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Chapter 1 
 

Introduction 
Latest since the beginning of the 21st century the public discourse on Sustainability and 
Climate change is omnipresent not anymore only in scientific journals and conferences but in 
every daily newspaper, magazine, radio or TV-show. Although the debate has reached the 
broader public only some years ago, on the scientific and political level it was around since 
the late 70’s after the second excursive increase of oil prices within only six years. At that 
time the main concern was to make sure the security of supply of resources for energy 
production. In the late 80’s and early 90’s after the publication of the Brundtland Report the 
international discussion was widened and included now environmental concerns in 
increasing amount. Additionally the argument of diminishing resources of fossil fuels became 
reality.  

Since the majority of the international community has realised that environmental problems 
and economic development have an impact on each other not only in one direction, strong 
economic development leads to stress on the environment, but also vice versa some drastic 
measures are taken to improve the environmental situation. One of these measures is the 
promotion of renewable energy sources to replace fossil fuelled energy production and 
therefore increase the security of supply while reducing CO2 emissions.     

This paper will give an answer to the questions of are renewable energy sources used today 
and what developments are expected? How the scientific and public debate has influenced 
policy making in this area and what are the actual results of this policy? And finally what is 
the role of political initiatives and trends in this development? 

Chapter two will present the four main technologies for renewable energy production. The 
purpose is to give the current state of market penetration and technology level as well as 
future potentials in development and environmental concerns. Chapter three gives a short 
overview of the European activities in the field of renewable energy before chapter four gives 
a closer look on three of the EU member states which have made considerable progress in 
achieving the national targets within the EU objective for the penetration of renewables in the 
energy market. To understand the current situation a brief review of renewable energy 
development since the beginning of the 70’s is the first part, followed by an analysis of some 
of the main issues of this development and their effects on the current situation. Finally a 
brief outlook on the future will show the path for renewables in the single country. Chapter 
five will give a conclusion on the previous facts and discussions.    

 

Methodology 
This paper is based on a review of existing literature on renewable energy technology and 
policy from single authors and international organisations as well as national statistical data. 
Additional various articles on specific topics have influenced especially the discussion in 
chapter four.  
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Definition and Identification 
Energy is neither “generated” nor “produced” but is just existent in different manifestations as 
for instance physical energy or chemical energy. Energy can be transformed from one 
manifestation into another, changing its characteristics and impacts. The two relevant 
manifestations of energy in this paper are electricity and heat. Although neither electricity nor 
heat is generated nor produced but transferred from another form of energy the colloquial 
expression of energy production or generation is used in this paper to adapt to the common 
knowledge.   

The term of renewable energy has become very popular in the last decade of the 20th 
century after the publication of the Brundtland Report (1987) and gets growing attention in 
the recent debate on climate change and global warming. Renewable energy is considered 
to be energy out of sustainable resources which either renew themselves, like Biomass or 
are in terms of human measures infinite, like solar power.     

The International Energy Agency (IEA), as part of the Organisation for Economic 
Cooperation and Development (OECD) was founded in 1973/74 to provide help and advice 
in energy questions, defines renewable energy in its latest fact sheet as including 
“combustible renewables and waste (CRW)1, hydro, geothermal, solar, wind, tide and wave 
energy.”2   

There are varying definitions on the topic and although the definition of the IEA covers the 
issue in a good way, to simplify the object of research there will be slight adjustments. The 
different forms of renewable energy mostly produce either electricity and/or heating power, 
but the focus in this paper will be only on the production of electric power through 
renewables. This is to give a simplified view on the topic without explaining the complicated 
connections between heat and power generation. Furthermore hydropower will include also 
energy produced through tide and waves and therefore combine all water related production 
of energy. The objective, especially of the second chapter is not to highlight every detail on 
this issue but giving a general overview on the different production methods.  

 

Boundaries of the paper 

Since the field of renewable energy technology is very dynamic and changes and 
improvements occur quite fast the following presentation in chapter two does not claim to 
consider all the latest updates and improvements in this field. It is also not the purpose of this 
paper to give a detailed view on all aspects of the renewable energy technology.  

There are various authors who have published a number of papers on the different subjects 
presented on the following pages which present a more detailed view on the issues. Some of 
them are listed in the references at the end and several more can be found on libraries or the 
web. Whereas this paper shall provide a general overview on the issues mentioned.  

Since there are no participants of Swedish or Danish origin involved in this work the deeper 
insight on backgrounds for certain developments might lack especially in the analysis of 
these two countries. 

                                                 
 1 Including biomass, biofuel, biogas and the organic parts of municipal waste.   
 2 Cp. IEA Publications (2007): Renewables in Global Energy Supply – An IEA Fact Sheet, Paris, p 3. Retrieved 

070316, from IEA Website, full URL [1]. 
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Chapter 2 
 

Renewable Energy – Different ways to a clean energy 
production  
To give an overview of the different types of renewable energy production the following 
chapter will give some latest facts on the importance, the technical background and future 
perspective of the single technology type in a European and international context. 
Furthermore some of the problems and critics related to the production process with the 
single kind of energy production will be mentioned. In this chapter, although it is not in the 
focus the generation of heat will be mentioned if relevant but not explained in detail.  

This chapter shall give some of the basic knowledge required for the understanding of 
problems arising from the use of renewable energy sources.  

Hydro Power – the energy of water 

When it comes to forms of renewable energy, the electricity generated through hydropower 
is one of the oldest forms of using renewable resources. In Europe it is the most important 
renewable energy source with a contribution of about 13.7% to the total electric energy 
production in 20043. In a global scale, hydropower is even more important adding a share of 
around 17% of the electricity production worldwide in the same year4. Therefore hydropower 
is in the third rank of suppliers for electricity after coal (40%) and natural gas (20%), but 
ahead of nuclear power (16%) and oil (7%)5. The potential of hydropower is strongly 
depending on the country’s topography; therefore 84.5% of the capacities in Europe are 
located in 6 countries, Italy, France, Spain, Germany, Austria and Sweden (descending order 
according to total energy production). Another limitation to hydropower is the dependency on 
natural rainfall, that’s why the actual energy production in 2005 dropped around 3.5% 
proportional to the previous year6.  

There are several methods to generate power from water which all follow more or less the 
same principle. A hydropower plant uses in most cases a dam to store water on a higher 
altitude. From this point the water runs to the turbine, creating the power using a generator. 
After that the water is released again in the natural water system. The same principle works 
for plants at rivers, usually without a dam.  

Some special forms of using hydropower are the tidal- and wave power. In the case of tidal 
power the ascending water is “trapped” behind a dam and later on released through an array 
of turbines to generate the power. These methods are especially favourable because they 
are able to provide base load power in contrast to wind or solar energy production where the 
supply is dependent on external factors as the weather and therefore the supply varies over 
the day or over the year.  
                                                 
 3 Cp. Bassan, Marielle (2005): Statistik kurz gefasst – Umwelt und Energie. Retrieved 070316, from Eurostat 

Website, full URL [2].   
 4 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2006): Erneuerbare 

Energien – Innovationen für die Zukunft, Berlin, p. 67.  
 5 Cp. IEA Publications (2007): L.c., p 5. Retrieved 070316, from IEA Website, full URL [1]. 
 6 Cp. European Commission Website: http://ec.europa.eu/energy/res/sectors/small_hydro_en.htm. Retrieved 

070317.  
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A relatively new concept is the so called tidal stream power which works basically in the 
same way as wind generators, using the tidal stream under the water surface to move 
turbines and generate electricity.  

Wave power uses the motion power in the oceans more effective than tidal power facilities; 
this technology received only little R&D funding over the past years and still there are only 
few facilities worldwide which are mostly in an experimental stadium, although it is 
considered as one of the most efficient forms of energy production.  

At the moment there are two major problems about these technologies: the harsh 
environment, corrosion from salt water and strong natural forces, and a lack in knowledge 
especially about environmental impacts, energy production forecasting and resource 
assessment. Therefore it will take a while until ocean power facilities can produce electricity 
on a commercial base7.   

Due to the fact that tidal- and wave power are not yet a wide spread form of energy 
production it is difficult to find data on the production costs of energy. For the “classic” 
hydropower one can say that because of the long time of operation of hydropower plants the 
costs of energy production are absolutely competitive compared with other forms of energy 
production (renewable and non-renewable), whereas, as usual, the higher the production 
capacity of the plant the lower is the price/kWh. For large scale plants between 10 and 100 
MW it is 4.5 to 10 €cent/kWh and for smaller plants up to 1 MW the costs are 10 to 20 
€cents/kWh8. The relatively high initial investments are counterbalanced by the long time of 
operation. The upgrading of older facilities is also a very favourable solution, because the 
investment cost are lower than on a complete new construction and the expenses for 
maintenance are lower than for old plants. The upgrade should provide an increase in 
efficiency and therefore a higher capacity for power production, which also lowers the energy 
production costs of those plants9.           

One of the most important constraints for the future development of large hydropower plants 
in the EU with capacities above 10MW seems to be the environmental protection of rivers, 
enforced through the EU Water Framework Directive and other environmental legislation on 
national level. The construction of new facilities almost certainly causes big interferences in 
the ecological state of the rivers and nearby ecosystems, therefore environmental 
organisations like NABU, BUND (both in Germany) and SSNC (Sweden) are strictly against 
any enhanced exploitation of intact water systems. NABU and BUND support only the 
upgrade of existing facilities, including measures for environmental improvement; or the new 
construction in those cases where no further damage is caused, for instance the use of not 
removable hold-ups or channels with other, former purpose. The other forms of energy 
production especially tidal power are also in suspect to have negative influences on the 
surrounding ecosystems e.g. change the direction or strength of the tidal stream along 
coastlines.   

Despite the ecological concerns are both EU and national states anxious to expand the 
existing capacities with so called small- or micro-hydropower, to foster the use of renewable 

                                                 
 7 Cp. IEA Publications (2007): L.c., p. 27. Retrieved 070316, from IEA Website, full URL [1]. 
 8 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2006): L.c., p. 69 et sqq.  
 9 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2004): Ökologisch 

optimierter Ausbau der Nutzung erneuerbarer Energien in Deutschland, Berlin, p. 25. Retrieved 070312, from 
Ministerial Official Website, full URL [3]. 
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energy. These facilities, mentioned before, do not differ from large scale plants except in the 
maximum power output and energy production costs, but can cause the same ecological 
problems for the specific location if a dam or water diversion is used. Since this is not always 
necessary for most of the small scale types the environmental concerns seem to be less 
alarming and not rejected in total by environmental organisations, however these facilities 
are not free of critic.  

Despite these concerns the possibility to use existing reservoirs not only for irrigating 
projects, which mostly were their only purpose, but also to generate electricity10 is a popular 
political concept. Therefore these facilities are promoted to have a big potential not only in 
Europe but especially in developing countries, because this form of energy production can 
operate outside of a conventional energy grid11.  

For the future development of hydropower it is not expected to face any major cost reduction 
in the widespread applications of “conventional” hydropower plants, due to the fact that the 
efficiency of those facilities is at rate of 94%. The additional costs for environmental 
protection and compensation will add to the lacking potential of cost reduction. Also the 
increase of total production capacity at a higher rate is unlikely to happen in Europe because 
of the missing topographic conditions, the fact that most sites are already in use and the 
previously mentioned environmental constraints. But despite the missing opportunities in 
Europe the use of hydropower in developing countries provides big opportunities but need to 
be implemented carefully with respect to the environment. On the other side, the current 
under-utilised capacities in tidal- and wave power presents a high potential even for Europe 
especially for those countries along the Atlantic coast line, from Portugal, Spain, France, UK 
and Ireland up to Norway. 

 

Wind Power – on the wings of success 
Before the discovery and economic use of electricity wind power was, apart from water 
power the most important source for (mechanical) energy. The production of electric power 
through wind is known since the middle of the 19th century but due to the low and the 
unsteady production rate was mostly used only in rural areas, not included in the public 
supply grid. Wind power became more important in a wider scale in the late 1970´s after the 
efficiency was increased and several problems concerning materials were solved. The 
triumphant advance came in the beginning of the 90´s, possibly connected to the beginning 
discussion about sustainability and the limits of growth, but also because the technology 
reached a mature state which brought it at the edge of competitiveness.  

Since then the worldwide capacity has increased from around 250 MW in 199112 to around 
73.904 MW in 200613 with annual growth rates of more than 50%14. Very impressive are the 
                                                 
10 Cp. IEA Publications (2007): L.c., p. 14. Retrieved 070316, from IEA Website, full URL [1]. 
11 Cp. Practical Action – ITDG Publications (n.d.): Micro Hydro Power – technical brief. Retrieved 070318, 

from ITDG Website, full URL [4]. 
12 Cp. Rehfeld, Knut (2000): Internationale Entwicklung der Windenergienutzung mit Stand 31.12.1999 - 

International Development of Wind Energy Use – Status 31.12.1999. DEWI Journal, 17, 43-48. Retrieved 
070322, from DEWI Website, full URL [5]. 

13 Cp. World Wind Energy Association (WWEA)(ed.)(2007): Press Release - New World Record in Wind 
Power Capacity: 14,9  GW added in 2006 – Worldwide Capacity at 73,9 GW. Retrieved 070322, from 
WWEA Website, full URL [6].  

14 Cp. Rehfeldt, Knud (2000): L.c., Retrieved 070322, from DEWI Website, full URL [5].    
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numbers for Europe where between 2000 and 2006 an increase of 150% in total production 
capacity took place. In 2004 about 5% of the electric energy production in the EU 25 was 
produced by wind power15. Worldwide the share has now reached around 1% of electric 
energy production16. These figures show that despite this extremely high growth rates the 
importance of wind power in electric energy production is quite low, except for Denmark 
where the share is around 20%. In fact the relative high capacities in Europe are located to 
around 85% in only three countries, Germany (approx. 50%), Spain (approx. 25%) and 
Denmark (approx. 10%)17. The same is true for the worldwide capacity share. Europe adds 
65% of the world’s production capacity followed by the USA (16%), India (8%) and China 
(3%). The rest is distributed to other countries.18 Therefore current prognosis for the future 
development see only a moderate growth of onshore wind power in Europe because of a 
market saturation and grid management problems but a strong increase of production 
capacity in the rest of the world.  

Problems in the use of wind power for electricity production in the past were mainly situated 
in the fact that wind does not blow constantly and with the same strength so that wind power 
had a destabilising effect on the power grid. These problems are mainly solved to a certain 
degree, but wind power is still mainly considered only as an additional power source to cover 
consumption peaks and not to provide so called base load. Therefore a certain amount of 
reserve power has to be provided to balance the unsteady supply.  

There are basically two kinds of wind generators; the most common are generators with a 
horizontal axis and three rotor blades. Although this is not the only solution, there are 
generators with one, two or four blades as well, it is the most effective and stable one. The 
rotor shaft and the electric generator are positioned at the top of a tower made of steel, 
concrete, or a lattice tower. Today’s wind generators mainly use a wind sensor and a servo 
motor to point the rotor into the wind. This is not necessary for rotors which are on the 
downside of wind but because of higher strain on the material this option is not used very 
common. To increase the efficiency, modern wind generators are equipped with a gearbox to 
make more use of the actual rotation of the blades. The second type of wind generators has 
a vertical axis. The main advantage in this configuration is that the heavy parts like the 
eclectic generator and/or the gearbox can be placed on the ground, which lightens the 
maintenance and reduces building costs. The disadvantages are that these kinds of wind 
generators have to be positioned near the ground, where the wind conditions are less good 
than in higher areas, especially the wind speed and the turbulences caused by the surface 
reduce the efficiency of these facilities.19   

Modern wind generators, despite it is a fairly new technology with still a need for R&D 
investments, are the apart from hydro power, the only methods of renewable energy 
production that can produce power on a competitive level with conventional types of energy 
production (fossil fuels) if external costs are internalised. The costs per kWh are depending 

                                                 
15 Cp. Eurostat (ed.)(2006): Pressemitteilung 66/2006 - EU-Elektrizitätsmarkt - Kapazitäten zur Stromerzeugung 

aus Windkraft in der EU25 seit 2000 um mehr als 150% gestiegen. Retrieved 070321, from Eurostat Website, 
full URL [7]. 

16 Cp. IEA Publications (2007): L.c., p. 5. Retrieved 070316, from IEA Website, full URL [1]. 
17 Cp. Eurostat (ed.)(2006):L.c., Retrieved 070321, from Eurostat Website, full URL [7]. 
18 World Wind Energy Association (WWEA)(ed.)(2007):L.c., Retrieved 070322, from WWEA Website, full 

URL [6].  
19 Cp. EnviaM – RWE Group Website: http://www.enviam-

welt.de/welt/energie_und_wissen/energie_erzeugung/energie-erzeugung_windkraft.html, Retrieved 070317. 
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on the site (offshore, onshore) between 12.4 and 6.4 €cents20. Therefore most countries 
concentrate their support on the development in this area with various measures, such as tax 
credits in the United States, contingent and submission models in Great Britain and Italy or 
minimum price systems like in Germany, Spain, Austria and several other EU countries.  

It is an ongoing discussion which of the different models has the best effect to promote wind 
power but several analyses, amongst others the German Wind Energy Association (BWE) 
and the Cambridge MIT Institute come to the result that the minimum price system has 
several advantages amongst other systems21 at least in an advanced stadium of market 
development.  

The new development of offshore wind parks promises an even higher efficiency and lower 
costs due to the fact that the wind conditions here are much better than on shore. Higher 
wind speeds and less public objections stand in contrast to unknown environmental effects 
and higher demands and costs on construction and material, due to the fact that the facilities 
are exposed to a corrosive environment. Another problem is the power transfer from the wind 
park to the coast which also causes additional costs and the need for equipment. But despite 
these problems offshore wind parks have a high potential because one wind generator 
offshore produces about five times as much energy as onshore that is why especially wind 
power business associations see big market opportunities not only in Europe but worldwide.  

Environmental concerns on wind power were and are still wide spread, but the ones which 
caused the most resistance in public are not that severe in modern wind generators or have 
been disproved. For example the concerns that wind generators are a big danger for the bird 
population. Studies show, that although there are accidents with birds and wind generators, 
the number of accidents is far less than assumed. The German environmental organisation 
NABU, after analysing more than 45 studies, came to reason that the bird population is not in 
danger because of wind generators if some rules for sitting are considered22. Noise 
problems as well as shading problems are meanwhile dealt with by regulations, laws and 
improvements in the design of wind generators. Concerns persist on the environmental effect 
of offshore wind parks especially during the construction period. The sensible maritime 
ecosystem of oceans might be disturbed by the noisy construction of the foundation and the 
operations itself. Greenpeace has stated that, although these problems exist they are minor 
compared to the actual use of oceans for energy purposes like offshore oil and gas 
platforms. Therefore Greenpeace supports the construction of offshore wind parks under 
strict monitoring during the whole time of construction and operation23.  

The actual costs of electric energy production through wind power are, as mentioned before 
quite competitive to other forms of energy production. This is mainly because of the high 
external costs of other forms of energy production or their immature state of development. 
There is a rising tendency to take these costs into consideration when calculating the 
production costs. Still prices keep being relatively high because of the high demand for wind 
                                                 
20 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2004): L.c., p. 25. 

Retrieved 070312, from Ministerial Official Website, full URL [3].  
21 Cp. German Wind Energy Association (ed.)(2005): Minimum price system compared with the quota model – 

which system is more efficient? Retrieved 070322, from Wind Works Website, full URL [8].   
22 Cp. Naturschutzbund Deutschland e.v. (NABU) Website: http://www.nabu.de/m07/m07_05/06358.html. 

Retrieved 070510. 
23 Cp. Greenpeace (ed.)(2004): Windenergie auf hoher See - Naturverträglicher Aufbau von Offshore-

Windanlagen in Nord- und Ostsee – unerlässlich für den Klimaschutz. Retrieved 070323, from Greenpeace 
Website, full URL [9].    
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generators and further need for R&D especially in the field of grid integration. The production 
capacities of the leading companies are at its limits and therefore further cost reduction is 
delayed. Nevertheless the prices will fall on the long perspective. The actual costs are 
strongly depending on the location; the prevailing wind conditions and the type of wind 
generator, but a prognosis made by the German Ministry for Environment (BMU) assumes a 
price drop for electricity produced with onshore facilities of around 1/3 in the next 30 – 40 
years and for offshore facilities a reduction of 2/3 of the actual price24. This makes especially 
offshore produced electricity more competitive to other forms of energy production, not 
considered that the price for fossil fuel generated electricity might rise in the same period of 
time.  

  

Solar Power – the sun is everywhere 

Using the sun’s energy for different purposes is not as new as one might think of, especially 
the generation of heat for cooking and warming water reaches back to the 18th century in the 
western hemisphere. The application of solar energy to produce electric power was also 
discovered more than 250 years ago25 but was too inefficient to be used apart from 
experimental devices. In 1954 the first modern solar cell had an efficiency of still only 6% but 
since then the research in this area acquired lots of funding. Today the efficiency has 
reached between 18% and 36%26, depending on the type of solar cell, under ideal 
circumstances. Under real conditions the average efficiency was around 15% in 200527. But 
still the share of Photovoltaic energy production in the world is below 1%28 with 
approximately 4 GW installed29. In the EU it is also only 0.3% of the total renewable energy 
production30. Again, only a few countries add to this capacity mainly Germany, Japan and 
the United States, whereas Germany and Japan share around 75%. Recent political 
developments may lead to an increase of capacity in photovoltaic especially in Spain and 
Italy31.  

This low share is mainly rooted in the still relatively low efficiency and therefore high costs of 
power production but with the recent development in R&D and the increasing use and 
production of photovoltaic systems the potential for cost reduction is very high and will lead 
to a price level of below 20% of today’s prices per kWh in the next decades until 205032. The 
process of power production from solar energy is rather complicated; therefore following is a 
brief explanation of the general process and some of the applications used today.   

                                                 
24 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2004): L.c., p. 29. 

Retreived 070312, from Ministerial Official Website, full URL [3].  
25 Cp. U.S. Department of Energy – Energy Efficiency and Renewable Energy (ed.)(n.d.): History of Solar, p. 2. 

Retrieved 070509, from U.S. Department of Energy Website, full URL [10].  
26 Cp. Hall, Maria (2007): Global co-operation in the IEA Photovoltaic Power Systems Programme, p. 3. 

Retrieved 070326, from IEA Website, full URL [11].  
27 Cp. Fechner, Hubert (2007): R&D needs in solar photovoltaic energy conversion, p. 14. Retrieved 070326, 

from IEA Website, full URL [12].   
28 Cp. IEA Publications (2007): L.c., p. 5. Retrieved 070316, from IEA Website, full URL [1].  
29 Cp. Fechner, Hubert (2007): L.c., p. 4. Retrieved 070326, from IEA Website, full URL [12]. 
30 Cp. European Commission Website: http://ec.europa.eu/energy/res/index_en.htm. Retrieved 070326.  
31 Cp. European Commission Website: http://ec.europa.eu/energy/res/sectors/photovoltaic_en.htm. Retrieved 

070326.  
32 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2004): L.c., p. 33. 

Retrieved 070312, from Ministerial Official Website, full URL [3]. 
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The production of solar power is based on the photovoltaic effect: “When sunlight 
falls onto a solar cell, the solar cell material absorbs some of the light particles (so 
called photons). Each photon contains a small amount of energy. When a photon is 
absorbed it starts a process of freeing an electron in the material of the solar cell. 
Because both sides of a solar cell are electrically connected (…), a current will flow 
when the photon is absorbed. The solar cell now produces electricity, which can be 
used instantly or stored in a battery.”33  

Another way to produce electricity from the sun is solar thermal power plants. There are 
different types but the basic idea is to heat water, gas or a heat transfer fluid (e.g. oil) by 
concentrating the sun beams with mirrors on a certain point, reaching extreme high 
temperatures. The electricity generation happens with a conventional steam turbine and can 
also be part of Combined-Heat-Power (CHP) process in combination with other combustion 
fuels e.g. biomass. In this field the use of Organic Rankine Cycle (ORC), where an organic 
fluid, such as ammonia with a lower evaporation temperature, can further increase the 
efficiency of the process. In so called hybrid plants the steam production can be processed in 
combination with other fuels like biomass for instance. A third method uses the power of 
solar heated air to run wind turbines. For this the air is either trapped in a sort of greenhouse 
to heat up and ascend in a tower running the turbine or hot air (e.g. in deserts) is cooled 
down by water, running the turbines while descending34.  

The use of solar power generation in form of photovoltaics has one particular advantage 
before other forms of renewable energy production, at least it can be seen like that i.e. that it 
is not necessary to use additional land to put up the arrays of solar panels. They can be 
easily integrated in the existing urban structure on roofs or fronts of buildings and cause no 
whatever environmental problems in their run.  

On the other side the use of solar energy production is affected by environmental influences. 
The effectiveness is lowered by “unfavourable” weather conditions, air pollution and wind 
exposed locations i.e. even small clouds can reduce the output of solar thermal power plants 
based on concentrating the sun at one certain point to generate heat. The effect of global 
dimming describes the increased reflection of sun irradiation by aerosol particles as part of 
the air pollution. It is not yet clear if global dimming has an enduring effect on solar energy 
production due to the fact that the effects vary in time, location and altitude35 and that 
photovoltaic systems can also work in diffuse light conditions. Another problem is that 
locations with high count of sun days during the year are also mostly dry areas. Therefore 
sanddrift covers the solar cells making it necessary especially after sandstorms to clean the 
cells in order to keep up the efficiency.  

The location is, even if the sun is shining everywhere, like for all other sources of renewable 
energy production one most important factor. Only the energy production from biomass 
might be an exception in some way. The duration and intensity of sun irradiation is limiting 
solar thermal power plants to areas between the 20th and 40th degree of latitude36. From the 
European perspective this means that only in southern Spain, southern Italy and Greece the 

                                                 
33 My Solar Website: http://www.mysolar.com/pv/techpveffect.asp. Retrieved 070326.  
34 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2006): L.c., p. 76 et 
seqq.  
35 Cp. Wetter-Klimawandel Website: http://www.wetter-klimawandel.de/global-dimming.php. Retrieved 

070509.  
36 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2006): L.c., p. 24.  
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potentials for such facilities are there. Photovoltaic arrays are not that limited because, as 
mentioned before, the cells can convert also diffuse light to electricity with a then lower 
efficiency. But still there is a geographical limit beyond it is not reasonable to produce solar 
power. Nevertheless Germany has the highest capacity in photovoltaic energy production 
worldwide and will continue promote further development in this area, despite the fact that 
the conditions vary locally.  

The production costs per kWh for photovoltaic energy production are at around 40 to 55 
€ct/kWh in Central Europe and 25 to 35 €ct/kWh in North Africa with better conditions. The 
continuous high demand and big market potentials will lead to a further decrease of prices 
between 33 and 50% of the current price in 205037. A similar picture shows the price for 
solar thermal power produced energy. Pure solar powered plants of this type produce 
electric power for 9 to 22 €ct/kWh while the costs in hybrid38, with CHP and co-firing, plants 
are around 50% lower between 4 and 10 €ct/kWh39. Future prognoses assume a further cost 
reduction of around 50% in the next 40 years40.  

Despite the current low share of solar generated electricity the technology holds a high 
potential especially the solar thermal solutions. Unfortunately only few countries in the 
European Union have the resources and the location for this kind of energy production but 
for the African countries and Australia it might develop as a good opportunity. Solar thermal 
plants have reached in the second half of this decade the readiness for market and are 
planed and build in several countries around the globe. The possibility to bridge the “off-sun 
times” with other fuels e.g. biomass makes them even more attractive because the efficiency 
is pushed and it leaves a high flexibility in the production process.  

 

Biomass – the sleeping giant 

Biomass considered as the best solution to increase the energy production from renewables 
and is probably also the simplest form of renewable energy production, thinking of simply 
wood or wood waste combustion. Whereas these simple forms of combustion have a low 
efficiency and can cause massive environmental problems as is explained later in this text. 
But because of this simplicity and the availability of resources it is widespread particularly in 
developing countries.  

Although biomass in 2004 had a share of more than 10% of the world’s primary energy 
production, in the same time the share of electricity generation was only around 6%41. The 
growth rates of biomass generated electricity in the EU was according to Eurostat 16.2% 
between 2004 and 2005 making it with 44 TWh the third most important source of renewable 
electricity production after hydropower and wind energy42. According to the Direction 
générale Energie et transports this increase was not only because of the new erection of 

                                                 
37 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2004): L.c., p. 33. 

Retrieved 070312, from Ministerial Official Website, full URL [3]. 
38 See explanation above.  
39 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2004): L.c., p. 76. 

Retrieved 070312, from Ministerial Official Website, full URL [3].  
40 Cp. Ibid: p. 58.  
41 Cp. IEA Publications (2007): L.c., p. 3 et seqq. Retrieved 070316, from IEA Website, full URL [1]. 
42 Cp. European Commission Website: http://ec.europa.eu/energy/res/sectors/bioenergy_en.htm. Retreived 
070331.  
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production capacities but also because of the enhanced use of biomass in originally fossil 
fuelled plants, so called co-firing and CHP plants.    

The International Energy Agency (IEA) states in their 2007 fact sheet that the industry has 
remained relatively stagnant over the last decade with only few developments. This is 
probably because of the low efficiency. Especially in combusting these material the actual 
efficiency reaches only 20% in steam turbine or steam engine plants. Although the efficiency 
in plants with a so called Stirling motor are also only 15%, considering that this is rather a 
small scale application these facilities are much more effective than other combustion 
methods in this scale. The best small scale solution using a fuel cell combined with biomass 
in gas or liquid state is currently under development but is expected to have an efficiency of 
30 to 45%. In general the gasification of solid biomass or the production of biogas through 
decomposition has a far better efficiency and a big potential for electricity production. Modern 
gas turbine plants, which can also be fired with biogas, have an efficiency of up 20 to 30%43. 
Today electricity production through combustion of biomass is almost always a CHP solution, 
using the generated heat in a central heating system to increase the efficiency. To make use 
of this advantage a distribution system for heat is required which is often available especially 
in urban areas.  

Another efficient use of biomass for energy generation is the co-firing of solid biomass. 
Because of the high efficiency of today’s coal plants it is possible to substitute up to 15% of 
the total fuel input by low-cost biomass with only slight modifications as the burner and the 
feed intake system. This is of special interest for biomass as straw which is very cheap but 
has otherwise a very low efficiency in energy conversion44.   

It is relatively difficult to assess the costs of energy production through the use of biomass 
because the main determinate in this calculation is the price for the raw material which is 
determined by an developing world market for biomass and can vary between “negative 
costs” (i.e. the avoidance of cost for dumping and disposal) for residue wood over residues 
of the wood and paper industry with 0.5 €ct/kWh, up to 3 €ct/kWh for crops. Another 
important factor is the scale of the facility because, as usual, the costs decrease with 
increasing production capacity resulting in the broad variety of electricity production costs 
between 5 and 30€ct/kWh45. The costs for using biogas have even more variables. Not only 
the size of the plant and the source of the raw material but also the own requirements of 
electricity and heat have influence on the production costs. Apart from that biogas plants 
today use a mixture of different materials to provide a stable and efficient process of 
gasification. The use of continuous and predictable gas sources like dumps and sewage 
plants guarantee a cost-effective operation, but also the agricultural sector can provide a 
continuous flow of raw material for gasification.  

The development of energy generated from biomass is regional different. The growth rate in 
the European Union was at 5.7% between 2004 and 200546, but other countries are currently 
changing to “more modern” forms of energy production47, mostly fossil fuelled. On the other 

                                                 
43 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2006): L.c., p. 96 et 
seqq. 
44 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2004): L.c., p. 37. 

Retrieved 070312, from Minesterial Official Website, full URL [3].  
45 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2006): L.c., p. 94 et seqq. 
46 European Commission Website: http://ec.europa.eu/energy/res/sectors/bioenergy_en.htm. Retrived 070401.  
47 Cp. IEA Publications (2007): L.c., p. 12. Retrieved 070316, from IEA Website, full URL [1]. 
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hand the electricity generation from biomass is increasing. As mentioned before the growth 
rates in the European Union are rather high with 16.2% but because of the low efficiency of 
combusting biomass and the technological requirements for a more efficient use e.g. the 
production of biogas, the developing countries take only little part in the worldwide growth.  

One of the hindrances for biomass combustion especially in developing countries might be 
the high pollution caused by the low-tech and small scale application like direct heating and 
cooking. This use of biomass can lead to severe problems not only for the environment but 
also for the health of the population. Another reason for the reluctant development in this 
area could be the fact that combustion of biomass causes not only greenhouse gases but 
more particulate matter than other fuels especially in small scale applications like 
decentralised heating for private homes which is a problem not only in developing countries. 
For instance the exploding use of pellet48 heating in private homes for in Germany has led to 
a strong increase of particulate matter in the air. The worldwide ongoing discussion about 
climate change and CO2 reduction and the current legislation about limited values for 
particulate matter might cause problems in the public acceptance. Especially the particulate 
matter problem remains to be solved. Large scale applications like power plants today have 
advanced filter systems for both carbon dioxide and particulate matter49.  

Additional environmental problems might occur in the future when for the increased demand 
on biomass more farmland is required to produce energetic plants putting more pressure on 
soil and water resources. The possible intensification of former grassland will counterbalance 
the positive effects. Biomass is generally considered to be carbon neutral, which means that 
the CO2 emission is of combusting biomass is not higher than the plants absorbed during 
their growth. Another positive aspect is the use of organic waste from private, 
industrial/agricultural and municipal sources, which is more environmentally friendly than 
fossil fuels even after taking the transport into account.   

The potential use of biomass for energy production is, as for most renewables, much bigger 
than the current share of energy production and even the growth rates might indicate. 
However, this is depending on the market situation. Lately different German associations 
related to the forest industry acknowledged that the assumed potential of wood is less than 
expected mainly because of the strong increase of biomass and especially wood for energy 
purposes50.  

Basically there are three main sources for biomass, forests, waste and agriculture, which can 
be used for energy production, whereas there is no distinction to be made if the biomass is 
used for heat, power or combined heat and power production. While the technology for 
processing biomass to energy in form of heat and electricity is somewhat fully developed, 
future developments will depend on various factors, such as mentioned above wood 
demand, agricultural markets and waste production.  

The European Environmental Agency (EEA) has launched a report on the future 
development and potentials for biomass production in Europe with special attention to the 

                                                 
48 Small pressed wood chips out of wood waste.  
49 Cp. IEA Publications (2007): L.c., p. 12. Retrieved 070316, from IEA Website, full URL [1].  
50 Brandt, Andrea; Verbeet, Markus (2007) Holz im Tank. Spiegel Special, 1/2007, 148-149. 
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environmental impacts. The following will describe some of the main findings published in 
this report51.  

The forests in Europe bear a rather constant potential with some possibilities for additional 
use of biomass because of the slow extraction rate in European forests. This means that the 
forests produce annually around one third more biomass than is taken out in felling, with 
regional variations. This opportunity to use the unexploited resources is called 
“complementary felling”. Despite this and the estimated decline of wood use for pulp and 
paper production, due to increasing energy prices, the overall output of forests will remain 
relatively stable during the next 25 years. This is because of the objective to avoid additional 
strains on the forest as an ecosystem. Due to reasons of environmental protection the 
intensified use of protected forest areas is not an option. Additionally there should be no 
extraction of residues such as foliage and roots and only limited extraction of other residues 
depending on the site, which will require specific guidelines and even then is hard to monitor. 
Unfortunately it is this residue wood which is currently a major resource for the biomass 
energy production because of the low economic value and therefore cheap price. A positive 
effect might occur in southern European countries where the risk of forest fires can be 
reduced through the removal of residues, but as said before, there is a need for clear 
regulation of when and how much removal would be ecological acceptable.  

A far higher potential is predicted in the use of waste for bio-energy production. The main 
source are agricultural residues like straw or liquid manure but also wood processing 
residues, biodegradable municipal solid waste and black liquor, a by product from the pulp 
and paper industry.  

Especially for farmers this has advantages because they save the money for dumping their 
waste, can use the power and heat for their own purpose and feed in the overload into the 
national grid. In Germany and Denmark this is quite common. The use of waste has several 
environmental advantages, e.g. the avoidance of landfilling and a reasonable use of 
biological production residues. Again, to avoid environmental strains the EEA states some 
criteria for the use of biological waste. The use of waste for energy production should not 
interfere with the objective to reduce waste (EU’s 6th environmental action programme) and 
recyclable/reusable waste should also not be used for energy production. Additionally 
existing landfilled waste from households should be available for combustion and energy 
recovery.  

The waste reduction policy and changes in the wood processing industry (including pulp and 
paper) will reduce the potential of waste for bio-energy production but since only small 
shares of the current potential are yet utilised the growth potential remains significant. 

Bioenergy crops from agriculture provide the largest potential. The EEA assumes that 
additional farmland will be available for cultivating these high-yield energy crops due to 
increased productivity on the areas used for food and fodder production and set-aside areas. 
Although the cultivation of energy crops provides this large potential, the risks for the 
environment are far higher than in forestry and waste use.  

The increased demand for energy crops with at least stagnating demand for food and fodder 
creates pressure on the agricultural sector to intensify production methods and farm 

                                                 
51 European Environmental Agency (ed.)(2006): How much bioenergy can Europe produce without harming the 

environment? Copenhagen.  
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management leading to increased environmental pressures. For the same reasons 
extensively used areas such as grassland or olive groves might be used for growing 
bioenergy crops. It is also important that the cultivated crops meet the specific needs of the 
region, considering the environmental problems in the particular region. To meet these 
threats for the environment at least 30% of the agricultural land in the member states should 
be dedicated to “environmentally oriented farming” in 2030 and 3% of the current intensively 
cultivated farmland should be set aside as ecological compensation. Extensively cultivated 
areas should maintain and only bio-crops with low environmental pressures are used.  

In Conclusion one can say that the most important developments in the field of biomass use 
for energy production in the future takes place in the methods for biomass production and 
cultivation as described. Technological improvements will occur in only minor improvements 
of the combustion process and in the further development of the gasification process to 
increase the production efficiency for the gas while the gas-combustion plants are already 
the most efficient ones.  

The use of biomass also can lead to a new economic perspective for the many rural areas 
not only in the European Union but worldwide. The production of energy crops can, 
especially in industrialised nations with a high productive agricultural sector, give additional 
income considering the low prices for food on the world market. In this respect it is very 
important, as the EEA demands, that the production methods itself are environmental 
friendly and do not harm the existing ecosystems. In this way the rural population in Europe 
might achieve a new image as an important and productive part of the society which 
provides food, energy and preserves nature and landscape.   

Although there is often a distinction between solid biomass, biofuel and biogas in here these 
three types are following summarised in the term biomass. 

 

Geothermal Power – energy from inside the earth 

The use of geothermal power for energy production is used since the beginning of the last 
century, but the efforts to make this technology independent from a special location is a 
relatively new field and there is still some research and development required to make it a 
mature technology.  

Geothermal systems use the heat generated in earth itself due to radioactive decay. It is 
assumed that in the earth’s core the temperatures are between 4500°C and 6500°C and still 
1300°C in the mantle52. The part of earth that is relevant for the use of geothermal 
techniques is the crust which is in the average 40 km thick. With modern drilling methods it is 
possible to reach a depth of 7000 meters. 

There are two ways to use the geothermal heat, one way is to use it as heat supply for 
industrial processes or heating of buildings (direct use) or to use the heat to run a turbine for 
electricity generation (indirect use). For the purpose of heating temperatures below 100°C 
are sufficient and therefore only relatively simple technological solutions are required. These 
systems do not need any special requirements; they can be used in almost every country. 
For the indirect use as electricity production a temperature of minimum 100°C is required. 
Since the temperature sequence varies all over the world today only countries with areas of 

                                                 
52 Kaltschmitt, Martin; Wiese, Andreas (ed.)(1997): Erneuerbare Energien, Berlin.   
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volcanic activities, where one can find the right temperatures near the surface, make use of 
this in a noteworthy scale.  

In Europe more than 96% of the installed capacity is located in Italy, where in 1913 the first 
geothermal power plant was erected. With its 810.5 MW installed capacity in 200553 Italy is 
far behind the United States with 2544 MW (2004)54 and the Philippines with 1931 MW 
(2004)55.  

As the map (fig. 1) shows the allocation of favourable regions is not very homogeneous. 
Therefore new techniques like the Hot-Dry-Rock (HDR) method and advanced heat 
conversion methods are developed to make geothermal electricity generation possible 
almost everywhere.  

Fig. 1: World High Temperature Geothermal Provinces 

 

Source: Geothermal Energy, 1998, University of Utah, http://www.worldenergy.org/wec-
geis/publications/reports/ser/geo/geo.asp.  

The Hot-Dry-Rock (HDR) method is used for locations with hot and dry rock formations in 
depth of 5000 meters. To extract the heat a heat transfer medium is required, usually water, 
because it is an open system and not all of the medium might be extracted from the deeper 
basement. But it would be insufficient to simply direct water in these layers because the 
surface for the heat exchange and the permeability would be too small. Therefore water is 
injected under high pressure through a drilling to widen natural existing cracks and produce 

                                                 
53 Cp. European Commission Website: http://ec.europa.eu/energy/res/sectors/geothermal_energy_en.htm. 

Retrieved 070413.  
54 Cp. International Geothermal Association (IGA) Website: 

http://iga.igg.cnr.it/geoworld/geoworld.php?sub=elgen&country=usa. Retrieved 070415.  
55 Cp. International Geothermal Association (IGA) Website: 

http://iga.igg.cnr.it/geoworld/geoworld.php?sub=elgen&country=philippines. Retrieved 070415. 
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new ones. For the electricity generation now water is pumped into the semi-artificial system, 
heated and extracted in a second drilling. The water now can be used in central heating 
systems or in an ORC-turbine for electricity generation56. Even more efficient is the so called 
Kalina Cycle Process. Here the organic fluid is mixed with water reaching an efficiency 
increase of 10% to 60% compared to a normal ORC process57. 

Because of the early stage of development the costs for electricity production are rather high, 
but strongly depending on the production site. Geothermal electricity produced with the HDR 
method is not competitive today with prices around 20 €cent/kWh. 70% to 80% of these 
costs are caused through the high initial investments particularly for the drilling. The 
operational and maintenance cost are relatively small. There is some potential for cost 
reduction due to the fact that the technology is still quite new and there is need for further 
development especially in the heat conversion process. This is just an average calculation by 
the German ministry of environment (BMU) without taking in consideration local advantages 
or special circumstances. In general one can say that the costs are depending on the actual 
temperature of the medium, the delivery volume and as mentioned before, the required 
depth of the drilling.  

Geothermal power plants can produce electricity to prices competitive to plants powered by 
fossil fuel if they are not dependent on a deep drilling like for example in Italy, the United 
States or Island. These plants use existing hydrothermal water sources for energy production 
and can deliver electricity at around 4 €cent/kWh. The cost efficiency can also be raised, like 
for all electricity generating processes involving heat, with the use of combined heat and 
power, provided that there is an existing central heating system available.  

The construction of a geothermal power plant bears high risks for the investor because of the 
uncertainties related to the drilling. In Germany the project for a geothermal plant was 
stopped after an oil deposit was found at the drilling site.   

The environmental concerns for the use of geothermal power are only minor. Like for most 
other forms of renewable energy there are no emissions of greenhouse gases during the 
operation of a geothermal plant. The only environmental impacts occur during the time while 
the plant is build up but are not different to any other building of its size and purpose. There 
is the possibility that during a technical failure there is high emissions of gases like carbon 
dioxide or methane or strongly mineralised or salted water. This risk can be controlled by 
security mechanisms and would be only a localised incident. Apart from these predictable 
dangers there is the unpredictable impact on the subsoil structure. Due to the fact that the 
heat is faster extracted than can be regenerated the surrounding soil is cooling down which 
has an impact on the soils chemical composition. Furthermore the change in temperature 
causes physical changes which can lead to seismic activities and subsidence. However 
these are expected less significant than subsidence in mining.  

Another “problem” with a relatively simple solution is the production of heat as “by-product” to 
the electricity production. This heat has to be dealt with in an environmental friendly way or it 
is efficiently used in a heating system.  

                                                 
56 Cp. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2006): L.c., p. 112 et 

seqq.  
57 Cp. Piacentini, A. (n.d.): ORC-Prozess vs. Kalina-Prozess - Wirkungsgrad, Aufwand, Kosten, Nutzen. 

Retrieved 070510, from Geothermal Networks Website, full URL [13].  
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Not so much an environmental problem is the risk of overexploitation as it occurred already 
in several plants in the United States. In these cases more of the natural existing water was 
used than could be regenerated by natural processes for instance by groundwater. Therefore 
the capacity of the plants is reduced compared to the initial capacity.  

The future potential for geothermal electricity production is quiet large. As soon as the 
technology of HDR reaches a mature stadium the prices will drop and with a better prediction 
of profitable locations geothermal plants could become an important part in the energy mix. 
But until then it will play only a minor role for electricity production. Therefore it is not even 
mentioned in the Renewable Energy Directive and the IEA predicts an increase of production 
capacity at 300%, which sounds impressive, but still playing only a minor role when it comes 
to total electricity production58. Unlike the energy produced with solar- or wind power 
geothermal power is always available and is no subject to daily or annual variations. 
Therefore it is, beside hydropower and biomass, an option to provide not only power for peak 
consumption but can be part of the base load of electricity production.  

                                                 
58 Cp. IEA Publications (2007): L.c., p. 12. Retrieved 070316, from IEA Website, full URL [1].  
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Chapter 3 
 

Renewable energy in the European Union 
Following the European Unions efforts for the fulfilment of the Kyoto Protocol and the issue 
of securing supply will be presented. Because of the wide range of directives and measures 
only the ones directly involved with the promotion of renewable energy will be part of this 
section.  

Europe, as any other region in the world has to face the challenges of world climate change 
and the new market conditions for fossil fuels. The biggest deposits of gas and oil, the main 
energy carrier used for electricity and heat production as well as for transport, are located 
outside the European Union. These regions are in some way unstable either internal in their 
political attitude or external through destabilising influences. Therefore not only the increased 
prices on the international market due to the shortage of resources but far more the 
uncertainties in security of supply are future problems for the European economy but also for 
the standard of living of its population.   

An increased share of renewable energy can at least limit these effects and together with 
more energy efficiency, in production as well as in consumption, give an answer to the 
problem of climate change and the limited resources of fossil fuels.  

  

Objectives59

The European Union Commission has recently published An Energy Policy for Europe 
where, although the EU has no legislative competence in the energy sector, the main 
objectives for the future Community policy are stated. These objectives are on the baseline 
with the Gothenburg Strategy for sustainability and the Lisbon Strategy for an economic 
competitive Europe. The third objective is security of supply, probably the most common 
objective not only for Europe but for every country in the world. The importance of this 
particular objective was demonstrated by the recent crisis between Russia, Europe’s most 
important partner in energy imports, and the Ukraine. Here Europe’s high dependency in this 
sector has become obvious to the public.  

 

Security of supply 

It is important to know that today about 50% of the EU’s energy consumption is depending 
on imports, especially of gas and oil. Whereas oil is most essential for the transport sector 
but still has a considerable share in heat production and is not that important for electricity 
production. The share here accounts only for 4% in 2004. Nevertheless gas, because of its 
low price, has increasingly become more important for many countries’s energy supply but 
only around 54% come from within Europe (including 17% from Norway). In Future these 
dependencies will grow as the EU’s need for energy is still growing. The Commission 
assumes that in the year 2030 65% of energy consumption is depending on imports. By 
                                                 
59 Cp. Commission of the European Communities (ed.)(2007a): Communication from the Commission to the 

European Council and the European Parliament – An Energy Policy for Europe. Retrieved 070423, from 
European Commission Website, full URL [14].  
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taking measures among others to promote renewable energy some of this pressure might be 
released and have additionally positive impacts on both the economy and the environment.  

 

Competitiveness  

Due to the high import dependency in the field of energy the EU is more and more exposed 
to volatility on the international energy market which results in higher prices for oil, gas and 
electricity within the EU’s member states. The promotion of renewable energy has two 
positive impacts on this issue. On the one side the dependency on other countries is reduced 
because of the use of domestic resources for renewable energy production and in the same 
time the European renewable energy manufacturing industry is supported. This creates new 
jobs in the high tech branch and strengthens Europe on its way to become “the most 
competitive knowledge based economy” in the world. Not only the industry but the whole 
population would be affected and it would be difficult to keep the high living standard 
throughout the EU. In encouraging investments in renewable energy and more energy 
efficiency the commission expects a strong growth in the involved branches although the 
renewable branch already is a booming high technology sector with growing numbers of new 
companies and employees. Many of these companies in Europe have reached a leading role 
in this field on the international market. This head start should be assured and developed 
further, but the requirements to preserve this do not yet exist.  

 

Sustainability 

The current energy policies within the European Union are not sustainable. Although the 
Union has an obligation based on the Gothenburg Strategy to take care that all EU policies 
meet the objectives agreed upon this is not yet the case in the field of energy and transport. 
This might be because of the fact that there is no competence for energy on EU level. 

The production of energy accounts for 80% of the EU’s greenhouse gas (GHG) emissions 
and therefore is a major origin for global warming and climate change. The European Union 
has declared to limit the emissions of greenhouse gas to that extent that the temperature rise 
accounts only 2°C above the pre-industrial temperature level. Although modern renewables 
do not emit any greenhouse gases, or at worst in the case of biomass emit only what was 
previously absorbed during their period of growth, they are more of a long-term perspective 
because it will take some time to replace older, “unclean” plants in a society where economic 
growth is coupled with energy consumption. For that reason other measures like efficiency 
increase of existing structures might be a better short to mid-term solution.        
     

Developments in renewable energy in the European Union 

Since the beginning of acting towards a higher share of renewable energy in the primary 
energy consumption in 1997 the production of energy from renewables has grown about 
55%. However the objective to reach a share of 21% in electricity production until 2010 (in 
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the EU-25) will not be achieved60. The reasons for that are seen in the lack of a coherent 
and effective EU policy framework and in the lack of a long time perspective. Although all 
member states have formulated their contribution to this objective there is a gap between 
policy objectives and reality visible in the current legislation, the taken measures and the 
outcomes. The commission identified the low share of biomass in electricity production 
compared to the prognosis upon which this target is based as a main reason for the 
discrepancy between the 21% objective and the predicted 18-19% reality61. Furthermore the 
EU directive on the promotion of electricity produced from renewable energy sources in the 
internal electricity market is yet not fully implemented in all countries. Only some member 
states, which have made considerable progress in fulfilling their national objectives, can take 
the credit that the EU’s target is only missed by 2-3%. In other EU countries renewables are 
still of marginal importance. In some of them the share of renewable electricity production is 
even declining62.  

According to the second Report on progress in renewable energy from 2007 the 
development in the European Union is quite heterogeneous. In the countries with a good 
performance in promoting and integrating renewables there is a strong focus on the wind and 
biomass sector. Apart from hydro power these two are the only forms of renewable energy 
which can be almost competitive to fossil fuelled ways of electricity production today. On the 
other hand in those countries with the most deficits in accomplishing their objectives within 
the directives framework the problems mostly result from a lack of coherent support policy 
and poor implementation of the renewable energy directive. Persisting administrative 
barriers, restricted or discriminatory grid access and deficient or missing support leading to 
poor investment conditions are the main problems. But this support is what is needed for a 
take-off of renewables.  

For all forms of renewable energy the support has to be at least as high as the actual 
generation costs, otherwise it is not profitable for the producer to invest in any kind of new 
technology. This lack of support is, depending on the single renewable source quite common 
throughout the EU. For example nine of the 25 member states63 have a poor support 
mechanism for wind energy. In the case of biomass from forestry it is half of the member 
states and only one quarter has a sufficient support system for biogas. In this case one has 
to take into consideration that not all countries have the same potential for the different types 
of renewable energy production, therefore the focus may vary and the lack of support might 
be political purpose instead of a failure in support policy.  

The new Energy Policy for Europe extends the previous objective of 12% now aiming at a 
share of 20% of the EU’s primary energy mix from renewable energy sources. This new 
objective can only be reached with more effort by the single member states and has to take 
the different national systems boundaries as well as the different national conditions into 
consideration. It is important to provide a flexible but harmonic framework within the member 
states can pass laws and regulations to promote the energy production from renewables 
which suits their needs and priorities. Of course the full implementation of the directive on 

                                                 
60 Cp. Commission of the European Communities (ed.)(2007b): Communication from the Commission to the 

European Council and the European Parliament – Green Paper follow-up action Report on progress in 
renewable electricity, Brussels, p. 3. Retrieved 070423, from European Commission Website, full URL [15].  

61 Ibid, p. 19.  
62 Ibid, p. 4.  
63 The Report only considers the 25 member states excluding Bulgaria and Romania which joined January 2007.   
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renewable energy production has priority but several other measures have to be taken to 
make sure that this new objective is commonly achieved.  

As a very important step towards the fulfilment of the targets the EU Commission considers 
the final creation of an internal energy market to make energy in Europe more competitive. 
The removal of barriers especially for small and medium enterprises in the renewable energy 
sector as well as the stimulation of further investments in new capacities and the upgrade of 
existing systems are milestones on this way. Apart from that it is important for the security of 
supply that the strong energy dependencies of some of the member states can be 
counterbalanced within a European gas and electricity grid.  

There are already some efforts made to accomplish the internal market objective also in this 
area but as recent evaluations have shown the rules and measures did not yet lead to 
achievement of this objective. Therefore among other measures the commission is verifying 
the required capital to provide the improvement of the Trans-European-Network for Energy 
(TEN-E) especially concerning the integration of renewable energy. It is not part of this work 
to present the detailed plans for completing the internal energy market but the main 
approaches are the unbundling of networks and producers and a harmonised regulation of 
the EU market in a transparent way, the fostering of connecting especially the new member 
states to the existing network and the additional build up and upgrade of new and existing 
production capacities for the next 25 years.  

 

Measures 

Although the objective of 20% share of renewable energy in primary energy supply is 
ambitious it is not impossible to reach. There are some member states which have made 
respectable progress in the promotion and integration of renewable energy in their national 
systems. They should provide as an example for other countries but even here further effort 
is required in all areas of renewable energy not only electricity generation in electric power 
generation.  

 

Research 

The commission therefore has planed a new strategy for R&D in the energy sector, to be 
presented in spring 2008, to strengthen the leading role of European companies in this 
sector. Besides the renewables sector such a strategy would include also the development 
of nuclear power of the fourth generation and the further development of fusion technology. 
This means that the commission plans further R&D spending especially in areas like the 
offshore-wind generation and photovoltaic systems to make them competitive in respect to 
other forms of electricity production and to increase their market penetration. Furthermore 
the use of fuel cells and hydrogen in the transport sector and for decentralised energy 
production is covered by the support schemes. Concerning the transport sector the main 
focus is on biofuel because right now it is the only feasible way to reduce the dependency on 
fossil fuel in this sector.  

Apart from research on renewables the commission identified additional focal points 
especially in the field of enhancing energy efficiency in different areas such as buildings, 
devices, equipment, industrial processes and transport. The objective of 20% increase of 
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energy efficiency until 2020 was announced by the Council in spring 2007. Furthermore the 
technology of clean coal, carbon segregation and deposition along with the technological 
lead in the field of nuclear plants and future fusion technology should be kept and further 
developed. Specific goals for the different sectors and additional funding should lead the way 
to fulfil the objectives of the Energy Policy for Europe.   

 

Directive on renewable energy 

The starting point for an engagement of the European Union is marked by the passing oft the 
Directive 2001/77/EC of the European Parliament and of the Council of 27 September 2001 
on the promotion of electricity produced from renewable energy sources in the internal 
electricity market. In this directive the EU commits its members “to promote an increase in 
the contribution of renewable energy sources to electricity production in the internal market 
for electricity and to create a basis for a future Community framework thereof.”64  

This Community framework should be based on the experiences of the member states with 
different support mechanisms and consider the individual conditions for different renewable 
sources, technologies and geographical characteristics. Therefore it is to question if recent 
demands for a harmonisation of promotion instruments are in the sense of this directive. It 
depends on how far this harmonisation would go and if there would be still enough space for 
the EU members to react on special needs and circumstances.  

 

Support mechanisms 

Right now the assisting programmes and the amount of public funding differ significantly in 
the different countries. Basically there are five different kinds of measures to promote 
electricity production from renewable energy sources.  

1. guaranteed feed-in tariffs and mandatory buy-back obligations 

This support mechanism is based on a legally determined minimum price and a general 
obligation on the grid operator to purchase the generated electricity. The German feed-in 
system is often described as on of the best supporting systems based on the law for 
energy infeed. The producers of electricity from renewable sources have a guaranteed 
feed-in tariff over 20 years whereas tariffs differ for different technologies and capacity 
levels. The funding is limited to a certain amount of years and decreases over the time 
and the costs are equally shared on all consumers. Similar systems are used in Austria, 
France and Greece.  

2. renewables certificates, usually coupled with take-in obligations 

Contrary to the feed-in tariffs the system with renewable certificates is basically a quota 
system where the government decides upon an amount of electricity produced from 
renewable sources. By allocating certificates to the producers the government controls 

                                                 
64 The European Parliament and the Council of the European Union (ed.)(2001): DIRECTIVE 2001/77/EC of 

the European Parliament and the Council of  27 September 2001 on the promotion of electricity produced 
from renewable energy sources in the internal electricity market. Retrieved 070425, from EUR-Lex Website, 
full URL [16].  
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the compliance of these commitments. The United Kingdom’s “Renewable Obligation” is 
an example for this kind of system. The grid operators have to fulfil a certain 
commitment, 3% share of electricity from renewables in 2004, 10.4% in 2010, and so on. 
The costs are allocated to the consumers. Belgium, Denmark, the Netherlands and 
Sweden have a similar system.  

3. public bidding system  

In bidding systems generators of electricity from renewables compete in bidding rounds 
for a previously fixed amount of production contingent. The winner then receives a 
temporary purchase guarantee for his electricity generation. 

4. tax relieves or exemptions 

This support scheme does not directly support energy production from renewables by 
funding but by providing tax relieves. The Netherlands for example levy taxes on fossil 
fuelled energy production which does not include “green” energy. Industrial consumers 
are mostly exempted from this taxation because they are committed by other measures 
to fulfil the international highest standards in energy efficiency.   

5. direct support to investments 

This measure is limited by the prohibition of competition distorting support within the EU.   

 

These measures can only be part of a whole package of measures and incentives which 
have to come from the single member states too. The European Union can only set a 
framework to stimulate member state initiative. How different these measures can be and 
what different effects they can have is however not only depending on the country’s effort to 
promote renewable energy but is also influenced by global trends and public opinion.  

The next chapter shall give some examples of how the promotion of renewables can take 
place.    
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Chapter 4 
 

The 3 countries of choice – why? 
In this part the examples of Sweden, Denmark and Germany are presented to show how, 
despite different developments in the member states, the European objective to strengthen 
renewable energies has been achieved and why. 

The three countries are all performing well in achieving their national objectives until 2010 
partly because of different starting positions, different support strategies and sometimes 
simply “lucky circumstances”. These countries can function as best practice examples for the 
countries lacking behind in the process initiated by the European Union and its directive on 
promotion of electricity produced from renewable energy sources.  

 

Sweden 
The Swedish performance in the field of renewable energy leads back to the oil crisis in 
1973. At that time Sweden was strongly dependent on oil for its energy production. Since 
then electricity generation is mainly based on large hydro power and nuclear power. The 
electricity production on renewables was around half of the domestic supply in 2006 whereas 
biomass (including biogas) as the second largest source of renewable energy in electricity 
accounts for approximately 60% of the fuel used in combustion plants65. More important is 
the heat production from biomass which was already about 50% of the energy used in the 
district and central heating systems in 200466. Although good natural conditions and lately 
government programmes wind power does play a minor role in the Swedish energy mix.   

 

Historical review of renewable energy development67

The development of renewable energy has to be distinguished in the case of Sweden, 
because speaking of renewable energy includes hydro power whereof Sweden has one of 
the highest capacities in the world and it provides around 50% of the Swedish electricity 
production. These capacities have been built before the international trend changed towards 
renewable energy as matter of using domestic resources. The “new” development of 
renewables began in the 1970’s after the first oil crisis with a modest turn towards 
renewables like wind power, biomass and later photovoltaics. But in first place was the 
promotion of nuclear power to provide security of supply and build new capacities in this 
area. Since 1972 thirteen new reactors were built. This development changed after the Three 
Mile Island accident in the USA. In 1980 the parliament decided to shut down all nuclear 
reactors by 2010. This decision was not converted rigidly in the beginning of the 90’s and 
has been abandoned by the 1997 energy policy after 3 plants have been shout down.  

                                                 
65 Cp. Swedish Energy Agency (ed.)(2007): Energy in Sweden 2006, p. 28. Retrieved 070506, from Swedish 

Energy Agency Website, full URL [17].  
66 Cp. International Energy Agency Website: 

http://www.iea.org/Textbase/stats/electricitydata.asp?COUNTRY_CODE=SE. Retrieved 070422.  
67 Cp. Wang, Yan (2004): Renewable electricity in Sweden: an analysis of policy and regulations. Energy 

Policy, 34 (2006), 1209–1220. Retrieved 070427, from Elsevier database.  
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In the early 90’s taxation on energy, CO2, sulphur and nitrogen oxides (NOx) was introduced 
which increased gradually over the years. Small scale renewables for electricity generation 
are exempted from energy tax since 1994. Until 1991 there were mainly research 
programmes for biomass and large scale solutions in wind power. Then the first investment 
subsidy programme was introduced as part of the Swedish energy policy towards a cleaner, 
more environmental friendly energy supply and consumption68. The programmes supported 
wind power and biomass fuelled CHP plants but it was a rather unstable support mechanism 
with a fixed budget for the whole timeframe. Because of this during the years of 1996/97 
almost no subsidies were available for investments in wind turbines (Fig. 2). In 1996 the 
Swedish energy market was reformed. From then on the end-user could choose freely 
among the suppliers what “type” of energy they wanted to purchase which again led to a 
better position of renewables but had only little effect on new capacity building due to the 
high capacity of hydropower.  

 Fig. 2: Year of introduction and duration of policy instruments aimed at wind power 
development and market expansion, implemented in Sweden between 1975 and 2000.  

 

 

 

Source: Åstrand, K; Neij, L. (2004): An assessment of governmental wind power programmes in 
Sweden—using a systems approach. Energy Policy 34 (2006) 277–296. Retrieved 070427, from 
Elsevier database. 

1997 a new energy policy was adopted with a new research programme until 2004 and a 
new support scheme in form of reactivated subsidies which then included small scale hydro 
among wind power (on- and offshore) and biomass. From 1998 on the utilities were obliged 
to purchase electricity from small scale wind or biomass generators at fixed prices as a feed-
in system. Additional promotion came in 2000 with the “green tax” reform which led to a 
strong increase of duties on carbon dioxide in 2001 and again in 2003. This caused new 
incentives for Bioenergy because it is freed from the levies on CO2 and other emissions. 

                                                 
68 Cp. Wang, Yan (2004): L.c., p. 1209. 
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However, this taxation will have only marginal effects for electricity production, because only 
the heating sector is subject to this tax.  

Finally all support schemes for investment subsidies and guaranteed prices expired in the 
end of 2002 and are now replaced by a quota system with electricity certificates which was 
introduced in May 2003.   

Status of renewable energy 

According to statistical facts about the total energy production from renewables, Sweden is 
very successful in its development. The 2005 announced target for an oil-free society by 
2020 underlines the political efforts and the ambitions in this area. But if one looks critical on 
the development of energy policy and the improvements during the last 35 years the 
question can be raised if Sweden’s good reputation in the field of renewable energy 
production is justified?  

The absolutely impressive and commendable share of 26% renewable energy production in 
2004 primary energy supply is only topped by the share of electricity generated by renewable 
sources. Although this share is decreasing over the last years due to a stop of building new 
capacities and a decrease of electricity production in existing large scale hydro plants while 
the consumption is still increasing it was still at 45.5% in 2004 with the tendency to 
continuous decrease69. These existing capacities have been built mostly in the beginning 
and the first half of the last century until a total number of around 1900 hydro power plants 
(including small scale, below 1.5 MW). But with the Swedish decision to give no permission 
to a further development of large hydro power because of environmental protection reasons 
future growth in this area is unlikely to happen.  

Apart from hydro power other forms of renewable energy production have been developed, 
but despite high potentials and a strong fundament in research technologies like biomass 
and especially wind power play only a marginal role in today’s Swedish electricity production. 
The particular reasons for that will be discussed later in this chapter. Although wind power as 
well as biomass showed high growth rates over the last years especially wind power is not 
yet competitive because of the cheap production of electricity in hydro- and nuclear power 
plants. While the generation of heat from biomass, biogas and biomass co-firing in particular, 
is quite common in Sweden the electricity production from biomass was rather low, but 
increased up to almost 10% of the electricity produced by renewables until now after the 
introduction of the green certificate system in 200370.  

For the past 30 years there were some efforts and good progress in the development of 
renewable technologies, but despite the high spending on R&D and the creation of a 
knowledge base the market penetration of “new” renewable energy sources for electricity 
production is far behind its possibilities in terms of natural resources.  

 

                                                 
69 Cp. DG Energy and Transport (2007): Sweden – Renewable Energy Fact Sheet. Retrieved 070502, from 

European Commission Website, full URL [18].  
70 Cp. DG Energy and Transport (2007): L.c. Retrieved 070502, from European Commission Website, full URL 
[18]. 
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The modest development of wind power in Sweden  

The low total capacity of wind turbines in Sweden is rooted in various reasons which one of 
them is the late turn towards serious incentives for market creation and penetration. The 
previous focus on nuclear power as source for cheap and “clean” electricity gives somewhat 
an explanation for this. Nevertheless in other countries with similar developments like 
Germany for instance the growth of renewable energy showed a much higher dynamic.  

As mentioned before there are several reasons for that. It could be argued that the changeful 
nuclear policy and the unstable support measures had a negative impact on the trust of 
investors although the facts show little proves of that. But also administrative uncertainties 
and the public acceptance might have put up barriers for the development.  

The nuclear power phase out was one of the main drivers for the increased support for 
renewables but after several decisions to postpone the decommissioning of nuclear power 
plants it was questioned if the agreement made in 1980 would remain. Therefore the further 
support for renewables remained somewhat uncertain. This concern was justified because in 
1997 when the phase-out of nuclear power was definitely abandoned the support for 
renewables was reduced relative to previous payments.   

Söderholm (2005) states that especially the temporal limited subsidy programmes in the mid 
90’s might have caused irritation among investors so that, although the measures itself had 
positive effects only a limited amount of investments were done compared to Denmark for 
instance. Additionally the missing investment subsidies between 1996 and 1997 caused a 
break in the already modest growth. This break in subsidies for wind power was because of 
the structure of the support scheme. For the years between 1991 and 1996 a fixed budget 
was set for investment subsidies but somehow the government could not agree upon a 
successor in time. The follow up programme was introduced in 1997 at a reduced rate of 
subsidy probably because the dismissal of the nuclear phase out and the therefore limited 
need for increased electricity production from renewables. Also the exemption of electricity 
tax for renewables, the so called Environmental Bonus of 0.18SEK/kWh71, approximately 
0.02 €cent72, was very low compared to support schemes in Denmark or Germany where a 
feed-in tariff was in place and additionally tax exemptions and investment subsidies were 
paid.  

One could get the impression that during the whole 1990’s up until now the objective to 
promote and diffuse wind power was handled rather negligent by the government. Not only 
that the support schemes were not continuous and the grants for investments were 
comparably low but also the administrative rules to get building permission for wind turbines 
was not made to attract investors. Basically the approval for the construction of medium- and 
large sized wind turbines is dependent on whether or not the requirements for the 
localisation are met or not. Part of this so called “localisation rule” is the fulfilment of 
environmental requirements, as stated in the Swedish Environmental Code and that the 
project causes the “minimum of damage or detriment to the environment”. Additionally a 

                                                 
71 Bräring M et al. (2003): Electric Power from New Plants—2003. Report 03:14, Elforsk, Stockholm; 2003. in: 

Söderholm, Patrik; Ek, Kristina; Pettersson Maria (2005): Wind power development in Sweden: Global 
policies and local obstacles. Renewable & Sustainable Energy Reviews, 11 (2007), 365–400. Retrieved 
070427, from Elsevier database. 

72 Based on exchange rate in May 2007. 
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special building permit is required and municipal planning has a significant influence on the 
sitting of wind turbines in their area. 

Following some of the most important obstacles for investors of wind power are briefly 
explained based on Söderholm (2005). For a more detailed insight read for instance the 
comments on the Environmental Code and the Planning and Building Act.  

The Environmental Code outlines that areas of special interest should be protected “against 
activities that can considerably affect or damage, for instance, the character of an area, or 
considerably obstruct or counteract the use of an area.”73 In the case that one area is 
suitable for more than one use for instance wind power generation and recreation a 
combined use should be considered, but since this is not always possible the decision 
depends on whether or not the area is of “national interest” to one kind of utilisation. The 
ultimate decision on that is made by the environmental court in a case depending 
assessment. Also in the case of two concurring “national interests” the decision about the 
preferential use is taken to Court. Various exceptions make it even more difficult to anticipate 
the outcome of such a decision which results in a high uncertainty about the investment risk.  

For the construction of wind turbines a special permission is required which is determined 
whether or not the municipal detail plans support this estimated use. Swedish municipalities 
are obliged to create areas for the use of power generation through wind but since the 
therefore produced detail plans are more of a restrictive nature than promoting certain 
developments the fact that wind mills are planned in an area is no guarantee that 
construction will really take place. Additionally the municipalities enjoy a broad room for 
discretion in the planning process and courts take high attention to their position in the 
decision process previously mentioned.  

When it comes to the public acceptance wind power generators have to face the same 
opposition as almost any other installation of supply infrastructure. The problem of the 
NIMBY-syndrome is not special in Sweden but probably everywhere. NIMBY stands for not-
in-my-back-yard and describes the rejection of mostly private home owners to accept 
facilities like landfills or wind turbines in their neighbourhood. Not to say that there is a 
qualitative difference between a landfill and a wind mill but the reaction is basically the same. 
Although the Swedish population is generally in favour for wind power as an environmentally 
friendly method for electricity production the acceptance diminishes when it comes to 
concrete plans in their near environment. This problem can mostly be solved or at least 
reduced by the broad participation and information of the local population. The results of a 
questionnaire show that people are more in favour of offshore facilities than onshore, where 
the impact on the landscape is more obvious and that smaller groups or single turbines are 
also more favoured than large wind farms especially onshore74.  

 

                                                 
73 Söderholm, Patrik; Ek, Kristina; Pettersson Maria (2005): Wind power development in Sweden: Global 

policies and local obstacles. Renewable & Sustainable Energy Reviews, 11 (2007), 365–400. Retrieved 
070427, from Elsevier database. 

74 Söderholm, Patrik; Ek, Kristina; Pettersson, Maria (2005): L.c., p. 382. Renewable & Sustainable Energy 
Reviews, 11 (2007), 365–400. Retrieved 070427, from Elsevier database. 
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Biomass electricity production in Sweden 

The development of biomass as energy source was different and somewhat more positive 
but, however, the electricity generation is far behind its possibilities although the recent 
growth shown as result of the introduction of the green certificates might lead to 
improvements in this area.  

Other than for wind power the support for energy generation from biomass was more 
consistent and steady over the years, but because of the focus on heat production the 
chances for CHP generated electricity were not as good as one might think. Apart from the 
investment support during the time between 1991 and 2003 in form of local incentive 
programmes the use of biomass as fuel for electricity production increased steady but slowly 
with casual fluctuations especially in the late 90’s and the early years of 2000. One reason 
for this might be that, although biomass was made the cheapest fuel on the market, because 
of various exemptions in taxation, it could still not compete with cheap electricity generated 
by hydro- or nuclear plants. This is one reason for the low share of combustion fuels in 
domestic electricity production between 5% and 10%. But as mentioned before the share of 
biomass within these combustible fuels was around 60% in 2005.   

Even the additional incentives created by environmental regulations, like for instance the ban 
on landfilling organic wastes and the taxes on waste combustion as well as nitrogenous 
fertilisers could not increase the use of biomass in electricity generation although especially 
the gasification of biomass has additional advantages. It provides a new possibility for waste 
management and produces an environmentally friendly fertiliser as a by product75. The 
economic disadvantage of biomass against hydro- and nuclear power could not be 
compensated by these incentives. The public acceptance might also have influenced this 
slow development. It is natural that combustion plants, although fired with biomass and 
therefore carbon neutral, have a bad appearance compared to hydropower and nuclear 
power (the latter one depending on the attitude of the population).  

This trend of slow growth might have changed after the introduction of the quota system in 
2003. The system was introduced “to promote the most cost-effective production of 
renewable electricity”76. Since there are high legal and public obstacles for the commission 
of new hydro power plants and electricity production from wind and photovoltaic systems is 
by far not competitive the best way to increase electricity production under this scheme is to 
increase the use of biomass. And since newer plants only receive certificates for a maximum 
of 15 years and CHP is also supported under this scheme the increased electricity 
production in existing CHP-plants is the most profitable solution. This explains the strong 
increase in biofuel used in electricity production between 2003 and 200477 (Tab. 1). It 
remains to be seen if the incentives are strong enough to actually build new capacities for 
the electricity production from biomass.   

                                                 
75 Mikael Lantz et al. (2007): The prospects for an expansion of biogas systems in Sweden—Incentives, barriers 

and potentials, p. 1835. Energy Policy, 35 (2007), 1830–1843. Retreived 070427, from Elsevier database. 
76 Ministry of Sustainable Development (2006): Fact Sheet – Renewable electricity with green certificates -  

Government Bill 2005/06:154, p. 1. Retrieved 070506, from Regeringskansliet Website, full URL [19].   
77 Cp. Swedish Energy Agency (ed.)(2007): Energy in Sweden facts and figures 2006. Retrieved 070506, from 

Swedish Energy Agency Website, full URL [20].  
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Tab. 1: Supply of biomass in electricity production in Sweden 1995 – 2005, GWh.  
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Based on: Swedish Energy Agency (ed.)(2007): Energy in Sweden facts and figures 2006.
 

Future outlook 

The quota based system of green certificates introduced in May 2003 in some respects 
already has and will give the development of renewable energy production in Sweden new 
incentives. However, since the phase out of nuclear power is revoked it remains to be seen if 
the current and the following governments put that much focus on the promotion especially 
of the development and diffusion of wind power and photovoltaics. Since these two 
technologies are not yet competitive on the Swedish energy market the green certificates are 
unlikely to provide sufficient stimulation. The high share of hydro- and nuclear power in 
electricity production, which both do not emit any greenhouse gases, gives no reason to put 
much effort in the development of additional non-greenhouse gas emitting technologies like 
wind power and photovoltaic. Until there is a new political agreement to phase out nuclear 
power which is despite its positive attributes regarding climate change not a long term 
solution for energy production, it is unlikely that any major changes in the structure of energy 
production will occur in Sweden. The announced target of an additional 10 TWh of wind 
power production until 201078 is also questionable because there is only an obligation for 
authorities to provide planning for these additional capacities. This does not necessarily lead 
to their actual erection.  

On the contrary the conditions for electricity production from biomass have been improved. It 
will be interesting to see how strong the share of biomass in CHP plants will grow and how 
the related concerns about sustainable produced biomass will affect this trend.   

However the share of non-hydro renewable energy production might increase because 
although the certificates do not provide much of support for wind power and solar energy the 
biomass sector is already profiting from this scheme. And maybe with further adjustments to 
the regulatory framework there will be more incentives for the yet not competitive renewables 
in Sweden. 

                                                 
78 Cp. Swedish Energy Agency (ed.)(2007): Energy in Sweden 2006, p. 5. Retrieved 070506, from Swedish 

Energy Agency Website, full URL [17]. 

 - 33 -



Renewable electricity generation in the European Union  René P. Fleschurz 
- Best practice, drawbacks and future challenges - 

Denmark 
Although there is no green party in Denmark the country is home to some of the worlds 
leading companies in renewable energy technology especially wind power. Because of the 
high dependency on oil and coal imports in the 70’s the Danish government took action to 
provide security of supply, energy efficiency and, in the mid 90’s, environmental protection. 
There was a radical shift from oil to coal fired plants and the use of combined heat power 
generation in the electricity sector to boost the efficiency. The strong focus on development 
of wind and biomass as energy source additionally with exploitation of oil and gas fields in 
the North Sea made Denmark self-sufficient in energy production by 199779. The strong 
effort on renewable energy was stopped in 2002, partly due to pressure of the energy 
utilities, by the current government because Denmark is “ahead of schedule”80 its own 
objectives. Therefore almost all funding for renewable energy was redirected to the social 
sector like health and pension funds81.        

 

Historical review of renewable energy development82  

In Denmark the incentives for renewables started earlier than in other countries. In the early 
70’s Denmark was highly dependent on oil and without any resource of its own to substitute 
this resource. After the oil crisis the government initiated programmes to develop and 
promote renewable energy as well as measures for increased energy efficiency. In contrast 
to the situation in other countries the Danish population was even at that time not in favour 
for nuclear power so there was almost no money spent in this sector. 1975 first incentives in 
form of research programmes for the development of prototypes and demonstration projects 
were initiated. In the following years the activities focused on wind power and biomass as 
decentralised CHP plants. Important to mention is also the taxation on electricity and several 
fuels like natural gas and petrol which developed later into one of the most important 
schemes for the promotion of renewables.   

Other than in Sweden or Germany, as described in the next part, here the involvement of 
other actors began more early in the development process although the public spending was 
mostly focused on basic research. Right after the 1973 oil shock Danish farmers began, 
together with research centres and companies to build the first farm scale biogas plants with 
financial support by the ministry of trade. In 1979 first investment incentives for wind power, 
providing capital grants of 30% for private generators, were introduced which later were 
reduced to only 10% of the initial cost and ceased 10 years after its introduction. However, 
the main objective to involve a broader public in the development of renewable energy was 
achieved. During this time the two national utilities were reluctant to participate in any form 
neither constructive nor disturbing. In 1984 the Danish government planned to pass further 
legislation to promote wind power but this time the utilities intervened and negotiated a 

                                                 
79 Cp. Boyle, Godfrey; Everett, Bob; Ramage, Jane (ed.)(2003): Energy Systems and Sustainability – Power for 

a sustainable future, Oxford, p. 75 et seqq.  
80 Ibid, p. 75. 
81 Cp. Elsevier (ed.)(2002): An International Newsletter – Denmark will dump renewable energy. Photovoltaics 

Bulletin, March 2002, Retrieved 070427, from Elsevier database.    
82 Cp. Agnolucci, Paolo (2005): Wind electricity in Denmark: A survey of policies, their effectiveness and 

factors motivating their introduction. Renewable and Sustainable Energy Reviews, 11 (2007), 951–963. 
Retrieved 070427, from Elsevier database.  
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voluntary agreement for the next 10 years. According to this agreement the generators of 
electricity from wind power received a contribution to the grid connection costs and feed-in 
rates of 70% to 85% of electricity retail prices.   

In 1990 it came to disagreements between the utilities and generators over the conditions of 
grid connection which were solved two years later with the introduction of a feed-in law which 
gave clear responsibilities for generators as well as utilities. Additionally generators of 
renewable energy received a compensation for CO2 taxes and production incentives. In the 
same year new programmes were initiated to promote demonstration projects and 
commercial projects with a decline in subsidy according to the competitiveness of the 
technology. The energy tax was reformed into an energy and carbon tax taking effect in 1992 
to reflect more the environmental concerns. Another reform took place between 1996 and 
2000 featuring higher CO2 taxes to promote more energy efficiency. Since then the tax rates 
have increased but the structure remained. In 1993 the Biomass Agreement set new targets 
for the development of biomass capacities which could not be met in time. After giving more 
flexibility in the choice of biomass procurement the time for meeting the targets was 
extended to 200583.   

The next big step was the energy market reform in 1999. Because of the constantly 
increasing costs for the feed-in tariffs and the resulting burden for the utilities (the system 
was not financed through passing the higher prices to the end consumer) the government 
planed the introduction of a system of tradable green certificates for further support of 
renewable energy. The change from budget financing to apportionment on consumers was 
not an option because of the already high burden due to taxation.  

Additionally the EU commission’s objections towards the use of feed-in tariffs influenced the 
decision. However this certificate system came never into use. Furthermore first efforts were 
made to replace the older wind turbines by new ones encouraging owners of old turbines to 
invest in new projects. This attempt was not successful because of the decreasing 
acceptance for new onshore projects. As alternative to the certificates another support 
scheme consisting of time limited premiums was introduced in 2002. The premiums are paid 
to a maximum extend of 20 years. Additionally “a scrap premium” was introduced to replace 
the old re-powering initiative which will be in place until 2009. In 2002 most of the supporting 
programmes were stopped due to financial reallocation and a lack of political will to continue 
incentives in this area decoupled of market requirements.  

Status of renewable energy  

In Denmark a major change in the support scheme for renewable energy took place in 2002. 
Until then the promotion of renewables under a feed-in system was very successful making 
Denmark to one of the leading countries in renewable energy technology especially wind 
power. Since then the development has markedly changed. Growth rates of all major sectors 
showed still a steady increase in installed capacity but especially the market for wind power 
has lost dynamics while biomass continued its steady growth in a low level. One 
considerable factor in the growth of capacity in onshore wind turbines is the fact that older 
turbines are replaced by newer ones which are more efficient. However the total capacity of 
wind power was stagnating between 2003 and 2005.  

                                                 
83 Cp. Raven, R.; Gregersen, K.H. (2004): Biogas plants in Denmark: successes and setbacks. Renewable and 

Sustainable Energy Reviews, 11 (2007), 116–132. Retrieved 070427, from Elsevier database.  
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In 2005 another subsidy system was introduced. Now environmentally friendly energy is sold 
on market terms without buy back obligations and fixed prices. Additionally, to cover the 
costs, subsidies are paid in relation to the market price. Since this scheme is only in place for 
one year now no qualified statement, neither positive nor negative, can be made about the 
effect of this change. Except that the increased security for further investments might lead 
again to increased growth rates.  

Wind power accounted for 18.5% of electricity production in 2005 and provides 23.5% of the 
total capacity which is the highest share in the EU member states. Furthermore CHP 
generation increases steadily in the field of thermal electricity production using more and 
more biomass as processed fuel. Biomass (straw, wood, renewable wastes) and Biogas 
together accounted for 10% of domestic electricity production84.  

But especially the high share of wind power causes problems. The production is highly 
decentralised85 and the unsteady production of electricity trough wind turbines requires a 
high reserve to maintain grid stability, mostly provided by thermal power plants, in case of 
failure. But also the fluctuations in supply which do not always correspond with the actual 
demand causes problems not so much for the grid itself but for the management systems of 
the market.   

Denmark has made large progress in the promotion of renewable energy both in electricity 
and heat supply. But this improvement is not without set backs. The Danish grid is getting on 
its limits whether several studies namely by the Danish Wind Power Association state that 
there is room for more wind capacity the reinforcement of the system is required to prevent 
problems in the future. Additionally the latest change in policy behaviour towards renewables 
although it does not promote the build up of new capacities deals with the problem by 
providing assistance for the grid improvement.  

Latest drawbacks in Danish policy towards renewable energy 

After the last 30 years of widely consistent policy based on parliamentary agreement the new 
government which came into power 2001 decided to change the previous energy policy 
concerning renewable energy. Responsibilities were moved from the Ministry of Environment 
to the Ministry of Economics86 thus showing a shift of priority. Away from the environmental 
driven discourse in the 90’s towards a stronger influence of industrial and economic needs. 
Since the Danish support system is strongly depending on the taxation of energy and carbon 
dioxide immediate changes were impossible but in 2002 most of the investment incentives 
for renewable energy were stopped and reallocated in the budget. The official reason for this 
was the fact that the Danish development of renewable energy is far ahead its own schedule. 
Around 29% of the electricity production 2005 came from renewable sources87 reaching the 

                                                 
84 Cp. Danish Energy Authority (ed.)(2006): Energy Statistics 2005. Retrieved 070503, from Danish Energy 

Authority Website, full URL [21].   
85 Eriksen, Peter B.; Orths Antje G.; Akhmatov, Vladislav (2006): Integrating Dispersed Generation into the 

Danish Power System – Present Situation and Future Prospects, p. 2. Power Engineering Society General 
Meeting, 2006, 1-7. Retrieved 070427, from IEEE database.   

86 Krohn, Soren (2002a): Wind Energy Policy in Denmark: 25 Years of Success – What Now? Retrieved 
070505, form Danish Wind Energy Association Website, full URL [22].    

87 Cp. Danish Energy Authority (ed.)(2006): Energy in Denmark 2005. Retrieved 070503, from Danish Energy 
Authority Website, full URL [23]. 
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national objective within the EU directive on renewable energy for 2010 five years in 
advance88. 

The new government sets in its Energy Strategy 2025 an increased focus on energy savings 
throughout more energy efficiency especially in the energy sector by grid and distribution 
companies89 and a more “market oriented expansion” of renewable energies90. Renewable 
energy therefore has to be competitive with other forms of energy production. This means 
that the previous support schemes, revoked in 2002, are replaced by a more limited system 
basing on the support due to the energy and CO2 taxation, the limited CO2 allowances on 
other energy fuels under the European Certificate Trading Scheme (ECTS) and production 
subsidies. The future development of new capacities will therefore be strongly dependent on 
the prices for CO2 certificates as well as the prices of fossil fuels on the international market 
i.e. that high prices should equalise the higher costs for renewable energy production. There 
will be no further promotional programmes, except for R&D, to increase the production 
capacity of renewables without or beyond market needs.  

This does not mean that renewable energy sources are not important for the future energy 
development in Denmark. Far from it! The public expenditures on R&D will remain and the 
necessary grid improvements for an increased integration of wind power are also part of the 
new strategy.   

Even though the support in Denmark is not totally abandoned since the new government 
took over the domestic market for renewable energy is stagnating for the last years91, and it 
remains to be seen if the trust of relevant stakeholders in the new support scheme can be 
restored.  

This shows how the development of renewable energy is depending not only on public 
acceptance in the population but even more on public support within the government 
because of the high need for public funding. Similar circumstances could be found in 
Germany as further described in the next section (Germany).  

 

The problems of grid stability with large amounts of wind power 
generation 

The good performance of Denmark in building capacity of renewable energy especially wind 
power has not only advantages like more independence in energy supply and therefore an 
increased security or the reduction of greenhouse gas emissions. The disadvantage of a 
high share of wind power in electricity supply are the unbalances in the grid caused by the 
unpredicted or randomly occurrence of production overflow due to strong winds and the loss 
of power through e.g. technical failure. In the latter case the problem can be solved through 
the provision of reserve capacities and advanced grid management. In the case of 
overproduction the simple solution to disconnect parts of the capacity from the grid is not 
feasible. Therefore market based or regulatory solutions are needed.   
                                                 
88 Cp. DG Energy and Transport (2007): Denmark – Renewable Energy Fact Sheet. Retrieved 070502, from 

European Commission Website, full URL [24].  
89 Cp. Danish Energy Authority Website: http://www.ens.dk/sw28482.asp.  Retrieved  070505.  
90 Cp. Danish Energy Authority Website: 

http://www.ens.dk/graphics/Publikationer/Energipolitik_UK/Energy_Strategy_2025/html/chapter01.htm. 
Retrieved 070505.  

91 Data available until 2005.  
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The question of grid stability is a rather complicated issue and therefore only covered in 
general in this paper92.  

Grid imbalances occur if wind fluctuations are transformed into power fluctuations and are 
transmitted into the grid. To balance these fluctuations a set of control mechanisms has been 
introduced. For instance a limit of power gradients for the single wind farms and the use of 
base load power plants as sort of secondary control mechanism providing reserve power93. 
This reserve power is usually at least as much as the production capacity of the biggest 
producer in the grid and is provided by thermal power plants combusting mainly coal or gas 
in the case of Denmark. It is sufficient to counterbalance smaller variations on production 
and demand side but comes to the edge in the case of major power losses or 
overproduction.   

The reason for keeping this balance is to adjust the actual power production with the actual 
demand including imports and exports94. The gap between the prospected and actual 
production is usually bigger than on the consumption side because the production of wind 
power is harder to predict than the daily consumer pattern which follows certain rules.   

It is not that much of a problem to counterbalance a loss of power production within the grid 
because of the reserve capacity, the overproduction of electricity is much more of a problem. 
If the power supply is higher than the actual demand right now there is only one possible 
solution which is to export the surplus of power to another grid i.e. to a neighbouring 
countries Germany, Norway or Sweden. This causes problems in terms of market price of 
electricity because the exported power is extremely cheap and producers can not cover their 
costs. This again leads to financial risks for the involved stakeholders. A problem with this 
“export solution” occurs if the grid connection between the countries is not strong enough to 
transfer the power95. Another way to “get rid” of the power overflow is to use it in CHP plants 
for heat production. Since this is not feasible because of the Danish taxation on heat 
production the power is rather sold at low prices to other grids. However, to make more use 
of this possibility a change in the taxation scheme is currently under discussion96.  

The simple solution of disconnecting power producers in times of overproduction does not 
work under the current regulations because the utilities are obliged to purchase the power 
from renewable energy. Apart from that the since the production subsidy is one of the few 
support mechanisms still in place a stop of production would cause severe financial losses 
for the owners. However this is possible to prevent extreme power overflow since a 
regulatory decision in 2002.  

System operators are now allowed to disconnect decentralised power generators in this 
case. The generator is compensated for his loss of production97. But again, in the case of 
forced disconnection or shutdown due to extreme weather for instance the loss of power 
                                                 
92 For further reading on this topic see Eriksen, Peter B.; Orths Antje G.; Akhmatov, Vladislav (2006): L.c. 

Power Engineering Society General Meeting, 2006, 1-7. Retrieved 070427, from IEEE database.    
93 C.p. Ibid, p. 2.  
94 C.p. Ibid, p. 3.  
95 C.p. Krohn, Soren (2002b): Wind Energy Policy in Denmark Status 2002, p. 5. Retrieved 070505, from 

Danish Wind Energy Association Website, full URL [25].  
96 Cp. Danish Energy Authority Website: 

http://www.ens.dk/graphics/Publikationer/Energipolitik_UK/Energy_Strategy_2025/html/chapter01.htm. 
Retrieved 070505. 

97 Cp. Krohn, Soren (2002b): L.c., p. 5. Retrieved 070505, from Danish Wind Energy Association Website, full 
URL [25]. 
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production puts pressure on the grids reserve capacity. One of the latest examples is the 
hurricane on the 8th of January 2005 which led to the disconnection of almost all wind 
turbines in Denmark. Since this was not scheduled the system operator had to handle an 
imbalance of more than 1700 MW98.   

One specific feature of the Danish power grid is that there are actually two grids working 
independent from each other. The western part, consisting of the peninsula Jutland and the 
islands of North Jutland and Funen and the eastern part, consisting of the largest island 
Zealand. A connection of the two grids is planned for 201099. This will give additional room 
for the build of wind power capacity because the reserve capacity of both grids will be 
combined.  

Actually the increase of wind power within the supply network requires an adequate 
extension of reserve capacity which can be either provided in the own national grid at high 
costs or by using the reserve power of neighbouring grids i.e. the east Danish or the other 
countries mentioned above.    

One solution that is currently under development is the creation of grid cells which can 
operate together in the whole network but also independent on a so called “island mode”.  

• In case of a regional emergency situation reaching the point of no return the cell shall 
disconnect itself from the high voltage grid and transfer to island operation. 

• After a total system collapse the cell has black-start ability to a state of island 
operation. 

The pilot project for this system aims to get information on the feasibility and approaches to 
utility-scale microgrids. Furthermore the requirements for the specifications and preliminary 
solutions for the initial implementation of the cell concept are to be developed100.  

Another possibility to improve the grid stability is the better prediction of the actual weather 
and wind conditions. With a higher accuracy of the forecasts the need for reserve power as 
well as imports and exports of power to other networks can be planned. Today already wind 
forecasts are very important for the smooth operation of the Danish power system but 
failures cannot be excluded as the example of 2005 had shown.   

Future Outlook 

The future development of renewable energy use in Denmark is somewhat uncertain 
because of the limited facts and experience on the effect of the new support scheme. It 
remains to be seen if the market will create enough demand to attract new investments and if 
the recent stagnation is only part of some kind of consolidation phase. Since renewable 
energy is an important part of the government’s strategy to reduce CO2 emissions it is 
unlikely to say that there will be no further increase of production capacity but for the time 

                                                 
98 Cp. Eriksen, Peter B.; Orths Antje G.; Akhmatov, Vladislav (2006): L.c., p. 3.   Power Engineering Society 

General Meeting, 2006, 1-7. Retrieved 070427, from IEEE database.
99 Cp. Danish Energy Authority Website: 

http://www.ens.dk/graphics/Publikationer/Energipolitik_UK/Energy_Strategy_2025/html/chapter01.htm. 
Retrieved 070505.  

100 Cp. P. Lund, S. Cherian, T. Ackermann (n.d.): A Cell Controller for Autonomous Operation of a 60 kV 
Distribution Area. In Proc. 10th Kasseler Symposium Energie-Systemtechnik 2005, ISET, Kassel. pp. 66-85. 
In Eriksen, Peter B.; Orths Antje G.; Akhmatov, Vladislav (2006): L.c., p. 5. Power Engineering Society 
General Meeting, 2006, 1-7. Retrieved 070427, from IEEE database.
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being the slow increase might only because of the re-powering of old turbines rather than 
developing new sites. Furthermore an increased use of biomass as combustion fuel in 
existing CHP plants is another potential for the more renewable energy both in electricity and 
heat production.  

Related to the question of additional production capacity for electricity from wind power is the 
reinforcement of the Danish electricity grid. The high dependency on strong neighbours like 
especially Norway and Sweden with their high share of hydro power is in one part a big 
incentive for the planned internal electricity marked in the European Union but also limits in 
some way the security of supply and independence in energy issues which was the reason, 
not only for Denmark, to promote renewable energy in the first place. But maybe this national 
interest has lost weight and is replaced by the security of supply within the EU.  
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Germany 
Germanys leading role in the field of renewable energy sources is partly based on the 
environmental movement in the late 70’s and early 80’s and the effects of the first oil crisis 
but mainly because of the government participation of the German green party between 
1998 and 2005. Germany supports renewables of all kinds in a wide range beginning from 
basic research and development, e.g. geothermal power, to incentives for market penetration 
of more mature technology like wind power and biomass.  

The special case of being a federal state with strong competences in the single “Länder” is 
not of that much importance than in other policy areas because all legislation is based on 
federal law however the “Länder” had and still have the power to promote and finance own 
projects and programmes according to their natural resources and political agendas.  

 

Historical review of renewable energy development101   

After the first oil crisis in 1973 the political leaders in Germany, as well as in all other 
European countries, set their focus concerning energy policy on an improved security of 
supply and more independence from oil. Since Germany had no important resources for 
energy production except for hard coal at that time (after the reunification lignite deposits in 
East Germany were also available) the energy production was based on this resource and 
nuclear power. However in 1974 the first research programmes dealing with renewable 
energy sources was introduced with a very modest spending of approx. 10 million Euros102. 
The biggest investments were used in research programmes for nuclear power and still a 
reasonable amount in the research for fossil fuels. A first attempt to create a market for 
renewables was the obligation of the utilities to buy “green energy”. Since there was no 
minimum tariff, this attempt had almost no impact on the promotion of renewables.  

Although the funding increased over time, reaching its highest point 1982, it declined 
afterwards until the nuclear accident in Chernobyl 1986. From this point on the public support 
for nuclear power changed until a majority of 70% of the population was against nuclear 
power. Additionally the beginning discussion about climate change caused the call of a 
parliamentary commission to propose measures and actions for the further development of 
energy policy. As a result the first feed-in law was introduced 1990 together with two 
programmes for market creation for wind power and photovoltaic. The buy back obligations 
of the utilities were not questioned because they considered it unimportant and were eager 
to enter the new East German market. In 1991 the market creation programmes started 
along with other programmes providing loans and grants and funds for research.  

There was a short period of uncertainty if the 1990 feed-in law, which was very important 
especially for wind power, would be extended which led to market stagnation between 1996 
and 1998 but growth continued after this problem was solved. During this time the 
governmental support for photovoltaics was rather poor. The feed-in law provided only little 
help and the critical mass for continuous growth was not reached. In this situation the Länder 

                                                 
101 Cp. Lauber, Volkmar; Mez, Lutz (2006): Renewable Electricity Policy in Germany, 1974 to 2005. Bulletin of 

Science Technology Society, Vol. 26, 2006, 105 – 120. Retrieved 070427, from Sage Publications database.  
102 1€ = 0.50 Deutsche Mark (currency at that time) 
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took over, financing further market introduction programmes together with municipal utilities 
and NGO’s like Greenpeace.  

After the 1998 government election the development gained new support, resulting in an 
increase of capacity build (Fig. 3). Several initiatives led to a stronger promotion and a 
secure environment for investment in renewable energy. The most important incentives 
came through the phase-out of nuclear power, the eco tax on electricity and petrol and the 
Climate Change Action Programme with strong objectives for the reduction of greenhouse 
gases and especially carbon dioxide along with new objectives for renewable energy. 
According to these major policy goals the promotion of renewables with supportive 
programmes continued and in 2000 the old feed-in law was replaced by the new Renewable 
Energy Act (REA). The last policy action of the Social Democrats (SPD) – Green Party 
government in this field was the amendment to the REA of 2004. The promotion of biomass 
was fostered by the 2001 Biomass Law. This branch has also shown good developments 
since then but further increased the speed of growth since the 2004 amendment to the REA. 

 Fig. 3: Installed wind power capacity in selected European countries (MW). 

 
Source: International Energy Agency (IEA) (annual). Electricity Information, OECD, 

 

2005 pre-scheduled elections took place and the new (current) government was led by the 
conservative Christian Democratic Union (CDU) in coalition with the SPD but it was fixed in 
the coalition treaty that the old policy of the former government would be continued 
according renewable energy.  
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Status of renewable energy  

Germany is today the leading nation in the European Union when it comes to absolute 
numbers of electricity production from wind power and photovoltaics, heat production from 
solar thermal installations and the production of biofuel for transport103.  

Renewables account for 10.2%104 of electricity production. Almost 50% of this comes from 
wind power generation. The second biggest source for renewable electricity is hydro power. 
The rest is biomass and renewable wastes, non renewable wastes and photovoltaics. 
Although a share of 10% sounds relatively small the total number of electricity produced by 
wind power is 4 times as much as for instance Denmark generates. This even more 
impressive if one considers that it was in the beginning of the 90’s when German policy 
turned into favour of renewables and until then the main focus of energy policy was on the 
development of nuclear power. The share of heat production of renewables was at 5.4% 
coming mainly from biomass (more than 95%)105.  

The 2002 law on the phase out of nuclear power is highly dependant on the political will on 
this issue it is not impossible that this agreement is going to be revoked after a new 
government will take power in 2009 depending on the majorities. Since this agreement, in 
combination with the debate around carbon dioxide is seen as an additional reason to 
promote the use of renewable energy in the past it is likely to be that in the case of 
revocation the support for renewables will break down like seen in Sweden before.   

However, the main driver for the strong increase of renewables in energy production is the 
Renewable Energy Act (REA) passed in the year 2000. Especially wind power generation 
has profited most from this law. This was equalised with the amendment of the REA in 2004. 
From then on all sources of renewable energy showed significant growth106. Partly because 
of this development, made possible by the government participation of the Green Party, 
Germany is ad was able to reach its intermediate objectives within the EU Directive on 
renewable energy and the national targets in time or even in advance. 

 

The success of renewable energy development due to the 2004 
Renewable Energy Act (REA) 

Maybe the most important law for the promotion of renewable energy in Germany is the 2004 
Renewable Energy Source Act (REA). It is the German basis for the feed-in tariffs and the 
buy-back obligations. Although the share of renewables in electricity supply as well as 
primary energy supply is relatively low it has made Germany one of the leading countries in 
market penetration and manufacturing of renewable energy technologies.  

 

                                                 
103 Cp. DG Energy and Transport (2007): Germany – Renewable Energy Fact Sheet. Retrieved 070502, from 

European Commission Website, full URL [26].  
104 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2007): Umweltpolitik – 

Erbeuerbare Energien in Zahlen – nationale und internationale Entwicklung - Stand: Januar 2007 - Internet-
Update, p. 12. Retrieved 070507, from Ministerial Official Website, full URL [27]. 

105 Ibid. 
106 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(2007): L.c., p.12. Retrieved 

070507, from Ministerial Official Website, full URL [27]. 
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The Renewable Energy Act (REA) 2000107

The latest success story of German renewable energy development is closely related to the 
feed-in law passed in 2000 revised in 2004. The 2000’s REA objective was the mere 
promotion and dispersion of renewable energy technologies in electricity production for the 
purpose of nature and climate protection and meeting the national target of doubling the 
share in domestic electricity supply.  

It basically featured the same system as its 2004 successor with small differences. A 
minimum price and a purchase obligation of the local grid operator together with a maximum 
20 duration of subsidy created high security for investors. The regional difference in supply of 
renewable energy is balanced by the dispersion of costs for the utilities to all customers 
throughout the country. The remuneration for the generated electricity is dependent on the 
used type of renewable source, the size of the production facility and, in the case of wind 
turbines, on the quality of the site for power generation.  

As improvement to the previous feed-in law (1991 -1999) electricity from biomass, 
photovoltaic and geothermal power production was also included in the minimum price 
scheme, which was now independent from the actual market price (fixed tariffs). Similar 
growths rates like occurred for wind power under the old system were expected, but did not 
show. Beginning from 2002 the remunerations started to decrease to create incentives for 
innovations in cost reduction and efficiency. Additionally a monitoring system was introduced 
to assess in two years interval the effectiveness of the feed-in prices and the degree of 
support degression.  

The utilities were now also eligible for the support for renewables under the tariff scheme but 
in return the hardship clause that enabled utilities with a share of 5% or more of renewable 
electricity in their responsibility to pass the costs onto the next level was abandoned.    

The Renewable Energy Act (REA) 2004108

Fig. 4: Feed-in tariffs of the REA 2004 As in the creation of the original 
law four years before the 
2004’s amendment was passed 
under the strong influence of 
the Green Party which 
managed further strengthen the 
environmental objectives of the 
law. The actual need to revise 
the law was due to the results 
of the 2002 monitoring report 
which pointed out some deficits 
and the obligation to adapt the 

                                                 
107 Cp. BMU Ministerial Official Website: http://www.erneuerbare-energien.de/inhalt/2676/. Retrieved 070507.  
108 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU)(ed.)(n.d.): Die wichtigsten 

Merkmale des Gesetzes für den Vorrang Erneuerbarer Energien (Erneuerbare Energien Gesetz) vom 21. Juli 
2004. Retrieved 070507, from Ministerial Official Website, full URL [28].  
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national legislation according to the EU Directive on renewable energy. The amendments 
was dedicated, beyond the 
promotion of renewable energy, 
to protect the nature and the 
climate by reducing the share of 
fossil fuelled energy production 
to prevent the society and later 
generations from future costs 
due to the negative impacts. 
Additionally the law shall help to 
reduce energy prices by 
internalising external costs. 
Actually instead of internalising 
external costs of fossil fuelled 
energy production and nuclear 
power the beneficial effects of 
renewable sources are 
internalised. By stating concrete 
targets like increasing the 
minimum share of renewables 
in electricity production to at 
least 12.5% in 2010 and 20% in 
2020 more clearly defined 
measures can be taken like the 
adaptation to changed 
circumstances on the market to 
meet the fixed objectives.  

Source: Holzer, Verena L. (2005): The Promotion of 
Renewable Energies and Sustainability: A Critical 
Assessment of the German Renewable Energies Act, p. 44. 
Intereconomics, 2005, 40, 36 – 45. Retrieved 070427, from 
Proquest database. 

Apart from clarified regulations 
for the grid management 
regulations between the 
generators and the utilities. Grid 
operators are obliged to 
purchase the electricity 
generated from renewables to a 
minimum price. The tariffs are 
set individually for every 
technology depending on the 
actual production costs 

especially the remunerations for biomass and geothermal power production have been 
improved compared to the 2000 law. The tariffs also include various categories of plant size 
and differ in matters of remuneration decrease between existing plants and newly build ones 
whereas the degression also applies for the date of commissioning (Fig.4).  

The allowances for producers of renewable energy in are fixed over the whole time period of 
20 years (15 for renovated hydro power between 5 and 150 MW, and 30 for small hydro 
power below 5 MW), except for wind power. Here there are two levels of remuneration. For 

 - 45 -

Besitzer
Linien



Renewable electricity generation in the European Union  René P. Fleschurz 
- Best practice, drawbacks and future challenges - 

the first five years a higher compensation is paid. After that the level decreases additional to 
the annual degression.  

The remuneration always decreases in various percentages depending on the technology to 
promote more incentives for cost reduction. The degression factor is annually 6.5% for 
photovoltaic systems on open land and 5% if they are integrated in buildings. The annually 
decrease for wind turbines is 2%, 1.5% for biomass and 1% for geothermal power plants. It 
is also differentiated if biomass plants use innovative technologies, (e.g. OCR, gasification, 
Kalina Cycle Process, gas turbines, Stirling engines or fuel cells) CHP and renewable 
sources, excluding wastes. In this case additional bonus can be paid. The Act also stipulates 
a guarantee of origin like required in the European directive 2001/77/EG.  

Criticism 

Right now the German REA is seen as the most successful law of the last 15 years for the 
promotion of renewable energy on a national level. Therefore there are already various 
assessments of this support scheme as Holzer, Verena L. or Lehr, Ulrike/Diekmann, Jochen. 
Most of these reports conclude with a very positive view on this law whereas the criticism 
mainly arise from the long ongoing debate on principles between the advantages and 
disadvantages of a more regulatory feed-in system or the market oriented quota system. 
Other points of critic arise from the laws consistency in terms of environmental protection.  

General 

It is not the intention to create another contribution to the never ending discussion between 
“good and evil”, feed-in and quota system, but the increasing costs of a feed-in tariff based 
system, mentioned by Holzer109 is somehow relevant in this work. Since the Danish premium 
system (similar to a fixed price feed in tariff) was stopped due to the massive costs caused 
through the high share of renewables in the energy system.  

The switch to a feed-in tariff or premium system with direct apportionment to the customers 
like in Germany would have released the financial burden of the budget but instead caused 
high customer prices. In addition to the “normal” market price in Denmark there are various 
taxes on energy consumption whereas in Germany these charges are only ¼ of the Danish 
burden. Together with the value added tax (VAT), which is almost twice as high in Denmark 
the prices for electricity are higher, approximately 6€cent/kWh, even if taking into account the 
higher basic price for electricity in Germany. At least this applies for private consume 
because there are various exemptions on these taxes for industry110. Another special feature 
of the REA is the declining remuneration which prevents a “cost explosion” despite a strong 
growth in capacity.   

Another factor whether or not a feed-in system is suitable for the national promotion of 
renewable energy is the market size. The strong growth of the German renewables sector, 
especially wind power and photovoltaics which cannot provide base load and cause 
instabilities in the grid, could cause massive problems. 

                                                 
109 Cp. Holzer, Verena L. (2005): The Promotion of Renewable Energies and Sustainability: A Critical 

Assessment of the German Renewable Energies Act, p. 44. Intereconomics, 2005, 40, 36 – 45. Retrieved 
070427, from Proquest database.  

110 Statistisches Bundesamt (ed.)(2006): Energie in Deutschland, Wiesbaden, p. 53.    
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Once again this shows that the success of feed-in laws like the German REA is strongly 
depending on the conditions on the national energy market and the level of penetration of 
renewables.    

The general critic that the promotion and development of renewables is much more cost 
intensive than for instance the increase of energy efficiency especially in the case of feed-in 
tariffs is valid but at some point one has to take into account that the stronger incentives 
created by a fixed price system are unavoidable in the long term to replace fossil fuelled 
energy production. In the case of Germany the probably higher costs are justified by the fact, 
although the European Court has revoked this argument, that there is a strong support for 
the manufacturing industry in these areas with a clear effect on the labour market.   

Additionally one can argue that the increasing costs are balanced by the imminent creation 
of a European energy market which supposed lead to more competition and therefore 
reduced prices.      

Specific 

Another criticism pointed out by Holzer is the lack of specific promotion to replace old and 
high polluting plants by renewable energy. She states that rather old but fully paid, and 
therefore cheap, plants will continue in power production rather than more environmental 
friendly plants with advanced filter technology. This argument is rather weak, although made 
before the introduction of the European Trade Certificate System (ETCS) its start was 
imminent. It is hard to belief that power companies, which are in a global competition, make 
any investments in new plant technology and new facilities just to decommission the plant 
before the end of its life cycle. Since the REA is only part of a set of measures and 
regulations to reduce greenhouse gases and the use of fossil fuels for energy production this 
is not the main objective.  

There will be some points to adjust in the next revision of the REA in 2008. For instance the 
support for power production from biomass which has much improved since the 2000 version 
and led to a strong increase of production in this area. Because of the evolving international 
market for biomass it is important to make sure that biomass in other countries especially in 
South East Asia is cultivated in an environmental friendly way.  

Almost all CHP plants in Germany switched from domestic resources like rape to the 
cheaper import of palm oil. In counties like Indonesia more and more natural forest areas are 
transformed into plantation111. Another example for the problems caused by the intensive 
use of biomass for energy production is the doubling of prices for corn, a stable food, in 
Mexico in the beginning of the year due to the high need of US biofuel producers112.  

But not only the international trade with biomass has unexpected impacts. Also the domestic 
agriculture is intensified again to cover the need for biomass. This is a serious flaw in the 
legal framework of the REA and is going to be addressed on the next revision. Otherwise the 
whole background thinking of environmental protection and reduced energy intensity is 
unaccounted.  

                                                 
111 Lingenfelser, Mike; Brendel, Frank (2007, March 12): Klimakiller Palmöl – Das schmutzige Geschäft mit 

Blockheizkraftwerken. Tagesschau. Retreived 070505, from http://www.tagesschau.de.  
112 Seils, Christoph (2007, April 11): Alles Bio oder was? Zeit. Retrieved 070505, from http://www.zeit.de.  
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Somewhat problematic seems to be also the wide exemptions for the industry, the so called 
hardship clause. Certain companies from Industrial and transportation sector may apply for a 
reduction of electricity purchased from renewable generation113. Among other things the 
company needs to prove that it purchased and consumed more than 10GWh of electricity 
and that these account for more than 15% of the cost of gross added value. The 2000 REA 
had a similar regulation but then the limit was set at 100GWh and 20% of gross added value. 
The extension of this privilege can be explained through the tense economical situation in 
that time and the resulting power of industrial unions and lobbies.  

Despite these problems and justified points for criticism the effectiveness of the REA, to 
promote and disperse renewable energy and to increase market penetration is undeniable. 
The lack of competition through market mechanisms can be explained by the traditional 
German preference of market regulation and since the results of quota systems in the UK 
and other European countries are less impressive there is no need for a drastic change in 
the support mechanism. However, the REA is not perfect and requires further adjustment to 
the market needs and arising challenges like the international market for biomass but also 
changed perspectives of technology. Therefore especially the degression rate for certain 
technologies might change in a revised version.   

 

Future outlook 

The good development of renewable energy in Germany through laws like the REA and the 
Biomass regulation, which stimulates the use of biomass for heating purposes, will probably 
continue as long as the tariffs remain basically unchanged. But in there are some facts that 
might have a negative influence on the prognosis of generators associations as well as 
governmental offices.  

All studies and reports predict, and more important rely on the strong development of the 
offshore wind sector as an important factor for creating more wind power capacity. But other 
than in Denmark or the United Kingdom so far none of the planned and largely approved 
offshore wind parks has been build. According to latest news the branch is reconsidering its 
engagement in this area because of the insufficient support throughout the REA and 
accompanying measures114. The next problem concerning wind power is the issue of grid 
connection. Since 2006 the utilities are obliged to establish the grid connection between the 
generators and the public grid which relieves them from this financial burden. But since the 
big energy companies are not eager to integrate competing energy suppliers in the grid in 
return for this relief, generators might experience delays in connecting their renewable 
energy plant/turbine with the grid.  

The problems with the provision of reserve power which partly occurred in Denmark are not 
problematic within the near future because of the relatively low share of wind and solar 
power within the energy mix. This might change if the phase out of nuclear power happens 
like it is planned. But these developments in the next 20-30 years are influenced by to many 
variables to give reliable predictions.  

                                                 
113 The electricity is not purchased directly from the generator.  
114 Waldermann, Anselm (2007, May 1): Ökobranche begräbt Hoffnung auf Meeres-Windparks. Spiegel. 

Retrieved 070505, from http://www.spiegel.de.  

 - 48 -

http://www.spiegel.de/


Renewable electricity generation in the European Union  René P. Fleschurz 
- Best practice, drawbacks and future challenges - 

Another uncertainty arises from the use of biomass already discussed above. How will the 
future support mechanisms assure environmental protection in the production process? A 
system of certificates, like proposed by some actors, might be difficult to establish and 
monitor especially in an international market.   
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Chapter 5 
 

Conclusive thoughts     
The different ways to produce energy from renewable sources have a broad variation of 
technological maturity and therefore competitiveness. Beginning at hydropower which can 
produce energy in absolute competition to fossil fuels or nuclear power, whereas hereby if 
any the external costs are not fully internalised. But despite the competitive advantage the 
future exploitation of rivers and the creation of artificial lakes is not an option in Europe 
because of reasons for environmental protection. However hydropower is, and will be a 
foundation in the future energy mix of the European Union.  

Wind power has also reached a level of competition in most countries, if taking into account 
the external costs of other production methods. However this is depending on the actual 
production site and the competing technologies, in Norway or Sweden for instance the 
electricity produced by hydropower is unrivalled regarding the costs, since most hydropower 
plants are already build and fully paid. Although the people consider wind power as 
environmental friendly and consider it an important factor in future energy mix generators of 
wind power face much more resistance by the local population than other renewable 
technologies. The so called NIMBY syndrome is strong developed and can only be reduced 
by early participation and information campaigns.  

The last possibility to produce electricity to competitive prices is the combustion of biomass 
in its various forms of appearance, liquid, solid or as a gas. Although the use especially of 
biological wastes has positive effects on the environment future challenges arise from the 
increased need for biomass especially energy crops and the additional resulting stress for 
the environment. Biomass and all its advantages as a renewable form of energy production 
can only endure if the production process of the biomass itself is also sustainable. Especially 
on the arising international market for biomass this is a severe problem. Solutions like a 
certification system for biomass, as already proposed, are difficult to implement and even 
more difficult to monitor. That is why the latest boom for biomass has to be critical assessed.  

The competitiveness of electricity production from solar power is strongly dependent on the 
place of plant erection and the type of technology in use. The first solar thermal plants have 
been approved for building in 2006 in Spain with more to come. In mid and northern Europe 
solar electricity is produced by photovoltaic cells. Since this technology is far from being 
mature the costs are relatively high and competitiveness will not be reached in the next ten 
years. However, most countries in the EU have R&D programmes for photovoltaics but its 
only Germany that has a noteworthy production of electricity from this.  

Even more immature is the use of geothermal power production at least independent from 
special locations with volcanic activity like in Italy for instance. The big potential for the 
energy production from this is qualified by the high need for R&D and the unknown effects on 
the environment since the impact on the bedrock is wide ranging and long time experience is 
yet not available.   

Although the European Union has no competences for legislation in the important field of 
energy the need for a common strategy is obvious. Since the single member states are 
obliged to open their national markets for energy and form an internal energy market the 
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dependencies among each other grow. Security of supply and international obligations for 
environmental protection are the driving forces and the common interest to implement the 
Lisbon Agenda in promoting renewable energy as a high-tech branch.  

Especially to provide the crucial security of supply it is not enough for some countries to 
become independent of oil, like Denmark for instance has been since 1997 or Sweden is 
becoming in the end of the next decade, according to the government objectives. Even these 
countries have a high dependence on natural gas and the EU as a whole is still depending 
on fossil fuels, oil and gas, with only limited deposits within its own territory. Since there are 
mainly two ways to reduce this dependency, one being nuclear power the other renewable 
energy sources, the promotion of the latter is important to foster market penetration as many 
renewables are not always competitive. 

The second driving force is to fulfil international agreements like the Kyoto Protocol and 
reduce greenhouse gas emissions. This again has mainly the two solutions previously 
mentioned. But one must not forget that there is always the aspect of increased energy 
efficiency which can help to reduce greenhouse gas emissions as well as dependency on 
fossils by simply reducing the total energy consumption.  

Therefore the EU has passed several directives which aim either on a increased efficiency or 
the promotion of renewable energy combined with clear objectives and time horizons.       

The European Union and its members now have to put more effort on the fulfilment of their 
existing objectives and create a reliable long term vision for the future development of 
renewable energy generation on the basis of existing instruments like the renewable energy 
directive. This is essential for the creation of new jobs, investments and innovations in this 
sector and to keep Europe’s leading role in this branch. The high potential of renewables can 
only be taped if the Community can create a homogeneous good environment for the 
generation of energy and especially electricity.  

The member states, especially the new ones, should learn from the experience made by the 
group of countries which were the driving force of renewable energy development in Europe 
over the past years. But despite the problems Europe is and should try to go on being a 
leader and a driving force in solving the international energy problems and the menace of 
climate change and although the EU has no competence in the field of energy policy, 
considering the previous development, there is a good chance to do so.  

Sweden, Denmark and Germany are three of the countries with a good performance in this 
field but with big differences on their way. All three countries started their efforts on 
renewable energy after the first oil crisis in begin of the 70’s. But unlike Sweden and 
Germany which focused on R&D for renewables and began to strengthen their electricity 
supply with nuclear power the then Danish government started the promotion of small scale 
biomass and wind turbines together with a wide field of actors involved. In the 80’s in 
Sweden and Germany the public opinion toward nuclear power switched with the 
consequence that Sweden planned to phase out nuclear power by 2010 and both countries 
strengthened their effort in the renewable sector. Meanwhile Denmark had first positive 
experiences with wind turbines on a small scale and biomass CHP plants. In the early 90’s 
the capacity of wind power also increased in Germany and Sweden but with huge 
differences in dynamic. The German capacity was, through the good promotion of the first 
feed-in law, almost twice the big as the Danish capacities in the mid 90’s while in Sweden 
through poorer support mechanisms there was only little development. Also the other sectors 
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mainly biomass and in addition photovoltaics in Germany showed strong development but 
still played a minor role in electricity production. The same was true for Denmark. In the two 
Scandinavian countries there were duties on combustion fuels for electricity generation 
which made biomass only feasible in heat production. Photovoltaic played in all three 
countries only minor role in electricity production but in Germany the manufactures profited 
from regional and “Länder” incentives and could create a small market for their products.  

Today Germany has, thanks to a refined feed-in law and political support on the government 
level become one of the world leaders in renewable energy technology and has the highest 
installed capacity of wind power in the world and has high growth rates in all other sectors of 
renewable energy. Denmark has, due to a new political agenda, reduced its support for the 
further increase of capacity in all technologies but keeps the current level of almost 20% 
share of electricity production from renewables. In addition the Danish energy grid is 
prepared for a further capacity build whether or not it is necessary. Sweden, however, could 
not participate on the strong growth of renewable energy in the two other countries due to 
political uncertainties and a turn back on nuclear power. The reason why Sweden has such a 
high share of electricity production comes from the high capacity of hydropower installed 
since the beginning of the 20th century.  

The turning point towards renewable energy can be marked in the early 70’s for all three of 
the countries and a process of capacity building during the 90’s, with Denmark having a head 
start of about 5 years in this development. However the three countries today have reached 
three different levels in renewable energy development.  

Denmark has reached a point where the share of decentralised and, in the case of wind 
power, unsteady production is putting the national grid to its edge. Although the reasons for 
the strong reduction of support measures are driven by political will Denmark would however 
probably face a phase of consolidation and grid reinforcement. To reduce the country’s high 
CO2 level it is unavoidable to involve renewable energy in the future development of the 
Danish energy sector. However the turn to a more market driven development might be too 
early since the European Emission Trading Scheme is still in its test phase and the internal 
market for energy in Europe is not implemented. In this case one can see how important the 
political will is for the development of renewables because although the EU has strengthened 
their commitment to renewables the national government is able to bring the strong 
development in Denmark almost to a halt.    

Germany, despite of its enormous growth in the last years is still in the phase of capacity 
building. Since the German energy market is huge compared to Sweden and Denmark the 
share of renewables in electricity production is still relatively low with only around 10%. To 
reach the national target of 20% in 2020 a continuous growth is required and probably can 
be handled within today’s energy system. In opposite to Denmark Germany is one example 
where the development took speed after the government’s commitment to renewables. 
Without the Green Party participation it is highly questionable if Germany would inherit today 
a leading role in the international renewable energy development.     

Sweden on the other hand is still in the take of phase for “new” renewables. Since it is not 
feasible from the producer’s perspective to build additional non-greenhouse gas emitting 
capacities for electricity production it will be interesting to follow the development initiated by 
the new certificate scheme. Despite high funding and good results in the R&D of renewables 
the market penetration of renewables is still quite low if hydro power is not considered. This 
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is partly because of the Swedish energy structure with its high share of hydropower as 
renewable energy source and partly because of the lack of commitment to renewables by the 
current government as well as the previous ones.  

This shows that despite a not so different starting point the development of a new industry 
can hardly be planned. All three countries had the need to become more independent from 
fossil fuels and tried to achieve this, in meanwhile, without the use of nuclear power, with 
similar objections by the utilities and grid operators. But as presented the outcome is very 
different because of concurring political agendas and different market needs and conditions.     
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