 2006. 
 

14.3. Policy – present, future and critical review 
 
Latvia is currently incorporating EU policies in its energy framework. In the electricity supply 
sector, this means that the electricity market in Latvia must be gradually opened. 
 
Latvia is inclined to improve its energy efficiency and to support renewable energy technologies. 
The Energy Policy adopted in 1997 also prioritizes energy diversification and the restructuring of 
the sector.  
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14.5. Abbreviations  
 
EU – European Union 
NATO – North Atlantic Treaty Organisation 
GDP – Gross domestic product 
Mtoe – Millions of tons of oil equivalent  
TPES – Total primal energy supply 
CHP – Combined heat and power 
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15.1. Factual information 
 

15.1.1. Geographical description 
 
Lithuania declared independence in 1990, and was recognized as a nation one year later. It joined 
both NATO and the EU in the spring of 2004. 
 
Lithuania is situated in Eastern Europe, on the coast of the Baltic Sea, between 53 and 56 oN. The 
climate is temperate; the yearly temperatures average 5.5oC. The land area is 65,200 km2. 
 

15.1.2. Demographics 
 
The population is 3.6 million. 83.4% of population is Lithuanian, 6.7% Polish and 6.3% Russian. 
The largest city is the capital Vilnius with approximately 542,000 inhabitants. 
 
The population by age group is given in Table 1. The population growth rate is -0.3%. 
 

Table 1. Population by age group in Lithuania. 
 

 2005 
Population 3,597,000 
0-14 years 16.1% 
15-64 years 68.7% 
65 years and over 15.2% 

 
15.1.3. Economical situation 

 
The GDP estimate in 2004 totaled $45.23 billion or $12,500 per capita of which 60.5% is services, 
33.4% industry and 6.1% agriculture. The GDP growth rate is 6.6%. 
 

15.1.4. Energy 
 
The TPES in 2002 was 8.61 MToe. Lithuania relies strongly on nuclear power which represents 
40.9% of total energy. Oil and gas occupy each a share of some 25% of TPES. The country has 
limited oil reserves. Renewables make up 7.9% of total energy. Altogether, Lithuania’ s primary 
energy sources are not substantial and have not been thoroughly explored. More than 90% of TPES 
is imported, mostly from Russia. 
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Figure 1. Shares of TPES in Lithuania (IEA, 2002). 

 

 
Figure 2. Final energy consumption per sector, 2002. (Austrian Energy Agency) 
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15.1.5. Electricity 
 
Lithuania produced 19.3 TWh of electricity in 2004, which is substantially more than its domestic 
consumption. Some 7.3 TWh of excess electricity is exported to neighbouring countries, namely 
Latvia, Belarus and Russia. Further transmission lines, for example across Poland, are under 
consideration. 
 
The greatest electricity producer is the Ignalina Nuclear Power Plant with 78.2% of the total 
generated electricity in Lithuania. Thermal power plants supply 17.1% of electricity and hydro 
power plants and the pumped storage power plant 4.7%. The state-owned energy utility Lietuvos 
Energija AB is the main actor in the Lithuanian electricity field: it owns the country’ s largest non-
nuclear power plants and holds a monopoly on electricity transmission and distribution in 
Lithuania.   
 

Table 2. Electricity balance, TWh (Ministry of Economy of the Republic of Lithuania) 
 

 2003 2004* 
Gross production 19.5 19.3 
          Nuclear power plant 15.5 15.1 
          Thermal power plants 3.0 3.3 
          Hydro power plants 0.3 0.4 
          Pumped storage power plant 0.7 0.5 
Import - 0.1 
Export 7.5 7.3 
Total consumption 12.0 12.1 
Own needs of electricity producing companies 1.6 1.5 
Input for water raising in pumped storage power 
plant 

0.9 0.7 

Transmission and distribution losses 1.4 1.3 
Consumed by energy enterprises 0.9 1.0 
Final consumption 7.2 7.6 
          in industry 2.6 2.7 
          in the transport sector 0.1 0.1 
          in agriculture 0.2 0.2 
          in the trade and services sector 2.4 2.5 
          in households 1.9 2.1 

* preliminary data 
 

15.2. Environmental issues 
 
The current environmental concerns in Lithuania involve its urban and industrial centres, military 
installations, and energy facilities. For example, the contamination of soil and groundwater with 
petroleum products and chemicals is a problem at military bases. 
 
Carbon dioxide emissions amount to 11.6 million tons or 3.2 tons per inhabitant (2003). The 
emission of pollutants into the atmosphere is presented in table 3. 
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Table 3. Emission of pollutants into the atmosphere in thousand tons (Statistics Lithuania) 

 1995 1999 2002 
Total 152,1 120,0 94,2 
Solid 11,8 5,8 4,7 
Gases and liquids 140,3 114,2 89,5 
sulphur dioxide 54,7 55,3 29,7 
Carbon oxides 14,6 23,8 21,0 
nitrogen oxides 13,3 13,4 11,0 
sulphuric acid, t 34,9 39,7 16,4 
fluorides, t 57,6 28,1 22,2 
chlorine, t 1,8 0,7 0,4 
   Other 40,0 21,6 27,8 

 
15.3. Trends – past, present and future 

 

The energy sector of Lithuania is strongly based on nuclear energy. In 2003, nuclear power 
supplied nearly 80 percent of Lithuania’s electricity, which is the largest market share for nuclear 
power in the world. Together with the powerful energy industry and low energy consumption, 
Lithuania has been able to export a considerable amount of electricity on a yearly basis. 

The power production in Lithuania has relied highly on their single nuclear power plant, Ignalina, 
with its two reactors. Dating from the times of the Soviet Union, the power plant was not 
considered safe by the EU. So, as a pre-condition for the membership in the EU, the Ignalina power 
plant had to be closed. The shutdown is done in two stages beginning in 2005 and ending in 2009. 

The closure of the Ignalina power plant is a major challenge for the Lithuanian economy and 
energy production. Lithuania is facing a complete restructuring of its energy infrastructure. It has 
indicated interest in developing a new nuclear facility. However, at least on the short term, 
Lithuania’ s dependence on oil and gas imports from Russia will double. The electricity generation 
will shift from nuclear power towards oil and gas, which will increase electricity generation costs 
as well as emissions. 
 

15.4. Policy – present, future and critical review 
 
The membership in the EU directs the energy policy in Lithuania. The electricity infrastucture is 
under major changes, and the government has set some outlines to direct the decisions. Lithuania 
wants to reduce its dependence on primary energy source imports from Russia, which at present 
amount up to 90% of TPES. Renewable energy sources of main concern are peat and biomass. 
Further improvements on energy efficiency and the security of energy supply by diversification are 
also on the agenda. 
 
Future integration with EU energy markets will have two decisive outcomes. First, new 
independent electricity producers will have free connection to the national electricity grid provided 
by the Energy Law. Second, a free electricity market will be established. 
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16.1. Energy-related and socio-economic analysis: past, present and future 

 
16.1.1. Factual information 

 
16.1.1.1. Geography & population 

 
Luxembourg counts 450,000 inhabitants and 172,000 numbers of households. It has a surface area 
of 2,600 km² of which the north is part of the Ardennes massif and the south is a hilly plain. 
Surface height varies between 130 and 560 metres. One third of the surface area is covered by 
forests. Luxembourg has a modified continental climate with mild winters and cool summers, with 
an annual rate of ,1630 hours of sunshine. 
 

16.1.1.2. Economy 
 
With its GDP of 25,000 x 106 EUR, Luxembourg has the highest GDP76 per capita of the EU. The 
main sector is the service sector, with a share of more than 80%. The diversified industry represents 
16.5% and the agriculture only 0.5%. 
 

16.1.1.3. Energy 
 
An important issue in the energy balance of Luxembourg is the high import dependency for its 
energy needs. In the table below, the main energy indicators are presented (based on baseline 
scenario from [3]). 
[PJ]77 2000 2005 [PJ] 2000 2005 

      

Gross Inland Consumption (=TPES) 152.46 178.5 Final Energy Demand (TFC) by 

Sector 

148.68 167.16 

 Solids 5.46 4.2  Industry 39.9 46.2 

 Oil 95.76 110.46  Residential 25.2 26.88 

 Natural gas 28.14 41.58  Tertiary 4.62 5.04 

 Nuclear 0 0  Transport 78.96 89.04 

 Electricity 20.58 18.48 Final Energy Demand (TFC) by Fuel 148.68 167.16 

 Renewable energy forms 2.52 3.78  Solids 5.04 4.2 

Net Imports 152.04 174.72  Oil 94.92 105.42 

Import Dependency [%] 99.8 97.8  Gas 26.04 31.92 

Energy Intensity Indicators (1990 = 100)    Electricity 20.58 23.1 

 Industry (Energy on Value Added) 30.4 28.5  Heat 1.26 1.68 

 Residential (Energy on Private 

Income) 

88.6 77.2  Other 0.84 0.42 

 Tertiary (Energy on Value Added) 89.7 75.6    

 Transport (Energy on GDP) 113.3 101.9    

                                                
76 A list with abbreviations can be found at the end of this chapter. 
77 Based on conversion 1toe = 42 x 109 J 
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16.1.1.4. Electricity 

 
As it is the case with the overall energy needs, Luxembourg relies on import for its electricity 
demand. Electricity mainly comes from its neighbouring countries France, Germany and Belgium. 
The main electricity balances and indicators are summarised in the table below [3]. 
 

 2000 2005 

   

Electricity Generation [TWhe] 0.43 2.32 

 Nuclear 0.00 0.00 

 Hydro & wind 0.15 0.19 

 Thermal (incl. biomass) 0.29 2.14 

Electricity Generation [Gwe] 0.13 0.53 

 Nuclear 0.00 0.00 

 Hydro (pumping excluded) 0.04 0.04 

 Wind and solar 0.01 0.03 

 Thermal 0.08 0.46 

     Of which cogeneration units 0.03 0.05 

     Open cycle 0.03 0.09 

     Supercritical Polyvalent/Clean Coal and Lignite 0.00 0.00 

     Gas Turbines Combined Cycle 0.04 0.37 

     Small Gas Turbines 0.00 0.00 

     Fuel Cells 0.00 0.00 

     Geothermal Heat 0.00 0.00 

Average efficiency for thermal electricity production [%] 34.8 49.1 
 

16.1.1.5. Environmental issues 
 
The main balances and indicators concerning the CO2-emissions are summarised in the table below. 
 

 2000 2005 

   

CO2-emissions [Mt of CO2] 8.8 10.6 

 Electricity and Steam production 0.1 0.9 

 Energy Branch 0.00 0.0 

 Industry 1.7 1.8 

 Residential 1.4 1.5 

 Tertiary 0.1 0.1 

 Transport 5.6 6.2 

CO2-emissions Index (1990 = 100) 83.1 99.3 

Carbon intensity [t of CO2/toe of GIC] 2.43 2.48 

CO2-emissions/Capita [t of CO2/inhabitant] 20.03 22.60 

CO2-emissions to GDP [t of CO2/MEUR ‘00] 431.6 411.0 

Carbon Intensity indicators   



 202 

 Electricity and Steam production [t of CO2/MWh] 0.15 0.32 

 Final energy demand [t of CO2/toe] 2.46 2.42 

     Industry 1.73 1.63 

     Residential 2.35 2.36 

     Tertiary 0.68 0.71 

     Transport 2.97 2.95 

 
16.1.2. Trends [1] 

 
Growth rates [% per year] ’73-‘79 ’79-‘90 ’90-‘97 ’97-‘98 ’98-‘05 

      

TPES -2.5 -0.8 -0.7 -2.5 1.9 

 Coal -4.6 -4.3 -16.8 -63.8 -1.7 

 Oil -4.0 2.1 2.7 4.4 -0.8 

 Gas 13.6 -0.8 5.5 1.1 12.2 

 Comb. Renewables & Wastes - 3.0 5.8 -5.4 2.6 

 Nuclear - - - - - 

 Hydro 12.2 -2.6 2.2 42.9 -3.1 

 Geothermal - - - - - 

 Solar/Wind/Other - - - - - 

TFC -0.1 0.1 1.2 1.2 0.3 

Electricity Consumption 2.7 1.6 3.2 2.9 2.0 

Energy Production 36.6 1.6 5.5 - 2.4 

Net Oil Imports -3.5 1.8 2.5 6.7 -1.0 

GDP 1.3 4.5 4.8 5.7 2.3 

Growth in the TPES/GDP Ratio -3.7 -5.0 -5.3 -7.8 -0.4 

Growth in the TFC/GDP Ratio -1.3 -4.2 -3.5 -4.3 -2.0 

 
16.2. Policy 

 
16.2.1. General framework 

 
Luxembourg is largely dependent on imports of its neighbouring countries for all its energy needs. 
As a logical consequence, a good integration in the European gas and electricity network, with 
enough import capacity, is necessary. Gas import capacities with Germany have recently been 
increased. The former large energy (coal) use of the steel and iron industry has been reduced by the 
transformation of the blast furnaces to electric ones. Currently, Luxembourg does not face problems 
of energy supply. 
 
Because of the very low excise taxes on automotive fuels, a lot of foreign border customers come to 
provide themselves in Luxembourg. Both measures on the national as on the European level will be 
necessary to tackle this problem. 
 
Concerning the liberalisation, since 1 July 2004 the energy market (both gas and electricity) is open 
for all non-residential users. From 1 July 2007 on, it will be opened for all clients. Because of the 
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small domestic market, with demand led by a few large consumers and only a small number of 
players, competition in gas and electricity is highly influenced by the situation in the neighbouring 
countries. This is an important argument for a strong interaction and cooperation between the 
regulators of Luxembourg and its neighbouring countries. 
 
As a consequence of the Kyoto protocol, Luxembourg is committed to reduce its GHG emissions 
by 28% between 1990 and 2008-2012. 
 

16.2.2. Electricity policy 
 
To decrease the import dependency, Luxembourg installed a new 350 MW CCGT in 2002. Before 
the installation of this combined cycle, the domestic production existed mainly out of hydropower 
(approximately 1.3 TWh per year). 
 
To control the liberalised electricity market, the Institut Luxembourgeois de Régulation was 
established [4]. Its main tasks are to advice the minister responsible for energy matters, to control 
the transport tariffs and the access conditions and to avoid misuse of dominant market players. 
 

16.2.3. Environmental policy 
 
Although GHG-emissions in 2002 were 21% below 1990 levels, it is a big challenge for 
Luxembourg to reach its Kyoto target. The current amelioration is a consequence of the 
restructuring process in the steel and iron industry. To reach the Kyoto targets and to reduce the 
energy demand per capita – which is among the highest in the EU - Luxembourg plans to use a 
combination of environmental measures and – for the bulk of the emissions – the Kyoto flexibility 
mechanisms. 
 
The objectives of the National Plan for Sustainable Development are focused on two issues. Firstly, 
there is a planned reduction of energy use. Luxembourg wants to reduce its energy intensity by 
20% by 2010 and the heating energy per surface unit of living by 30% by 2020. 
 
Secondly, there is a strategy towards a clean and high-efficient production of electricity. The aim is 
to cover up till 5.7% of electricity consumption by RES by 2010. Besides that, Luxembourg wants 
to promote autonomous electricity production with high-efficiency technologies, starting in 2005. 
 
The measures to reach those objectives are based on different pillars. The first one consists of 
promotion of energy efficiency in production and building industry. The goal is to stimulate 
cogeneration and heat networks, high-efficiency technologies like condensing boilers, heat pumps, 
fuel cells and more efficient domestic appliances and an overall amelioration of insulation of 
buildings. 
 
A second pillar is based on more fiscal and economic measures, to favour the use and the 
production of RES towards private and public customers mainly by investment subsidies and feed-
in tariffs. 
 
It is important for Luxembourg to take cost-effective measures to reach its energy policy targets.  
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A last issue towards the amelioration of the energetic efficiency in production is the continuous 
optimisation of the efficiency of the domestic CCGT, built in 2002. 
 

16.3. References & Bibliography 
 
1 IEA, Luxembourg 2000 Review 
2 IEA, Luxembourg 2002 Compendium 
3 European Energy and Transport, trends to 2030 
4 www.ilr.etat.lu 
5 Statistiques du Luxembourg http://www.statistiques.public.lu/fr/ 
6 Plan National pour un Développement Durable; Ministère de l’ Environnement; 30 avril 1999 
7 IEA, Luxembourg 2004 Review 
 

16.4. Abbreviations 
 
CCGT - Combined Cycle Gas Turbine (steam and gas) 
GDP – Gross Domestic Product 
GIC – Gross Inland Consumption 
RES - Renewable Energy Sources 
TFC – Total Final Consumption 
TPES – Total Primary Energy Supply 
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17.1. Energy-related and socio-economic analysis: past, present and future 
 

17.1.1. Factual information 
 

17.1.1.1. Geography & population 
 
Malta is an archipelago, with only the three largest islands (Malta, Ghawdex or Gozo, and 
Kemmuna or Comino) being inhabited, and has a surface area of 316 km². Malta’ s climate is 
mediterranean with mild, rainy winters and hot, dry summers. 
 
Malta counts 398,534 inhabitants. 
 

17.1.1.2. Economy and Energy Demand 
 
The Republic of Malta joined the EU on 1 May 2004.  
 
Malta has a market economy mostly based on income from freight transhipment activities, financial 
centre operations, and tourism. The public sector is small. GDP per capita in purchasing power 
parity is $ 18,200 (2004 est.).  
 
GDP growth is moderate (1 % per year recently). The structure of GDP is roughly: agriculture 5%, 
industry 24%, services 71%. Inflation is constantly less than 3% on an annual basis. The currency is 
strong. Unemployment is relatively high (7 %). All financial indicators are healthy, including the 
public budget, the national debt and the current account of the country. 
 
The services sector accounts for roughly 75% of total economic activity and manufacturing 
concerns light industrial activities (mostly clothing and food industry) and shipyards. 
 
The use of primary energy per capita is 70% of the EU-25 average but energy intensity is higher by 
25% of the EU-25 average. Electricity consumption per capita is in Malta at 90% of the EU-25 
average. Energy intensity has been increasing over the last 15 years, due to high growth of 
electricity use in houses and in the tertiary sector. The use of electricity is expected to grow over 
the next ten years at rates above GDP growth, as it was the case over the last fifteen years. There is 
a significant potential for more rational use of energy in buildings and in the transportation sector. 
 

17.1.1.3. Energy Supply 
 
Malta is totally dependent on imports for its supply in conventional energy. The only national 
resources are solar and wind (high potential). 
 
Malta is 100% depending on petroleum products which are entirely imported since the country has 
no refinery. 
 
The installed capacity is 570 MW in 2004, at 100% thermal (burning petroleum); the electricity 
capacity increased since 1994 with the commissioning of a new power plant at Delimara supplied 
with heavy fuel oil and which functions in combined cycle since 1999. The electricity production is 
2.1 TWh. 
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The power plants are heavily polluting and do not comply with the recent directives of the EU. 
Transitory measures are taken to reduce pollution.  
 

17.2. Policy 
 
The main issues are the liberalisation of the energy sector, the modernization of the power stations 
and the extension of the electricity networks. One of the current objectives of Enemalta is to 
improve the efficiency of electricity production (currently around 31%), and to reduce the 
distribution losses. In the same way it continues its fight against the illicit uses of kerosene. 
 
Enemalta diversifies its storages capacities of oil products in order to reduce the transport and 
delivery delays and to conform gradually to the safety storage requirements of the EU (90 days). 
To supply the electricity sector, there exists a project of a gas pipeline from Sicily. 
 
The country plans to invest an additional 28 M ¼�E\������WR�LPSURYH�WKH�HOHFWULFLW\�GLVWULEXWLRQ��
thus for the last 10 years, the country has invested nearly 70 M ¼�WR�UHLQIRUFH�WKH�HOHFWULFLW\�
distribution 
grid. 
 
A project of a windmill farm is actually studied and currently supported by Malta Environment and 
Planning Authority; the installation of the 10 turbines should make it possible for Malta to produce 
5% of electricity generated from renewable energy sources. 
 

17.3. Bibliography 
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4 CIA - world fact book 
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18.1. Energy-related and socio-economic analysis: past, present and future 
 

18.1.1. Factual information 
 

18.1.1.1. Geography & population 
 
Poland has a surface area of 312,685 km², which is mainly flat. There are only mountains at the 
Southern borders. Heights vary from -2 m to 2,499m. The coastline with the Baltic Sea extends 
over 491 km. Poland’ s winters are cold and moderately severe, with frequent precipitation. Its 
summers are mild. 
 
Poland counts 38.6 x 106 inhabitants and approximately 14 x 106 households. The resulting number 
of persons per households is higher than the EU-average. 
 

18.1.1.2. Economy 
 
Liberalisation started in 1990, which replaced gradually the historical central planned economy. 
Among the several transition economies in the Central European region, Poland did a good effort, 
but there is still a lot of work to do. 
 
Over the last few years unemployment was persisting reaching a rate of 20% but economic growth 
was rather fast, reaching 5% in 2004. GDP78 in 2005 is estimated to exceed 230 x 109 EUR, but 
GDP per capita remains small (around 5850 EUR/capita) if compared with the average of EU-15 
(around 25000 EUR/capita). Since 1990, the share of industry in the GDP has decreased 
dramatically (around 25% in 2005), while the share of services is growing, account for the major 
part to the GDP (exceeding 65% in 2005). Agriculture’ s share in GDP is rather stable at 5%. 
 

18.1.1.3. Energy 
 
The trends in the energy demand are closely related to the economic evolution. The decline of 
industrial activity was more pronounced in the energy-intensive industry, a trend which explains 
the drop of the share of industrial energy demand in total final energy demand (from 40% in 1990 
to less than 28% in 2005). 
 
The restructuring of the Polish economy further explains the fast growing energy demand in the 
transportation sector and in the services buildings. Similarly, given that electricity demand per 
capita is still one third compared to EU-15, electricity demand grows fast, reaching an average 
growth rate higher than 2.5% yearly in average. 
 
The use of primary energy per capita is only 58% of the EU-15 in average, but is expected to grow 
twice as fast as in the EU-15. On the contrary, Poland’ s primary energy use per GDP is two and a 
half times higher than at the EU-15 in average, which is due to the low level of GDP, as compared 
with EU-15, and the relative inefficient use and conversion of energy in Poland. However, since 
1990, all energy efficiency indicators for industry and houses have been halved, reflecting the 

                                                
78 A list with abbreviations can be found at the end of this chapter. 
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restructuring away from energy intensive industries and the improvement in terms of rational use of 
energy in houses which has also been influenced by the increase of end-use energy prices. The 
energy efficiency indicators in the transportation and tertiary sectors also showed progress over the 
last fifteen years, but at a lesser degree since energy needs in these sectors grow fast driven by the 
overall changes in the economy. Despite this progress, a significant potential for further 
improvement in terms of energy efficiency exists in Poland. 
 
On the energy supply side, Poland has large endowments of coal (both hard coal as lignite) and has 
natural gas as well. These coal endowments have a large influence on the energy balance, and as a 
consequence on the environmental issues as well. 
 
Estimations of Polish fossil reserves: 

- Coal: 65 Gt (8th coal exporter on world scale) which implies more than 450 years of 
reserve at current utilisation level; however at current coal prices and given the 
considerable needs of investment in new coal mines, the economically exploitable 
reserves might only last for approximately 30 year (till 2030); 

- Lignite: 14 Gt which also may last long (200 years) which are produced at lower cost 
than coal but need considerable investment for mining and environmental protection; 
therefore, the economically exploitable potential heavily depends on environmental 
considerations; 

- Oil: 15 Mt which is very small compared with annual consumption; 
- Gas: 150 Gm³ the exploitation of which also depends on investment and the prices of 

gas imported from Russia and other origins; currently annual production of gas does not 
exceed 4 bcm, but the government seeks for increasing domestic production over the 
next years. 

 
In Poland, district heating is an important factor in the energy balance. Up to 70% of the heat 
demand in towns is supplied by district heating. As a result, in combination with more local heat 
sources in the rural areas, up to 40% of the residential houses are heated by district heating. This is 
three times more than EU-average. However, the heat supply sector requires considerable 
investment for modernization, efficient pricing and energy efficiency improvement. 
 
Although endowed with large domestic energy resources, Poland is expected to increasingly 
depend on imported energy over the near future. This is a combined result of the slowdown of 
domestic coal production and the increase in the use of oil and gas. Poland, being a transit country 
in the commerce of oil and gas from the East to West, would be well placed to obtain economically 
attractive contracts for gas supply. In fact, Poland has been already engaged in long term contracts 
for imports of more than 8 bcm per year, of which 5.7 bcm will be supplied by Gazprom and 2 bcm 
by Gasunie. According to the Polish energy plan, careful consideration is given to develop an LNG 
supply facility and open a gas storage site. These actions illustrate the concern about security of gas 
supply and seek to diversify the future imports of gas to Poland. 
 
Import dependency of Poland, being 11% in 2000, may quadruple over the next twenty years. This 
explains the policy priorities in the national energy plan which emphasize on the development of 
modern infrastructure (mines, gas exploitation, biomass, refinery, etc.) in order to maintain the 
domestic energy supply levels. 
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The main energy balances and indicators are summarised in the table below (based on baseline 
scenario from [1]). 
 
[PJ]79 2000 2005 [PJ] 2000 2005 

      

Gross Inland Consumption (=TPES) 3779.58 3752.7 Final Energy Demand (TFC) by 

Sector 

2363.34 2344.02 

 Solids 2365.86 2106.72  Industry 823.62 733.74 

 Oil 840.42 904.68  Residential 722.82 732.9 

 Natural gas 417.9 540.96  Tertiary 420.42 445.62 

 Nuclear 0 0  Transport 396.48 396.48 

 Electricity -23.1 -23.1 Final Energy Demand (TFC) by 

Fuel 

2363.34 2344.02 

 Renewable energy forms 178.5 223.86  Solids 560.7 445.2 

Net Imports 9.63 18.30  Oil 663.18 689.22 

Import Dependency [%] 10.7 20.4  Gas 307.02 357 

Energy Intensity Indicators (1990 = 100)    Electricity 349.44 380.1 

 Industry (Energy on Value Added) 58.6 43.9  Heat 288.96 275.94 

 Residential (Energy on Private 

Income) 

67.6 59.7  Other 193.62 196.14 

 Tertiary (Energy on Value Added) 72.6 65.8    

 Transport (Energy on GDP) 86.9 81.9    

 
18.1.1.4. Electricity 

 
In 2004, 147 TWh of electricity was produced in Poland of which 11 TWh was exported. In the 
same year, 4.3 TWh was imported, making Poland a net exporter of electricity (6.7 TWh in 2004). 
Domestic electricity consumption was 140.3 TWh in 2003, and final electricity consumption was 
111 TWh. The installed power generation capacity of about 32.3 GW is mainly based on coal and 
lignite firing plants (88%). The capacity of hydro plants parties less than 1 GW and the rest is 
mainly covered by gas-fired plants, including two new gas combined cycle plants. Electricity 
produced by RES is negligible. 
 
Although there are currently no nuclear power plants in Poland, and despite the lack of experience, 
the nuclear option is seriously considered in Poland, given the prospects for a slowdown of 
domestic coal/lignite production and the stringent environmental restrictions imposed after the 
adhesion to the EU. 
 
A part of 32% of installed power capacity produces electricity and heat. At present, 19% of 
electricity produced comes from cogeneration plants which supply the 58% of total heat/steam 
delivered.  
 

                                                
79 Based on conversion 1toe = 42 x 109 J 
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January peak amounts to 23 GW and the overall load factor of electricity demand is just above 
55%. It is expected that the load factor will decrease over the near future as a result of the changing 
structure of electricity use. 
 
The existing Polish generation park is really antiquated with more than 50% of the park built before 
1970. The combination of the age and the use of coal/lignite in most of the plants imply severe 
overload of the environment by Poland’ s electricity production. Because of resource abundance and 
its low cost, coal/lignite plants are of course attractive for Poland, nevertheless considerable 
amounts would be needed for investment to improve over the environmental implications (in 
particular the regional pollutants), given also the capital intensiveness of environmentally friendly 
solid fuels plants. 
 
The main electricity balances and indicators are summarised in the table below [1]. 
 

 2000 2005 

   

Electricity Generation [TWhe] 143.17 154.19 

 Nuclear 0.00 0.00 

 Hydro & wind 2.11 3.82 

 Thermal (incl. biomass) 141.06 150.37 

Electricity Generation [Gwe] 33.12 36.04 

 Nuclear 0.00 0.00 

 Hydro (pumping excluded) 0.87 0.96 

 Wind and solar 0.00 0.82 

 Thermal 32.25 34.26 

     Of which cogeneration units 8.60 8.18 

     Open cycle 32.13 30.11 

     Supercritical Polyvalent/Clean Coal and Lignite 0.00 0.00 

     Gas Turbines Combined Cycle 0.12 3.31 

     Small Gas Turbines 0.00 0.84 

     Fuel Cells 0.00 0.00 

     Geothermal Heat 0.00 0.00 

Average efficiency for thermal electricity production [%] 35.0 38.7 
 

18.1.1.5. Environmental issues 
 
As mentioned before, the rich coal endowments put a huge load on the environment, both by the 
mining industry as by the electricity production. Moreover, Poland has still a lot of heavy industry, 
which is not an advantage for energy efficiency and use. 
 
Poland is one of the biggest emitters of SOx in the EU and comes after the Czech Republic with the 
2nd biggest energy intensity of the 12 most populated EU countries. Poland’ s high CO2-emissions, 
compared to its relatively low GDP, puts it on a 4th place on the EU-ladder. 
 
The main balances and indicators concerning the CO2-emissions are summarised in the table below 
[1]. 
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 2000 2005 

   

CO2-emissions [Mt of CO2] 290.2 272.5 

 Electricity and Steam production 159.9 149.7 

 Energy Branch 10.9 10.4 

 Industry 46.4 38.9 

 Residential 26.7 24.9 

 Tertiary 19.7 19.5 

 Transport 26.5 29.1 

CO2-emissions Index (1990 = 100) 85.3 80.1 

Carbon intensity [t of CO2/toe of GIC] 3.22 3.05 

CO2-emissions/Capita [t of CO2/inhabitant] 7.51 7.08 

CO2-emissions to GDP [t of CO2/MEUR ‘00] 1.5 1.2 

Carbon Intensity indicators   

 Electricity and Steam production [t of CO2/MWh] 0.67 0.61 

 Final energy demand [t of CO2/toe] 2.12 2.01 

     Industry 2.37 2.23 

     Residential 1.55 1.43 

     Tertiary 1.97 1.83 

     Transport 2.81 2.83 

 
 

18.1.2. Trends [2] 
 

Growth rates [% per year] ’73-‘90 ’90-‘03 

   

TPES 0.4 -0.6 

 Coal 0.1 -2.3 

 Oil 1.2 3.8 

 Gas 2.1 1.8 

 Comb. Renewables & Wastes 3.4 5.5 

 Nuclear - - 

 Hydro -0.2 1.3 

 Geothermal - - 

 Solar/Wind/Other - - 

TFC 0.1 -0.7 

GDP 0.8 3.2 
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18.2. Policy 
 

18.2.1. General framework 
 
Poland’ s energy policy fits in the EU-integration and the fulfilment of international obligations 
concerning environmental issues on air, water, river…  pollution. The recent study “ Polish Power to 
2030”  [15] stresses on the five pillars for Polish energy policy: 
 

- Security of supply 
- Economic efficiency 
- Environmental efficiency 
- Social involvement (counting on a big DSM-potential) 
- Technological excellence (development of clean-coal technologies which put Poland at the 

front) 
 
An integrated policy which combines environmental, economic and social issues is necessary. 
Without threatening the competitiveness of Poland, economic and energetic growth need to 
uncouple. 
 
Because of the huge coal reserves of Poland, security of supply is less an issue compared to other 
EU-countries (which will be heavily dependent on Russian gas). The “ dash to gas”  fails to occur 
and the government keeps on promoting the use of coal. But as a result, the reversal to a low-
carbon economy becomes more and more difficult (financially, socially… ). Policy makers postpone 
decisions which make it harder and harder to take them. 
 
On the energy front, several players are responsible for different issues. The Ministry of economy, 
labour and social policy is responsible for the general energy policy (including energy efficiency), 
where the Ministry of environment is in charge of the creation and implementation on climate 
policy. In 1994, the Polish National Energy Conservation Agency (KAPE) was founded. This non-
profit organisation is active on RUE- and RES-issues and links non-governmental and 
governmental organisations with regulatory bodies, energy distribution sector and other energy 
users. Its strategy is to develop and promote governmental, regional, local and individual initiatives 
on energy efficiency and RES. The Executive Office for the Climate Convention (EOUNFCCC) 
monitors, among others the commitments concerning Kyoto and the National Atomic Energy 
Agency (NAEA) is responsible for issues on nuclear energy. 
 
In the light of the liberalisation of the energy market, the Energy Regulatory Office (URE) was 
founded in 1996. It searches for equilibrium between market control and liberalisation. With its 
regulations, it has to offer security to the incumbent players, but with enough incentives to maintain 
the reliability of the energy supply, with protection of the consumers and without too high threshold 
for newcomers to enter the sector. 
 
The URE is active on different energy markets: electricity, gas, heat and liquid fuels. For all 
different branches, it is responsible for licensing, tariffication, network access, control of quality 
and reliability (by putting standards, investment obligations, charges, penalties… ), protection of the 
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final consumer interests…  The latter is of major importance as households in Poland (as in other 
Central European countries) use 10 to 15% of their monthly budget for energy services80. 
 
With the foreseen Polish market evolutions on transport, “ tertiary comfort” , appliances in the 
service sector…  and in combination with the current low energy prices (which gives not the right 
incentive to save on energy), a strong, coherent energy policy will be necessary to put Poland on 
the right track. 
 

18.2.2. Electricity policy 
 
Since August 1998, liberalisation started in the electricity sector. Depending on their consumption, 
consumers are free to choose their supplier. In December 2005, all consumers become eligible. As 
liberalisation takes place in all energy branches, it is worth shortly mentioning the situation on gas, 
liquid fuels and heat production, before treating the electricity sector in detail. 
 
In the gas market, one player stays dominantly present. The Polish Oil and Gas Company (PGNiG 
S.A.) controls - by itself or by subsidiaries – the exploration, mining, fuel production, transport, 
distribution and trade (both wholesale as import). Even though some competition arises on all the 
different branches, PGNiG remains the dominant player. 
 
At the transmission level of liquid fuels, there is only one company which has access to the grid, 
which is dependent of high security constraints. On the lower level of trade (both on national as on 
trans-national level) there is a lot of competition, which can be explained by the lower financial 
threshold. 
 
Since 1990, local authorities have taken over the heat production by district heating. At some places 
even privatisation occurs. CHP installations play both a role in district heating as in electricity 
production. The have to be retained, but upgrading of the CHP plants, as well as of the heat 
distribution network, is necessary. Even though the liberalisation process is happening, it takes off 
laboriously. Heat sector faces the challenge to match heat and power demand to react on people’ s 
tendency to local heat sources. 
 
In the electricity sector, production, transmission, distribution and trade are unbundled. At the 
production level, there are two main players (PKE and BOT) in charge of the power plants. PSE 
S.A. is the operator of the Polish transmission grid. At the same time, it is the main wholesaler of 
electricity in Poland. On the distribution level, there are more players. At the beginning of the 
liberalisation, there were more than 30 distribution companies, but consolidation among several 
companies takes place more and more. In this way, the resulting larger companies become more 
cost efficient by which they can challenge large foreign companies. Funds are raised for further 
investments in the consolidation process. 
 

                                                
80 In EU-15, this is only a rate of 3 to 5%.  By this, price levels can only by changed gradually (e.g. internalisation of all 

costs) and the most vulnerable consumers need to be protected. 
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Trade happens on three levels. The first and the biggest level is the contract market. Up to 85% of 
the energy production is treated by long-term (existing bilateral) contracts. Discussion is going on 
on how to change those non-competitive long-term contracts in more competitive ones. 
 
In 2000, a power exchange market was established. It only deals with 10 to 15% of the energy 
production, which means that its turnover stays very modest. The remaining 5% is treated on the 
hourly-based balancing market. The transmission system operator (PSE S.A.) matches the 
differences between the contract and exchange market. 
 
Poland and other Central European countries have more overcapacity compared the EU-15 member 
states (38% of the total installed capacity versus 26%). As a result, incumbents can provide the 
market of cheap electricity, which makes it hard for newcomers to enter the electricity market. It is 
the URE’ s responsibility to prevent abuse by dominant incumbent players by a good regulation. 
 
As mentioned before, the Polish electricity park is mostly outdated. Huge investments (up to 10 to 
40 billion euro [15]) in production, transmission and distribution capacity are necessary to fulfil the 
current and future demand while accounting the stringent environmental regulations. Demand is 
expected to rise to 300 TWhe in 2030 (which means a needed installed capacity of 70 to 100 GWe). 
This is a challenge for Poland, but it can result in a technological leap, which puts Poland at the 
front of clean coal technologies, high efficiency…  
 
Investments in nuclear capacity are not foreseen in the current context, but if environmental 
regulations become more stringent and demand keeps on rising, the option is not excluded just like 
that. 
 
 

18.2.3. Environmental policy 
 
Because of the central planned economy (with a five year scope on energy matters), as mentioned 
in the report of WWF [8], Poland’ s energy housekeeping is very inefficient and it suffers with a 
high energy intensity. Due to the combination of a transition to a market economy, more services 
and less heavy industry, energy intensity will automatically decrease81. Anyhow, the WWF stresses 
on more political initiatives to reduce the inefficiency even more. It states that according to a 
conservative study of the European Commission, Poland can economically reduce its energy 
consumption by 30% by making use of best available technologies (even with the current low 
energy prices). To stimulate this, both Polish government as the European Commission will have to 
invest in energy efficiency programs. 

                                                
81 Between 1990 and 1995, total energy consumption has decreased 12% and 40% for the industry.  At the same time, 
energy consumption has risen 30% in the transport sector.  According to [15], primary energy use has declined by 37% 

between 1990 and 2000, while at the same period GDP has increased by 44.6%. 
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In the “ Guidelines for Poland’ s Energy Policy until the year 2020 [14]” , written in 2000 and 
confirmed in 2002, increasing energy efficiency is set as a target. By direct regulations and 
standards, economic and fiscal market stimulation and other supporting instruments (e.g. 
information, education, R&D… ), promotion of efficient power machines, of rational heat and 
electricity consumption and of RES and other non-conventional energy sources is envisaged. 
 
Poland aims for a use of renewable energy sources of 7.5% in 2010 and 14% in 2020 (in its 
“ Development Strategy for the Renewable Energy Sector”  at [14]). A first step towards this target 
was the 2003 ordinance of the minister of economy, labour and social policy, in which he obliged 
the acquisition of RES and CHP-power. Neither the form of the RES, nor the price to pay for it, 
was specified. Consumer and producer were free to negotiate. Since 2004, a green certificate 
system is operational. 
 
Regarding the supply potential of renewable energy resources, Poland is endowed with significant 
resources of biomass and energy from waste and has a rather high wind potential. The hydro 
resources are rather limited. 
 
The additional potential of hydroelectric energy concerns the exploitation of micro hydro stations 
not exceeding 5 MW each. The potential for hydro would not be higher than 1000 GWh per year. 
 
Biomass is the most promising renewable energy source for Poland. At present more than 1000 
GWh of electricity is generated from cogeneration plants using biomass/waste of a total capacity of 
150 MW. The technico-economic potential would theoretically be higher than 40,000 GWh per 
year (almost 10 GW capacity of power generation) from biomass related to paper and pulp, forest, 
wood processing, urban waste and mainly new crops.  
 
The development of wind power is rather limited, at present (98 MW in 2005). However, the 
potential is considerable, according to the wind atlas for Poland which indicates that up to 10 GW 
on shore and 10 GW offshore wind power plants may be built under mildly favourable economic 
conditions. The potential for offshore wind power plants is particularly promising, provided that the 
technical feasibility in terms of grid connectivity is ensured. 
 
Between 1988 and 1999, CO2-emissions have increased by 33%. Even before (since 1980), 
emissions have declined. As a consequence, Poland does not have to fulfil stringent Kyoto targets, 
and even more, it has been granted emission rights. Within the European Emission Trading System, 
Poland can sell those rights and use the revenues as an investment source for RES, energy 
efficiency programs…  [15]. Up till now, in contrast with some other Central European countries, 
Poland has not profited of this opportunity. 
 
Concerning the SOx and NOx-emissions, Poland suffers with the stringent EU-regulations. It has 
already done good efforts, but one expects more regulations in the future. To treat this issue in a 
cost effective way, maybe an emission trading system (similar to the CO2-ETS) is an option, but 
nothing has been decided yet as studies are going on. 
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9 www.ure.gov.pl;  
10 URE_2003.pdf: Annual report 2003; april 2004 
11 The electricity market in Poland – recent advances; February 2002; Polish Power – POWER 

ECONOMICS; Wladyslaw Mielczarski (Power Economics_all.pdf) 
12 www.pse.pl 
13 www.ptpiree.pl 
14 Austrian Energy Agency; http://www.eva.ac.at/enercee/pl/energypolicy.htm 
15 Polish Power to 2030 (2004) (Zeszyt IV – ANG.pdf) 
 

18.4. Abbreviations 
 
bcm – billion (109) cubic meter 
CHP - Combined Heat Power 
DSM – Demand Side Management 
EOUNFCCC - Executive Office for the Climate Convention (EOUNFCCC) 
ETS – Emission Trading System 
GDP – Gross Domestic Product 
GIC – Gross Inland Consumption 
KAPE - Polish National Energy Conservation Agency 
NAEA – (Polish) National Atomic Energy Agency  
PGNiG S.A. - Polish Oil and Gas Company 
RES - Renewable Energy Sources 
RUE - Rational Use of Energy 
TFC – Total Final Consumption 
TPES – Total Primary Energy Supply 
URE – (Polish) Energy Regulatory Office 
WWF – World Wide Fund 
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19.1. Energy-related and socio-economic analysis: past, present and future 
 

19.1.1. Factual Information 
 
Portugal has a territory of 92,000 km2, where most of it (88,790 km2) is part of the Iberian 
Peninsula, and the rest corresponds to Madeira and Azores Islands. The continental part of the 
country is divided in 18 administrative districts. 
North of the Tagus River, the country is mountainous, while the South has many plains. 
In 2004, the population was 10.5 million inhabitants. The population growth rate has remained 
stable for the last years (4.6% over 1991 data). Half of the population lives along the coast, between 
Lisbon and Braga.  
Annual average rainfall is 900mm with large variations from North to South. In the North, it 
reaches 3000mm, while in the South it is around 500mm. Frequent rains are present mainly in 
November and December. Climate is dry and stable during summer, and wet and instable in winter. 
Average annual temperature in Portugal ranges between 13ºC and 18ºC in the coast region and 7ºC 
inland. 
 

19.1.1.1. Economy 
 
Since the Portuguese formal entry in the EU in 1986, its economy started a fast growth tend with an 
annual growth rate of 3.5% between 1986 and 2000. However, the public deficit grew considerably 
reaching 4.3% of the Gross Domestic Product (GDP) in 2001. The latter has forced Portugal to 
make a big effort to reorganize the economy over the last few years. The austerity programme for 
controlling the budget deficit led to a low economy growth in 2002 (0.4%), and 2003 (-1.1%). GDP 
in 2003 was the lowest in the EU15. At present, the economy is recovering, and in 2004 there has 
been a growth of 1%, even though problems to control the deficit remain. 
 
In 2004, the GDP was 135,034M¼�� 6LQFH� ������ WRWDO� 3RUWXJXHVH� *'3� KDV� JURZQ� ����� 6LQFH�
population growth has been small during the same period, GDP per capita has increased almost one 
third reaching 12,850¼�LQ������ 
In 2004, services sector contributed to GDP by 70.9%, industry and energy by 19.1%, construction 
by 6.5%, and agriculture and fishing by 3.5%. 
 
The Unemployment rate in 2004 was 6.7%, with the working population being 52.2% of the total 
population. 
 
The Consumer Price Index (CPI) grew 3.1% in 2004 [13]. 
In October 2003, the Programme of Incentives to the Modernisation of the Economy (PRIME) was 
launched with a budget of 8100M¼�IRU�WKH�SHULRG�EHWZHHQ������DQG�������7KH�PDLQ�REMHFWLYHV�RI�
the PRIME were to guarantee the energy supply, reduce the environmental impacts, and increase 
the efficiency of energy products and services. 
 

19.1.1.2. Energy 
 
In 2003, the total primary energy consumption was 1.08x109 GJ (25.7 Mtoe), which represented 
a 46% growth related to 1990 level, much higher than GDP growth.  
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Table I shows 2002 and 2003 primary energy consumption share by fuel.   
 

 Coal Oil Gas Electricity Other 

2002 13.3% 62.3% 10.4% 3.5% 10.5% 

2003 13% 59.3% 10.3% 6.5% 10.9% 

Table I. Primary energy consumption by fuel in 2002 and 2003 [11] 

 
In 2003, the energy intensity was 197toe/M¼��DQG�WKH�FRQVXPSWLRQ�SHU�LQKDELWDQW�ZDV������WRH�� 
Portugal imports 87% of the energy that is consumed. Self-supply in 2002 accounted for 13.2% of 
the total production, from which 10.4% came from wastes and biofuels, and 2.8% from hydropower 
and other renewable energies. In 1990, oil dependence was 75%, but over the last few years, this 
figure has decreased. 
The Total final energy consumption (TFC) in 2003 was 8.02x108 GJ (19.1 Mtoe), with a growth 
rate of 57.8% over 1990 consumption. The share was as follows: coal consumption 0.7%, oil 
58.8%, gas 6.6%, electricity 19.5%, heat 5.5%, and other 8.9%. At the sector level, transportation 
demanded 36.3% of the total final energy consumption, industry 29%, residential 16.1%, services 
12.3%, construction 4%, and agriculture 2.3%.  
 
In 2003, total oil supply was 6.43x108 GJ (15.3 Mtoe). Transportation is the main oil consumer, 
followed by industry and energy production. In spite of the increase in the uses of gas and 
renewable energies, oil remains the main fuel used in the industry sector. 
Portugal imports all the oil consumed, namely from Niger, Saudi Arabia, UK, and Brazil. Oil 
products come from OECD countries. 
Total gas demand in 2003 was 1.13x108 GJ (2.7 Mtoe), which represented 10.35% of the total 
energy demand. 57% of this gas was used in electricity generation, 34% in industry, and 9% in the 
residential and services sectors.  
 
In 2003, the renewable energy supply was 1.89x108 GJ (4.5 Mtoe), which represented 17.5% of 
the total energy consumption. The large hydropower contribution results in a high variability in 
renewable energy production. Without hydropower, production in 2003 was 1.3x108 GJ (3.1 Mtoe). 
 

19.1.1.3. Electricity 
 
In 2003, electricity net consumption in Portugal mainland (excluding the islands Azores and 
Madeira) accounted for 154,800,000GJ (43,000,000MWh). Since 1990, electricity demand has 
been growing at an annual rate of 4%.  
 

Coal Oil Hydro Gas Renewable & wastes Trade balance 

31.3 % 6.1% 33.7% 14% 8.5% 6.4% 

Table II. Electricity trade balance in 2003  

 
The hydropower contribution strongly depends on each year’ s rainfalls, as well as the oil and coal 
contribution, which are usually used to compensate this hydropower production falls. Regarding 
coal, until now, it has had a low sensibility to hydro conditions, due to the lowest price of fuel.  
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With the beginning of the EU-ETS (EU greenhouse gas emissions trading scheme), the 
internalization of the CO2 cost in the variable charges is expected to reduce the competitiveness of 
the coal power stations, which may come more dependent of the hydro conditions. 
 
In 2003, the total capacity of the electricity system in Portugal mainland was 11,280 MW, from 
which 5,215 MW accounted for renewable facilities of which 4,596 MW was hydropower plants. In 
2004, wind power installed capacity was 616 MW [12]. The Portuguese Association of Independent 
Electricity Producers (APREN) forecasts 1000 MW at the end of 2005. Cogeneration reached 1300 
MW, with an electricity production of 4500GWh. Half of this production used oil as fuel and the 
other half used gas or biomass. Currently Portugal has no nuclear plants in operation and there is no 
plan for future installations.  
At present there is a significant number of facilities being constructed or planned, mainly combined 
cycle plants and wind farms.  
 
The Iberian Electricity Market (MIBEL), which was expected to start on June 30th 2005, is in 
favour of investing in generation capacity and transmission grids.  
 
The higher peak of demand was 8,527MW and occurred last January, although in recent summers 
there has been a growing demand. 
 
The transmission grid is being enlarged to increase the connection capacity with the exterior. 
Currently, the 220 kV- and 400 kV-lines add up to 4,000 km. The transmission grid also includes 
125 kV-lines with more than 2,500 km. Distribution lines exceed 190,000 km. 
Losses in transmission and distribution grid were 9.3% in 2003 and 9% in 2004. Losses in 
transmission were 1.7% in 2003 and 1.5% in 2004. In 2004 there was a substantial improvement in 
the energy quality. 
 
In 2003, trade balance amounted for 2,794 GWh. Currently, the interconnection capacity ranges 
from 550 to 850 MW from Portugal to Spain, and between 600 and 1050 MW from Spain to 
Portugal. Rede Eléctrica Nacional82 (REN) and Red Eléctrica Española83 (REE) forecasted a net 
transfer capacity of 1260 MW from Portugal to Spain, and of 900 MW from Spain to Portugal by 
the end of 2005, although other sources think it is a very optimistic figure.  
 
The Portuguese electricity market is liberalised since 1999. In 2003, the level of liberalisation 
was 33%, and total number of eligible consumers was 20,000, with a consumption of 44% of the 
total electricity consumption. In May 2004, the level of liberalization was 53%. Finally, in August 
17th, the DL 192/2004, which announced the liberalisation of the market to all the consumers, was 
published.  
 
Electricity prices in Portugal are higher than those in Spain and other EU countries. They are, at 
least, 20% more expensive for households, and 10% more for industries. Those differences may 
hinder the start of MIBEL. 

                                                
82 http://www.ren.pt:8080/home.asp 
83 http://www.ree.es/ingles/i-index_quien.html 
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19.1.1.4. Environment 
 
By 2012, Portugal is committed to reduce its Greenhouse Gas (GHG) emissions to 27% in relation 
to its 1990 levels. The PNAC (Climate Change National Programme) forecasts, by 2010 and in a 
BAU scenario, an increase in the emissions between 54% and 63% in relation to 1990. This implies 
a reduction of 16-21 Mt CO2eq before 2012. Recent measures adopted (2004) in the reference 
scenario will allow reductions of 7.6-8.8 Mt CO2eq for 2008-2012, in contrast with the BAU 
scenario values. Other PNAC proposals consist of a group of additional measures to reduce another 
6.7-7 Mt CO2eq. According to some opinions, the emissions reduction potential of these measures 
is too optimistic. 
 
In 2001, GHG emissions amounted to 83.8 MtCO2eq, which represent a 36.4% growth over 1990 
emissions (61.9 MtCO2eq). GHG emission per inhabitant was 5.87 tCO2eq. From those emissions, 
77% corresponded to CO2.   
In 2002, energy related emissions were 63 MtCO2eq, 49% over 1990 ones. This year, 67% of CO2 
emissions came from the use of oil, 21% from coal, and 10% from gas.  
 

Heat &electricity Transport Industry Residential Services & agric Others 

35% 30% 19% 3.5% 9% 3.5% 

Table III. CO2 emissions from energy by sectors in 2002  

 
Emissions of acidifying gases are shown in table IV: 
 

SOx NOx NMVOC NH3 

294 kt 287kt 292 kt 99 kt 

Table IV. Acidifying gases emissions in 2002 

 
69% of the SOx emissions came from the energy sector, while industry contributes with 24%. For 
NOx, transportation was the principal responsible, with a contribution of 36.3%, followed by 
energy production with 29.2%, and industry with 19.1%. Related to NMVOC emissions, the main 
contributors were industry and construction, which together represented 44.9% of the total 
emissions. 
  

19.1.2. Trends 
 

19.1.2.1. Economy 
 
According to the Prospective and Planning Department and data from OECD and EU, GDP is 
expected to grow annually between 2 and 2.3% up to 2006. Similarly, private consumption would 
grow at the same rate, while population and unemployment would almost remain at the same initial 
level.  
The economy is expected to grow globally 28% from 2002 to 2010. 
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 1973-2000 2000-2015 2016-2025 

Low growth (%) 3 2.9 2.6 

Medium growth (%) 3 3.6 3 

High growth (%) 3 4.2 4 

Table V. Average annual GDP growth rates foreseen for the macroeconomic evaluation scenarios 

 
Population is expected to grow by 0.32% annually from 2005 to 2010, with a progressive reduction 
during the following years. Nevertheless, the number of housings, which increased by 20% in the 
90’ s, is expected to grow 12.2% during the period 2000-2010. Consequently, according to these 
figures, the average family size, which was 3.1 in 1991 and 2.8 in 2001, would be 2.68 by 2010 
decreasing to 2.47 by 2015.   
The energy sector represented between 3.2% and 3.9% of GDP in the 90’ s. Electricity contributed 
in more than 70% to the sector’ s VAT. 
 

19.1.2.2. Energy 
 
The main characteristics of the Portuguese electricity sector trends in the last few years are the 
strong dependence on oil, and the alarming growth of the energy intensity, with an increase in 
energy demand much higher than in GDP. 
 
The Energy and Geology General Directorate foresees, in a business as usual (BAU) scenario, a 
total primary energy consumption of 1.26x1012 GJ (30.000 Mtoe) by 2005. In view of this, the 
Government approved in 2001 the “ Energy Efficiency and Endogenous Energies (E4)”  document. 
This document considers a set of measures to bring forward solutions.  
The reference scenario used in the planning studies incorporates policies and measures adopted in 
E4. In this scenario, a demand increase of 14% between 2002 and 2010. It is foreseen that coal will 
contribute 10% and oil 54%. In the same way, gas supply is expected to grow up to 17%, and 
renewable energies up to 19% of the total energy supply. 
According to the 2015 scenario, an additional increase of 1.18x108 GJ (2.8 Mtoe) is foreseen with a 
contribution of 21% and 16% due to gas and renewables, and a decrease of the oil contribution to 
53%. 
 
The Portuguese Climate Change National Programme (PNAC), approved in July 2004, is based on 
the Energy and Geology General Directorate forecasts as well as the energy demand scenarios. 
Both anticipate an energy consumption growth in industry of 11% for the period 2002-2010, while 
in the 1990-2002 period, it increased 38%. 
 

 High growth scenario Low growth scenario 

GJ 2000 2005 2010 2005 2010 

Industry and 

construction 
242 266 295 255 276 

Average annual 

growth rate 
 1.88% 2.10% 0.99% 1.63% 

 Table VI. Final energy consumption in the transformation industry, construction and civil works (BAU scenario). 
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Regarding energy intensity, an annual growth rate of 0.9% over the next years is expected. 
Consumption in the transportation sector grew over 80% between 1990 and 2002, reaching 2.9x108 
GJ (6.9 Mtoe) at the end of the period. Forecasts indicate a maximum growth of 35% for the 2000-
2010 period, even reaching 3.44x108 GJ (8.2 Mtoe). By implementing the adopted measures, the 
Government hopes to achieve a growth rate below 20%. Half of this consumption growth is due to 
the increase in car use, the highest in EU during the last decade. The total number of vehicles grew 
from 1.85 million in 1990 up to 3.75 million in 2001. 
Consumption in the residential sector grew 31% between 1990 and 2002, reaching 1.26x108 GJ (3 
Mtoe) at the end of the period. The highest growth occurred in electricity consumption, which is 
expected to continue increasing at an annual rate of 2.4-3%, until it represents 34% of the total 
residential energy consumption by 2010. But forecasted growth in gas is even larger representing 
13% of the total residential energy consumption by 2010 compared to 4% in 2000. From 1990 to 
2002, services sector energy consumption grew 221%, reaching 7.98x107 GJ (1.9 Mtoe) in 2002. In 
a BAU scenario, this figure could reach 1.39x108 GJ (3.3 Mtoe) by 2015. The Government hopes to 
reach a growth rate below 14%, for both sectors, in the next 10 years. 
According to the BAU scenario, total oil products consumption is expected to increase annually 
2.6%, while in the reference scenario it is expected to grow 1.3% every year up to 2010. In the 
same period, gas consumption is expected to increase 10% annually in the BAU scenario, and 6.8% 
in the reference one. 
 

19.1.2.3. Environment 
 
The Portuguese National Allocation Plan for greenhouse gas emission allowances, approved by 
the Ministry’ s Council Resolution 53/2005, allocates a total of 114.48 Mt CO2 of emission rights 
for 2005-2007, 38.16 Mt per year, and also a reserve of 7.8 Mt CO2eq for new participants. The 
Directive has identified 248 facilities – among which Instituto do Ambiente (Portuguese national 
environment authority) – to distribute emission rights. 
In PNAC is referred that a “ supplementary reduction up to 5, 6 Mt CO2 eq… ”  is necessary and for 
that reason “ …  it will be necessary to develop the national mechanisms for participating in the 
flexible mechanisms of the Kyoto Protocol, such as the International Emissions Trading, the Joint 
Implementation and the Clean Development Mechanism.”  Projects in African Portuguese-speaking 
countries would help to carry out JI and CDM out. 
 
Regarding SOx, NOx, and NMVOCs emissions, they have also had a significant increment since 
1990. Emission limits according to Gothenburg Protocol for Portugal are shown in table VII: 
 

SOx NOx NMVOC NH3 

160 kt 250 kt 180 kt 90 kt 

Table VII. Emission ceilings for Portugal after Gothenburg Protocol. 

 
These limits require reductions, related to 2000 values, of 54% for SOx, 13% for NOx, and 22% for 
NMVOCs, by 2010.  
The Portuguese Programme for National Emission Ceilings (PTEN), establishes a group of 
measures in order to reach the limits imposed by the Directive of National Emission Ceilings for all 
the gases except for NMVOCs. NMVOCs projections, which are mainly produced by the industry 
and residential sector, go from 12 to 47% above the national ceiling. When PTEN was elaborated, 
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the Directive on Paints and Varnishes was still being developed. When considering the effect of 
that Directive together with the extremely high uncertainty of the national NMVOC inventories 
(under continuous improvement), experts believe NMVOC National Emission Ceilings can be 
reached. 
 

19.1.2.4. Electricity 
 
Since 1990, electricity demand growth has been higher in the residential and commercial sectors, 
and lower in the industry one. 
According to the studies upon which the PNAC was designed, in a BAU scenario and assuming a 
low economic growth, electricity demand will surpass 38.5 GWh in 2000, reaching 49.6 GWh by 
2010, and 54.2 GWh by 2015. With the current measures, in a reference scenario, these values 
would fall to 48.6 and 52.6 GWh respectively. Assuming a high economic growth, the energy 
consumption would reach 52.5 GWh by 2010. 
 

Sectors 2000 2005 2010 2015 2020 

Industry & construction 1313 1487 1640 1812 1960 

Transport 40 40 40 44 45 

Services 1025 1337 1616 1794 1863 

Residential 866 982 1139 1225 1289 

Agriculture 62 70 79 89 98 

Total (ktoe) 3307 3916 4513 4965 5255 

Total (GWh) 38450 45534 52482 57728 61109 

Annual average growth 6% 3.4% 2.9% 1.9% 1.2% 

Table VIII. Final electricity consumption in a reference scenario and high economic growth. 

 
It is worth noting that electricity consumption forecasted for 2005 was already achieved in 2004 
(45507 GWh). Because of this, the present forecasts are higher than the ones shown in table VIII. 

 
Fuel UNIT 2000 2005 2010 2015 2020 

Gas  Mm3N 1351 2192 2264 3050 3345 

Coal t 5083.103 4999.103 4999.103 4999.103 4999.103 

Fuel oleo t 1153.103 489.103 498.103 222.103 270.103 

Gas oleo Ml 32 8 0 0 0 

Table IX. Fuel consumption in a reference scenario and high economic growth. 

 
The Government believes that cogeneration will grow up to 2000 MW by 2010. It seems that, at 
present, the market has capacity to absorb this growth, but some barriers still exist, for instance, the 
difficulty to find large heat consumers in the industry sector. The commercial sector represents an 
opportunity for growth and the Government is promoting the use of cogeneration in this sector. 
 
Similarly, there is also a strong investment in new capacity, mainly in renewable energies and 
combined gas cycles, which is expected to be reinforced when the MIBEL starts. 
Portugal has the objective of covering 39% of the demand with renewables. Meeting this target 
seems to be extremely difficult for Portugal, mainly because of the difficult and complex 
bureaucratic supply plants permitting processes.  
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The specific objectives for each renewable technology are the following: 
 

 Installed capacity in 2004 [12] Objectives by 2010  

Wind 616 4500 (updated) 

Small hydro (≤10MW) 265 400 

Large scale hydro 4294 5000 

Biomass (without co-generation) 11 150 

Biomass ( with co-generation) 352 - 

Municipal Waste 88 130 

Wave 0 50 

Photovoltaic 2.3 150 

Total 5372 10380 

Table X. Objectives for the electricity generation from renewable energies in MW 

 

Energy generation from renewables is expected to cover 18% of demand peaks foreseen by 2010. 
Even though REN, the Portuguese’ s electricity transmission operator, is noticeably improving the 
250kW and 400 kW transmission grids, large investments are still needed in order to reinforce the 
grid to adapt to the new renewables capacities, especially if the wind power objective is fulfilled. 
REN also believes that it is necessary to increase the currently predicted marginal reservoirs in 
order to ensure the security of the system. 
 

19.2. Recent published studies 
 
The most recent studies on energy forecast have been elaborated by different public organizations 
like the Environment Institute, the Centre of Energy Economics, Transport and Environment 
Studies, and the Department of Environmental Sciences and Engineering of the Nova Lisbon 
University, as contributions to the PNAC and the National Allocation Plan. Those studies are based 
on scenarios from previous documents related to the Portuguese energy policy like the E4 and the 
estimated forecasts of the Energy and Geology General Directorate of the Ministry of Economy.  
The studies cover a period up to 2020 and assume many scenarios (BAU scenario with low and 
high economic growths, and reference scenario with some current policy measures and low and 
high economic growths). These studies analyse the forecasted demand in transport, industry, 
agriculture, services, residential and other sectors. The main general results have already been 
quoted in previous sections. 
 

19.3. Policies and critical review 
 
In terms of energy policy, there have been many changes within the Portuguese Administration and 
Public Institutions. Currently, the Energy and Geology General Directorate, which belongs to the 
Ministry of Economy, is responsible for proposing the legislation to regulate the energy sector and 
to supervise its implementation. This General Directorate is also responsible for giving licences and 
permits to the generating plants and facilities, as well as establishing the technical standards. 
The Ministry of Public Works, Transport and Housing is responsible for the Housing and Transport 
policies. The Ministry of Environment, Spatial Planning and Regional Development is the 
responsible body of all matters related to the GHG emissions. Finally, the Ministry of Science and 
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Higher Education is responsible for coordinating the Science, Research, Development and 
Technological Policies. 
 
The Entidade Reguladora  dos Servicios Energeticos84 (ERSE) is responsible for the electricity and 
gas sectors regulation. The Agency for Energy85 (ADENE) is in charge of elaborating studies on 
energy efficiency and renewables, promoting energy labelling in electrical appliances and 
edification, as well as disseminating all the information on these topics.  
 
The Cabinet Meeting Resolution 63/2003, 28th April 2003, defined the strategic lines in energy 
policy. The objectives set were the following: 

� Energy markets liberalization 
� Energy intensity reduction 
� Energy prices reduction 
� Service quality improvement 
� Security of supply 
� Environment impacts minimization 
� National productivity improvement 

 
The PRIME’ s main objectives for the energy sector are: 

� Improve the energy efficiency 
� Promote gas use, renewable energies, and new technologies 

 
In November 2004, the Programa de actuaçao para reduzir a dependencia de Portugal face ao 
petroleo86 was launched. In this Programme various strategies were defined to support the previous 
objectives.  
 
The Portuguese National Electricity System (SEN) in mainland is composed by two different sub-
systems: the public Electricity System (SEP) and the Independent Electricity System (SEI). The 
latest includes the Non-Binding Electricity System (SENV) and the Special Regime Producers 
(PRE). SENV is composed by some power plants which are free to trade their production in the 
market and by some clients that have opted by get supply out of the Public System (SEP). 
 
ERSE supervises and regulates the activities of SEP and coordinates the relationship  between SEP 
and SENV. 
SEP is formed by a set of power plants of the producers CPPE87 (EDP), Tejo Energia and 
Turbogas, the National Transmission Grid operated by REN, and the Distribution Grid operated by 
EDP, as well as the majority of the grid connected clients. The SEP general fucntions include 
planning and operation of the centralized system, ensure compliance of the supply, activities and 
prices regulation, stability and uniformity in prices, and obligation to buy the energy produced by 
the special regime producers. Until 2004, producers in the public system sold the energy to REN 
through exclusive supply contracts, named energy acquisition contracts (CAEs), which last over the 

                                                
84 http://www.erse.pt/erse_english/index.html 
85 http://www.adene.pt/00.html 
86 Programme of actuation to reduce the Portuguese dependence of petrol 
87 EDP Produçao generated electricity 
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plant lifetime. In 2003, the connected producers produced 83% of the total electricity which was 
guaranteed by this kind of contracts.     
 
SEI works according to the market rules. It is formed by the non-grid connected producers and 
clients. Producers sell electricity directly to eligible consumers. However, from August 2004, the 
market is theoretically open to all consumers.   
ERSE is working to adapt the regulation to make the market operation feasible. At the end of 2003, 
the total number of active clients was 9% of the total elegible clients, and this system production 
represented 2% of the total in the country.  
 
EDP owns 82% of the SEP generation capacity, as well as a minority participation in Tejo Energia 
and Turbogas, which increment its contribution to the system. EDP also participates in REN with 
30%, although this participation is foreseen to decrease to 5%. Even then, EDP is small compared 
with the Spanish companies Endesa and Iberdrola. Consequently and with a view to the new 
MIBEL, there are currently many share transaction opportunities between Spanish and Portuguese 
energy companies. Nevertheless, there are important differences between both country’ s systems. 
This is why many regulation adjustments are needed for the MIBEL operation.  
 
It is estimated that the MIBEL market will manage 10.3 % of the total electricity generated in 
Europe, and account for approximately 20% of the liberalized electricity demand in the European 
Union.  This market is based on three factors: the creation of a unique operator OMI (resulted from 
the merge of the current operators OMEL and OMIP), an increase in the interconnection lines 
between Spain and Portugal, and the adaptation to the current national regulations in order to 
guarantee their correct functioning. Three contractual options will exist: (i) spot market (daily and 
intra daily); (ii) period market (up to a year), and (iii) bilateral contracts (for at least a year 
contract).  Despite the market should have started operating on April 20th 2004, this has not yet 
occurred due to some delays.  The Spanish government has undertaken some measures to speed up 
the process and it is now foreseen that the starting date will be June 30th 2005. 
Current Governments are interested in starting MIBEL, but there still remain some uncertainties 
about the starting date. REN believes that the conditions are good and there is a two year term to 
homogenise the regulation in both markets, while the Spanish National Energy Commission (CNE) 
thinks MIBEL will not be operating before the end of 2005.  
The agreements between Spain and Portugal to start MIBEL, required the CAEs finalization, which 
will give rise to compensations to the companies that own generation assets (Custos para a 
Manutençao do Equilibrio Contractual, CMEC). These costs will be recovered over time through 
the electric tariff to avoid a price increase to the consumers. In September 2004, the EC decided not 
to object the transition to the competence costs in Portugal. 
Spain also maintains a transition to the competence costs system, which should be compatible with 
the Portuguese. Both countries have reached an agreement to create a sales system of virtual power 
plants, which would allow the increase in the number of participants in the generation market and, 
consequently, the Portuguese competence in the system. 
 
Energy is not a priority in the National R&D Programmes objectives in Portugal, except for the 
National Institute of Industry Engineering and Technology (INETI), which main activities focus on 
non-nuclear energy and efficiency studies. The public budget for energy research represents 0.01% 
of GDP, which is the lowest in energy R&D expenses in all the IEA country members. 
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19.5. Abbreviations 

 
ADENE  Agency for Energy  
APREN  Portuguese Association of Independent Electricity Producers  
BAU  Business As Usual  
CAEs Energy acquisition contracts 
CDM  Clean Development Mechanisms  
CMEC  Custos para a Manutençao do Equilibrio Contractual (Transition Costs to MIBEL) 
CPI  Consumer Price Index 
CPPE Electricity generation company owned by EDP 
DL  Order in council 
E4  Energy Efficiency and Endogenous Energies 
EDP  Energias de Portugal (producer and supplier of electricity and gas company) 
ERSE  Entidade Reguladora  dos Servicios Energeticos (Energy Services Regulatory 

Authority) 
EU-ETS EU greenhouse gas emissions trading scheme 
GDP  Gross Domestic Product 
GHG  Greenhouse gases 
INETI  National Institute of Industry Engineering and Technology  
MIBEL  Iberian Electricity Market 
NMVOC non Methane Volatile Organic Compounds 
OECD Organisation for Economic Co-operation and Development 
PNAC  Climate Change National Programme 
PRE  Special Regimen Producers  
PRIME  Programme of Incentives to the Modernisation of the Economy 
PTEN  Portuguese Programme for National Emission Ceilings 
REE  Red Eléctrica Española 
REN  Rede Eléctrica Nacional (electricity transmission operator) 
SEI  Independent Electricity System  
SEP  National Electricity System  
SENV  Non-grid conneccted Electricity System  
TFC  Total final energy consumption 
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20.1. Energy-related and socio-economic analysis: past, present and future 

 
20.1.1. Factual information 

 
20.1.1.1. Geography & population 

 
On its surface area of 48845 km², Slovakia has a diversified landscape [4]. In the south, there are 
lowlands and in the central and northern part of the country, there are mountains. Altitudes changes 
gradually from 94m to 2655m. Slovakia has no coastline. With cool summers and cold, cloudy and 
humid winters, it has a rather temperate climate. 
 
Slovakia counts 5.43 million inhabitants and approximately 1.7 x 106 households. 
 

20.1.1.2. Economy 
 
As a former central planned state and with the separation of the Czech Republic in 1993, Slovakia 
has undergone considerable structural changes over the last decades. Since 1994, the country 
experiences an economic revival. Liberalisation process and economic growth are progressing 
smoothly, but unemployment rates are very high. The Slovak GDP88 reaches 32 x 109 EUR and 
grows at a rate of 4% per year. However, GDP per capita is still significantly lower than the EU-15 
in average. The contribution of the services to the GDP is around 66.5%, industry is responsible for 
± 33% and agriculture for ± 3.5%. Slovakia’ s economic growth is enabled by a sustained 
development of energy intensive industry, mainly metals, facilitated by rather low energy prices, 
and the parallel development of services.  
 

20.1.1.3. Energy 
 
The economic growth pattern explains the high energy intensity ratio of GDP which however is 
expected to improve faster than in the rest of the EU, as a result of higher energy efficiency gains 
enabled by the restructuring of industrial and other energy uses started at the late 1990s. Energy 
intensity ratios for industry and the buildings are half of those observed at the beginning of the 
1990s. The only exception is transportation which experiences considerable rates of growth in 
terms of activity and energy use. The restructuring in industry and buildings is more significant at 
present and in the near future allowing for considerably lower increase of energy demand compared 
with the growth of the corresponding activity. This also explains why electricity demand grows at 
rates (around 1.5-2% per year in average) much lower than GDP growth.  
 
Nevertheless, electricity demand grows faster than the demand for other energy forms, like gas or 
heat, but slower than oil demand for transportation. Electricity use per capita is at high levels (90% 
of the corresponding ratio for the EU-15) and is expected to grow, rapidly converging to the EU-15 
average. 
 

                                                
88 A list with abbreviations can be found at the end of this chapter. 
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Slovakia has only poor domestic resources of fossil fuels. There are only poor coal and lignite 
available on a reasonable scale [13]. According to [5], national lignite reserves amounts ± 172 x 106 
ton and current production levels of lignite will last for only 35 years. Coal is imported mainly from 
the Czech Republic. Domestic production of gas is very small (total gas reserves of 15 bcm) and 
cannot cover the growing needs for natural gas. Imported gas from Russia is the main source for the 
final consumer (gas 36% - oil 27% - solids 16%). But as Slovakia plays a very important role in the 
transit of NG from Russia to Western Europe, it has often received its gas to use as a payment for 
the use of its transit capacity. 
 
However, as gas needs are expected to grow in the future, Slovakia shall truly depend on gas in the 
longer run. This prospect explains the strategic importance accorded to the gas company, the 
development of gas storage and the search for long term contracts with Russia. Overall import 
dependency is expected to grow and tends towards 80% in the long term. Such a trend may be 
curved only if nuclear energy is further developed in Slovakia. 
 
Slovakia is attached to the development of nuclear energy despite the financing problems and 
disputes with neighbouring countries experienced in the recent past. The main issue regards the 
replacement of the nuclear capacity (in total 1760 MW) which is due to be decommissioned in 
2010 and after 2020.  
 
The Slovak ministry of economy (MoEc) is responsible for the overall energy policy making and 
legislation. To fulfil this task, it is assisted by the Slovak Energy Agency (SEA [11]). The ministry 
of environment (MoE) is responsible for the legislation and policy making on issues concerning 
more specifically the environment and air pollution. The Slovak Environmental Agency (SAE) is a 
part of this ministry. 
 
The SEA is not only the advisory body of the MoEc, but also of the Regulatory Office. The 
Regulatory Office, which is responsible for the price setting of heat, gas, electricity production, 
distribution, transmission, licenses, authorisation of new supply plant. Besides its advisory role, the 
SEA is also involved in the legislation and harmonisation with the EU energy acquis; support in 
regional and local energy policies and the development of DSM-programs. 
 
Another important energy institute is the Energy Centre Bratislava. This non-governmental 
consulting organisation has activities on the promotion of RUE, RES, RTD…  
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The main energy balances and indicators are summarised in the table below (based on baseline 
scenario from [1]). 
 
[PJ]89 2000 2005 [PJ] 2000 2005 

      

Gross Inland Consumption (=TPES) 733.74 785.4 Final Energy Demand (TFC) by 

Sector 

404.46 431.76 

 Solids 179.34 168.84  Industry 179.34 182.7 

 Oil 120.54 160.02  Residential 97.44 109.62 

 Natural gas 242.34 265.02  Tertiary 67.2 66.78 

 Nuclear 180.6 178.92  Transport 60.9 72.66 

 Electricity -9.66 -8.82 Final Energy Demand (TFC) by Fuel 404.46 431.76 

 Renewable energy forms 20.58 21.84  Solids 59.22 52.5 

Net Imports 11.55 12.41  Oil 73.08 86.52 

Import Dependency [%] 66.1 66.3  Gas 169.26 178.08 

Energy Intensity Indicators (1990 = 100)    Electricity 79.38 89.88 

 Industry (Energy on Value Added) 54.5 46.7  Heat 23.1 24.36 

 Residential (Energy on Private 

Income) 

111.9 108.1  Other 0.42 0.84 

 Tertiary (Energy on Value Added) 46.9 37.0    

 Transport (Energy on GDP) 129.4 128.1    

 
 

20.1.1.4. Electricity 
 
Slovakia is self-sufficient for its electricity generation, but it is only relying for 10% on domestic 
resources for that. And this share, mainly coal, is more and more decreasing due to stringent 
environmental constraints. Approximately 30% of the total 9 GW installed capacity is nuclear-
based. 40% is thermal-based and the remaining 30% is (both small and large scale) hydro-based 
(which can be seen as a domestic resource as well). With an annually increasing thermal capacity of 
7% since 1997, Slovakia has become a net electricity exporter. Hydro-based electricity covers 
approximately 5% (~ 5 TWh) of the electricity demand. Up to 75% of the technical potential of 
hydro sources is used. The use of other forms of renewable sources is negligible. 
 
According to [8], 32 TWhe was produced with an installed capacity of 8291 MW. The average load 
factor in 2001 amounted to 3880 hours (=44%). Peak demand was 4393 MW. 

                                                
89 Based on conversion 1toe = 42 x 109 J 



 236 

The main electricity balances and indicators are summarised in the table below [1]. 
 

 2000 2005 

   

Electricity Generation [TWhe] 30.44 33.73 

 Nuclear 16.64 16.50 

 Hydro & wind 4.73 5.15 

 Thermal (incl. biomass) 9.07 12.09 

Electricity Generation [Gwe] 7.84 8.98 

 Nuclear 2.64 2.64 

 Hydro (pumping excluded) 1.73 1.79 

 Wind and solar 0.00 0.16 

 Thermal 3.47 4.39 

   Of which cogeneration units 0.66 0.15 

   Open cycle 3.04 3.08 

   Supercritical Polyvalent/Clean Coal and Lignite 0.00 0.00 

   Gas Turbines Combined Cycle 0.22 0.96 

   Small Gas Turbines 0.22 0.35 

   Fuel Cells 0.00 0.00 

   Geothermal Heat 0.00 0.00 

Average efficiency for thermal electricity production [%] 40.4 37.0 
 
Between 1999 and 2001, Slovakia has started up two new 440MW nuclear power plants at 
Mohovce. As Slovakia produces approximately 50% of its electricity with nuclear power plants, it 
has need of a nuclear regulatory authority. The Nuclear Regulatory Authority of Slovak 
Republic [12] has 3 principal functions. It has to establish standards and regulations; issue licenses 
for nuclear facilities, organisations, selected personnel and users of nuclear materials and it has to 
inspect those nuclear facilities, organisations, personnel and users. 
 
On the generation side, Slovenské elektráme s.a. (SE) is the dominant player with 85% of the 
production capacity (2640 MW nuclear – 2400 MW hydro - ± 2000 MW fossil). Some other 
production is done by regional distribution companies, small independent power producers and 1 
independent CHP-company (which is established in 2001 as an independent legal business unit of 
the former SE). 
 
SEPS is the transmission system operator. It is an independent legal company that is 100% state 
owned. As the CHP-company, since 2001, SEPS is an independent business unit of SE. On the 
distribution side, there are 3 regional distribution companies, which were privatised in 2001, but 
with the state as the majority stakeholder (51%)90. The 3 companies are geographically spread over 
the country: ZSE (west), SSE (central) and VSE (east). Both the TSO and the DSO’ s are obliged by 
the MoEc to publish their conditions for connection, pricing, metering…  and other bottlenecks to 
ameliorate market transparency. 
 
                                                
90 It fits in the general energy policy of Slovakia that the state owns at least 51% of all the privatised companies which 

play a strategic role in the gas, electricity and oil transport sector. 
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Since January 2003, the energy market has gradually been opened for electricity and gas 
distribution, depending on the amount of energy use. From January 2005 on, all consumers are 
eligible, except for the households. The Office for Regulation of Network Industries [6] regulates 
the liberalised energy market. It issues licenses for production, purchase, transit and distribution 
and since 2002 it is responsible for the price regulation. As in most other former central planned 
economies, there was a discrepancy between costs and prices for energy services. Before 2002, 
prices were set, based on social tariffs and regulated costs and were approved by the government. 
There was no transparency, and a lot of the decisions were political driven. To remain the social 
peace, the prices were 3 to 4 times lower than the average EU-prices [5]. As not all the costs were 
included, there existed a big price distortion between several groups, with extensive cross-subsidies 
as a consequence. Already in 1998, the decision has been taken to change the price policy, but it is 
only since 2002 (when the Office for Regulation became responsible for it) that things are 
changing. Price regulations are adapted to the free market policy and EU-regulations, cross-
subsidies have been removed [10] and prices approach the level of the actual costs. As a 
consequence, this means higher prices for households. 
 
 

20.1.1.5. Environmental issues 
 
Within the Kyoto-framework, Slovakia is obliged to reduce its CO2-emissions with 8% till 2008-
2012 compared to the 1990 level. The burning of fossil fuels is responsible for 90% of the CO2-
emissions. The shift from coal to gas is already an answer on this issue [10]. Between 1993 and 
2001, important changes in the shares in final consumption have occurred: electricity from 15% to 
19%; natural gas from 36% to 48%; coal from 28% to 8% and biomass from 1% to 3%. CO2-
emissions per capita are decreasing, but remains still at a level of two times the world average. 
According to [5], the Kyoto-target will be reached, but this will only be due to the decreasing 
activity of heavy industry (decrease in national economy between ’ 90 an ’ 94) and not due to a good 
environmental policy. 
 
The main balances and indicators concerning the CO2-emissions are summarised in the table below 
[1]. 
 
 

 2000 2005 

   

CO2-emissions [Mt of CO2] 36.0 37.3 

 Electricity and Steam production 13.8 14.6 

 Energy Branch 1.3 1.2 

 Industry 10.6 10.4 

 Residential 3.6 3.9 

 Tertiary 2.6 2.3 

 Transport 4.1 4.9 

CO2-emissions Index (1990 = 100) 70.0 72.6 

Carbon intensity [t of CO2/toe of GIC] 2.06 2.00 

CO2-emissions/Capita [t of CO2/inhabitant] 6.66 6.89 

CO2-emissions to GDP [t of CO2/MEUR ‘00] 1.6 1.4 



 238 

Carbon Intensity indicators   

 Electricity and Steam production [t of CO2/MWh] 0.36 0.34 

 Final energy demand [t of CO2/toe] 2.17 2.09 

   Industry 2.49 2.39 

   Residential 1.55 1.49 

   Tertiary 1.65 1.48 

   Transport 2.81 2.84 

 
 

20.1.2. Trends [2] 
 
 

Growth rates [% per year] ’73-‘90 ’90-‘03 

   

TPES 1.9 -1.3 

 Coal -0.2 -4.1 

 Oil -0.8 -3.6 

 Gas 7.2 0.9 

 Comb. Renewables & Wastes -0.5 4.8 

 Nuclear 26.1 3.1 

 Hydro 2.1 4.8 

 Geothermal - - 

 Solar/Wind/Other - - 

TFC 2.3 -2.6 

GDP 1.9 1.6 

 
20.2. Policy 

 
20.2.1. General framework 

 
In 1993 the “ Energy Concept”  was developed – and updated in 2000 – with a general framework 
concerning the Slovak energy policy [5]. A first priority was given to a further integration in the 
EU and the development of a free energy market, conform the international standards. 
 
A second priority is the reduction of the historical high energy intensity (as a result of Slovak heavy 
industry [13]). In recent years, there is a trend to shift away from an energy intensive industry, but 
anyhow, this is not enough to bring the energy intensity to EU-averages (still 2 times higher). Since 
1990, the GDP-energy intensity decreased by 2.4% annually, but it is stable since 1998. According 
to [10], 27% of a total reduction of 65% in the industry was due to the changes of the structure in 
the industry. The remaining 38% was a result of other energy conservation measures. Both lack of 
investment means and the historical low energy prices put a barrier for the introduction of efficient 
conversion technologies (both on supply and demand side).  
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As Slovak resources are poor, it is important to extend its international energy transport networks 
(gas, crude oil and electricity) and to become active on the international energy market ([13], [5]) to 
ensure its security of supply. Large natural gas storage facilities fit in the same strategy. 
 
For the overall energy policy, Slovakia emphasises on the importance of a reliable and safe energy 
supply, but at lowest costs and ecological impact possible. The use of “ Joint Implementations”  
between Austria and Slovakia (in the Kyoto framework) fits perfect in this economical-ecological 
awareness. 
 

20.2.2. Electricity policy 
 
Due to nuclear safety issues, Slovakia is obliged to close down two nuclear power plants of 
400 MW at Bohunice in the period 2006-2008. It is important to have back-up capacity to cope 
with this reduction in production capacity. A strong grid interconnection with the Western 
European Union plays herein an important role [8]. Slovakia is a member of the UCTE and of the 
CENTREL-network (Poland, Czech Republic, Hungary and Slovenia). Its east - west transmission 
is good, but its north - south transmission needs investments. 
 

20.2.3. Environmental policy 
 
To develop the energy sector in a sustainable way, Slovakia acts on several fronts. On the overall 
energy front, Slovakia wants to conserve energy with e.g. DSM-programs for the industry. It plans 
to encourage the awareness about the viability and reliability of RES-technologies and it wants to 
further increase the use of biomass for district heating. According to [10], the district heating 
delivery grows at an annual rate of 1.6%. 
 
Slovakia plans to produce 6% of its total energy production from RES by 2010. In 2002, this share 
was only 1.6% (of TPEC), with the exclusion of large hydro power plants. A national energy 
efficiency study [14] made an estimation of the Slovak potential for RES. Technically, there is a 
potential of ± 90000 TJ/yr (large hydro PP not included). Only 22% (± 25000 TJ/yr) of this 
technical potential is economic viable (~ legislation, fiscal regulation, costs… ). And only half of 
that (± 10000 TJ/yr) have a market potential, when market barriers like investment risks and 
expected benefits are taken into account. The large gaps between the different “ potentials”  
emphasises the need for further support. Besides legislative measures, economic measures like 
incentive purchase prices, state and regional subsidies, investment credits, country-wide support 
schemes, promotion of domestic manufacture of equipment, tax relieves and strong research 
support should be taken. 
 
Of the existing RES-potential, hydro resources are significant but already highly exploited [5]. At 
present 15% of electricity generation comes from hydroelectric plants. In energy terms, 
hydroelectric energy can grow by more than 50% in the long run, under reasonable economic costs. 
Despite this, the share of hydro in total electricity generation is expected to drop to less than 10%, 
since electricity demand grows faster. 
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The wind potential is mostly unknown, but in any case it is small.  So far, there are no large scale 
wind turbines91, but only some small turbines of 1 to 7 kW. It is very difficult to estimate the 
Slovak potential, because there is not enough data (wind atlas) available. In the mountains, there 
are possible windspeeds of 6 to 7 m/s, but those places are far away of existing power lines; and as 
Slovakia has no coastline, there is no offshore potential. However, a rough estimation of the 
exploitable wind potential under favourable economic terms gives 2500 GWh and about 1 GW. 
 
The potential of biomass use for electricity is significant but again smaller than other countries. It is 
estimated that the economic potential is of the order of 2500 to 3000 GWh corresponding to 
roughly 1 GW. Biomass can be used both for electricity production and for heat production 
(residential and industrial scale). Nowadays, only 10% of the biomass-potential is utilised. 
 
Other renewable sources like geothermal or solar energy have only marginal potential. There is a 
lack of geothermal exploitable sources and solar technologies require high investments, which 
make a strong growth on the short term impossible.  The report on Electricity and Regulation in the 
Slovak Republic [6] emphasises the increasing role of cogeneration as an environmental friendly 
way of electricity production. Subsidisation of the interests of a commercial loan, or interest free 
loans can promote further investments in cogeneration plants. 
 
The Slovak Energy Agency advises to use the abovementioned measures for all investments in 
(in)tangible property related to energy efficiency [10]. An existing measure is a tax relief on the 
utilisation of renewable sources for electricity production (for 5 years after start-up, for small hydro 
(< 1MW), wind, heat pumps, solar, biogas/-mass and geothermal). And a tax exemption and 
financial support for the reconstruction of RES-utilising facilities is in force until the end of 2006. 
 
As an overall support mechanism, it is important to mention the importance of a good price policy 
towards real costs prices. By the internalisation of all costs, RES- and RUE-technologies become 
more and more attractive. 

                                                
91 Slovakia was a partner in the European PHARE programme, which realised the installation of 4 turbines of 600 kW 
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20.4. Abbreviations 
 
bcm – billion (109) cubic meter 
CHP - Combined Heat Power 
DSM – Demand Side Management 
DSO – Distribution System Operator 
GDP – Gross Domestic Product 
GIC – Gross Inland Consumption 
MoE - Ministry of Environment 
MoEc - Ministry of Economy 
PP – Power Plant 
RES - Renewable Energy Sources 
RTD – Research Technology & Development 
RUE - Rational Use of Energy 
SAE - Slovak Environmental Agency 
SEA - Slovak Energy Agency 
TFC – Total Final Consumption 
TPES – Total Primary Energy Supply 
TSO – Transmission System Operator 
UCTE - Union for the Coordination of Transmission of Electricity 
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21.1. Energy-related and socio-economic analysis: past, present and future 
 

21.1.1. Factual information 
 
 

21.1.1.1. Geography & population 
 
Slovenia is with is 20273 km², 2 x 106 inhabitants and approximately 760000 households a rather 
small country in Eastern Europe. It has a short coastal strip at the southwest (46.6 km), an alpine 
mountain region, adjacent to Italy and Austria and mixed mountains and valleys with numerous 
rivers to the east. Heights vary from 0 to 2864 m. 
 
On the coast side, Slovenia has a Mediterranean climate, which evolves to a continental climate 
with mild to hot summers and cold winters at the plateaus and valleys in the east. On an average, 
there are 2045 hours of sunshine. 
 

21.1.1.2. Economy 
 
Among all the transition economies of Central Europe, Slovenia has the largest GDP92 per capita. 
Its GDP is around 28 x 109 EUR and the GDP per capita ratio is at 60% of its level for EU-15. The 
services are responsible for the highest share (61%), industry for 36% and agriculture for 3%.  
 

21.1.1.3. Energy 
 
The industrial sector of Slovenia is particularly dynamic; this explains why industrial energy 
consumption is steadily representing 30% of total final energy demand. Electricity demand grows 
(3.5% per year in the short term) faster than total final energy demand, but at a rate which is lower 
than the growth of GDP. Electricity use per capita is particularly high in Slovenia; it is expected to 
further increase and reach a level higher than the average at the EU-15. Slovenia has a steadily 
rising primary energy demand and its primary energy intensity [energy/GDP] is above the 
European average.  
 
Slovenia has limited domestic fossil fuel resource, mainly lignite which is used both for heat and 
electricity production. The domestic production of lignite covers 95% of its total consumption, but 
the growth prospects are poor given the limited resources of lignite and its very low quality, in 
terms of calorific value and its sulphur and ash content. 
 
The production of natural gas is negligible and Slovenia depends for 99.5% on imports (Russia 
59%; Algeria 37%, Austria 4%). But as Slovenia is connected to the most important international 
networks (Russia and Algeria) and as it is an important transit country, concluding long term 
supply contracts are not likely to become an issue. Gas consumption of NG is considerably 

                                                
92 A list with abbreviations can be found at the end of this chapter. 



 244 

increasing (+ 10.6% from 2002 to 2003 [13]). In the natural gas market93, Geoplin is the sole 
supplier of gas to industrial customers on the transmission net and to the distribution companies. 
 
The Minister of Economic Affairs is the overall responsible for the energy sector planning. 
 
The main energy balances and indicators are summarised in the table below (based on baseline 
scenario from [1]). 
 
[PJ]94 2000 2005 [PJ] 2000 2005 

      

Gross Inland Consumption (=TPES) 274.68 288.54 Final Energy Demand (TFC) by 

Sector 

192.78 207.48 

 Solids 55.02 42.42  Industry 60.48 67.2 

 Oil 102.9 111.3  Residential 49.14 49.56 

 Natural gas 36.54 50.82  Tertiary 25.2 26.88 

 Nuclear 52.08 51.24  Transport 57.96 64.26 

 Electricity -4.62 -3.78 Final Energy Demand (TFC) by Fuel 192.78 207.48 

 Renewable energy forms 33.18 36.54  Solids 4.2 3.78 

Net Imports 145.32 162.96  Oil 96.18 103.32 

Import Dependency [%] 52.9 56.4  Gas 25.2 31.92 

Energy Intensity Indicators (1990 = 100)    Electricity 37.8 40.74 

 Industry (Energy on Value Added) 102.5 93.4  Heat 8.4 8.4 

 Residential (Energy on Private 

Income) 

147.6 126.4  Other 21.42 19.74 

 Tertiary (Energy on Value Added) 143.0 125.3    

 Transport (Energy on GDP) 121.3 112.6    

 
21.1.1.4. Electricity 

 
The report on the energy sector by the Energy Agency [13] gives an overview on the electricity 
situation in 2003. Between 2002 and 2003, electricity consumption has increased by 4.3%. This 
growth has gone together with a change in the structure of consumption, with a peak of 2785 MW 
in the summer. Slovenia produces 12.5 TWh and has a total consumption of 11.8 TWh. It exported 
in 2003 3846 GWh. Since April 2003, Slovenia has become a net importer, as a consequence of an 
agreement between Slovenia and Croatia to jointly operate the Slovenian nuclear power plant (with 
a 50-50 production share). 
 
The liberalisation of the Slovenian electricity market started in April 2001 with the free choice of 
supplier for customers with a connected capacity of more than 41 kW at one point of supply. In the 
beginning, this opening for eligible customers was only formal and until 2003 conditions hardly 
changed. The eligible customers only represented 1% of the customers, but they used 70% of the 
1993 electricity consumption. Other customers (residential, households… ) were not free to choose 
                                                
93 Liberalisation process takes gradually place between January 1st 2003 and July 1st 2007.  Depending on the annual 
consumption, customers become eligible to freely choose their supplier. 
94 Based on conversion 1toe = 42 x 109 J 
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their supplier, but there was a guaranteed supply of electricity (= tariff customers). Since July 1st 
2004, all customers, except for households, have become eligible. From July 1st 2007, all customers 
become eligible. 
 
Slovenia has 3 main production sources: nuclear (± 40%), hydro (± 21%) and fossil (± 36%). 
Nuclear energy has been developed within the ex-Yugoslavian state. Following the recent 
agreements, the generation of the nuclear plant of 660 MW located in Slovenia is shared between 
Slovenia and Croatia. There are 8 production companies and some of them are grouped in the 
“ Holding Slovenske elektrane”  (HSE [8]). Electricity production in Slovenia is market-based. Only 
some ancillary services and some services required for the TSO are regulated. The Energy Agency 
states that the reliability of the production is ok, but it emphasises on the transmission and 
distribution capacity, which is a potential limitation of the reliability of supply95. 
 
Regarding future power capacities, it is expected that incremental power needs will mainly be 
covered through new gas-firing power plants. The lignite power capacity is expected to remain 
stable, as the concerns about the environmental consequences are likely to exclude its expansion 
from the policy agenda. 
 
Since 2001, the Energy Agency of the Republic of Slovenia [12] is the independent regulatory body 
for liberalising the energy market, opening up and licensing the market for newcomers, ensuring 
fair competition, dispute settling…  Another important task is to regulate the mandatory public 
services. Some of these services are the operation of the transmission and distribution network, the 
overall organisation of the electricity market and the supply of electricity to customers that are not 
eligible to freely choose their supplier (= tariff customers). The determination of the network 
charges (for the use of the transmission and distribution network by eligible customers), the tariff 
system for the tariff customers, the “ use-of-network”  price and the prices for the ancillary services 
is also a responsibility of the regulator. A last main task of the regulator is the issuing of the RECS-
certificates96. 
 
Elektro-Slovenia (ELES) [11] is the Slovenian transmission system operator. This public company, 
which is 100% state owned, has to manage the Slovenian electricity power system on the 110, 220 
and 400 kV-level and has to ensure an undisturbed and reliable supply. As a part of this job, it has 
to maintain and develop the transmission network and perform ancillary services. Other tasks are 
the balancing between the forecasts and the real consumption, the purchase of electricity to cover 
the losses and the selling and buying of the “ preferential electricity”  (as will be explained further 
on). 
 
On the distribution level, there are 5 different companies. They are responsible for 3 separated 
public services. The first one is the distribution of electricity, the second one is the operating of the 
distribution network, which includes the maintenance, the development and the construction of the 
grid, and the third one is to ensure supply to tariff customers (besides the supply to eligible 
customers and producers of electricity). 

                                                
95 TSO and DSO’ s have made important investments between 2003 and 2005  
96 RECS = Renewable Energy Certificate System; cost-effective and reliable way of certifying the electricity 

production by RES in Europe 



 246 

 
As Slovenia operates one nuclear power plant, it has a regulatory body on nuclear affairs. The 
“ Slovenian Nuclear Safety Administration”  (SNSA) [10] is responsible for the licensing, safety, 
waste, environment, protection…  of the nuclear installations. Besides that it has to look on and 
implement the use of the international and domestic legislation and it has to control on non 
proliferation issues. 
 
The main electricity balances and indicators are summarised in the table below [1]. 
 

 2000 2005 

   

Electricity Generation [TWhe] 13.62 14.14 

 Nuclear 4.80 4.72 

 Hydro & wind 3.83 4.41 

 Thermal (incl. biomass) 4.99 5.01 

Electricity Generation [Gwe] 2.94 3.21 

 Nuclear 0.66 0.66 

 Hydro (pumping excluded) 0.94 1.11 

 Wind and solar 0.00 0.01 

 Thermal 1.33 1.43 

   Of which cogeneration units 0.25 0.27 

   Open cycle 1.09 1.04 

   Supercritical Polyvalent/Clean Coal and Lignite 0.00 0.00 

   Gas Turbines Combined Cycle 0.24 0.37 

   Small Gas Turbines 0.00 0.02 

   Fuel Cells 0.00 0.00 

   Geothermal Heat 0.00 0.00 

Average efficiency for thermal electricity production [%] 34.2 36.9 
 

21.1.1.5. Environmental issues 
 
Due to the Kyoto agreement, Slovenia has to reduce its emissions by 8% by 2008-2012, compared 
to the base year. For CO2, CH4 and N2O, this base year is 1986, while for F-gases, the base year is 
1995. At the end of 2002, Slovenia was 6.9% out of the Kyoto target. The contribution to the CO2-
emissions can be divided as follows: energy sector (78.9%), agriculture (10.2%), waste 
management (5.4%) and industry (5.2%). 
 
The main balances and indicators concerning the CO2-emissions are summarised in the table below 
[1]. 
 

 2000 2005 

   

CO2-emissions [Mt of CO2] 14.1 14.2 

 Electricity and Steam production 5.4 4.7 

 Energy Branch 0.1 0.1 
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 Industry 2.3 2.6 

 Residential 1.4 1.4 

 Tertiary 1.0 1.0 

 Transport 4.0 4.4 

CO2-emissions Index (1990 = 100) 128.7 129.8 

Carbon intensity [t of CO2/toe of GIC] 2.15 2.07 

CO2-emissions/Capita [t of CO2/inhabitant] 7.08 7.18 

CO2-emissions to GDP [t of CO2/MEUR ‘00] 0.7 0.6 

Carbon Intensity indicators   

 Electricity and Steam production [t of CO2/MWh] 0.33 0.28 

 Final energy demand [t of CO2/toe] 1.88 1.92 

   Industry 1.58 1.63 

   Residential 1.16 1.21 

   Tertiary 1.65 1.60 

   Transport 2.89 2.89 

 
21.2. Policy 

 
21.2.1. General framework 

 
Although liberalisation is going on in the energy markets, it is difficult to implement real 
competition in the electricity and gas market [13]. There are several reasons for that. First of all, as 
Slovenia is a rather small country, the market has only a small size. A second reason can be found 
in the structure of the production sources and the market participants and another reason are the 
limited cross-border capacities. A last reason is the role of the state, as it acts as the majority 
stakeholder in all the important segments in the energy markets (especially the electricity market). 
The state owns 100% of HSE, and HSE has majority stakes in all the producing companies which 
are in the holding. ELES, the TSO, is 100% state-owned as well is one of the two Slovenian 
coalmines. These four reasons are not favourable for implementing real competition. 
 
As in the other former central planned economies, Slovenia has a historical disturbed price setting. 
This is why a good, transparent price policy in the liberalised market is very important (e.g. high 
enough tariffs are necessary for investments in the grid [13]). In the past, network charges did not 
cover the cost, nowadays transport and distribution charges have to change annually to reach a 
competitive level. In 2003, prices for households were up to 30% lower than average European 
prices and prices for eligible customers were 6% lower than EU-average. Between 2003 and 2005, 
prices increased 15%.  
 
To ensure the transparency and the competitiveness of the market, all parties have the obligation to 
publish all the necessary data, like market operations, prices, conditions…  Another way to 
overview the competition rate is the use of indicators. For the electricity side, the first one maps the 
main producers. In Slovenia there are 3 main producers which have together a share of more than 
95% of the electricity production and separately produce more than 5%. A second indicator maps 
the imports and exports via the transmission network and a last one the supply of electricity to 
eligible customers (8 suppliers overall, from which 6 with a share of 5%). 
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Two components determine the total price of the electricity. First of all, there is the price for the 
production of the electricity, depending on the production method. Secondly, there is the price for 
the use of the network [12]. This latter contains 2 parts. The first part is the network charge, 
determined by the regulator and which covers the eligible costs of management, the operation, 
maintenance and development of the grid, the technical losses, the provision of the public services, 
the ancillary services (performed by TSO, but paid by all users)…  The second part is a supplement 
determined by the government to cover the costs of the Energy Agency, RES-subsidies…  In the 
end, the final price of the electricity is the sum of those several components. For tariff customers, 
this price is completely regulated, contrary to the price for eligible customers, which is partly 
regulated, partly market-based. 
 

21.2.2. Electricity policy 
 
Since January 1st 2003, the electricity market is opened (both national as cross-border trading). But 
as there are only 2 large players, which are using complete different production technologies, there 
is almost no competition [13]. NPSK produces nuclear-based electricity and delivers only base-
load, while HSE produces thermal- and hydro-based electricity and act on base-load, overnight, 
hourly, balance and ancillary markets. 
 
In Slovenia, electricity is mostly traded on the retail market, for purchase and sale to the end user. 
For large customers and distribution companies, domestic and import contracts are used, very often 
on an annual base. Trade on the daily market happens at the electricity exchange which is run by 
Borzen, a subsidiary of ELES, and established on March 28th 2001 [9]. This exchange mainly 
trades in base-load product in the day-ahead market and acts on the wood/biomass market. As there 
is a lack of liquidity in the Slovenian electricity market, only 3% of the Slovenian electricity 
consumption (~ 400 MWh) passes by the exchange. 
 

21.2.3. Environmental policy 
 
Slovenia faces three major environmental challenges. The SO2-emissions are the major Slovenian 
environmental problem [7]. This is due to the intensive use of coal. The goal is to decrease those 
emissions by 70% by 2010. This can be done by fuel switching (this process can already be seen by 
the increase in the use of NG), flue gas desulphurisation and the change from domestic high 
sulphuric coal to imported coal. 
 
The second challenge is the reduction of the CO2-emissions in the framework of the Kyoto 
protocol. Besides domestic measures (like an exemption for the CO2-emission tax for high efficient 
cogeneration and the use of biomass/-gas), Slovenia counts on the flexible mechanisms to reach the 
targets. It sees emission trading as the most important measure to reduce the emissions in a cost 
effective way. Besides that, Joint Implementation-projects can improve the technological 
penetration of the Slovenian economy. Clean Development Mechanisms are an option as well. 
 
To stimulate sustainable electricity production, Slovenia has developed a system of preferential 
dispatch [13]. In this system, electricity – that is fulfilling the further mentioned constraints - can be 
sold at guaranteed prices. Those prices are higher than the open market prices and the difference is 
covered by a subsidy. The network operator is obliged to buy all the supported forms of electricity. 
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This system is funded by a part of the “ use-of-network-tariff” . Two types of electricity production 
are eligible. First of all, electricity producers who produce more than 15% of their electricity with 
domestic resources. And secondly, there are the environmental friendly production methods: all 
RES-technologies, cogeneration and fossil-based production with high efficiency power plants. 
Large hydro power plants (>10 MW), heat production (> 10 MW) and industrial heat production 
(> 1 MW) are not eligible. Producers who fulfil the constraints become “ qualified producers”  and 
have the advantage of the system of the preferential dispatch. 
 
In 1993, the share of RES to electricity production was only 0.7%. The goal is to bring this share to 
6% by 2010 (without large hydropower) [5]. To promote the domestic use of RES, different 
measures can be taken. Besides financial incentives (like attractive loans for environmental and 
RES-projects), regulations and agreements, market based energy prices, with the internalisation of 
social and environmental costs are very important to stimulate investments in RES. Energy 
consulting, education, awareness building and a sectoral approach can enhance the RES-conscience 
and potential. 
 
Slovenia is well endowed with renewable energy resources, mainly hydro and biomass. Hydro is 
already exploited at a significant degree. Electricity generation from renewable sources approaches 
28% (25% from hydro). Energy from hydro may increase by 20% in the future, under reasonable 
costs. The large power plants can grow in capacity and the small ones can become more efficient. 
Since a lot of those installation are outdated (some survived World War II), there is a lot potential 
in renovating those plants. 
 
There is a significant unexploited potential of biomass, especially in relation to forestry and wastes. 
More than 3000 GWh may be generated from biomass plants under reasonable costs. The potential 
for wind power is significant only in some specific locations for which the economic potential in 
the long term is estimated at 600-700 MW. 
 
Wind power is currently little used and with the available wind characteristics with speeds in the 
lower range from 1.7 m/s to 4.5 m/s, potential is rather low. The situation is more or less the same 
for solar energy. It is currently little used and potential is poor. Even more, important use of solar 
energy is strongly related to energy storage, so a lot of research has to be done.  
 
Both bio-energy as geothermal energy have potential, but not that much for electricity production. 
Their advantages can be found in the heating sector. 
 
Cogeneration and heat supply is an important sector for Slovenia, given its considerable experience 
in related infrastructure and technology. The share of cogeneration in electricity generation is 
expected to exceed 40%, whereas the share of cogenerated heat exceeds 75%. 
 
The last challenge is the amelioration of the energy efficiency. Since 1996, the goal is to ameliorate 
the energy efficiency by 2% per year for the next 15 year [5]. The “ Agency for Efficient Use of 
Energy”  promotes the efficient use of energy and the use of RES and cogeneration by giving 
advice, offering financial support, encouraging investments, developing programs, drawing up 
standards and regulations…  to households, the public sector, the industry…  A lot of the 
abovementioned measures have benefits for the third challenge as well. 
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21.4. Abbreviations 
 
DSO – Distribution System Operator 
ELES - Elektro-Slovenia 
GDP – Gross Domestic Product 
GIC – Gross Inland Consumption 
HSE - Holding Slovenske elektrane 
NG – Natural Gas 
PP – Power Plant 
RECS - Renewable Energy Certificate System 
RES - Renewable Energy Sources 
SNSA - Slovenian Nuclear Safety Administration 
TFC – Total Final Consumption 
TPES – Total Primary Energy Supply 
TSO – Transmission System Operator 
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22.1. Energy-related and socio-economic analysis: past, present and future 
 

22.1.1. Factual Information 
 
With an area of 505,000 km2, Spain is the second largest country in Europe. It includes 85% of the 
Iberian Peninsula, Balearic, and Canary Islands, as well as the cities of Ceuta and Melilla in the 
Northern part of Africa. It is divided in 17 autonomous regions with their own competences in 
matters like education, public health, regional development, etc. 
Around 57.7% of the land is 600m over the sea level. After Switzerland, it is the highest country in 
Europe. The coast extends to 7,880 km. 
The average population density is 80 inhabitants/km2, although it is very variable from one place to 
another. 22% of the population lives in the 7 main cities. With the only exception of the Madrid 
area, population is mainly concentrated along the coast and islands. In these areas, during summer, 
population may even reach three times the winter one.  
Population growth seems to be surpassing forecasts, which predicted 42,5M inhabitants by 2010, 
mainly due to immigration. In 2004, there were already 43,1 M inhabitants.  
 
Climatology in Spain is diverse from north to south. Frequent rains are present in only one third of 
the country, while other areas suffer often droughts. Annual rainfall varies from one point to 
another in the country ( > 2.000 mm in NW, while < 200mm in SE). Average annual temperature in 
Spain is between 14ºC and 20ºC. 
 

22.1.2. Economy  
 
In 2004, Gross Domestic Product (GDP) was 798,000M¼���������¼�SHU�SHUVRQ��7KH�6SDQLVK�*'3�
growth was 2.5%, while in the euro zone the average was 0.4%. 
Industry contributes to GDP by 31% employing 28.6% of the working population; services by 65% 
employing 65%; and agriculture by 4% employing 5.7% of the working population. 
Unemployment rate in 2003 was 11.4%, a high figure, which is over the average of the developed 
countries rate.  
Consumer Price Index (CPI) grew a 2.7% in 2003. 
Number of housings in 2001 was 21 M from which 13 M were households. In the last few years, 
the construction sector has grown 4% annually. In 2004, there were 650,000 new buildings in 
construction. A smaller growth is expected for the coming years. The average number of people 
per household in 1990 was 3.3, while in 2001 it was 2.9. 
 

22.1.3. Energy  
 
In 2004, total primary energy consumption was 5.95.109 GJ (141.6 Mtoe), which represented 
3.7% growth related to the previous year. Coal consumption, with a 14.9% of total consumption, 
increased by 3%; oil, with a 50%, increased by 2.1%; and gas, with 17.3%, increased by 15.5%. 
Nuclear energy increased by 2.7% representing 11.7% of total primary energy consumption. 
Hydropower consumption, with 1.9%, suffered a big reduction of 23.2%, and the other renewables 
reached 4.4% of total, which represents 8.4% over the previous year.    
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Total final energy consumption (TFC) in 2004 was 4.38 109 GJ (104.36 Mtoe), with a growth 
rate of 3.5% over the previous year. In the last 10 years, total growth rate has been 40.4% with an 
annual growth rate of 4.2%. It is worth noting the large increase of gas and electricity, which 
represents 11.4% and 6.8% respectively. Cogeneration and renewables shares continue to increase. 
At the sector level, industry demands 37%, transportation 35.9%, and other uses 27.1% of the total 
final energy consumption. Three quarters of the final energy consumption in industry account for 
energy uses. In 2000, 24% of this consumption corresponded to the non-metallic mineral sector, 
followed by the iron and steel industry as well as big melters with 17%, and the chemistry industry 
with 15%. Regarding transportation, 80% of the total consumption is due to road transport. There 
are 26 M vehicles in Spain, from which, at least, one third are older than 10 years old. Other uses 
include construction, agriculture as well as tertiary equipments and residential that consume 61%, 
17%, and 15% respectively. 
 
Self supply has been reduced in the last few years mainly due to the national coal production 
reduction, which went from 77%, in 1980, to 35.1% in 2003. Spain imports more than 75% of its 
energy  consumption, while the average in the EU is 50%. Table I shows the self energy supply 
percentage by technology from 2001 to 2003: 
 

 2001 2002                        2003 

Coal 40.3 35.1                          32.6 

Oil 0.5 0.5                              0.5 

Natural gas 2.9 2.5                              0.9 

Table I. Self energy supply percentage by technology in Spain 

 
Security of supply is an issue of concern in Spain, and the country is facing it with a good 
diversification of energy sources and primary energy suppliers.  
National energy production is strongly dependent on rainfall. In 2003, it reached 109 GJ (33 Mtoe), 
3% more than in 2002. However, in 2004, due to the low rainfall, national production declined to 
32.9Mtoe. 
 
Natural gas demand in 2002 was 9.108 GJ (20.65 Mtoe), with an increase of 14.2% over 2001. The 
industry sector consumed 55.5%, followed by the domestic/commercial sector with 18% of the total 
natural gas demand. Nevertheless, the largest increase came from the electricity production sector, 
where demand doubled from one year to another. 
 
Primary energy intensity in Spain follows a growing trend, with an accumulated increase of 4.7% 
between 1990 and 2000. In 2000, the primary energy intensity was 3% below the European 
Community level. Concerning final energy, during the last 10 years, energy intensity has grown by 
3%. However, in absolute terms it still remains below the European Community average, but with a 
tendency to equalise it. Energy intensity for the industry sector has improved over the last few 
years, while this trend has not occurred for the other sectors.   
 
Primary energy consumption per inhabitant is 100 GJ (3.2 toe). Average consumption per 
household is one of the lowest in Europe. In 2001, it was 40 GJ/household (0.93 toe), while the 
European average was 70 GJ/household (1.7 toe). 47.2% of this consumption accounts for heating, 
20.4% for water heating, and the rest accounts for lighting, and other domestic devices. From 2001 
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on, air conditioning is taken into account with 0.2% of the consumption showing a fast growth 
tendency. 
 

22.1.4. Electricity 
 
The electricity net consumption in Spain during 2004 was 859,464,000GJ (238,740GWh). This 
represented an increase of 3.7% regarding 2003. In the last 10 years, demand has grown by 64.6%, 
with an average accumulated rate of 5.8%, contrasting with the 3% of the previous decade. 
The production structure was: 10.8% from hydro, 28.9% from coal, 22.7% from nuclear, 21.2% 
from natural gas, 8.1% from oil products, and 8.5% from renewable and wastes. 
 
Electricity consumption per inhabitant, in 2004, was 19.8 GJ (5,500 kWh), with a growth of 
38.6% in the last decade. Electricity intensity was 1,077 GJ/M¼������0:K�0¼��� 
 
Table II shows the electricity energy balance in Spain for 2004. 
 

 MWh % 

 2003 2004  

Hydro 38,774 29,978 -22.7 

Thermoelectricity 108,470 127,684 17.7 

Nuclear 61,875 63,153 2.1 

Other renewable & wastes 21,391 23,587 10.3 

Cogeneration & waste treat. 33,903 34,023 0.4 

GROSS PRODUCTION 264,413 278,425 5.3 

NET PRODUCTION 253,097 266,316 5.2 

NET CONSUMPTION 230,298 238,730 3.7 

Table II. Electricity energy balance in Spain for 2004 

 

The largest increases are those for gas and wind power. Gas share was 12% in 2002, while in 2003 
it rose to 18.7%. In the same way, production from cogeneration and other renewables grew 14.3%, 
accounting for 18% of the total demand. From such production, 30% was generated by wind power.  
Cogeneration, including self-consumption, represents 15% of the national electricity demand. By 
the end of 2003, the installed capacity was 5812 MW, 1.35% greater than in 2002. At present,  it 
seems to be at a standstill. 72% of the cogeneration utilities are fed with natural gas. 
At the end of 2004, the total capacity of the electricity system was 71,957 MW, from which 
16,599 came from cogeneration and renewable. And, within renewable, 7,659 came from wind 
power. This year, the total capacity in the country grew by 7.7%.  
 
Efficiency of the electricity system is improving. In 2000, 8.48 109 GJ (202 toe) per gross GWh 
were required, while in 2011 it is estimated that only 8.06 109 GJ (192 toe) will be needed. 
 
Currently, there are 7 nuclear power plants with a total of 9 groups working in Spain. They all add 
up 7,880 MW of installed capacity, representing 12% of the total power generation. In 2004, gross 
production was 63,153 GWh. Working factors are excellent: a load factor of 90.3%, and an 
availability factor of 92.1%. There are no plans of new nuclear power plants, but, for the existing 
units, there is a 600 MW power increase currently planned to compensate the closing down of José 
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Cabrera power plant (160 MWe) in 2006. From the existing 9 groups, there are 7 which will reach 
the end of their lifetime between 2020 and 2030. 
 
The highest peaks of demand occurred in June 2005. They took place during three consecutive 
days, starting on Tuesday 21st, with 37,847 MW, and lasting until Thursday 23rd, with 38,600 MW. 
This meant a growth rate of 4.47% in relation to the previous summer highest peak of demand. 
 
Transmission and distribution networks add up to 51,809 km. In 2004, lines increased in a 0.9%. 
 
International electricity exchange is small, mainly due to a lack of interconnections. In 2003, 
international exchanges contributed to 7.15% to the total available energy. In 2004, the balance was 
positive, 2,909 GWh. Spain imported from France 5,174 GWh, and exported 1,572 GWh to 
Morocco, 6,254 GWh to Portugal, and 257 GWh to Andorra. 
  
The Spanish electricity market is completely liberalised from January 1st, 2003. At the end of 
2004, total number of consumers was 23.5 M. From those, 5.73% directly participated in the 
market, while in 2003, only  4.21% did. The market is operated by OMEL97, which is in charge of 
the economic activities of the market, and by REE98, which is responsible of the operation and 
maintenance of the transmission network. The National Energy Commission, CNE99, is the 
regulator of the activities, except for the nuclear activities, which are regulated by the Nuclear 
Safety Council, CSN100. Generation and distribution business in Spain are totally separated. 
The electricity sector companies in Spain have shown a remarkable investment effort in the last 
years. All the big companies, joined in UNESA101, have invested 17,785 M¼� LQ� WKH� ODVW���\HDUV��
having dedicated 59.3% to generation activities, and 40.7% to transmission and distribution. 
 
Electricity price in Spain is one of the lowest in Europe, and remains below the CPI. Since 1997, 
the price has been reduced by 38%. Within the domestic sector, the electricity bill represents 2.4% 
of the total family expenses. This fact hinders the energy saving plans success. The liberalised 
electricity market prices are also very low regarding the other European countries. The electricity 
price is commonly used as a tool to control economy. 
 
In the gas market, also completely liberalised, there are 5,6 M of consumers, from which, 22.52% 
directly participate in the market. 
 

22.1.5. Environment 
 
According to UNESA, CNE, OECD and the Environment and Industry Ministries, the present 
emissions levels for the energy sector are: 1,200 kt SO2, 310 kt NOx, 19 kt CO, and 9 kt NMVOC. 
In 2001, Greenhouse gases (GHG) emission per inhabitant was 8.85 tCO2eq. In 2004, the total 
amount of emissions accounted for 9.7 tCO2eq. In 2002, total GHG emission was 401.34 MtCO2eq, 

                                                
97 http://www.omel.es/frames/en/index_eng.jsp 
98 http://www.ree.es/ingles/i-index_quien.html 
99 http://www.cne.es/ingles/index.html 
100 http://www.csn.es/plantillas/index.jsp 
101 http://www.unesa.es 
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35% higher than in 1990. Spanish commitment in Kyoto implied not to exceed 1990 GHG 
emissions by 15%. In 2004, it has already been exceeded by 45%. Most of them (80%) due to CO2.  
Spain has recently set up the National Allocation Plan for the allocation of greenhouse gas emission 
allowances. This plan shares out allowances for 504.6 Mt CO2 for 2005-2007. This represents 40% 
of the total emissions in Spain. For 2005, the electricity sector accounts for 86.4 Mt CO2 for 2005. 
In January, 14% of these allowances were already issued.  
 

Energy production 28.7 

Industry combustion 15.9 

Transport 23.5 

Agriculture 10.7 

Industry processes 7.3 

Residues 3.9 

Other combustions 9.0 

Fuel leakage emission 1.1 

Table III. CO2 emissions per sector in percentage (2002) 

 
In Spain, there is a repository for low and medium activity radioactivity wastes. At the end of 2003, 
it was at 50% of its full capacity. On the other hand, there is not a high-activity radioactivity wastes 
repository and these wastes are stored in the plant. The government has postponed taking any 
decision on this matter until 2010. All the plants are currently storing their wastes in their own 
pools, except for Trillo nuclear power station, which stores them in dry containers. 
 

22.2. Trends 
 

22.2.1. Economy 
The Spanish economy is mainly driven by construction and private consumption. Spanish GDP has 
increased by 36% in the last 10 years. For the next decade, according to many economic forecasts, 
there will be an annual growth of 3%. According to OECD, this is a very optimistic and difficult to 
meet prediction. Other national studies forecast a more realistic growth of 2.5%.  
 

1996 1997 1998 1999 2000 2001 2002 2003 

2.4 4.0 4.3 4.1 4.1 2.9 2.2 2.5 

Table IV. GDP variation rate in Spain from 1996 to 2003 

 
For the next 10 years, domestic demand is expected to growth at a 2.8% every year, slightly lower 
than that of the 90’ s. Investment will increase an average rate of 5% annually. 
 
The unemployment rate is expected to decrease to 10.35% in 2005, and even more afterwards. 
It is foreseeable a relocation of part of the industry to other countries, substituting it by more added 
value industries. The industry sector will loose position in the GDP share. 
Despite the various uncertainties regarding the construction sector, it is supposed to maintain a 
growth level equal to that for GDP. 
Transportation and services will continue growing over the average economy level, and a 
continuous growth in road and plane transportation is expected.   
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It is foreseen a stable growth in investment due to the economy activity, competence, and low 
interest rates. Present rates of public investment in infrastructures will remain. 
 

22.2.2. Energy 
 
From 1975 to 1990, the primary energy consumption grew an average of 2.7% every year. 
During the 90’ s, it reached 3.1%, being higher in the second half of the decade. According to the 
“ Spanish Strategy on Energy Efficiency (E4)” , until 2012, primary energy consumption will 
increase every year an average of 3.09%. Final energy consumption is expected to have a lower rise 
due to the improvement of efficiency in the electricity sector. Consumption is expected to reach 
7.109GJ (175 Mtoe) in 2011.  
Consumption structure will change dramatically. Gas share will increase up to 18% in 2006, and 
21% in 2011. These figures are still below the present European average, 23%. Renewable energies 
share will also increase up to 8.3% in 2006, and 12% in 2011. Coal and nuclear energy shares will 
decrease to 8.25% and 9.5% respectively in 2011. Oil will similarly loose share, although it will 
remain being the main energy source with 50.3% in 2006, and 47.5% in 2011.  
 
Final energy consumption is expected to maintain an average growth rate of 3.48% until 2011. 
The rate will be lower from 2006 onwards due to the improvement in the efficiency and the market 
saturation. 
 

 2000 2006 2011 06/00 11/00 
 GJ % GJ % GJ % % annual % annual 

Coal 1.07 108 2.8 108 2.1 9.32 107 1.7 -1.13 -1.24 

Oil prod. 2.33 109 61.6 2.8 109 59.4 3.18 109 57.6 3.05 2.86 

Gas 5.17 108 13.6 7.9 108 16.8 109 18.1 7.32 6.20 

Electricity 6.81 108 18 8.42 108 17.9 1.02 109 18.5 3.60 3.75 

Renewable 1.51 108 4 1.81 108 3.8 2.27 108 4.1 3.01 3.76 

Total 3.79 109  4.71 109  5.53 109  3.68 3.48 

Table V. Final energy consumption in a 2000 base scenario 

 
 1990 1995 2000 2006 2011 
GDP 426205 437792 527613 625111 724676 

% average annual 
growth 

 95/90=1.5 00/95=3.8 06/00=2.9 11/06=3 

Population (M 
inhabitants) 

38.9 39.2 40.1 41.6 42.5 

Coal/GDP 441 259 203 160 129 

Oil products/GDP 4230 4500 4430 4470 4390 

Gas/GDP 468 628 981 1260 1380 

Electricity/GDP 567 1200 1290 1350 1410 

Renewables/GDP 373 334 287 289 314 
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Final energy/GDP 6650 6920 7190 7530 7620 

INDEX 100 104.2 108.1 113.4 114.7 

Table VI. Final energy consumption per unit of GDP (GJ/M���! "�#�$&%'%'%)(&#&*,+-*�.&+�"&#�/0 1  

 

 
 2000 2006 2012 06/00 12/00 
 GJ % GJ % GJ % % 

annual 
% 
annual 

Industry 1.57 109 38 1.7 109 36.7 1.95 109 36.9 2.8 2.6 

Transport 1.36 109 35.8 1.74 109 37.5 2.02 109 38.1 4.2 3.4 

Other uses 9.93 108 26.2 1.19 109 25.8 1.32 109 25 3.1 2.4 

Total 3.79 109  4.63 109  5.29 109  3.4 2.8 

Table VII. Final energy consumption in an efficiency scenario 

Transport has been the sector with the largest consumption growth. From 1995, the number of 
vehicles has doubled, and energy intensity has increased by 30%. 

Self-supply, in a base case scenario (BS), is foreseen to be of 24.7% by 2011, mainly due to coal. In 
an efficiency case scenario (ES), a self-supply of 26.8% is predicted, also mainly due to coal. 
 

22.2.3. Environment 
 
From 1990 to 2001, SOx and NOx emissions decreased by 34.7% and 10.5% respectively. 
Environmental commitments for the energy sector imply a big effort in emissions reduction for the 
next 20 years. In 2010, the emission limits to SO2, NOx, NH3 and NMVOC emissions will be 
774kt, 847kt, 669kt, and 353kt respectively, which represent a reduction of 65%, 24%, 36% and 
1% regarding the 1990 emissions. For the following years and up to 2018, all the combustion 
facilities will have to incorporate the correspondent reduction measures to fulfil the commitments.  
 

 1990 2000 2001 (90-01)% 2001 % 
Energy industries 77,999 105,456 99,842 28 26 

Construction & manuf. ind. 46,247 61,822 61,817 34 16 

Transport 58,506 87,314 91,722 57 24 

Other sectors 27,518 35,643 35,480 29  9 

Fuel leakage emissions 6,674 6,281 6,316 -5  2 

Industry processes  22,561 30,698 27,850 23 7 

Agriculture 37,374 43,643 42,988 15 11 

Residues 9,401 14,540 15,147 61 4 

Dissolvent & other 1,330 1,707 1,628 22 0.4 

Total emissions 287,609 387,104 382,789   33 100 

Table VIII. GHG emissions, in kt CO2eq, by sector, 1990-2001 

 
Regarding GHG emissions, 2004 data shows an increase of 45% in relation to 1990 levels. Between 
2008 and 2012, Spain will limit its emissions to a 24% in relation to 1990. The commitment of 
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15%, is expected to be achieved taking into account a 2% of capture through sinks, and a 7% 
through international credit markets. Spain also plans to use the flexible mechanisms to attain the 
objectives. The results of many analyses on the subject are not optimist.  
According to the OECD, the data from the Third National Communication to the UNFCCC, and 
assuming as feasible the 12% of demand met by renewable, according to an efficiency case 
scenario, it is foreseen an increase of 28% of total CO2 emissions between 1990 and 2010. In a base 
scenario, the increase will be of 48%. The “ Spanish Strategy on Energy Efficiency (E4)”  gives the 
following figures for CO2 emissions: 
 
 1990 2012 ( Base 

Scenario) 
2012 (Efficiency 
Scenario) 

Variation(ES-
1990)% 

Industry 45 71 66 49 

Transport 58 134 118 105 

Other Uses 26 51 47 80 

Transformation 77 112 94 22 

Leakages  4 3 3  

TOTAL CO2 209.3 369.6 327.7 57 

Table IX. Direct emissions of CO2 from energy in Mt 

 
There is a lot of uncertainty about the success of reaching the objectives. 
 

22.2.4. Electricity 
 
Between 1994 and 2004, electricity demand grew, in total, 64,6%. It was mainly due to the 
economy growth, and also in part, to the low electricity prices. However, the consumption per 
inhabitant (5,500 kWh) remains below the European average. Future increases are not expected to 
be like those in the past. A growth of 3 to 3.5% every year for the next ten years is foreseen.  
According to the “ Gas and Electricity Sectors Planning” , published in 2002 by the Economy 
Ministry, by 2011, it will be necessary to add 26,000 new MW to the system to guarantee the 
demand coverage. On the other hand, the environmental regulations will lead to close down or alter 
some plants. With an average nuclear plant technical lifetime of 40 years, it is supposed that, by 
2011, total installed capacity will be maintained, and 9,000 MW from coal, fuel and fuel-gas will 
be lost. 
 

Renewable Nuclear Coal Oil products Natural gas 
2000 2011 2000 2011 2000 2011 2000 2011 2000 2011 

16.9 28.4 27.6 19.4 35.9 15 9.9 4.1 9.7 33.1 

Table X. Structure of the electricity generation in %, by 2011, according to the Economy Ministry 

 
In 2002 and 2003, renewable and cogeneration installed capacity increased by 17% and 16% 
respectively. The Renewable Promotion Plan, signed in 1999, set specific objectives for energy 
production from renewables. Those objectives were revised and increased in 2002. By 2011, it is 
foreseen a total of 35,733 MW of renewable installed capacity, and 7,100 MW of cogeneration. 
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 objective 2011(MW) fulfil 2004 (MW) 
Small hydro (10-50MW) 3151 2897 

Small hydro(<10MW) 2380 1777 

Wind power 13000 8155 

Solar thermal 4841 700.4 

Solar PV 145 36.9 

Biomass (electricity)  3098 341 

Biomass (heat)(ktoe) 4376 3458 

Biogas   78 140.8 

Solid waste 262 188.9 

Biofuels (toe) 500 228.2 

Table XI. Objectives of renewable energy generation to 2011, and present situation (2004) 

 
In 2002, cogeneration installed capacity accounted for 5,580 MW, which produced, together with 
self-consumption, 14% of the national electricity demand. Even when cogeneration has been in a 
standstill during the last few years, by 2011, the association of producers, COGEN, estimates 
7,550 MW of installed capacity, with a production, including self-consumption, of 17.5% of the 
electricity demand, very close to the EC objective of 18%. 
 
Despite the negative Spanish public opinion towards nuclear energy, definitive decisions 
regarding its future have not yet been taken, since it is still taken into account in the energy mix for 
the next decades. The actual Government defends the promise to reduce progressively nuclear 
power in Spain, but the experts’  opinion is that it may change in case the CO2 reduction strategies 
fail. Spain keeps the technical capacity in nuclear power, although there is a risk of reducing it if 
some R&D projects do not initiate while waiting for new decisions. 
 
The marginal capacity stock decreased by 75% between 1997 and 2001. This fact started a new 
investment cycle in the electricity sector. The main electricity companies are in favour of building 
new combined cycle (CCGT) and wind power facilities. 
Spain is the second world wind power producer. By the end of 2004, the electricity power 
connected to the grid accounted for 8,000 MW, and the applications for new installations were over 
50,000 MW. Production is heterogeneous according to the geographical situation. These figures 
surpass the government forecasts, thus they are thinking of extending the objective to 20,000 MW 
by 2012. Consequently, it will be necessary to make some improvements in the transmission and 
distribution grid, while problems of availability and power forecast should be solved. Wind power 
sector thinks the objectives will be fulfilled. 
 
By the end of 2002, there were 2,800 MW from CCGT plants in the transmission grid. At the end 
of 2004, there were 4,400 MW. The CNE estimates that new 7,000 MW in 2005, and 23,000 MW 
more in 2006 and 2007 will be installed. Some actors are concerned about a too large installed 
capacity in future years. 
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22.3. Recent published studies 
 
The most recent studies on energy forecast have been elaborated by the General Department of 
Energy, belonging to the Industry, Tourism and Trade Ministry. The “ Gas and electricity sectors 
planning” , published in mid 2002, provides data up to 2011; and the “ Spanish strategy on energy 
efficiency (E4)” , published in October 2003, provides data up to 2012. Plans to start implementing 
E4 are currently under work. The main forecasts presented in these documents have already been 
shown in the previous section. 
The Observatory for Industrial Technology Foresight (OPTI), which belongs to the Industry 
Ministry, has undertaken many studies regarding technology innovation foresight in the energy 
sector. The conclusions are that Spain is now in a good position regarding scientific and technology 
capacity, although the situation is not so clear in the long term. On the other hand, the position in 
terms of innovation, production and commercialisation capacities is not good. In the short term, the 
main limitations for the technology advance are of economic nature, while in the long term are 
technological ones. The OPTI recommends to improve the collaboration between the Industry and 
Research and Technological organizations. The last OPTI document, published in 2004, foresees 
widespread use of the following technologies: 
 

Technology 2005 2010 2015 >2015 
Plants repowering x   

H2 fuel in gas turbines  x  

Biological advanced techniques in de-sulphuration  x  

Combined cycle with efficiency >60%  x  

Supercritical plants  x  

Coal gasification power plants   x 

Fuel cells for power generation   x 

CO2 sequestration and elimination   x 

Bidirectional counters x   

Transmission and distribution power electronics devices  x  

Flywheel for storage  x  

Fossil additives substitution by biofuels  x  

Biomass gasification for electricity production   x 

Wind farms with advanced storage systems  x  

Off-shore wind farms   x 

PV module of hundreds kWp grid-connected   x 

PV building integration  x   

Solar thermal concentrated power stations    x 

Table XII. Future technologies (OPTI) 

 
Recently, the University Pontifical of Comillas has created the Observatory of Energy and 
Sustainable Development. Their first report, published in February 2005, presents a detailed 
analysis, based on indicators, on the present situation, as well as future advices. 
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22.4. Policies and critical review 
 
In Spain, energy issues are responsibility of the General Department of Energy, dependent of the 
Industry, Tourism, and Trade Ministry. Similarly, the Environmental Ministry is responsible for the 
environment related issues regulation. Up to now, there has not been much collaboration between 
both Ministries in energy matters. The recently created General Department for the Pollution 
Prevention and Climate Change, part of the Environment Ministry, might make this collaboration 
easier. 
The independent regulatory bodies, CNE and CSN, are run by the Industry, Tourism and Trade 
Ministry. Other organizations related to energy are: the Institute for Coal Mining Re-structuring, 
the Institute for Energy Saving and Diversification102 (IDAE), the Research Centre for Energy, 
Environment and Technology103 (CIEMAT), and the Strategic Oil Reserves Corporation104 
(CORES). 
The autonomous regions have management responsibilities in energy matters like permits, controls 
and environmental taxes. 
The Spanish energy policy is based on issues like security and quality of supply, introduction of 
competitiveness in the markets, environment protection, as well as a strategy for controlling energy 
demand, and a deep review of the structure and legal framework of the different energy sectors. In 
terms of energy matters, the present Government pursues the following objectives: 
� Regulation of the Coal Mining sector so that it is adapted to the European Community 

directives. Negotiation of a new Coal Programme, with a time horizon up to 2012, in order to 
reduce the existing weak competitiveness. 

� Facilitate the liberalization of the liquid and gas hydrocarbon sectors, specially promoting gas. 
� Renewable energies promotion, specially biofuels, solar energy and wind power. 
� Nuclear energy reduction and substitution. 
� Energy infrastructures planning in order to reduce uncertainties.  
� Increase connections with France, Portugal, and Morocco. 
� Reform the regulatory framework of electricity generation: power guarantee, transition costs to 

the competence (CTC), environmental external costs internalisation, location of new plants…  
� Create a new regulation that establishes the payment of distribution activities and the 

improvement of gas distribution management. 
� Demand management related actions. 
� Start off the Iberian Electricity Market (MIBEL) 
 
Last February, the Government approved the Economy and Productivity Enhancement Plan. The 
main measures are related to: 
� Reinforcement of the detachment of the electricity suppliers from TSO. 
� Internalization of radioactive wastes handling cost. 
� New measures to simplify the change of supplier  
� New measures to successfully develop the MIBEL.  
� Review of the price determination method.  
� Application of the European Community directives regarding the common energy market    
The Government recently approved the elaboration of the White Paper for electricity. This report 
will include some reforms in the electricity generation business and market operation. The 
                                                
102 http://www.idae.es/ 
103 http://www.ciemat.es/eng/index.html 
104 http://www.cores.es/homei.htm 
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electricity companies are waiting for the Paper to redefine their position regarding the Government 
agreements. 
It is important to highlight that, regarding environmental policies, Spain follows the committed 
measures adopted in the international forum to reduce the environmental impacts from the energy 
sector. Besides the Kyoto Protocol commitments, Spain has also signed the Multi-pollutant Multi-
effect Protocol, within the Geneva Framework Convention; and the Gothenburg Protocol. 
Moreover, the following directives have already been applied: Directive 2001/80/CE, regarding 
emission limits in large combustion plants; Directive 2001/81/CE, regarding national emission 
ceilings; and Directive 96/62/CE, regarding the evaluation and management of air quality.  
The specific objectives regarding CO2 emissions have been detailed in the National Allocation Plan 
for greenhouse gas emission allowances. The Government has already announced its intention to 
participate in the international markets to achieve these objectives. In this direction, the first 
Spanish Fund of CO2 has already been created, and the first clean development projects have been 
approved. Due to the pessimistic prospects about the pollution abatement objectives fulfilment, 
some experts believe that Spain will be one of the main actors in the international CO2 market. 
Despite energy markets are totally liberalized, still there is a high concentration of companies.  
Renewable energy promotion strategies are currently introducing new actors in the electricity 
market, but only five of such companies have a significant size.  However, the current trend 
towards gas and electricity companies mergers could lead to a higher number of size significant 
companies. Moreover, the Government has announced new measures to increase competition, and 
has already announced that the electricity price determination policy needs to be revised. 
The main part of the demand growth is expected to be covered with combined cycle plants, 
cogeneration (mainly with gas), and wind power. The strong dependence to one gas supplier (58% 
Algeria) together with the scarce interconnection between European networks, lead to a high risk of 
undersupply in some conditions. New storage and re-gasification infrastructures are currently being 
built in order to avoid the problem. It is now expected to go from the present 800000m3 of LNG to 
2700000m3 by 2007. Spain is nowadays the second country in the world in terms of re-gasification. 
The current insecurity on regulations hinders initiatives to develop new nuclear power stations 
projects. Similarly there is also a lack of relevant research programmes. Both facts involve an 
important risk in terms of technology capacity losses in case new nuclear generation update was 
required. 
The present decree, which regulates the legal and economic regime of renewable and cogeneration, 
establishes a new regulatory framework with the main objective of promoting cogeneration within a 
safe legal framework and provides incentives to construct larger facilities (greater than 25 MW). 
Renewable energy producers want an independent operator to ease the management of this kind of 
energy. 
 
The most recent official energy policy dates back to July 8th 2005, when the Spanish Government 
approved the ” Plan de Acción 2005-2007 de la E4” . One of its main objectives is to control energy 
demand growth, which puts the achievement of the E4 objectives in jeopardy. The target of this 
plan is to reduce, by 2007, the current primary energy consumption by 8.5%, as well as the oil 
imports by 20%. In addition, such measures would imply a 32,5 MtCO2 emissions reduction. The 
Plan approves a group of urgent measures focused on the energy demand management for seven 
sectors: industry, transport, construction, public services, residential, agriculture, and energy 
transformation. 
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Regarding energy supply issues, among other measures, the Plan foresees, by 2007, the 
construction of 750MW new cogeneration plants over the initial E4 objectives. 
 

22.5. Country peculiarities 
 
Spain is an energy island. Connections with the neighbouring countries are scarce. At present, the 
Government expects to improve connections with Europe. 
Based on a political compromise reached on November 2002, an International Agreement was 
signed between Spain and Portugal to create MIBEL on January 20th 2004.  It is estimated that the 
Iberian market will manage 10.3 % of the total electricity generated in Europe, and account for 
approximately 20% of the liberalized electricity demand  in the European Union. This market is 
based on the establishment of an only operator (OMI), the increase in the connection lines between 
both countries, and the adaptation of national regulations to ensure an optimal operation. Three 
possible contracting ways will be possible: the spot market (daily and intra-daily), the period 
market (up to a year), and bilateral contracts (for at least a year contract). Despite the market should 
have started operating on April 20th 2004, this has not yet occurred due to some delays.  The 
Spanish government has undertaken some measures to speed up the process and it is now foresee 
that the starting date will be June 30th 2005. 
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22.7. Abbreviations 
 

CCGT - Combined cycle gas turbine 
CIEMAT  Centro de Investigaciones Energéticas Medioambientales y Tecnológicas (Research Centre for 

Energy, Environment and Technology) 
CNE - Comisión Nacional de Energía (National Energy Commission, the regulatory body for Spain’ s 

energy systems) 
COGEN - European Association for the Promotion of Cogeneration 

CORES - Corporación de Reservas Estratégicas de Productos Petrolíferos (Strategic Oil Reserves 
Corporation) 

CPI - Consumer Price Index 
CSN - Consejo de Seguridad Nuclear (Nuclear Safety Council) 

CTC - Transition Costs to the Competence 
E4 - Estrategia Española de Eficiencia energética (Spanish Strategy on Energy Efficiency) 

GDP - Gross Domestic Product 
GHG - Greenhouse gases  

IDAE - Instituto para la Diversificación y Ahorro de la Energía (Institute for Energy Saving and 
Diversification (IDAE) 

LNG - Liquefied Natural Gas 
MIBEL - Mercado Ibérico de la Electricidad (Iberian Electricity Market)  

NMVOC- non Methane Volatile Organic Compounds 
OECD- Organisation for Economic Co-operation and Development 

OMEL - Operador del Mercado Ibérico de Energía (market operating company) 
OPTI - Observatorio de Prospectiva Tecnológica Industrial (Observatory for Industrial Technology 

Foresight) 
REE - Red Eléctrica de España (company responsible for the transmission network and for operation of 

the Spanish electricity system) 
TFC - Total final energy consumption 

TSO - Transmission System Operator 
UNESA- Asociación Española de la Industria Eléctrica   

UNFCCC 
- 

United Nations Framework Convention on Climate Change     
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23.1. Factual information 
 

23.1.1. Geographical description 
 
Sweden enjoys a mostly temperate climate despite its northern latitude, mainly due to the Gulf 
Stream. In the south of Sweden leaf-bearing trees are prolific, in the north pines and hardy birches 
dominate the landscape. In the mountains of northern Sweden a sub-arctic climate predominates. In 
the part of the country north of the Arctic Circle the sun never sets during the summer, and in the 
winter night is unending. 
 
East of Sweden is the Baltic Sea and the Gulf of Bothnia, providing a long coastline, and yet further 
mellowing the climate. To the west are the Scandinavian mountain chain, a range that separates 
Sweden from Norway. 
 
The southern part of the country is chiefly agricultural, with forests covering an increasing 
percentage of the land the further north one goes. Population density is also higher in southern 
Sweden, with centers being in the valley of lake Mälaren and the Öresund region.The inland of the 
northern part is quite mountainous with the highest peak being Kebnekaise at a height of 2111 
meters. 
 
The total land area of Sweden is 410,934 km², making it Europe's fifth largest nation as measured 
by area. Stretching about 1,570 km in the north-south direction, but a more modest 450 km in the 
east-west direction. The major natural resources are timber and ore. The northern part is home to 
the largest rivers in Sweden, providing a major resource for hydro-power. 
 

23.1.2. Demographics 
 
As of approximately August 12, 2004, the population of Sweden for the first time exceeded 
9,000,000, according to Statistics Sweden. The main part of the population, around 7 Million, lives 
in urban areas around the major cities. The population is divided on 4.1 Million households, and the 
main population areas are in the southern part around Stockholm, and south thereof. The population 
is expected to rise slightly to about 9.3 Million in 2030. The number of people per household has 
decreased from 2.6 in 1970 to about 2.1 in 1990, the trend is towards further decrease. As in the rest 
of the western world Sweden is facing an aging population. 
 
Sweden has an extensive childcare system that guarantees a place for all young children from 1-5 
years old in a public day-care facility. From ages 6-16, children attend compulsory comprehensive 
school. After completing the ninth grade, 90% attend upper secondary school for either academic or 
technical education. The number of students attending University has risen dramatically during the 
1990's. In 2000 the number of full time students attending University was well above 240'000. 
 
Swedes benefit from an extensive social welfare system, which provides for childcare and 
maternity and paternity leave, a ceiling on health care costs, old-age pensions, and sick leave 
among other benefits. Parents are entitled to a total of 480 days paid leave between birth and the 
child's eighth birthday, with 30 days reserved specifically for each parent. A ceiling on health care 
costs makes it easier for Swedish workers to take time off for medical reasons. 
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23.1.3. Economical Situation 
 
The Gross Domestic Product (GDP) was 27,900 Euro/person in the year 2000, compared to 22,500 
Euro/person in the EU-15. In year 2000 70% of the GDP was generated within the service sector, 
whereas industry stood for 28% and the agricultural sector for 2%. The service sector employs 79% 
of the work active population, industry 19% and the agricultural sector 2%. Approximately 40% of 
the work active population is employed in the public service sector. Main exports include products 
from the manufacturing industry, paper, pulp and raw materials. Household expenditure shows a 
rising trend and follows the growth of the Gross Domestic Product. 
 

23.1.4. Energy 
 
Energy usage is heavily linked with economical growth. In the coming years the GDP is expected 
to rise with 3.0% in 2005 and 2.7% in 2006, thus, one can expect an increased energy consumption 
simultaneously. As in many OECD countries oil stand for the major part of the supplied energy in 
Sweden, see Table 1. Being without a domestic source for oil, Sweden has to rely on imports. 
Further, the fuel for the eleven nuclear reactors in operation also comes from the outside. The main 
sources of energy available from within are large amounts of hydro power and biomass.  
 

Energy Balance Energy (TWh)  
Total supplied 624  
Losses and unusable 218  
Used energy 406  
- Electric 130  
- District heating 50  
- Oil 142  
- Gas 6  
- Coal 17  
- Biofuels 61  
Usage by sector Energy (TWh) Prognosed change (2005) 
Industry 154 +1.9% 
- Paper and pulp 72  
- Steel 23  
- Chemical 12  
Housing and Services 157 ±0% 
Domestic transport 95 +7% 

Table 1 Energy balance for 2003, taken from [1] 

 
The consumption for the largest consumer, the housing and services sector, is strongly weather 
dependent, and about two thirds are used for heating and hot water supply. For example, in 2003 
the temperature was 4% higher than average, which had the effect that the total energy 
consumption was somewhat lower than usual. At present the increase in the number of households 
and the fact that many new homes are being built is expected to further increase the total energy 
demand. 
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23.1.5. Electricity 

 
A total of 145.1 TWh was used domestically, or 16,207 kWh per person. Historically, the main part 
of the electric energy used in Sweden comes from hydro-power, which saw it’s largest expansion in 
the 1960’s. Nowadays, roughly half of the production comes from hydro-power, and the other half 
from eleven nuclear reactors, see Table 2. Only about 10% comes from other thermal sources 
mainly. 
 
There are three main actors, producing more than 90% of the used  
electricity. They are in order of installed power: 
 

• Vattenfall AB, a company fully owned by the Swedish government. 
• Sydkraft, a subsidary of EON, a large German company.  
• Fortum, a company with interests in Sweden and Finland mainly.  

 
The demand varies during a year, peak load typically occur cold winter mornings in January or 
February. In 2003 the load peaked at 26,400 MWh/h on January 31. The minimum load usually 
occurs during the holiday period in July, for 2003 the minimum load was 13,189 MWh/h. Peak 
load coincides badly with the spring flood in the rivers, meaning that storing large amounts of water 
in dams is very important. 
 
The data for 2003 reflect the fact that it was a dry year and the production from hydro-power was 
lower than usual.  
 

Generation form Installed capacity (MW) Part of supplied electricity 
Hydro-power 16,143 39.9% 
Nuclear 9,441 49.5% 
Other thermal power 7,378 10.1% 
- condensing 2,108 (included above) 
- CHP district 2,572 (included above) 
- CHP industry 979 (included above) 
- gas turbines etc. 1,719 (included above) 
Wind 399 0.5% 
Total 33,361 100% 

Table 2 Installed capacity, and production for 2003, taken from [3] 
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Source Electric energy (TWh) 
Nuclear 65.5 
Hydro 52.8 
CHP 7.6 
Industrial back-pressure 5.2 
Cold condensing 0.6 
Wind 0.6 
Total (Domestic supply) 132.3 
Import 12.8 

Sector usage of the electric energy 
Housing and Services 72% 
Industry 55% 
Domestic transport 3% 

Table 3 Produced electric energy for 2003, taken from [1] 

In 2003 the usage of electricity was higher than the production and, as a result there was a net 
import, coming mainly from Denmark and Finland. The reason for the high import figures for 2003 
is the fact that the production from both hydro and nuclear-power was lower than normal. The 
estimates for 2005 is a net import of 3.7 TWh, and for 2006 2.4 TWh, if the precipitation and the 
availability of the nuclear reactors assume normal levels. The Nordic market (Sweden, Norway, 
Finland and Denmark) is deregulated and synchronized, and therefore has a large capacity of 
transfer between the individual countries. The Nordic net also has large transfer capabilities (via 
DC connections) to Germany (2550 MW), Russia (1610 MW), and Poland (600 MW). Sweden’s 
neighbour to the west, Norway, suplies more than 95% of its electricity demand with hydropower, 
and its generating capability is therefore heavily depending on the weather, and strong connections 
with neighbouring countries, mainly Sweden. Therefore, there are links of totally 4885 MW 
(Norway to Sweden, and 4155 MW Sweden to Norway) connecting the two countries. 
 
Sweden has some energy intensive industry, such as smelters and the paper and pulp industry. The 
electric energy consumption in the paper and pulp industry stood for 40% of the electricity used in 
the industrial sector in 2003.  
 

23.1.6. Environmental issues 
 
All energy production carries environmental costs, in terms of emissions and/or large area 
demands. Let us mention some of the specific costs for Swedish conditions.  
 
Environmental issues regarding nuclear power. 
 
The storage of spent nuclear fuel is a crucial issue in Sweden, like in all countries utilizing nuclear 
energy. As of now (spring 2005) no decision has been taken on where to store the spent fuel. 
Studies are being made on the final storage of the spent fuel and other radioactive waste materials. 
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Environmental issues regarding hydro-power. 
 
There are 13 larger rivers in Sweden, of these, three are kept unregulated in order to maintain 
natural river ecosystems, and preserve cultural values. In all of the major rivers annual migration of 
fish occurs, in order to reproduce, from the sea and upstream. Hydro-power stations hinder this 
migration, even if special constructions have been made to allow the fish to migrate, these seldom 
function satisfactory. Also, the construction of dams may considerably deteriorate natural 
ecosystems with considerable loss of biodiversity and/or biomass. Environmental concerns have 
nowadays effectively stopped all plans for new hydro projects, except refurbishment and upgrading 
of existing plants. Some attempts to allow for mini and micro hydro stations are also being 
criticized, mainly from locals.  
 
There is a decision in Sweden to phase out nuclear power production, see 23.3.2, when it is possible 
to do so to still meet the demand and considering the need to keep jobs and the welfare intact. 
When the nuclear energy is phased out, we might face new environmental issues coming from the 
production replacing the nuclear. 
 
The environmental impacts from other sources are minor in absolute number since they only 
contribute a small portion of the power produced. There are growing concerns about the impact 
coming from windpower, both regarding the acceptance, and issues for wildlife. One thing worth 
mentioning is the relatively high need of transporting material for biofuels, something which 
contribute to the release of particles and green house gases in the atmosphere. An increase in the 
use of biofuels may also inflict a cost for biodiversity and may result in monocultures if grown in 
large scale. 
 

23.2. Trends 
 

23.2.1. Past 
 
In the past, 1970’s and before, the hydropower installations were used to supply the basic need of 
electricity, there were also some thermal installations. When nuclear energy was introduced, in the 
70’s and 80’s, the situation changed. Now, the nuclear energy is used to supply the basic need and 
hydropower, which also produce large ammounts of power, is used to balance the need and supply. 
 
In the 1960’s there was a large amount of new hydro-power installations being built, something 
which caused protests. Then, it was decided to leave three large rivers unregulated to protect 
environmental interests. This decision meant that a potential 12 TWh was left untapped [7]. 
 

23.2.2. Present 
 
As in many countries the total need of energy is constantly increasing. From the user side there is a 
strong trend to move away from oil-dependency for heating to use either central district heating or 
indirectly using electric power, in e.g. heat pumps. This means that the consumption of oil is 
decreasing, but the consumption of electric power is increasing, at the same time the government’s 
policy is to reduce the use of electric energy. At the same time, household appliances on stand-by 
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can consume a substantial amount of power, and, since the number of household appliances is 
increasing, there is a further increase in the demand for electrical energy. 
 
A recent report mentions that about 11 TWh extra hydro-power could be generated if existing 
regulated rivers were used more efficiently and existing stations upgraded with new technology. 
Out of these 11 TWh about 5 TWh is economically feasible with the prize of electricity today [7]. 
 
There is a strong trend in Sweden toward centralized district heating, that can, in principle, also 
produce electricity. The fuels for these stations are mainly biomass and waste material. An 
interesting situation now occur, the electric market is deregulated, but the district heating market is 
not. The government is encouraging the use of central district heating while discouraging the use of 
heating with electric energy, thus driving customers from a deregulated to a market with monopoly. 
 
Today, no new hydro-power stations are commissioned, but a lot of refurbishment and upgrading 
are taking place. In 2003 a total increase of 73 MW installed power originated from mainly 
refurbished existing stations. The same is true for the remaining nuclear reactors. At present, the 
nuclear plants are being upgraded resulting in an increase in power which almost cover the power 
lost in the shutdown of Barsebäck 1 and 2. In 2003 the upgrade of the nuclear reactors added an 
extra 23 MW generating power. 
 

23.2.3. Future 
 
The future demand is expected to further increase. How this increased demand is met depends 
heavily on political decisions and subsidies. The Swedish government has a pronounced policy to 
increase the contribution from renewable resources. The goal is often expressed as an additional 
10 TWh from renewable resources in 2010, or 2015. The term ''renewable'' sometimes apply mainly 
to wind-power, and sometimes to other resources as well. The intent is that this increase will be 
driven by trading with green electricity certificates, discussed in Section 23.4. There are untapped 
resources in hydro-power which could be used, but due to environmental concerns, they are likely 
to be left unused. Further, there is a potential in wind-power in Sweden, but the industry is not 
likely to support expansion of wind-power too much since it cannot be regulated. As for solar, the 
potential is very small in Sweden, especially in the winter when the demand peaks. Sweden has, at 
this stage, no geothermal power producing plants.  
 

23.3. Policy 
 

23.3.1. Present 
 
The largest company operating on the electricity market, Vattenfall AB, is fully owned by the 
Swedish government. The government is now using this ownership to more actively control future 
investments. Their estimate that Vattenfall AB can stand for 5 TWh out of the 10 TWh increase in 
renewables e.g. by supporting large scale, sea based, windpower [8].  
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23.3.2. Future 
 
In 1980 there was a referendum in Sweden concerning the future of nuclear power. Then, it was 
decided to terminate the use of nuclear power as an energy source, but no definite time limit was 
given. The last two reactors, Oskarshamn 3 and Forsmark 3, were commissioned in 1985, five years 
after the referendum. The policy was that the first reactor be shut down before 1 July 1998, and the 
second before 1 July 2001. However, closure of the second reactor was conditional upon the 
replacement of the lost generating capability from renewable sources and reduced usage. Then, in 
1999, the first reactor Barsebäck 1 was shut down. A short term energy program introduced in 
1998, running until 2002, resulted in 2 TWh of new production and decreased use. The estimate 
from the energy efficiency program was approximately 0.48 TWh [5]. This year the government is 
introducing a two year program to stimulate effictivisation of energy use, and conversion to 
renewables, by spending 2 billion SEK. 100 MSEK is to be used to sponsor installation of solar 
cells, an investment that is estimated to double the installed power [8]. There is no support towards 
investments in large scale hydropower installments, but small scale developments can get support. 
Now, in 2005, discussions on closing the next reactor are held. The debate is mainly on how to 
replace the power lost from the shutdown of more reactors. To further strengthen the Nordic net 
and guarantee a supply of electric energy a new transmission cable to Finland is being discussed. 
Finland is at present building a new nuclear reactor to meet the increased demand domestically 
there as well as giving a substantial export capability. 
 

23.4. Peculiarities 
 
The Nordic market was deregulated in 1996. Since then, the cost of electricity for consumers have 
risen, see Table 4. However, it is hard to say if that is a direct consequence of the deregulated 
market, or if it depends on other factors.  
 

Year System prize 
(SEK/kWh) 

1996 26,3 
1997 14,6 
1998 12,3 
1999 11,8 
2000 10,8 
2001 21,4 
2002 24,6 
2003 33,5 
2004 26,4 

Table 4 Development of the spot prize in the Nordic electricity market [3] before taxes, one Euro is 
roughly 9 SEK. 

To reduce greenhouse gas emissions and stimulate locally renewable electric energy to be 
produced, green electricity certificates were introduced 1 May 2003. Producers have to have their 
capacity certified to sell green electricity certificates (GEC) to consumers, and get a certificate for 
every produced MWh. The aim of introducing GEC was to stimulate production from renewable 
resources such as wind, biofuelled CHP solar and hydro. Today 74% of all GEC originate from 



 275 

biofueled power stations, wind-power stands for 8% and hydro for 18%. For hydro-power the 
requirements are  
 

• small scale, less than 1500 kW 
• in continued operation since 1 July 2001 
• or a totally new station 
• for large scale hydropower stations (more than 1500 kW), only refurbishment leading to an 

increase in the rating gives the right to get GEC, and then, only the increase in produced 
electric energy actually gives GEC 

 
Every consumer is then obliged to buy a portion of their consumption from power produced in 
stations who have GEC. At present, consumers are obliged to buy 7.4% GEC, this number is to 
increase continuously to 16.9% in 2010. The concept of GEC is to be made permanent [8].  
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24.1. Energy-related and socio-economic analysis: past, present and future 
 

24.1.1. Factual information 
 

24.1.1.1. Geography & population 
 
The population of The Netherlands is 16.3 x 106 people and 7.4 x 106 of households. It has a 
surface area of 41500km² with a coastline of 450 km and its scenery is dominantly flat. Surface 
height varies from -7 m (polders) till 300 m in the south-east. The Netherlands has a moderate sea 
climate with mild winters and cool summers. It has an annual number of 1530 hours of sunshine 
and 240 days of rainfall. 
 

24.1.1.2. Economy 
 
The GDP105 of The Netherlands amounts to 460 x 109 euro of which almost two thirds is generated 
by the service sector. The contribution of the industry and agriculture amounts to respectively 25% 
and 2.5%. 
 

24.1.1.3. Energy 
 
The Netherlands has large domestic natural gas resources. The ‘Groningen gas field’  is the major 
field, but to protect its depletion, the government favours the smaller fields, promotes import and 
imposed a production cap for the Groningen field. Thanks to its unique exploitation flexibility, this 
field is perfect for balancing the demand between winter and summer (both on a Dutch as on a 
European scale). At the actual consumption rate, there will be gas available for more than 50 years. 
 
The main energy balances and indicators are summarised in the table below (based on baseline 
scenario from [3]). 
 
[PJ]106 2000 2005 [PJ] 2000 2005 

      

Gross Inland Consumption (=TPES) 3165.12 3222.24 Final Energy Demand (TFC) by 

Sector 

2082.78 2220.12 

 Solids 335.16 225.96  Industry 571.2 573.72 

 Oil 1193.22 1214.22  Residential 431.76 459.48 

 Natural gas 1457.82 1573.32  Tertiary 499.38 530.04 

 Nuclear 42.42 39.48  Transport 580.44 656.88 

 Electricity 68.46 70.56 Final Energy Demand (TFC) by 

Fuel 

2082.78 2220.12 

 Renewable energy forms 68.04 98.7  Solids 52.5 49.98 

Net Imports 1438.08 1245.3  Oil 680.4 770.28 

Import Dependency [%] 38.6 32.3  Gas 839.58 847.14 

Energy Intensity Indicators (1990 = 100)    Electricity 353.64 375.06 

                                                
105 A list with abbreviations can be found at the end of this chapter. 
106 Based on conversion 1toe = 42 x 109 J 
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 Industry (Energy on Value Added) 85.1 80.0  Heat 144.9 166.74 

 Residential (Energy on Private 

Income) 

80.2 75.3  Other 11.76 10.92 

 Tertiary (Energy on Value Added) 89.7 83.7    

 Transport (Energy on GDP) 100.7 102.3    

 
24.1.1.4. Electricity 

 
The main electricity balances and indicators are summarised in the table below. The Netherlands is 
a net importer of electricity. It imports up to 20% of its total electricity consumption [3]. 
 

 2000 2005 

   

Electricity Generation [TWhe] 89.60 96.62 

 Nuclear 3.93 3.66 

 Hydro & wind 0.97 3.55 

 Thermal (incl. biomass) 84.70 89.41 

Electricity Generation [Gwe] 22.75 26.55 

 Nuclear 0.54 0.48 

 Hydro (pumping excluded) 0.04 0.04 

 Wind and solar 0.46 1.05 

 Thermal 21.72 24.99 

     Of which cogeneration units 8.87 10.05 

     Open cycle 13.26 13.19 

     Supercritical Polyvalent/Clean Coal and Lignite 0.00 0.00 

     Gas Turbines Combined Cycle 7.96 11.30 

     Small Gas Turbines 0.50 0.50 

     Fuel Cells 0.00 0.00 

     Geothermal Heat 0.00 0.00 

Average efficiency for thermal electricity production [%] 36.9107 42.2 
 

                                                
107 This rather low average efficiency can be explained by the high share of cogeneration, and the way this is brought 

into account.  
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24.1.1.5. Environmental issues 

 
The main balances and indicators concerning the CO2-emissions are summarised in the table below 
[3]. 
 

 2000 2005 

   

CO2-emissions [Mt of CO2] 165.6 164.6 

 Electricity and Steam production 48.9 45.5 

 Energy Branch 13.1 12.9 

 Industry 24.7 20.5 

 Residential 18.9 19.9 

 Tertiary 19.5 20.2 

 Transport 40.5 45.5 

CO2-emissions Index (1990 = 100) 108.3 107.7 

Carbon intensity [t of CO2/toe of GIC] 2.20 2.15 

CO2-emissions/Capita [t of CO2/inhabitant] 10.40 10.01 

CO2-emissions to GDP [t of CO2/MEUR ‘00] 412.9 368.4 

Carbon Intensity indicators   

 Electricity and Steam production [t of CO2/MWh] 0.41 0.31 

 Final energy demand [t of CO2/toe] 2.09 2.01 

     Industry 1.81 1.50 

     Residential 1.84 1.82 

     Tertiary 1.64 1.60 

     Transport 2.93 2.91 

 
 

24.1.2. Trends [1] 
 
 

Growth rates [% per year] ’73-‘79 ’79-‘90 ’90-‘01 ’01-‘02 ’02-‘10 

      

TPES 1.7 -0.3 1.4 0.8 0.5 

 Coal 2.4 9.4 -0.6 0.6 -0.4 

 Oil 0.4 -2.4 1.8 0.9 0.5 

 Gas 2.4 -0.6 1.3 0.8 0.3 

 Comb. Renewables & Wastes - 10.3 5.1 9.4 7.8 

 Nuclear 21.0 0.0 1.2 -1.5 0.2 

 Hydro - - 2.0 10.0 7.8 

 Geothermal - - - - - 

 Solar/Wind/Other - - - 8.8 14.9 

TFC 2.0 -0.7 1.5 -0.6 1.2 

Electricity Consumption 4.4 2.3 2.8 0.3 1.9 

Energy Production 4.4 -1.8 0.0 -0.8 -0.2 
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Net Oil Imports 1.0 -4.1 2.9 -4.5 1.9 

GDP 2.6 2.2 2.8 0.2 2.5 

Growth in the TPES/GDP Ratio -0.9 -2.5 -1.3 0.6 -1.9 

Growth in the TFC/GDP Ratio -0.6 -2.8 -1.2 -0.8 -1.3 

 
 

24.2. Energy studies 
 
As the moment of writing, a major energy study is going on in The Netherlands. Results are not 
available yet. 
 

24.3. Policy 
 

24.3.1. General framework 
 
In spite of the liberalisation of the energy market, there still remain some dominant players in the 
energy sector. On the gas market - more specific on the wholesale trade - there is lack of 
competition, because of the dominant position of the company “ Gasunie” . Even though there a 
possibility to trade gas on a wholesale level at “ TTF – Title Transfer Capacity” , the importance of 
this market place is only small on national scale. Besides that, the Gasunie has a dominant position 
in offering flexibility services (= interception of peaks and lows). 
 

24.3.2. Electricity policy 
 
On the international level, currently there is an overcapacity of electricity generation. This results in 
low prices and a bad investment climate, which leads towards the maintenance of existing power 
plants instead of building new ones. As The Netherlands is a net importer, and both of its 
neighbouring countries (namely Belgium and Germany) foresee a nuclear phase out, The 
Netherlands has to be conscious of this changing situation on time. 
 
Mid 2002, The Netherlands counts up to 10000 MW in cogeneration units; which is approximately 
40% of its production park. In recent years, due to changing electricity and gas prices, in 
combination with the decrease of fiscal advantages for cogeneration units, the number of 
cogeneration units stagnates. All power plants which are foreseen to be build are based on gas 
technologies. At the moment of writing, The Netherlands has only a limited interest in coal 
technologies. 
 

24.3.3. Environmental policy 
 
As a consequence of the Kyoto-protocol, The Netherlands has to reduce its CO2-emission by 6% 
till 2008 – 2012 compared with 1990 level. Nowadays there is a strong link between the economic 
expansion and the CO2-emissions. To reach the Kyoto goal, an unbundling of both parameters will 
be necessary. Because of the expected economic evolution – increase of service sector and decrease 
of agriculture, energy and building sector – the pressure on the environment will automatically 
decline. Anyhow, reaching the Kyoto-target stays a big challenge. 
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For the period till 2010, The Netherlands emphasises on the potential of biomass as the main 
domestic contributor to reduce the CO2-emissions. It is not the aim to use biomass power plants as 
stand-alone power plants (because of its restricted potential), but to use it as an extra fuel in coal-
fired power plants (up to 30% replacement of coal by biomass till 2010 – 475 MWe from 
biomass108). By this measure109, The Netherlands hopes to bring the emissions of the coal-fired 
plants to an emission level equal to gas fired plants by 2008 [5]-[9]. 
 
Though, already now, wind power plays a role in the strategy to reach the 9% target – of total 
consumption produced by renewable energy sources – The Netherlands starts really to rely on its 
potential (both on- and offshore) on the longer term, after 2010. By 2010, The Netherlands aims to 
install 1500 MW in wind power (mainly onshore) and by 2020, 6000 MW offshore. To reach this 
target, The Netherlands focuses on a regional approach to search for appropriate locations and to 
reduce the administrative inconvenience instead of national (complicated and long-running) 
procedures. 
 
In the past, The Netherlands used measures to stimulate the demand side towards the use of more 
RES: fiscal measures, Regulating Energy Tax (= REB)…  Although the rate of RES increased, 
those measures seemed not to be efficient as mostly free riders enjoyed the financial advantages 
and RES-import instead of RES-production increased. Besides that, it is important to not have 
contrary effects of the measures that are taken. The Netherlands does not want to affect the 
competition position of their companies; neither does it want a shifting of their energy users to 
other (EU) countries. For that, The Netherlands stresses on the importance of measures on an 
international and EU-level. 
 
To tackle the wrong incentives, the government decided to change its strategy towards a stimulation 
of the production side by the use of a production fee. The MEP-fee110 covers up to 50% of the non-
profitable part of sustainable electricity production methods (compared with the production cost by 
classical methods). By this, investors can be made sure of their investments.  
 
By all these measures The Netherlands introduces a transition to a more sustainable energy 
housekeeping. Anyhow, due to the combination of an increasing electricity use, less electricity 
import and more mobility, since 1990 CO2-emissions have annually raised 1%, whilst the overall 
amount of GHG stabilised. 
 
On the long term, The Netherlands maintains their ambitions, but on the short term, despite the 
efforts that are done, it is not sufficient to reach the Kyoto targets in a cost-effective way. The 
Netherlands needs to take other measures. Besides the promotion of wind power, the voluntary 
covenants, the internalisation of the environmental costs, the decision to keep the Borssele nuclear 
power plant running and the stimulation of an energy research policy, The Netherlands decided to 
rely for 50% of its CO2-reduction on international flexible mechanisms111. The European emission 
trading system, which was introduced at January, 1st of 2005, plays an important role in that. As 

                                                
108 Domestic biomass resources (waste and fertilizer included) are estimated at 168 PJ in 2005 and 177 PJ in 2010 [9] 
109 In combination with a partial substitution of coal by natural gas and an increasing power plants efficiency. 
110 MEP = Milieukwaliteit Elektriciteit Productie (Environmental quality Electricity Production) 
111 Flexible mechanisms: Joint Implementation, Clean Development Mechanisms and Emission Trading 
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The Netherlands counts for half of its reductions on foreign efforts, it is important that those foreign 
goals on emission-reductions are reached and monitored. 
 
For reaching the long term goals, which are not yet specified clearly, but which will probably 
mounts up to an emission reduction of 40 to 60% for Western Europe, compared to the 1990’ s 
level, The Netherlands depends on strong international cooperation, technological development of 
low and zero emission applications and climate-neutral (fossil) energy carriers. Financial resources 
to sustain this development will be dependent of the economic climate. 
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24.5. Abbreviations 
 
CCGT - Combined Cycle Gas Turbine (steam and gas) 
GDP – Gross Domestic Product 
GIC – Gross Inland Consumption 
MEP - Milieukwaliteit Elektriciteit Productie (Environmental quality Electricity Production) 
REB - Regulating Energy Tax  
RES - Renewable Energy Sources 
TFC – Total Final Consumption 
TPES – Total Primary Energy Supply 
TTF – Title Transfer Capacity 
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25.1. Energy-related and socio-economic analysis: past, present and future 
 

25.1.1. Geographical description 
 
The United Kingdom consists of four entities: England, Scotland, Wales and Northern Ireland, and 
is a Member State of the European Union. Its surface area is 244 820 km² of which 1.3% is 
occupied by water. England mainly consists of lowlands with the highest peaks mostly found in the 
northwest with heights no more than 1000m. Wales and Scotland are more mountainous regions 
where the majority of water reserves of the country exist. Wind resources are substantial in many 
coastal areas of the UK, particularly in Scotland, Wales and Northern Ireland (Wikipedia 2005). 
The offshore resource is particularly large. 
 

25.1.2. Demographics 
 
The population of the country is 60 270 700 people (estimation in July 2004) with population 
density of 246.5 inhabitants per square kilometre. The average size of households for the year 2005 
is about 2.27 inhabitants per household (EU-15 Energy and Transport Outlook to 2030). 
 
The population is expected to grow by 2030 to around 63.5 million, with an average growth rate of 
0.2% annually. 
 
The high population density is limiting the exploitation of the good onshore wind farm sites. 
Consequently, given the excellent offshore wind potential, the development of offshore wind farms 
is quite promising (Wikipedia 2005). 
 

25.1.3. Economy status 
 
The United Kingdom, the fourth largest economy in the world and the second in Europe, is a 
financial centre and trading power. London is the largest financial centre in the world. 
 
The Gross Domestic Product of the country for the year 2003 was 1666 billion US$ and the GDP 
per Capita (2003) 28 237 US$. The GDP growth for 2004 was 3%. 
 
The GDP growth of the UK, starting from 1990 and projecting to 2030, is accelerating both in 
absolute and in per capita terms. Absolute GDP exhibits an average annual growth rate of 2.43%. 
However, GDP/per capita is not increasing as rapidly as absolute GDP, particularly in the projected 
decades of 2020-2030. Figure 1 plots the relevant data sets: 
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Figure 1. GDP and GDP/capita from 1990 to 2030 

(European Commission 2003) 
 
 

Table1. Percentage of Labour force and GDP by sector for year 2003 

 Labour force by 
occupation (%) 

GDP by 
sector (%) 

Services 74 72.6 
Industry 25 26.5 

Agriculture 1 0.9 
 
The reported labour force for the year 2003 is 29.6 million people, around 49% of the total 
population, and the unemployment rate in year 2003 is 5% (Wikipedia 2005). 
 

25.1.4. Energy 
 

25.1.4.1. Domestic Production 
 
The UK produces half of the oil in Europe. The quality of this oil is very good, as it contains low 
levels of contaminants such as sulphur, and it is sold at high prices. The total energy production in 
2000 was 2.5 times more than that in 1973 mainly due to oil and gas production increase. However, 
from 1999 to 2003 the crude oil production declined by almost 24% (DTI 2005). 
 
The country is also the biggest producer and a large exporter of natural gas in the European Union. 
The production increased by 5.87% from 1999 to 2001, and since then declined by around 9%. The 
decline is expected to continue as the reserves are depleting (DTI 2005). Gas production grew 
strongly from 1991 to 1999, driven by power sector market liberalization (and associated expansion 
of CCGT capacity) and the decline of the coal industry. 
 
Coal production decreased by one quarter in the period from 1980 to 2000. In 2015 it is estimated 
that coal production will be only 10% of the 1990 levels, and the general decline will continue, 
albeit more gradually, through 2030. 
 
The profile of the primary energy production in figure 2 contains historical data (from 1990) and 
projected data retrieved from the PRIMES (European Commission) model for up to 2030. For all 
the sources of energy apart from renewables there is a clear decline expected after 2005.  
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Figure 2 Primary Energy Production profile 1990-2030 for all sources 

(European Commission 2003) 

25.1.4.2. Imports/exports 
 
In the early 1970s the UK imported almost half of its primary energy sources. From 1981 it became 
a net exporter of energy due to oil and gas production increase. Until 2003 the trend remained the 
same apart from a period of four years (1989-1992) caused by an accident at the Piper Alpha oil 
production platform in 1988 (DTI 2004). 
 
In particular, in 2003 coal imports exceeded the domestic production. Exports of natural gas in 
2004 fell by 35.5% compared with 2003 and imports increased by 54.2%. Consequently, the UK 
became a net importer of gas in 2004, for the first time since 1996 (DTI 2005). 
 

25.1.4.3. Reserves 
 
The recorded reserves of oil were approximately constant from the mid-1980s to the mid-1990s, 
despite large increases in production. Since the mid-1990s, reserves have decline quite strongly, 
due to continued strong production but few new discoveries and low oil prices, which reduced 
exploration activity. 
 
Reserve estimates are revised annually. At the end of 2003 remaining proven, probable and 
possible oil reserves stood at 1,267 million tones, with annual production of around 106 million 
tonnes in 2003. Remaining gas reserves were estimated to be 1,206 billion cubic metres at the end 
of 2003, with production of about 102 billion cubic metres. 
 

25.1.4.4. Final Energy Use by sector and fuel 
 
The residential and transport sectors demand by far the most energy in comparison with the other 
sectors. From 1987 the transport sector overtook the residential in energy demand and in 2003 the 
former accounted for 34% while the latter for 31%. Industrial energy demand accounted for 23% of 
the final energy demand (DTI 2003; DTI 2004). The energy demand by sector has remained 
relatively stable and it is projected to remain in almost the same percentages in the future 
(European Commission 2003). 
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Another parameter of interest regarding energy demand is the type of fuel in highest demand. Oil is 
the most highly demanded source followed by natural gas and electricity (DTI 2004;European 
Commission 2003). Since 1990 oil and gas have undergone a slight increase in demand, but 
electricity demand growth has been more rapid and it is estimated that in 2030 the demand will be 
more than double (103%) the 1990 levels (European Commission 2003). The increase of natural 
gas demand is mainly due to its use in power generation. From 1990 where only 1.1% of the power 
generated was coming from gas come estimates suggest that by 2020 this percentage could reach 
74% (International Energy Agency 2002). 
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Figure 3 Energy Demand profile for all fuels (1990-2030) 

Source: (European Commission 2003) 

 
The energy demand by fuel as indicated by Figure 3, is increasing through the years between 1990 
and 2030, with heat (from CHP and District Heating) and electricity showing a more rapid increase 
and solid fuels always decreasing. 
 

25.1.5. Electricity 
 

25.1.5.1. General 
 
Total electricity generation in the UK in 2004 was 375 TWh, 2% higher than in 2003 (DTI 2005).  
Total installed generation capacity was 70 GW in 2002, and system peak demand for 2001/02 was 
61.5 GW, equivalent to 87.5% of the total installed capacity. System load factor for the same year 
was 54% (DTI 2004). 
 
The transmission and distribution system consists of various interconnectors. The Scottish network 
is connected to the National Grid’ s transmission system in England and Wales via a 1 200 MW 
interconnector. Northern Ireland is connected with the Electricity Supply Board in the Republic of 
Ireland. In the international scene, UK and France are interconnected with a 2 GW High Voltage 
Direct Current. There are also proposed links with the Republic of Ireland, Norway and The 
Netherlands (International Energy Agency 2002). 
 
Electricity production in the UK is derived from a mix of fossil fuels, nuclear and renewable 
sources. The introduction of competition in the electricity sector in 1990/91 boosted the use of 
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natural gas for electricity generation. During the decade 1990-2000 the electrical energy generation 
increased by almost 20% and the participation of gas rose from 1.1% to 40% for the same period. 
Simultaneously, the participation of coal in the electricity generation mix fell by almost one-third. 
But during 1999-2001 the use of coal increased by 24% (in Mtoe) due to increase of wholesale 
prices of gas and to a 10.5% decrease in nuclear power output in 1999-2000. Oil has been displaced 
by the general increase in gas use; its participation in electricity generation has declined from 
10.8% to 1.5% (International Energy Agency 2002). 
 
The ‘dash for gas’  did not seriously affect the other sources. Nuclear output remained at 85 TWh or 
23%, hydro at 5.2 TWh or 1.4%, combustible renewables at 4.4 TWh or 1.2% and solar, wind, and 
other renewables at 1.1 TWh or 0.3%. 
 
The electricity production is following a constantly increasing profile through the whole range of 
years between 1990 and 2030 with an average growth rate of 1.65%. Electricity generation from 
thermal processes follows the same trend. On the contrary, nuclear is declining. Hydro and wind 
represent a continuously increasing power output with a remarkable growth projected from 2005 to 
2010, driven by national and EU policy. Figure 4 indicates these trends: 
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Figure 4 Electricity generation profile for all sources (1990-2030) 

(European Commission 2003) 

 
Combined Heat and Power (CHP) units have increased their share of the generation mix in the last 
decade (more than double between 1991 and 2002) and have contributed to reducing national CO2 
emissions.  However, the rapid growth experienced has stalled in recent years, primarily due to 
high natural gas prices. The load factor fluctuates affected by the gas prices and in 2002 was 58%. 
The electricity generated from these systems was just over 6% of total electricity in 2002 (DTI 
2004). 
 
For electricity and steam generation the installed capacity follows almost the same pattern as the 
energy generation one, as the thermal option possesses the biggest part (78.60%) followed by 
nuclear (15.76%). 
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It has been shown that electricity demand represents almost 20% of the total energy demand in UK 
and according to governmental sources its growth rate between 1998 and 2000 was 1.9% per 
annum. Furthermore,  a loss of 36 GW is expected to occur (due to closure of nuclear and coal 
power plant) by 2020 which will have to be replaced by some 25 to 50 GW of new capacity 
(International Energy Agency 2002). 
 

25.1.5.2. Renewables 
 
There has been significant growth in the UK renewables sector. In 1990 renewables (biofuels, 
wave, photovoltaics, wind and small scale re-furbished hydro) accounted for 0.03% of the primary 
energy production but in 2003 this number has risen to 2%, which represents 3% of total electricity 
production. During the decade between 1990 and 2000 the combustible renewables accounted for 
82% of renewable energy sources while wind energy only for 2.5% (IEA, 2002). However, the 
technical potential for developing wind energy is large. Offshore wind has the technical potential to 
cover 100% of the country’ s electricity demands (ignoring intermittency issues), due to the windy 
coastlines (one of the windiest in Europe). The aim of current policy is to reach 10% of electricity 
sold (not necessarily generated) in UK, by 2010, from renewable sources. 
 

25.1.6. Environmental issues 
 
The United Kingdom has agreed to reduce its Greenhouse Gas emissions, according to Kyoto 
Protocol commitments, by 12.5% over the period of 2008-12 relative to the levels of 1990. The 
government has also set a tougher national target of a 20% reduction by that period, and a long term 
goal of a 60% emission reduction compared to 1997 levels by 2050 . According to the DTI (2004) 
for the year 2003, CO2 accounted for 85% of the total climate forcing gas emissions in the country, 
with methane (CH4) and nitrous oxide (N2O) being at the levels of 7% and 6% respectively. HFCs 
(1.5%), PFCs and SF6 (both 0.3%) are the three remaining gases emitted. 
 
During the last fifteen years the UK has reduced its Greenhouse Gas (GHG) emissions mainly 
through fuel switching (to natural gas) in the power sector, energy efficiency and pollution control 
measures, but also policies for methane emissions reduction. On the contrary, transportation and 
residential sector emissions are increasing and are expected to keep doing so. By 2020, some 
projections suggest that CO2 emissions will be 4% to 7% over the expected levels of 2010 
(International Energy Agency 2002). 
 
An important factor is the relevant relation between carbon emissions, GDP and electrcity 
generation. Figure 5 estimates growth in these, and indicates signifcant decoupling of emissions 
growth from electricity production and GDP growth. 
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Figure 5 CO2 emissions relevant to electrcity generation and GDP growth 
(European Commission 2003) 

 
25.2. Policy issues 

 
25.2.1. General 

 
Energy and environmental policy in the UK mainly focuses on the reduction of carbon emissions 
(60% by 2050 with substantial achievements by 2020) whilst simultaneously considering the 
reliability of energy supply in a liberalised and competitive market and social concerns. It suggests 
that energy efficiency (along with a diversified energy portfolio) is going to play a major role as the 
cheapest and safest way to achieve these aims (DTI 2003). 
 

25.2.2. Energy and Electricity 
 
In 1990/91 the Electricity Pool market arrangement was formed, as the start of electricity market 
reform. Market imperfections and inefficiencies became apparent over time, illustrated by prices of 
electricity remaining higher than could be justified by expected marginal costs. On 27 March 2001 
the New Electricity Trading Arrangements (NETA) were introduced, intended to ameliorate the 
market environment that had been created by the Electricity Pool. It put in place arrangements for 
electricity trading like most other commodities, through bilateral contracts and spot markets. The 
NETA included England and Wales, but from April 1st of 2005 it was replaced by the British 
Electricity Trading and Tranmsission Arrangements (BETTA) which now includes Scotland. Under 
NETA (and now BETTA) the utilities are obliged to seperate their supply and distribution sectors 
(DTI 2003). With NETA the market improved in many points, such as: (International Energy 
Agency 2002): 

• Almost half the electricity is generated by new entrants 
• Wholesale electricity prices reduced by 20-25% 
• Bilateral contracts increased by 5 times (93% of electricity is traded using bilateral 

contracts) 
• Generators are more transparent in the way they move in the market 
• Energy security and diversity is now at higher levels 
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Measures have been taken in order to support the achievement of a target of 10% of renewable 
electricity by 2010. The Renewables Obligation (RO) was one of them, set up in April 2002, 
concerning the electrcity markets of England and Wales, and requires that suppliers obtain an 
increasing proportion of electricity from renewables. It will stay in force until at least 2026. In 
addition to the RO, renewables support programmes, support for the domestic renewables industry 
and strategic frameworks for offshore wind have been introduced. The emissions trading system, 
from 2005, is going to strengthen incentives for renewables through providing an additional 
financial incentive to reduce carbon intensity of electricity consumption (DTI 2003). 
 
For low-carbon generation it is expected an advanced role for both renewables and CHP 
technologies (DTI 2003). 
The nuclear option is carbon-free technology but currently not economically or politically 
favourable, facing concerns over the options for long-term waste disposal and concerns regarding 
the safety of legacy waste. However, the current Government is leaving the option open for future 
needs, and expert opinion is divided over the possibility of new build as operating reactors 
approach the end of their lives. 
 
The coal industry in the UK has been left to find its own place in the market. However, due to low 
world coal prices, the Coal Operating Aid Scheme was introduced on April 2000 for helping the 
existing viable production units. No help for the short-term market issues was included. In July 
2002 coal subsidies ended. But since gas prices tend to increase due to reduced production and 
higher oil prices, coal use in power generation has grown a little and might move upwards in the 
future given that R&D may produce new low carbon emissions technologies (International Energy 
Agency 2002). 
 
The oil and gas industry is 100% privatised and the petrol retail market is highly competitive. Taxes 
on petroleum products are high (one of the highest in IEA countries) with the tax Component 
accounting for 78.9% of the total price at the end of 2001 (International Energy Agency 2002). 
The downstream gas industry has been a successful example of liberalisation since the retail market 
was open to competition from 1998. Transco, which is the private gas transmission company, is 
subject to economic and safety regulation, by Ofgem and the Health and Safety Executive 
respectively. These two regulators deal with different aspects of regulation for Transco and 
sometimes their decisions conflict. This fact causes distortions in market functions and should be 
eliminated in the future (International Energy Agency 2002). 
 

25.2.3. Environment 
 
In addition to the Renewables Obligation, four other major market-based measures have been 
introduced, motivated largely by climate change. They are: (a) the Climate Change Levy, (b) the 
Climate Change Agreements and (c) Emissions Trading Scheme and (d) the Energy Efficiency 
Committment. 
 
The Climate Change Levy was set into action on 1st April 2001. It is a tax for energy use in 
industry, commerce, agriculture and the public sector applied to gas, electricity, liquified petroleum 
gas (LPG) and coal. Electricity produced by renewables and ‘good quality’  CHP units is excluded. 
The levy will be revenue neutral for the manufacturing and service sectors of the economy with 
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most income from the measure returned to companies on the basis of the employment taxes which 
they pay. Some income from the measure is directed to helping improve the energy efficiency of 
businesses. 
 
The Climate Change Agreements are a voluntary measure addressed to energy-intensive sectors of 
industry.  They reward participants by reducing the Climate Change Levy by up to 80%. In return 
they have to meet stringent targets of energy consumption or emissions reduction. The companies 
that decided to enter the Climate Change Agreements can use the Emissions Trading Scheme (ETS) 
to help them reduce their emissions. The ETS is a voluntary measure, started in April 2002, 
working side by side with the Climate Change Levy. It aimed to facilitate companies in the UK to 
gain experience with carbon emissions trading. The ETS has set an overall target, and has included 
a number of participating organisations, each of them taking over its own sub-target to fulfill, 
following their own tactics. By February 2002, 46 companies had completed the first stage of the 
Emissions Trading Scheme with success (International Energy Agency 2002). The ETS has since 
been subsumed by the EU Emissions Trading Scheme. 
 
The Energy Efficiency Commitments (EEC) require energy suppliers to deliver energy savings 
through energy efficiency measure in UK households, and had delivered more than three quarters 
of the 62 TWh energy efficiency target by its second year (DEFRA 2004).  A proposal to extend 
the EEC for a further six years (2005-2011) includes incentives for energy services and innovative 
products such as micro-CHP.   
 

25.2.4. Future policy 
 
Current energy policy debates including two key issues: how to deliver on the various targets for 
energy efficiency improvement and renewable energy, and on the future for nuclear power. The 
broad aspirations described in the Energy White Paper (DTI 2003) were widely supported. 
However, the paper lacked detail, for example on the targets within different sectors and on the 
policy instruments to be used. As described above, a wide range of policy instruments are in place, 
but there is a lack of a broader coordination between them, and concerns that specific instruments 
lack the power to achieve the national goals. The policy programme is currently under review, and 
consultations are under way concerning how to improve the effectiveness of key instruments, such 
as the Renewables Obligation. 
 
The Energy White Paper deliberately avoided a specific commitment for or against nuclear power, 
choosing instead to ‘keep the option open’ . It is widely anticipated that the Labour Government 
reelected in May 2005 will shortly bring forward a debate on the future of nuclear power. The UK 
nuclear industry has made clear that it does not wish to own a new generation of power plant, but 
rather to operate it. This leaves questions about the possible role for public ownership, and of 
foreign private sector investment. What is clear is that the current generation of nuclear plant will 
be shutting down over the coming two decades, requiring major replacement investments in some 
form of low carbon power sources. 
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