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ForEWorD

Dear Readers,

The consistent and rapid expansion of renewable energies is a core element of a modern,  
sustainable and secure energy system in Germany. The extensive package of measures which 
was adopted by the German Bundestag on 30 June 2011 created essential conditions for 
speeding up the expansion process. Implementing these diverse measures is a major chal-
lenge for our country.

In view of what we have already accomplished, I am very confident that, by working together 
with citizens, companies, energy utilities and not least the stakeholders in the renewable en-
ergies sector, we will succeed in implementing these measures over the coming decades on 
the basis of a broad social consensus.

This brochure shows the development of renewable energies for 2010 and provides an over-
view of the developments during the preceding years. For instance, in the electricity sector 
alone the share of renewables in electricity consumption has increased from 6.4 percent to 
around 17 percent within the past ten years. By 2020 at the latest, this share is to rise to at 
least 35 percent. In the coming years, heat and cold from renewable sources, biogenic fuels 
and electric mobility will also gain further importance and play a greater role in our energy 
supply. Renewable energies avoid climate-damaging emissions and are consequently also 
good for our environment. They strengthen our economy and create jobs in a sector with 
huge potential for growth. Therefore, while our aim to cover at least 80 percent of electricity 
consumption and at least 60 percent of total energy consumption with renewables by 2050 is 
very ambitious, it is nevertheless feasible, and I will continue to do everything in my power 
to forward this goal.

Dr. Norbert Röttgen
Federal Minister for the Environment, Nature Conservation and Nuclear Safety
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Working Group on Renewable Energies – 
Statistics (AGEE-Stat)

In collaboration with the Federal Ministry of Economics and Technology and the Fed-
eral Ministry of Food, Agriculture and Consumer Protection, the Federal Ministry for 
the Environment, Nature Conservation and Nuclear Safety established the Working 
Group on Renewable Energies – Statistics (AGEE-Stat) to ensure that all statistics and 
date relating to renewable energies are part of a comprehensive, up-to-date and co-
ordinated system. The results of AGEE-Stat’s work form part of this publication.

AGEE-Stat is an independent expert body and has been working since February 2004.  
Its members include experts from 

ó	 the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU),

ó	 the Federal Ministry of Economics and Technology (BMWi),

ó	 the Federal Ministry of Food, Agriculture and Consumer Protection (BMELV), 

ó	 the Federal Environment Agency (UBA),

ó	 the Federal Statistical Office (StBA),

ó	 the Agency for Renewable Resources (Fachagentur Nachwachsende Rohstoffe e.V. – FNR),

ó	 the Working Group on Energy Balances (Arbeitsgemeinschaft Energiebilanzen e.V. – AGEB), and 

ó	 the Centre for Solar Energy and Hydrogen Research Baden-Württemberg (Zentrum für 
Sonnenenergie- und Wasserstoff-Forschung Baden Württemberg – ZSW).

the “Data Service” section of the BmU 

renewable energies website, at 

www.erneuerbare-energien.de, contains regu-

larly updated data on the situation with regard 

to the development of renewable energies in 

Germany, including their environmental impacts. 

the data published in this brochure for 2010, and 

to some extent for preceding years as well, are 

provisional and reflect the situation at the time 

of going to press in July 2011.

the BmU renewable energies website also in-

cludes diagrams and tables with up-to-date data, 

and further information about renewable energy 

in general.

WorKinG GroUp on rEnEWABLE EnErGiES – StAtiStiCS (AGEE-StAt)
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WorKinG GroUp on rEnEWABLE EnErGiES – StAtiStiCS (AGEE-StAt)

At the beginning of 2010, Dr. Musiol (Centre for Solar Energy and Hydrogen Research Baden-
Württemberg) was appointed head of the Working Group on Renewable Energies – Statistics.

AGEE-Stat’s activities focus primarily on renewable energy statistics. The working group also 
has the task of

ó	creating a basis for meeting the German government’s various national, EU-wide and 
international reporting obligations in the field of renewable energies, and

ó	providing technical information on renewable energy data and development.

A variety of research work is carried out within AGEE-Stat to improve the data basis and the 
scientific calculation methods. The work of the group is also supported by workshops and 
consultations on selected technical topics.

Further information on AGEE-Stat and on renewable energies can be found on BMU website: 
www.erneuerbare-energien.de.
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rEnEWABLE EnErGiES in GErmAnY

PART I: 
GERMANY ADVANCING INTO THE AGE OF  
RENEWABLE ENERGY

In its Cabinet decisions of 6 June 2011 on the basis of the Energy Concept, the German 
government confirmed an extensive reorientation of its energy policy: It is to undertake a 
speedy phase-out of nuclear energy and at the same time move into the age of renewable 
energy. The German government also regards its decisions as a milestone in Germany’s 
economic and social development. The cornerstones are:

ó	Use of nuclear power to cease not later than the end of 2022,

ó	Dynamic expansion of renewable energies in all sectors,

ó	Rapid expansion and modernisation of electricity grids,

ó	 Improvements in energy efficiency, especially through energy-saving building refurbish-
ment and use of modern technologies to minimise electricity consumption.

The German government’s Energy Concept will ensure that energy supply remains reli-
able, nobody finds energy costs unaffordable, Germany’s position as an industrial location is 
strengthened, and the climate objectives are rigorously implemented. 

Phasing-out nuclear energy

Following the Fukushima nuclear power plant disaster, the German government has reevalu-
ated the residual risks of nuclear power and decided to phase-out the use of nuclear power 
more quickly. The phase-out will be regulated in clear and legally binding form in a step-by-
step plan set out in an amendment to the Atomic Energy Act. The last nuclear power plant is 
to be disconnected from the grid by the end of 2022.

Revision of the Renewable Energy Sources Act (EEG)

Under the Energy Concept, renewable energies will be the mainstay of the future energy sup-
ply system. Their share of electricity supply is to more than double by 2020 (at least 35 % by 
2020 at the latest). To make this possible, a revised version of the Renewable Energy Sources 
Act (EEG), adopted in mid-2011, is to come into force on 1.1.2012. This tried and tested regu-
lation will enable electricity generation from renewables to continue to rise steadily and im-
prove the integration of renewables into the market and the energy system. The principles 
– priority purchase of renewable electricity and fixed feed-in payments – will remain un-
changed. Thus, as before, the EEG is not a form of subsidy. Furthermore, the system of pay-
ment is to be simplified and made more transparent. An optional market bonus is also to be 
introduced as an incentive to market-oriented operation of installations for the use of renew-
able energy sources. The EEG is anchored in EU Directive 2009/28/EC on the promotion of the 
use of renewable energy.
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rEnEWABLE EnErGiES in GErmAnY

Expansion of power grids

In future our electricity grid system must be developed and improved to ensure that it is bet-
ter equipped for transporting electricity from renewable energies. Against this background, 
the German government has approved plans to amend the Energy Management Act (Ener-
giewirtschaftsgesetz) so that, for the first time, it facilitates coordinated nationwide planning 
of grid expansion. Through strong public involvement, the proposed rules will ensure a large 
measure of transparency, making it possible to generate great acceptance for grid expansion. 
In addition, the proposed “Act concerning measures to speed up the expansion of power grids” 
(Gesetzentwurf über Maßnahmen zur Beschleunigung des Netzausbaus Elektrizitätsnetze) is 
to make it possible to ensure faster construction of very-high-voltage transmission lines. The 
electricity grids are also due to be modernised, for instance through “Smart Grids”. 

Energy and Climate Fund

To finance the accelerated energy revolution, the German government has established a spe-
cial “Energy and Climate Fund”. This resource will be used to fund, among other things, CO

2
 

building refurbishment and research and development on energies and storage technologies. 
With effect from 2012, all revenue from the auctioning of emission allowances will be paid 
into the fund, which will have 3 billion EUR per annum at its disposal from 2013 onwards. 

The changeover will be a great challenge – but also a great opportunity: Germany has the 
prospect of becoming a model industrialised country with a highly efficient energy sys-
tem based on renewable energies. Thus we can pioneer the way, setting an example to the 
world of an economically successful and sustainable energy revolution. Advancing into a fu-
ture with no additional ecological burdens and no dependence on expensive energy imports 
opens up outstanding new opportunities for our country in the fields of exports, jobs and 
growth.

Renewable energies: goals of the German government

RE share in electricity

At the latest [%]

2020 at least 35

2030 at least 50

2040 at least 65

2050 at least 80

RE share in gross final energy consumption

[%]

2020 18

2030 30

2040 45

2050 60

By 2020 the German government aims to raise the renewables‘ share in total heat supply to 
14 percent, and to 10 percent in final energy consumption in the transport sector.

These targets will also help to lower greenhouse gas emissions in Germany by 40 percent by 
2020 and by 80 to 95 percent by 2050 (compared to 1990). To this end, the government aims 
to reduce electricity consumption by 10 percent by 2020 and by 25 percent by 2050, while 
primary energy consumption is to fall by 20 percent by 2020 and 50 percent by 2050.
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Renewable energies in Germany: 
The most important facts in 2010 at a glance

This is what renewable energy sources achieved in 2010:

ó	17.0 % of gross electricity consumption (2009: 16.3 %)

ó	9.5 % of final heat energy consumption (2009: 8.9 %)

ó	5.8 % of motor fuel consumption (2009: 5.5 %)

ó	10.9 % of total final energy consumption – electricity, heat and mobility (2009: 10.3 %)

ó	Greenhouse gas emissions avoided came to 118 million tonnes CO
2
 equivalent

ó	 Investments triggered totalled 26.6 billion EUR (2009: 19.9 billion EUR)

ó	367,400 people employed in the renewable energies sector (2009: 339,500)

Investment and employment reach record levels

At 26.6 billion EUR, investment in the construction of installations for using renewable energy 
sources reached a new record level in 2010, and this was largely due to the boom in photo-
voltaic systems. Employment also reached new record levels: 367,400 people were employed 
in the renewable energies sector.

Renewable energies‘ shares of the energy supply in Germany

18
16
14
12
10
8
6
4
2
0

Share of total FEC Share of gross  
electricity consumption

Share of FEC for heat Share of  
fuel consumption

Share of pEC

[Figures in %]

3.2

10.9
2008
2006
2004
2002
2000

2009

1998

2010

4.7

17.0

3.6

9.5

0.2

5.8

9.4

2.6

At A GLAnCE

Sources: BmU on the basis of AGEE-Stat and other sources; see following tables
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at a glance

Renewable energy share increases despite rising energy consumption

Once the economic crisis had been overcome, there was a renewed sharp rise in energy con-
sumption in Germany in 2010. However, energy production from renewable sources showed 
such a large increase that the trend of its growing share in all fields remained unbroken.

Lull in wind energy

Net additions to wind energy capacity installed in 2010 were down on the year before, at 
1,488 MW (2009: 1,880 MW). Despite the increase in capacity, electricity generation also 
showed a decrease as a result of unusually poor wind conditions and amounted to only 
37.8 TWh. In a year of average winds the wind energy installations in place would have pro-
duced about 5 TWh more electricity.

Ongoing upward trend in biomass utilisation

In the field of biomass, the trend towards power generation from biogas continued. A total of 
26.9 TWh of electricity was generated in 2010 from solid, liquid and gaseous biomass (includ-
ing landfill and sewage gas and biogenic waste the figure came to 33.3 TWh); some 3.8 mil-
lion tonnes of biofuels were sold. Sales of pellet heating systems were down on the year be-
fore, however.

Photovoltaic soaring high

With the construction of around 7,400 MW of new capacity, Germany was once again the 
“photovoltaic world champion”. At around 11.7 TWh, its share of gross electricity consump-
tion rose to just under 2 %. However, the increase in the collector area for solar thermal en-
ergy fell well short of the previous year’s figure, at 1.14 million m2.
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energy supply

Contribution of renewable energies to the energy supply and  
greenhouse gas emission reductions in Germany in 2010

Final energy
2010

Share of  
final energy  
consumption 

Avoided  
GHG emissions

Final energy 
2009

[GWh] [%] [1,000 t] [GWh]

El
ec

tr
ic

it
y 

ge
ne

ra
ti

on

Hydropower 1) 20,630

Sh
ar

e 
of

 e
le

ct
ri

ci
ty

 c
on

su
m

pt
io

n 
9)

3.4 16,390 19,059
Wind energy 37,793 6.2 27,800 38,639

on land 37,619 6.2 26,672 38,602
at sea (offshore) 174 0.03 128 38

photovoltaics 11,683 1.9 7,934 6,583
Biogenic solid fuels 11,800 1.9 9,185 11,356
Biogenic liquid fuels 1,800 0.3 1,084 2,009
Biogas 13,300 2.2 7,517 10,757
sewage gas 1,101 0.2 824 1,057
landfill gas 680 0.1 509 810
Biogenic fraction of waste 2) 4,651 0.8 3,594 4,352
geothermal energy 27.7 0.005 14 19
Total 103,466 17.0 74,850 94,641

He
at

 g
en

er
at

io
n

Biogenic solid fuels (households) 3) 72,700

Sh
ar

e 
of

 F
EC

 fo
r 

he
at

 10
)

5.1 21,928 62,016
Biogenic solid fuels (industry) 4) 20,400 1.4 6,192 19,818
Biogenic solid fuels (Hp/cHp) 5) 7,200 0.5 2,062 6,222
Biogenic liquid fuels 6) 4,100 0.3 1,135 4,583
Biogas 7,600 0.5 1,192 6,507
sewage gas 7) 1,086 0.1 289 1,076
landfill gas 360 0.03 96 419
Biogenic fraction of waste 2) 11,850 0.8 3,460 10,863
solar thermal energy 5,200 0.4 1,168 4,733
Deep geothermal energy 285 0.02 18 291
near-surface geothermal energy 8) 5,300 0.4 443 4,640
Total 136,081 9.5 37,982 121,168

Fu
el

Biodiesel 26,520

Sh
ar

e 
of

 fu
el

co
ns

um
pt

io
n 

11
) 4.3 3,639 25,972

Vegetable oil 636 0.1 112 1,043
Bioethanol 8,541 1.4 1,236 6,748
Total 35,697 5.8 4,987 33,763

Total 275,244 FEC 12) 10.9 117,819 249,572

For information on photovoltaic electricity production and heat production 
from solar thermal energy, see annex, section 1.

1) In the case of pumped storage power plants: only electricity generation 
from natural inflow

2) Biogenic component of waste in waste incineration plants is taken as 50 % 

3) largely wood, including wood pellets

4) Industry = operations in the mining and quarrying sectors and in the 
manufacturing industry, pursuant to section 8 of the energy statistics act 
(enstatg) 

5) pursuant to sections 3 and 5, energy statistics act (enstatg)

6) Heat including paper industry (spent sulphite liquor) and other industries

7) Includes figure for use of heat in sewage plants

8) Including air/water, water/water and brine/water heat pumps

9) Based on gross electricity consumption of 607.8 tWh in 2010, 
pursuant to ageB [64]

10) Final energy consumption of 1,425 tWh (5,130 pJ) in 2010 for space 
heating, hot water and other process heat (estimate by ZsW)

11) Based on motor fuel consumption  
of 618.6 tWh (excluding jet fuel) in 2010, pursuant to BaFa [145] 

12) Based on final energy consumption 2010 of 2,517 tWh (9,060 pJ) 
according to ageB [2]

sources: BMu on the basis of agee-stat and other sources; see following tables
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energy supply

Renewable energy shares of energy supply in Germany,  
1990 and 1998 to 2010

1990 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Final energy consumption 
(FEC)

[%] [%]

electricity generation
(based on total gross
electricity consumption)

3.1 4.7 5.4 6.4 6.7 7.8 7.5 9.2 10.1 11.6 14.3 15.1 16.3 17.0

Heat generation
(based on total heat
generation)

2.1 3.6 3.8 3.9 4.2 4.3 5.0 5.5 6.0 6.2 7.4 7.3 8.9 9.5

Fuel consumption 1) 
(based on total fuel
consumption)

0.0 0.2 0.2 0.4 0.6 0.9 1.4 1.8 3.7 6.3 7.2 5.9 5.5 5.8

Renewable energies‘
share of total FEC

1.9 3.2 3.4 3.8 4.1 4.5 5.0 5.9 6.8 8.0 9.5 9.3 10.3 10.9

Primary energy
consumption (PEC)

[%] [%]

Renewable energies‘
2)share of total PEC 

1.3 2.6 2.8 2.9 2.9 3.2 3.8 4.5 5.3 6.3 7.9 8.1 8.9 9.4

1)  Basis until 2002: motor fuel consumption by road traffic; from 2003: 
total consumption of motor fuel, excluding jet fuel

2)  calculated by the physical energy content method, pursuant to ageB [4] 

sources: BMu on basis of agee-stat after VDeW [8], [9], [10]; DIW [13], eeFa [67] and BDeW [11] and other sources, see pages 16, 20 and 22

Development of renewable energy shares of final and primary energy consumption  
in Germany since 1998

renewable energies‘ share of Fec

renewable energies‘ share of pec

12

10

8

6

4

2

0

[ %
]

1998 20091999 2000 2001 2002 2003 2004 2005 2006 2007 2008 20101990

3.2
2.6

3.4
2.8

3.8

2.9

4.1

2.9

4.5

3.2

5.0

3.8

5.9

4.5

6.8

5.3

8.0

6.3

9.5

7.9

9.3

8.1

10.3

8.9

10.9

9.4

1.9
1.3

sources: see table above
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Final energy consumption in Germany, 2010 
– Shares met by renewable energies

Renewable energy shares of total final energy consumption in Germany, 2010

total: 9,060 pJ 1)

re share
10.9 %89.1 %

non-renewable energy resources
(hard coal, lignite, petroleum,

natural gas and nuclear  
energy)

Hydropower
0.8 %
Wind energy
1.5 %

Biomass 2)

7.7 %

Other renew-
able energies
0.9 %

Final energy supply from renewable energies:  

approx. 275 TWh (991 PJ) 

(10.9 % of total final energy consumption)

1)  eeFa estimate

2)  solid, liquid, gaseous biomass  
(biogas, sewage gas and landfill gas), 
biogenic fraction of waste and biogenic 
motor fuels

sources: BMu on basis of agee-stat, ZsW [1]; after ageB [4] and other sources, cf. p. 12

Structure of renewables-based final energy supply in Germany, 2010

solar thermal energy

photovoltaics

Hydropower

Wind energy

Biofuels

Biogenic fuels, electricity1)

Biogenic fuels, heat 1)

geothermal energy

total: 275 tWh

13.0 % 12.1 %

13.7 %

7.5 %

4.2 %
2.0 % 1.9 %

45.5 %

1)  Biogenic solid fuels, biogenic liquid 
and gaseous fuels (biogas, sewage and 
landfill gas), biogenic fraction of waste

sources: BMu on basis of agee-stat and other sources, see pages 16, 20 and 22

Development of renewables-based final energy supply in Germany, by sectors

300

250

200

150

100

50

0
1990 1992 1994 1996 1998 2000 2002 2004 2006

[ t
W

h]

Fuel

Heat

electricity

shares 2010

13.0 %

37.6 %

49.4 %

2008 2010

energy supply

sources: BMu on basis of agee-stat and other sources, see pages 16, 20 and 22
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energy supply

Structure of renewables-based energy supply  
in Germany, 2010

Structure of renewables-based electricity
supply in Germany, 2010

36.5 %

11.3 %
19.9 %

11.4 %

12.9 %

4.5 %
0.7 %

1.1 %
1.7 %

Hydropower

Biogenic liquid fuels

Biogenic solid fuels

photovoltaics

Wind energy

Biogas

landfill gas

sewage gas

Biogenic fraction of waste

Electricity supply from renewable energies: 103.5 TWh

(share of total electricity consumption: 17.0 %)

geothermal electricity generation is not 
shown due to the small quantities involved

sources: BMu on basis of agee-stat and other sources, see table on page 16

Structure of renewables-based heat  
supply in Germany, 2010

53.4 %

15.0 %

5.3 %

3.0 %
6.6 %

8.7 %
3.8 %0.2 %

3.9 %

Biogenic solid fuels (households)

Biogenic fraction of waste

Biogenic gaseous fuels

Biogenic liquid fuels

Biogenic solid fuels (cHp/Hp)

Biogenic solid fuels (industry)

Deep geothermal energy

solar thermal systems

near-surface geothermal energy

Heat production from renewable energies: 136.1 TWh

(share of total heat consumption: 9.5 %)

sources: BMu on basis of agee-stat and other sources, see table on page 20

Structure of renewables-based motor fuel
supply in Germany, 2010

74.3 %

23.9 %

1.8 %

Biodiesel

Vegetable oil

Bioethanol

Biogenic fuels: 35.7 TWh

(share of total motor fuel consumption: 5.8 %)

Biofuel quantities 2010:
Biodiesel: 2,582,000 tonnes, 
2,924 million litres;
Vegetable oils: 61,000 tonnes,  
66 million litres;
Bioethanol: 1,158,000 tonnes, 
1,460 million litres

sources: BMu on basis of agee-stat and other sources, see table on page 22
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electrIcIty supply

Development of renewables-based energy production  
in Germany, 1990 to 2010

Electricity generation (final energy) from renewable energies in Germany since 1990

Hydro- 
power 1)

Wind
energy

Biomass 2)

Biogenic
fraction of

waste 3)

Photo-
voltaics

Geoth.
energy

Total
electricity
generation

Share of gross
electricity

consumption

[GWh] [GWh] [%]

1990 15,580 71 221 1,213 1 0 17,086 3.1
1991 15,402 100 260 1,211 2 0 16,974 3.1
1992 18,091 275 296 1,262 3 0 19,927 3.7
1993 18,526 600 433 1,203 6 0 20,768 3.9
1994 19,501 909 569 1,306 8 0 22,293 4.2
1995 20,747 1,500 665 1,348 11 0 24,271 4.5
1996 18,340 2,032 759 1,343 16 0 22,490 4.1
1997 18,453 2,966 880 1,397 26 0 23,722 4.3
1998 18,452 4,489 1,642 1,618 32 0 26,233 4.7
1999 20,686 5,528 1,849 1,740 42 0 29,845 5.4
2000 24,867 7,550 2,893 1,844 64 0 37,218 6.4
2001 23,241 10,509 3,348 1,859 76 0 39,033 6.7
2002 23,662 15,786 4,089 1,949 162 0 45,648 7.8
2003 17,722 18,713 6,086 2,161 313 0 44,995 7.5
2004 19,910 25,509 7,960 2,117 556 0.2 56,052 9.2
2005 19,576 27,229 10,978 3,047 1,282 0.2 62,112 10.1
2006 20,042 30,710 14,841 3,844 2,220 0.4 71,657 11.6
2007 21,169 39,713 19,760 4,521 3,075 0.4 88,238 14.3
2008 20,446 40,574 22,872 4,659 4,420 17.6 92,989 15.1
2009 19,059 38,639 25,989 4,352 6,583 18.8 94,641 16.3
2010 20,630 37,793 28,681 4,651 11,683 27.7 103,466 17.0

For electricity generation from photovoltaic energy, see annex, section 1.

1) In the case of pumped storage power plants: only electricity generation 
from natural inflow

2) until 1998: only feed-in to the general supply grid; figures from 2003 
also include industrial electricity production from liquid biomass (spent 
sulphite liquor)

3) Biogenic component of waste in waste incineration plants is taken 
as 50 %

sources: BMu based on agee-stat, ZsW [1]; VDeW [17], [18], [22], [27], [28], [29]; ageB [2]; BDeW [6], [23]; ÜnB [68]; stBa [21]; sFV [26]; 
erdwärme-Kraft gbr [41]; geo x [42]; geothermie unterhaching [42]; pfalzwerke geofuture [43]; ewb Bruchsal [44]; energie ag Oberösterreich [45], DBFZ [12]
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Development of electricity generation from renewable energies in Germany since 1990
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geothermal electricity generation 

is not shown due to the small quan-

tities involved

sources: BMu on basis of agee-stat and other sources, see table on page 16

Installed capacity for renewables-based electricity generation in  
Germany since 1990

Hydro-
power

Wind
energy

Biomass 
Biogenic
fraction
of waste

Photo-
voltaics

Geo-
thermal 
energy

Total 
capacity 

[MW] [MW] [MW] [MW] [MW ]
p

[MW] [MW]

1990 4,403 55 85 499 1 0 5,043
1991 4,446 106 96 499 2 0 5,149
1992 4,489 174 105 499 3 0 5,270
1993 4,509 326 144 499 5 0 5,483
1994 4,529 618 178 499 6 0 5,830
1995 4,546 1,121 215 525 8 0 6,415
1996 4,563 1,549 253 551 11 0 6,927
1997 4,578 2,080 318 527 18 0 7,521
1998 4,600 2,877 432 540 23 0 8,472
1999 4,547 4,439 467 555 32 0 10,040
2000 4,600 6,097 579 585 76 0 11,937
2001 4,600 8,750 696 585 186 0 14,817
2002 4,620 11,989 843 585 296 0 18,333
2003 4,640 14,604 1,091 847 435 0 21,617
2004 4,660 16,623 1,444 1,016 1,105 0.2 24,848
2005 4,680 18,390 1,964 1,210 2,056 0.2 28,300
2006 4,700 20,579 2,620 1,250 2,899 0.2 32,048
2007 4,720 22,194 3,434 1,330 4,170 3.2 35,851
2008 4,740 23,836 3,969 1,440 6,120 3.2 40,108
2009 4,760 25,716 4,519 1,550 9,914 7.5 46,467
2010 4,780 27,204 4,960 1,650 17,320 7.5 55,922

notes: until the end of 1999, the figures for the 
installed electrical capacity of biomass installa-
tions include only “power plants for the general 
public supply” and “other parties feeding in 
renewables-based electricity”. In each case the 
information on installed capacity relates to the 
figure at the end of the year.

sources: BMu based on agee-stat and VDeW 
[17], [18], [22], [27], [28], [29], BDeW [30]; 
enBW [39]; Fichtner [40]; BWe [47]; DeWI et 
al.[33]; DeWI [48]; BsW [51]; Ie [58]; DBFZ 
[12]; ItaD [66]; erdwärme-Kraft gbr [41]; 
geo x gmbH [42]; geothermie unterhaching 
[42]; pfalzwerke geofuture [43]; ewb Bruchsal 
[44]; energie ag Oberösterreich [45]; Bnetza 
[52], [74]; ZsW [1] after [71]
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InstalleD capacIty

Average rate of growth of installed electricity generation capacity in Germany

1)  In the case of geothermal power generation, the growth rate for 2005/2010 was calculated.

sources: BMu on basis of agee-stat and other sources, see table on page 17
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InstalleD capacIty

Shares of total renewables-based installed capacity in the electricity
sector in Germany, 2000 and 2010

Hydropower

Wind energy

Biomass

photovoltaics

2000:
11,937 MW 

total

9.8 %

38.5 %

51.1 %

0.6 %

2010:

55,922 MW 
total

8.5 %

48.6 %

11.8 %

31.0 %

geothermal power plants are not shown here because of their very small share.

Since the entry into force of the Renewable Energy Sources Act (EEG) in 2000, total installed 
capacity for renewables-based electricity generation has shown an almost fivefold increase. 
The importance of hydropower declined considerably during the same period.

sources: BMu on basis of ageestat and other sources, see table on page 17
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Heat supply

Heat supply from renewable energies in Germany since 1990

Biomass 1)
Biogenic

fraction of
waste 2)

Solar thermal
energy 3)

Geothermal
energy 4)

Total heat
generation

Share of heat
consumption

 [GWh]  [GWh] [%]

1990 28,265 2,308 107 1,515 32,195 2.1
1991 28,360 2,308 169 1,517 32,354 2.1
1992 28,362 2,308 221 1,522 32,413 2.1
1993 28,368 2,308 280 1,530 32,486 2.1
1994 28,375 2,308 355 1,537 32,575 2.2
1995 28,387 2,308 440 1,540 32,675 2.1
1996 28,277 2,538 549 1,551 32,915 2.0
1997 45,591 2,290 690 1,569 50,140 3.2
1998 49,740 3,405 848 1,604 55,597 3.6
1999 50,858 3,674 1,026 1,645 57,203 3.8
2000 51,419 3,548 1,261 1,694 57,922 3.9
2001 58,220 3,421 1,587 1,765 64,993 4.2
2002 57,242 3,295 1,884 1,855 64,276 4.3
2003 69,182 3,169 2,144 1,956 76,451 5.0
2004 75,376 3,690 2,443 2,086 83,595 5.5
2005 79,746 4,692 2,778 2,294 89,510 6.0
2006 83,023 4,911 3,218 2,762 93,914 6.2
2007 86,670 4,783 3,638 3,415 98,506 7.4
2008 93,133 5,020 4,134 4,168 106,455 7.3
2009 100,641 10,863 4,733 4,931 121,168 8.9
2010 113,446 11,850 5,200 5,585 136,081 9.5

1)  survey method modified in 1996/1997; from 2003 onwards, unlike previous years, the figures are based on sections  
3 and 5 (cHp and heating plants) and section 8 (industry) of the energy statistics act of 2003, and heat utilisation in 
sewage gas plants

2)  Figures for 1990 to 1994 equated with 1995, figures for 2000 to 2002 estimated in the light of figures for 1999 and 
2003. Biogenic component of waste in waste incineration plants is taken as 50 %. the increase in the heat sector in 
2009 compared with the year before is due to first-time inclusion of newly available data.

 this is a statistical adjustment which does not permit any conclusions about the actual expansion of use.

3)  useful energy; takes decommissioning of old plants into account

4)  Including heat from deep geothermal energy and from air/water, water/water and brine/water heat pumps.

sources: BMu based on agee-stat and ZsW [1]; stBa [21]; Iea [65]; ageB [4], [69], [70]; BsW [51]; Zfs [54];  
after Ie et al. [58]; after ItW [72]; gZB [59]; lIag [61]; BWp [3], DBFZ [12]

Solar heat: development of area and capacity of solar collectors in Germany since 1990

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

cumulative 
area

[1,000 m2] 348 478 594 762 957 1,167 1,460 1,816 2,182 2,624 3,252

cumulative 
output

[MW] 244 335 416 534 670 817 1,022 1,271 1,527 1,837 2,276

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

cumulative 
area

[1,000 m2] 4,149 4,679 5,395 6,151 7,099 8,501 9,437 11,331 12,909 14,044

cumulative 
output

[MW] 2,904 3,275 3,777 4,306 4,969 5,951 6,606 7,931 9,036 9,831

sources: BMu based on agee-stat and ZsW [1]; Zfs [54]; BsW [51]
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Heat supply

Development of heat supply from renewable energies in Germany since 1997

Geothermal energy

Biomass

Biogenic fraction
of waste

solar thermal energy

[ t
W

h]

shares, 2010
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4.1 %
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sources: BMu based on aGee-stat and ZsW [1]; stBa [21]; Iea [65]; aGeB [4], [69], [70]; BsW [51]; Zfs [54]; after Ie et al. [58]; 
after ItW [72]; GZB [59]; lIaG [61]; BWp [3], DBFZ [12]

Additions to solar collector capacity in Germany since 1990
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Diagram takes account of decommissioning of old installations; combined solar thermal installations: hot water heating and central 
heating support

sources: BMu based on aGee-stat and ZsW [1]; Zfs [54]; BsW [51]
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Fuel supply

Fuel supply from renewable energies in Germany since 1990

Biodiesel Vegetable oil Bioethanol
Total

biofuels
Share of fuel

1)consumption 

[GWh] [GWh] [%]

1990 0 N/A 0 0 0
1991 2 N/A 0 2 0
1992 52 21 0 73 0.01
1993 52 31 0 83 0.01
1994 258 42 0 300 0.05
1995 310 63 0 373 0.06
1996 516 84 0 600 0.09

1997 825 94 0 919 0.1
1998 1,032 115 0 1,147 0.2
1999 1,341 146 0 1,487 0.2
2000 2,579 167 0 2,746 0.4
2001 3,611 209 0 3,820 0.6
2002 5,674 251 0 5,925 0.9
2003 8,253 292 0 8,545 1.4
2004 10,833 345 481 11,659 1.8
2005 18,570 2,047 1,674 22,291 3.7
2006 2) 29,310 7,426 3,540 40,276 6.3
2007 33,677 8,066 3,412 45,155 7.2
2008 27,812 4,188 4,673 36,673 5.9
2009 25,972 1,043 6,748 33,763 5.5
2010 3) 26,520 636 8,541 35,697 5.8

1) Based on total fuel consumption, excluding aviation fuels

2)  the biodiesel figure for 2006 also includes vegetable oil. aGQM [31] and uFOp [32] show a biodiesel consumption of 
25,800 GWh for 2006. 

3)  Biofuel quantities 2010:  
biodiesel: 2,582,000 tonnes,  
vegetable oil: 61,000 tonnes,  
bioethanol: 1,158,000 tonnes. 

sources: BMu based on aGee-stat and BMu/BMelV [14]; BMelV [15]; BaFa [16]; FNR [60]; uFOp [32]; aGQM [31]
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Development of renewables-based fuel supply in Germany since 2000
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aVOIDeD eMIssIONs

Emissions avoided through use of renewable energies 
in Germany, 2010

The expansion of renewable energy makes a major contribution to meeting the climate 
objectives. Fossil fuels are being replaced by renewable energy in all consumption sectors 
(power, heat, transport). There is a corresponding reduction in energy-induced greenhouse 
gas emissions.

In 2010 the resulting quantity of greenhouse gas avoided came to about 118 million t CO
2
 

equivalent. Of this, 74.9 million t was due to the electricity sector, including 57 million t at-
tributable to electricity subject to payment under the Renewable Energy Sources Act (EEG). 
Avoided emissions amounted to 38.0 million t in the heat sector and 5.0 million t CO

2
 equiva-

lent in the motor fuel sector.

If one considers only the greenhouse gas carbon dioxide (CO
2
), thus taking no account of me-

thane emissions in the use of fossil and biogenic fuels and laughing gas emissions during the 
cultivation of energy plants, the picture looks slightly different. On this basis, renewable en-
ergy sources saved a total of 115 million t CO

2
 emissions in 2010. Of this, 70.3 million t was due 

to power generation from renewable sources (including 54 million t due to EEG electricity), 
37.5  million t to heat production from renewables, and 7.4 million t to the use of biofuels.

The net balance of emissions avoided as a result of renewables basically takes account of all 
upstream process chains for electricity production, fuel supply and plant construction. Here 
the emissions of the conventional fuels replaced by renewable energy sources are compared 
with the emissions resulting from the upstream chains and the operation of the renewable 
energy generation installations.
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aVOIDeD eMIssIONs

In the case of electricity and heat the result depends to a considerable extent on which fos-
sil fuels are replaced by renewables. In the case of biofuels, the nature and provenance of the 
raw materials used is critical. For further information see the Annex.

Greenhouse gas reductions due to biofuels are particularly dependent not only on the emis-
sion intensity of the fossil fuels replaced, but also on the nature and origin of the raw mat-
erials used. Except where these are biogenic residues (e.g. wood) and waste, it is necessary 
to take account of land use changes resulting from agricultural cultivation of energy crops. 
These can have a crucial influence on the results of the balance. The effects of indirect land 
use changes (e.g. those caused indirectly by displacement effects) are not yet taken into ac-
count in the calculation of greenhouse gas emissions. Methodological approaches for this 
purpose are currently being developed by the European Commission and others. Since 
January 2011, direct land use changes have largely been ruled out in the case of biofuels and 
heating bioliquids thanks to the provisions of the Biofuels Sustainability Ordinance and the 
Biomass Electricity Sustainability Ordinance; in the case of energy crop cultivation for biogas 
production, direct land use changes still have a certain relevance, e.g. as a result of plough-
ing up grassland.

Greenhouse gas emissions avoided via use of renewable energies in Germany, 2010

Biomass

solar thermal energy

Hydropower

Wind energy

photovoltaics

Geothermal energy

Electricity
74.9 mill. t

Heat
38.0 mill. t

Transport
5.0 mill. t

Greenhouse-gas reductions [mill. t CO
2 
eq.]

Total greenhouse gases avoided 2010
(electricity/heat/transport):

approx. 118 million t CO
2
 equivalent,

incl. greenhouse gases avoided due to
electricity paid for under EEG:

57 million t CO
2
 equivalent

22.7 16.4 27.8 7.9

36.4

5.0

0.5

1.2

0 10 20 30 40 50 60 70 80

Discrepancies in the totals are due to rounding differences

sources: BMu on basis of aGee-stat and other sources, see pages 27, 29 and 31
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Emissions avoided in the electricity sector in 2010 by using renewables

aVOIDeD eMIssIONs

Renewable energy generation from water, wind, solar energy, biomass and geothermal en-
ergy reduces the consumption of fossil fuels, which still largely form the basis for electricity 
supplies in Germany today. Thus electricity generation from renewables makes a major con-
tribution to the reduction of energy-induced greenhouse gases and acidifying air pollutants 
in Germany.

The net balance of electricity generation from renewables takes into account not only the 
directly avoided emissions of greenhouse gases and air pollutants from fossil fuel power sta-
tions in Germany, but also the emissions avoided in the supply chains for the primary fossil 
fuels. Special mention must be made here of the high emissions of methane (CH

4
) in the pro-

duction and transport of coal and natural gas. But the emissions of greenhouse gases and air 
pollutants which occur during the production of renewable power generation plants and the 
supply and use of biomass are also taken into account.

On balance, the specific greenhouse gas avoidance factors display slight differences. A par-
ticularly high climate protection effect can be seen in electricity generation from hydropower, 
solid biomass (wood) and solid or gaseous biogenic waste. In the case of electricity generation 
from biogas, by contrast, the emissions resulting from the cultivation of energy crops make 
themselves felt.

Greenhouse gas avoidance factors for renewables-based 
electricity generation, 2010

Electricity

Avoidance factor

[g CO eq./kWh]
2

Hydropower 794
Wind energy 736
photovoltaic power 679
Biogenic solid fuels 778
Biogenic liquid fuels 602
Biogas 565
sewage gas 748
landfill gas 748
Biogenic fraction of waste 773
Geothermal energy 488

the avoidance factor is the quotient of 
avoided emissions and electricity supply 
from renewables. It corresponds to the 
average avoidance of greenhouse gases and 
air pollutants (for further information, see 
annex).

sources: BMu on the basis of aGee-stat and 
other sources; see following table.
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aVOIDeD eMIssIONs

Emission balance of renewables-based electricity generation, 2010

Renewables-based electricity generation
total: 103,466 GWh

Greenhouse gas/
air pollutant

Avoidance factor
[g/kWh]

Avoided emissions
[1,000 t]
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Ac
id

ifi
ca

ti
on

 2
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 4
) CO -0.23 -23.6

NMVOC -0.01 -1.2

particulates -0.03 -3.1

1)  No account is taken of other greenhouse gases (sF
6 
, pFC, HFC).

2)  No account is taken of other air-pollutants with acidification potential (NH
3 
, HCl, HF).

3)  NMVOC and CO are important precursor substances for ground-level ozone, which makes  
a major contribution to photochemical smog. 

4)  Here particulates comprise all emissions of suspended particulates of all particle sizes. 

the calculations are based on the “Report on CO
2
 reduction in the electricity sector through the 

use of renewable energy sources in 2008 and 2009” (Gutachten zur CO
2
-Minderung im stromsek-

tor durch den einsatz erneuerbarer energien im Jahr 2008 und 2009) (Klobasa et al. [88]).  
For the calculation method, see annex, section 3.

sources: uBa [75] on the basis of aGee-stat and Klobasa et al. [88]; uBa [92]; Öko-Institut [90]; 
ecoinvent [84]; Vogt et al. [89]; Ciroth [83]; updated data uBa [37]
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aVOIDeD eMIssIONs

Emissions avoided in the heat sector in 2010 by using renewables

Apart from the use of solar energy and ambient heat, renewable energy for space heating 
and hot water in households and for industrial process heat comes largely from CO

2
-neutral 

combustion of biomass. Here the amount of CO
2
 released is no more than the plant previous-

ly took up for its growth.

Thus heat supply from renewables makes an important contribution to avoiding greenhouse 
gas emissions. This climate protection effect is due partly to avoiding the release of the car-
bon bound in fossil fuels such as oil, natural gas, coal and lignite, and partly to avoiding en-
vironmental pollution (e.g. methane emissions) produced during the extraction, processing 
and transport of fossil fuels.
However, where biomass is burned in older heating installations such as stoves, greater quan-
tities of air pollutants are released than in the case of fossil fuels (the emission balance be-
comes negative). This applies particularly to the volatile organic compounds which contribute 
to photochemical smog, and to carbon monoxide and particulate emissions of all sizes. Such 
environmental pollution can be reduced by using modern heating systems and stoves and by 
a responsible approach on the part of the user.

With regard to the greenhouse gas avoidance factors of the individual renewable energy 
sources, the picture is similar to the production of electricity from renewables. A particular-
ly high climate protection effect results from the use of solid biomass (wood) and biogenic 
waste. In the case of heat generation from biogas, the emissions arising from cultivation of 
the energy crops are once again relevant.

With regard to the avoidance factors for solar energy and geothermal energy, it should be 
noted that these are not based on fuel input, but directly on useful energy.

Greenhouse gas avoidance factors for renewables-based heat generation, 2010

Heat

Avoidance factor

[g CO  eq./kWh]
2

Biogenic solid fuels (households) 302
Biogenic solid fuels (industry) 304
Biogenic solid fuels (Hp/CHp) 286
Biogenic liquid fuels 277
Biogas 157
sewage gas 267
landfill gas 267
Biogenic fraction of waste 292
solar thermal energy 225
Deep geothermal energy 64
Near-surface geothermal energy 1) 84

the avoidance factor is the quotient obtained 
by dividing avoided emissions by renewables-
based heat generation. It represents the aver-
age avoidance of greenhouse gases and air 
pollutants (for further information, see annex).

1)  Including miscellaneous ambient heat

sources: BMu on the basis of aGee-stat and 
other source, see following table 
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aVOIDeD eMIssIONs

Emission balance for renewables-based heat generation, 2010 

Renewables-based heat supply
total: 136,081 GWh

Greenhouse gas/
air pollutant

Avoidance factor
[g/kWh]

Avoided emissions
[1,000 t]

)1  tceffeesuoh
enerG

CO
2

275 37,476

CH
4

0.30 40.3

N
2
O -0.01 -1.1

CO
2
 equivalent 279 37,982

)2  noitacif
id

i
cA

sO
2

0.21 28.7

NO
X

-0.10 -14.0

SO
2
 equivalent 0.14 19.0

)4  s)3 e te lan uo cz iO traP

CO -5.05 -687.0

NMVOC -0.24 -33.1

particulates -0.19 -25.3

1) No account is taken of other pollutants with global warming potential (sF
6
, pFC, HFC).

2) No account is taken of other air-pollutants with acidification potential (NH
3
, HCl, HF).

3) NMVOC and CO are important precursor substances for ground-level ozone, which makes a 
major contribution to photochemical smog. 

4) Here particulates comprise all emissions of suspended particulates of all sizes.

For the calculation method, see annex, section 4.

sources: uBa [75] on the basis of aGee-stat and Frondel et al. [87]; uBa [92]; Öko-Institut [90]; 
ecoinvent [84]; Vogt et al. [89]; Ciroth [83]; aGeB [2], [73]; updated data uBa [37]
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aVOIDeD eMIssIONs

Emissions avoided in the transport sector in 2010 by using renewables

The supply and use of biofuels involves emissions. These arise from the cultivation and har-
vesting of the biomass, its processing, its combustion in the engine and – to a smaller extent 
– its transport. In the cultivation phase, use of fertiliser is a particularly important factor. 
This is responsible, for example, for the emission of climate-relevant laughing gas (N

2
O).

The emission balances depend on numerous parameters. In particular, the nature of the bio-
mass used, the processing methods in motor fuel production, the reference systems on which 
the calculations are based and the allocation methods used all have an influence on the re-
sults. If one considers total greenhouse gases, the emission level is determined by the basic 
raw materials and hence also by the origin of the biofuels and the corresponding emission 
factors.

Greenhouse gas emissions due in particular to indirect land use changes arising from cultiva-
tion of energy crops are a relevant parameter (since January 2011, direct land use changes in 
the case of biofuels have been largely excluded by the provisions of the Biofuels Sustainability 
Ordinance). As already mentioned on page 19, methodological reasons have prevented their 
being taken into account to date.

Avoidance factors for renewables-based  
fuel supply, 2010

Transport

Avoidance factor

[g CO  eq./kWh]
2

Biodiesel 137
Vegetable oil

Bioethanol

176
145

the avoidance factor is the quotient obtained by dividing avoided emis-
sions by renewables-based motor fuel production. It corresponds to the 
average saving in greenhouse gases and air pollutants. 

sources: BMu on the basis of aGee-stat and other source, see 
following table
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avoided emissions

Emission balance for renewable-based fuel supply, 2010

Biogenic fuels
total: 35,697 GWh

Greenhouse gas/ 
air pollutant

Avoidance factor
[g/kWh]

Avoided emissions
[1,000 t]

)1  tceffeesuoh
enerG

Co
2

205 7,333

CH
4

-0.27 -9.6

n
2
o -0.20 -7.0

CO
2
 equivalent 140 4,987

)2  noitacif
id

i
cA

so
2

-0.05 -1.6

no
X

-0.37 -13.2

SO
2
 equivalent -0.30 -10.8

)4  s)3 e te lan uo cz iO traP

Co -0.06 -2.1

nmvoC 0.13 4.8

Particulates -0.03 -1.0

1) no account is taken of other pollutants with global warming potential (sF
6
, PFC, HFC).

2) no account is taken of other air-pollutants with acidification potential (nH
3
, HCl, HF).

3) nmvoC and Co are important precursor substances for ground-level ozone, which makes a 
major contribution to photochemical smog. 

4) Here particulates comprise all emissions of suspended particulates of all sizes.

For the calculation method, see annex, section 5.

sources: UBa [75] on the basis of aGee-stat and eP/eR [85]; BR [79]; BR [80]; BdBe [82]; 
vdB [81], UFoP [93]; Greenpeace [78]; BLe [96]; stBa [95] and iFeU [5]
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Saving in fossil fuels and energy imports in Germany in 2010  
due to the use of renewables

seCURity oF eneRGy sUPPLy

Primary energy savings due to use of renewables

Lignite Hard coal Natural gas
Petroleum/
heating oil

Diesel fuel Petrol Total

Primary energy [TWh]

electricity 14.5 157.7 62.3 0.0  –  – 234.4

Heat 11.4 13.0 67.5 53.2  –  – 145.1

transport –  –  –  – 16.0 7.0 23.0
Total 26.0 170.7 129.7 53.2 16.0 7.0 402.6

Primary energy [PJ]

Total 93.4 614.5 467.0 191.5 57.6 25.2 1,449.2

Which corres-
ponds to 

1)
:

9.3 mill. t 2) 20.3 mill. t 3) 13,279 mill. m3 5,358 mill. litres 1,607 mill. litres 776 mill. litres

the savings in fossil fuels are calculated on the same lines as the emission bal-
ances, see also annex, section 6.

1) the saving in primary energy was calculated using the following calorific 
values determined by the aGeB in 2008: lignite 2.498 kWh/kg, brown 
coal briquettes 5.426 kWh/kg, pulverised coal 6.064 kWh/kg; hard coal 
8.428 kWh/kg, coke from hard coal 7.958 kWh/kg, natural gas 9.769 kWh/m3, 

light heating oil 9.927 kWh/litre, diesel 9.964 kWh/litre,  
petrol 9.011 kWh/litre.

2) including approx 8.5 million t lignite, approx. 0.3 million t brown 
coal briquettes and approx. 0.5 million t pulverised coal

3) including approx. 20.1 million t hard coal and approx. 0.2 million t 
of coke from hard coal

sources: UBa [75] on the basis of aGee-stat and Klobasa et al. [88]; Frondel et al. [87]; Öko-institut [90]; ecoinvent [84]; vogt et al. [89]; Frick et al. 
[86] and other sources; see tables on pages 27, 29 and 31
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The tables show details of the savings in fossil fuels that result from the use of renewable en-
ergies in the fields of electricity, heat and transport in 2010. The total saving has risen steadi-
ly in recent years. Since Germany has to import a large proportion of its fossil, i.e. non-renew-
able, fuels such as oil, gas and coal, these savings also result in a reduction in German energy 
imports. The amount is partly determined by movements in energy prices.

Trends in fossil fuel savings resulting from use of renewables

Electricity Heat Transport Total

Primary energy [TWh]

2009 218.9 130.1 21.8 370.8
2010 234.4 145.1 23.0 402.6

sources: sources: UBa [75] on the basis of aGee-stat and Klobasa et al. [88]; Frondel et al. [87]; Öko-institut [90]; ecoinvent 
[84]; vogt et al. [89]; Frick et al. [86] and other sources; see tables on pages 27, 29 and 31

Development of savings on fossil fuel import costs in Germany 1)

Electricity Heat Transport Total

[Billion EUR]

2009 2.1 3.1 0.9 6.2 2)

2010 2.5 3.3 0.8 6.7 2)

Provisional figures

1) excluding imported lignite for heating purposes (briquettes). import shares for oil and natural gas according to [BmWi]. 
import share for boiler coal 100 %, since fixed supply contracts for German coal do not permit any reductions. savings 
in boiler coal therefore result in a reduction in hard coal imports. the total import share for hard coal is over 75 %. 
import prices according to [BaFa].

2) Gross figures. taking account of imports of biogenic fuels reduces the import savings to 5.8 billion eUR (2010) and  
5.7 billion eUR (2009). For calculation method, cf. [133]

source: isi et al. [55]
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eConomiC imPetUs

Economic boost resulting from the construction and  
operation of installations for exploiting renewable energies 
in Germany, 2010

In 2010, renewable energy sources continued to underline their increasing importance as 
an economic factor. After demonstrating their stability during the economic crisis, they con-
tinued their growth in spite of more difficult framework conditions in some cases. Despite a 
reduction in the fees paid for photovoltaic electricity fed into the grid, a temporary stop in 
the market incentive programme for renewable energy sources, and the construction of new 
wind power installations at its lowest level since 1999, investment in installations for the use 
of renewable energy was up more than 23 % on the year before. One major factor responsible 
here was the strong growth in the photovoltaic sector. It is also worth noting that over 88 % 
of the investment was due to power generation installations eligible for assistance under the 
Renewable Energy Sources Act.

The additional economic impetus generated by the operation of the installations came to 
around 11.1 billion EUR in 2010.

Investments in construction of renewable energy installations  
in Germany, 2010

Photovoltaics

solar thermal energy

Wind energy

Biomass electricity

Biomass heat

Geothermal energy 1)

Hydropower

19,500 mill. eUR
(73.4 %)

Total: about

26.6 bn. EUR

2,500 mill. eUR
(9.4 %)

1,550 mill. eUR
(5.8 %)

1,150 mill. eUR
(4.3 %)

950 mill. eUR
(3.6 %)

850 mill. eUR
(3.2 %)

70 mill. eUR
(0.3 %)

this largely concerns the construction of new 
installations, and to a small extent the expansion 
or refurbishment of installations, such as the 
reactivation of old hydropower plants. the figures 
include not only investments by energy supply 
companies, but also investments by industry, 
trade, commerce and private households.

1)  Large installations and heat pumps

source: BmU after ZsW [1]
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Trends in investments in renewable energies and their induced share  
in the electricity sector in Germany up to 2010
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19.9
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26.6
investments in renewable energies

investments in electricity sector
23.7

source: BmU after ZsW [1]

Economic boost resulting from the construction of renewable energy installations  
in Germany, 2010

Biomass (electricity, heat)

Geothermal energy, ambient heat

Biomass (biofuels)

Wind energy

Photovoltaics

Hydro power

solar thermal energy

4,870 mill. eUR
(43.8 %)

Total: about

11.1 bn. EUR

3,050 mill. eUR
(27.4 %)

1,280 mill. eUR
(11.5 %)

740 mill. eUR
(6.7 %)

600 mill. eUR
(5.4 %)

370 mill. eUR
(3.3 %)

210 mill. eUR
(1.9 %)

in view of changes in the methods of calculating the economic 
impetus arising from the operation of installations (cf. explanation 
of method in annex, section 7), the results obtained for 2010 are 
not comparable with the results for previous years. 

in view of the small amount (2010: 4.0 million eUR), geothermal 
energy sales are not shown. 

source: BmU after ZsW [1]; calculation based on [20]; staiß et al. [35]; ZsW [49], [137], [140]; UFoP [141], Gehring [122]; dBFZ [57]; dLR et al. [134], [138]; 
ZsW et al. [136]; Fichtner et al. [139] 

Economic impetus due to the operation of installations results from the expenditure on oper-
ation and maintenance of the installations, especially in the form of personnel expenses and 
ancillary energy costs, plus the cost of any fuels required. A detailed description of method 
used can be found in the Annex, Section 7.
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Employment in Germany’s renewable energies sector

The importance of renewable energy sources as an economic factor in Germany is continuing 
to grow. This is reflected by increasing investment in installations and production capacity, 
and also by an ongoing rise in employment in this sector.
According to a current BMU research project ([36], [63], [146]), initial estimates indicate that a 
total of more than 367,000 jobs in Germany can be attributed to the field of renewable en-
ergies in 2010. This is more than double the figure for 2004 (approx. 160,000 employees). 
About 262,000 jobs, i.e. more than two thirds of the jobs counted in 2010, were due to the 
effects of the Renewable Energy Sources Act.

The number of employees is determined on the basis of data on investments in installations 
for the use of renewable energy, expenditure on their operation, estimates of foreign trade 
by the relevant industry and the relevant intermediate products, e.g. the necessary supplies 
of biomass, and also industrial intermediate products by other sectors. To this must be added 
employment resulting from public and non-profit funds in this sector, including employees in 
the public service.

The labor market in the renewable energies and related sectors is also expected to show posi-
tive development in the future [63]. On this basis, if the German companies operating in the 
field of renewable energy continue to be successful on the global markets, employment re-
sulting from renewable energy in Germany could rise to more than half a million employ-
ees by 2030. In addition, macroeconomic model calculations were used to take account of 
the present negative cost factors and calculate the resulting net employment remaining after 
the deduction of all negative effects. This indicates that in virtually all scenarios analysed, an 
ambitious expansion of renewable energy sources in Germany leads to more jobs than an en-
ergy supply system that largely dispenses with renewable energy.

More information on this topic can be found on the BMU website  
http://www.erneuerbare-energien.de/inhalt/40289.

Employment in Germany’s renewable energies sector

96,100
102,100

85,700
63,900

122,000
128,000

119,500
56,800

120,900
80,600

49,200
25,100

7,600
7,800
8,100

9,500

13,300
14,500

10,300
1,800

7,500
6,500

4,500
3,400

Wind energy

Biomass

solar energy

Hydropower

Geoth. energy

Publicly assisted
research / 

administration

2010: about 367,400 jobs

2009: about 339,500 jobs 

2007: about 277,300 jobs

2004: about 160,500 jobs

increase in 2010 compared to 2004: about 129 %

sources: BmU [62], [63], [38]

http://www.erneuerbare-energien.de/inhalt/40289
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Initial and further training in the renewable energy sector 
in Germany

The expansion of renewable energy in Germany is to make dynamic progress in the years 
ahead, and to this end the German government has set ambitious targets. This expansion 
also has positive effects on the labour market. Today more than 367,000 people (see page 
36) have jobs in this area, and the number of employees will continue rising in the years to 
come. To ensure that there are enough skilled employees available for this fast-growing mar-
ket of the future, the topic of renewable energy needs to be addressed at every level in the 
field of initial and further training. In recent years the Federal Environment Ministry has ini-
tiated discussion processes which in some cases have already led to activities on a basis that 
cuts across trades or educational paths. The educational sector is now called upon to take up 
“Renewables” as the topic of the future.

The project-oriented assistance for renewable energy sources by the Federal Environment 
Ministry (see http://www.erneuerbare-energien.de/inhalt/42758/) has helped to take a closer 
look at the field of education for renewable energy and to develop teaching material for vari-
ous educational areas. For example, schools and initial and further vocational training estab-
lishments can obtain a wide variety of material, e.g. from the BMU Education Service  
(http://www.bmu.de/bildungsservice/aktuell/6807.php).

At university level a large number of courses geared to renewable energy have emerged, in-
cluding some permitting a special focus on this field. As yet, however, there is no regularly 
updated overview of the opportunities for further education and the quality of the offerings.
An initial overview is provided by Internet portals on industry-specific opportunities for fur-
ther education in the field of renewable energy. The following list is only a selection and 
makes no claim to completeness.

informationsportal studium erneuerbare energien http://www.studium-erneuerbare-energien.de/

energieagentur nRW http://whoiswho.wissensportal-energie.de/

Wissenschaftsladen Bonn http://www.jobmotor-erneuerbare.de/

Bildungsportal Windenergie http://www.bildungsportal-windenergie.de/

solarserver – online Portal to solar energy http://www.solarserver.com

Renewable energies agency http://www.unendlich-viel-energie.de/en/

http://www.bmu.de/bildungsservice/aktuell/6807.php
http://www.studium-erneuerbare-energien.de/
http://whoiswho.wissensportal-energie.de/
http://www.jobmotor-erneuerbare.de/
http://www.bildungsportal-windenergie.de/
http://www.solarserver.com
http://www.unendlich-viel-energie.de/en/
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Support under the Renewable Energy Sources Act,  
and cost apportionment to electricity price

At present, electricity generated from renewable sources in Germany and paid for under the 
Renewable Energy Sources Act (EEG) is still, on average, more expensive than electricity from 
fossil or nuclear sources 1). This gives rise to assistance costs which are passed onto electricity 
customers as part of the electricity price by means of an EEG apportionment. Nearly 600 par-
ticularly electricity-intensive companies in the manufacturing industry and railways profit 
from the special compensation provision in the EEG, being largely exempted from this appor-
tionment [123]. As a result, the EEG costs paid by all other electricity customers are currently 
20 % higher.

How is the EEG apportionment calculated?

Since 2010 the apportionment procedure for EEG costs has been set out in detail in the Re-
newable Energy Sources Act and related ordinances – especially the Compensating Mechan-
ism Ordinance (Ausgleichmechanismus-Verordnung – AusglMechV). Under these provisions, the 
four transmission grid operators no longer distribute the electricity paid for under the Re-
newable Energy Sources Act to all electricity suppliers on a quota basis, but market it direct-
ly via the electricity exchange. The expected difference between the proceeds of sale on the 
electricity exchange and the costs of the payments to operators of EEG installations and the 
costs of marketing the EEG electricity is distributed pro rata over the entire final EEG power 
consumption by means of the EEG apportionment. This increases the suppliers’ electricity 
procurement costs. Under the Compensating Mechanism Ordinance, the transmission grid 
operators have to submit an estimate of the expected EEG cost differential by 15 October for 
the coming year and publish the resulting nationwide EEG apportionment. The latter then 
applies to the entire following year. Any surplus or deficit on the EEG account as a result of 
market trends deviating from the forecast must then be adjusted in the year after that. Fur-
ther information on this point and on the previously valid procedure for the physical roll-out 
of EEG electricity can be found in [132], for example.

EEG apportionment in 2010 

On 15 October 2009 the transmission grid operators 
had estimated total expenditure of 12.7 billion EUR for 
2010. The corresponding income was expected to be 
4.5 billion EUR. Thus the difference of approx. 8.2 bil-
lion EUR was to be met in 2010 via the EEG apportion-
ment, resulting in an EEG apportionment of 2.05 cents 
per kilowatt-hour for 2010 [124].

Development of EEG cost  
differential for non-privileged 
electricity customers

EEG cost
differential

Year [bn. Euro]

2000 0.9
2001 1.1
2002 1.7
2003 1.8
2004 2.4
2005 2.8
2006 3.3
2007 4.3
2008 4.7
2009 5.3
2010 9.4

nominal data, after deduction of avoided grid charges.

in view of the change in the calculation method, the figures for 2010 
are not directly comparable to those for previous years.

source: ifne [7]

1) one reason for this is the fact that this business calculation fails to take 
account of various items on the benefit side. a macroeconomic view could 
result in a different picture, see page 50ff. ÜnB [124] and BmU [53].
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In retrospect, important assumptions made in this estimate for 2010 proved to be incorrect. 
On the one hand the net increase in the number of photovoltaic installations and the devel-
opment of the payments for biomass were underestimated. This resulted in higher costs for 
the transmission grid operators in 2010. On the other hand, the proceeds of sale for EEG elec-
tricity fell short of expectations because of low price levels on the electricity exchange. In 
view of this situation, the transmission grid operators’ EEG account showed a deficit of over 
1 billion EUR at the end of October 2010, which was taken into account when calculating the 
EEG apportionment for 2011.

The final EEG accounts presented in July 2011 confirm the provisional estimates. They 
showed that the precisely calculated EEG cost differential for 2010 came to around 9.4 billion 
EUR. In purely mathematical terms this results in an EEG apportionment of about 2.3 cents 
per kilowatt-hour for 2010.

Cost components for one kilowatt-hour of electricity for household customers
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23.2 24.0
turnover tax

electricity tax
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eeG

CHP act
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transportation,  
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2000 2002 2004 2005 2006 2007 2008 2009 2010

Generation, transportation, distribution

CHP act

8.6
0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.1

9.7 10.2 11.2 11.8 12.2 13.0 14.2 13.9

eeG 0.2 0.3 0.4 0.6 0.8 1.0 1.1 1.3 2.3 1)

Concession levy 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8

electricity tax 1.5 1.8 2.0 2.0 2.0 2.0 2.0 2.0 2.0

turnover tax 2.0 2.2 2.4 2.6 2.7 3.3 3.4 3.7 3.8

Total 14.3 16.1 17.2 18.6 19.4 20.7 21.6 23.2 24.0

1)  computed value on the basis of final eeG account for 2010 

sources: BmU [50]; ifne [7]
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Merit-order effect

When analysing the effects of renewable energy sources and specifically of the Renewable 
Energy Sources Act on electricity prices, it is also important to take account of the “merit- 
order effect”. This describes the influence that preferential feed-in of electricity generated 
from renewables, especially wind power, has on wholesale electricity prices.

The merit-order system determines that as the demand for conventional electricity decreases, 
the most expensive power plants that would otherwise be used are no longer needed to meet 
the demand. Accordingly, the exchange price falls. Whereas this reduces the income of the 
electricity generators, the suppliers and – depending on market conditions – electricity con-
sumers profit from the price reductions. Several scientific studies, some commissioned by the 
Federal Environment Ministry (most recently see [55] and [135]), have shown that the merit-
order effect has reached substantial dimensions in the past, even on the basis of conservative 
assumptions. They indicate that the electricity price reduction effect of EEG-assisted electri-
city generation amounted to around 0.6 ct/kWh in 2009 or – in terms of the entire quantity of 
electricity traded on the spot market – a good 3 billion EUR. (No calculations are yet available 
for 2010.) Whether, and to what extent, these effects will be reflected in the electricity prices 
paid by final consumers, depends largely on the procurement and market behaviour of the 
electricity suppliers. The main beneficiaries of the merit-order effect are probably the par-
ticularly electricity-intensive companies privileged under the special compensation provisions 
of the Renewable Energy Sources Act: whereas their EEG apportionment is limited to  
0.05  ct/kWh, they generally tend to gain the most benefit, as special-contract customers, 
from falling electricity prices on the exchange.

Impacts of the merit-order effect

Simulated EEG
electricity generation

Reduction in
Phelix Day Base

Cost reduction due to
merit-order effect

Year [TWh] [ct/kWh] [bn. EUR]

2008 69.3 0.58 3.6

2009 76.1 0.61 3.1

sources: BmU [53]; sensfuß [135]
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electricity feed-in/eeg

Structure of electricity quantities paid for under the EEG since 2000

2000 1) 2002 2004 2006 2008 2009 2010 

Total end consumption

[gWh]

344,663 465,346 487,627 495,203 493,506 466,055 485,465

Privileged end consumption 2)  –  – 36,865 70,161 77,991 65,023 80,665

Total remunerated EEG
electricity 3) 10,391.0 24,969.9 38,511.2 51,545.2 71,147.9 75,053.4 80,698.9

Hydropower, gases 4) 4,114.0 6,579.3 4,616.1 4,923.9 4,981.5 4,877.2 5,049.0

gases 4) 2,588.6 2,789.2 2,208.2 2,019.5 1,160.0

Biomass 586.0 2,442.0 5,241.0 10,901.6 18,947.0 22,979.9 25,145.9

geothermal energy –  – 0.2 0.4 17.6 18.8 27.7

Wind energy 5,662.0 15,786.2 25,508.8 30,709.9 40,573.7 38,579.7 37,633.8

Solar irradiation energy 29.0 162.4 556.5 2,220.3 4,419.8 6,578.3 11,682.5

EEG quota 5) [%] 3.01 5.37 8.48 12.01 17.13 18.58 20.02

Average fee [ct/kWh] 8.50 8.91 9.29 10.88 12.25 13.95 15.86

Total fee 6) [bn. EUR] 0.88 2.23 3.61 5.81 9.02 10.78 13.18

non-remunerated renewables-
based electricity

[gWh] 26,827 20,678 17,541 20,122 21,841 19,587 22,767

Total renewables-based
electricity

[GWh] 37,218 45,648 56,052 71,657 92,989 94,641 103,466

1) Short year: 01.04. – 31.12.2000

2) final consumption privileged under the special compensation provi-
sions of the renewable energy Sources Act (eeg) since July 2003

3)  these figures do not contain subsequent corrections (2002 to 
2010), since the additional feed-in quantities shown by auditors’ 
certificates for previous years cannot be allocated to individual 
energy sources.

4)  landfill gas, sewage gas and mine gas shown separately for the first 
time in 2004

5) Quota for non-privileged final consumption

6)  total compensation before deduction of avoided grid fees.

further information can be found on the internet information platform of 
the german transmission grid operators at http://www.eeg-kwk.net.

Sources: ÜnB [68]; ZSW [1]

Feed-in and fees under the Electricity Feed Act (StromEinspG) since 1991 
and the Renewable Energy Sources Act (EEG) since 1 April 2000
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total renewables-based electricity

80.7

1)  Private and public feed-in

Sources: VdeW [28]; ÜnB [68]; ZSW [1]
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Expanding the use of renewables in the heat and mobility 
sectors: Legislation, promotion and impacts

The Act on the Promotion of Renewable Energies in the Heat Sector (Erneuerbare-
Energien-Wärmegesetz) 

In view of the great importance of the heat market, the expansion of renewable energy  
has a central role to play here: some 55 % of final energy requirements in Germany are due 
to the heat market. The main instrument for increasing the proportion of renewable energy 
in the heating market is the Act on the Promotion of Renewable Energies in the Heat Sector 
(EEWärmeG) in combination with the market incentive programme (MAP). The Act entered 
into force on 1 January 2009.

The Renewable Energies Heat Act aims to ensure that by the year 2020 at least 14 % of heat 
in Germany is generated from renewable energy sources. This is intended to reduce CO

2
 

emissions in the energy supply sector, conserve resources and make a contribution to reliable 
and sustainable energy supplies. In addition to individual incentives for improving expansion 
of local and district heating networks, the Act is essentially based on two pillars:

Firstly, owners of new buildings constructed since 1 January 2009 must use a certain mini-
mum percentage of renewable energy sources for their heat supplies. This requirement can 
be met by all forms of renewable energy capable of being used to generate heat, including 
combinations thereof. Thus owners may use heat from solar radiation energy, geothermal 
energy, ambient heat and biomass to satisfy the requirements. Instead of renewable energy 
sources they may also use other climate-friendly measures, known as “substitute measures”: 
This means the use requirements can also by met by using heat from co-generation, exhaust 
heat or district heating, and also by means of better heat insulation going beyond the stand-
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ards of the Energy Saving Ordinance. As a result, the costs of the use requirement and its ful-
filment are incurred by the developer or owner of the new building. He has to bear any add-
itional costs arising from the obligation to use renewable energy or carry out substitute meas-
ures. These are based directly on the differences in heat generation costs and may, depend-
ing on the technology involved and its cost-effectiveness, be offset by saving due to reduced 
purchases of fossil energy.

The second pillar of the Renewable Energies Heat Act is financial assistance. Today the Re-
newable Energies Heat Act forms the legal framework for assistance under the market incen-
tive programme for renewable energy sources (MAP). The MAP has gradually been expanded 
since 1999 and is the German government’s central instrument for the promotion of renew-
able energy sources in the heat market. It thus encourages investment in the construction of 
installations for generating heat from renewable energy sources.

The Renewable Energies Heat Act makes it clear that the federal authorities will provide 
needs-appropriate support of up to 500 million EUR per year for the use of renewable energy 
for heat generation in the years 2009 to 2012. These funds come partly from tax revenue, 
and partly from the Federal Environment Ministry’s Climate Initiative which was launched in 
2008. This initiative is funded by auctioning emission allowances. In this respect the finan-
cial assistance provided in the heat sector is fundamentally different from the assistance in 
the electricity sector under the Renewable Energy Sources Act (EEG), which levies a surcharge 
from electricity consumers to finance the feed payments for electricity from renewables.
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mArket introdUction

The market incentive programme

Practical implementation of the market incentives programme is by means of administrative 
guidelines which lay down the content of and requirements for the individual areas of assist-
ance. These “Guidelines on support for measures for the use of renewable energy sources in 
the heat market” are reviewed regularly, as a rule annually, to bring them into line with the 
latest technology and the latest market developments.

The market incentive programme provides two kinds of support:

ó Investment grants through the Federal Office of Economics and Export Control (Bundesamt 
für Wirtschaft und Ausfuhrkontrolle – BAFA) for small installations by mainly private invest-
ors in the single-family or two-family homes segment, and 

ó	Reduced-interest loans with repayment grants under the KfW’s Renewable Energies 
programme (premium variant) for larger heating solutions, mostly in the commercial or 
municipal fields.

During the period from January 2000 to the end of May 2011, the BAFA component provided 
investment grants to assist for more than 1 million solar thermal installations and about 
260,000 small biomass heating systems. The resulting investments totalled about 8.4 billion 
EUR in the solar segment and about 3.7 billion EUR in the biomass segment.
During the period from January 2008 to the end of May 2011, assistance in the form of in-
vestment grants was provided for some 70,000 installations with efficient heat pumps, which 
have been eligible for assistance in the BAFA component since 2008. The resulting volume of 
investment totalled around 1.2 billion EUR.

In the KfW component, more than 9,000 reduced-interest loans with repayment grants were 
approved during the period January 1999 to end of May 2011, resulting in a total loan vol-
ume of approx. 1.8 billion EUR, for example for large biomass installations, deep geothermal 
energy installations, local heating networks and heat storage facilities fed from renewables. 
Of the total of 9,000 loans approved, 2,250 were in 2010.

All in all, the market incentive programme with its assistance volume of about  
346 million EUR in 2010 triggered an investment volume of 2.15 billion EUR.

Further information on the market incentive programme can be found on the website  
www.erneuerbare-energien.de in the section on Assistance/Market Incentive Programme.

Information on investment grants under the market incentive programme is available from the 
Federal Office of Economics and Export Control (Bundesamt für Wirtschaft und Ausfuhrkontrolle – 
BAFA), Tel. 06196 908-625, www.bafa.de (section on Energy/Renewable Energy Sources).

Inquiries about reduced-interest loans under the commercial/municipal part of the market in-
centive programme (KfW Renewable Energy programme, Premium variant) are answered by 
the information centre of the KfW Banking Group, Tel. 01801 335577, www.kfw.de (section 
on Domestic assistance/search term: Renewable energy).

http://www.erneuerbare-energien.de
http://www.bafa.de
http://www.kfw.de
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mArket introdUction

Assistance funding and resulting investment volumes of Market Incentive Programme 
since 2000

Source: BmU – ki iii 2

Biofuels: Promotion and relevant legislation 

The Biofuel Quotas Act (Biokraftstoffquotengesetz) of 2007 required the oil industry to market 
a growing percentage of biofuels governed by a quota system. There are quotas both for ad-
mixtures to fossil fuels and for the percentage of total motor fuels marketed. Admixtures of 
biofuels to fossil motor fuels are promoted by the biofuels quota, whereas pure biofuels enjoy 
tax concessions outside the quota on a decreasing scale. Since 2010, assistance under the Bio-
fuels Sustainability Ordinance has depended on whether their production can be shown to 
meet certain sustainable cultivation requirements. In concrete terms, this means in particu-
lar that biofuels only count towards the quota or enjoy tax concessions if their greenhouse 
gas reduction potential is at least 35 %. With effect from 2015, the biofuels quota will also be 
based on the greenhouse gas reduction.

The biofuels share of total motor fuel consumption (excluding water and air traffic) in Germany 
was 5.8 % in 2010, and thus fell short of the statutory quota of 6.25 % valid for the period 
2010 to 2014.

Under the EU Directive on the promotion of the use of energy from renewable sources, a 
binding minimum figure of 10 % for renewables in the transport sector is laid down for every
EU Member State for the year 2020, as is the introduction of sustainability standards. This 
quota does not have to be covered entirely by biofuels, however. The renewables percentage 
in the electric mobility sector also counts.
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AVoided enViromentAl dAmAge

How society benefits from the use of renewable energies

The preceding pages have provided information on the positive impacts that the expansion 
of renewable energy has on investments and sales, employment and the reduction in energy 
imports and their costs. This section explains other positive impacts.

Reducing environmental pollution / Avoiding external costs

Compared with energy supplies from fossil energy sources, using energy from renewable 
sources involves much lower emissions of greenhouse gases and air pollutants. In this way 
renewables make a significant contribution to environmental protection, which as a posi-
tive effect can be expressed in monetary terms and set against the costs of renewable energy 
expansion in a systematic analysis. The complex methodological issues that this raises have 
been examined more closely in studies for the Federal Environment Agency [126] and the 
Federal Environment Ministry [most recently: 53], for example. From this it is possible to ar-
rive at a figure of 70 EUR/t CO

2
 as the current “best estimate” of the climate damage avoided 

by using renewables. On this basis, the two following illustrations show the environmen-
tal pollution arising from the emissions of conventional greenhouse gases (after IPCC, with-
out “black carbon”) and air pollutants, as a monetary quantification in cents per kWh for the 
main power and heat generation options. Power and heat generation based on fossil energy 
sources causes much greater environmental damage than generation of heat or power from 
renewables. However, the environmental damage shown has to be set against expenditure by 
companies on CO

2
 emission allowances; as a rule these are incurred by electricity generators 

and to a small extent by heat generators for the purchase of CO
2
 allowances. This is intended 

to at least partially offset the environmental damage caused. Thus the expenditure on allow-
ances results in partial internalisation of the environmental damage, though this still falls 
well short of the environmental damage actually caused.

Simply as a result of the 115 million t CO
2
 avoided thanks to all renewable energy sources 

(power, heat and mobility) in 2010, the above-mentioned estimate of 70 EUR/t CO
2
 gives rise 

to parallel avoidance of climate damage (only CO
2
 emissions, without partial internalisation) 

totalling about 8 billion EUR.

According to [55], the use of renewable energy sources in the electricity and heat sectors avoided environ-
mental damage (greenhouse gases and air pollutants) of around 8.4 billion eUr. of this, renewables contrib-
uted about 5.8 billion eUr in the electricity sector and about 2.6 billion eUr in the heat sector. taking  
account of the costs for co

2
 allowances, i.e. the partial internalisation of environmental pollution [125], 

reduces these gross figures to avoided environmental damage totalling 4.8 billion eUr (electricity) and  
2.4 billion eUr (heat).

The cost estimates for monetary valuation of the environmental damage caused by emissions 
result from the sum of

ó	 the costs due to climate change, which include lower yields, loss of land, impacts 
on health and water resources, and damage to the ecosystem etc., and

ó	 the harmful effects on health, harvest losses, material damage and impairment 
of biodiversity that are caused by air pollutants.

The basic principle in determining the estimate of damage costs for the individual emission 
gases is to identify, at current costs, the damage that will occur in the future as well from 
present-day emissions.
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AVoided enViromentAl dAmAge/otHer effectS

Environmental damage from emission of greenhouse gases and air pollutants
and CO

2
 allowance costs in 2010 – electricity generation

Provisional figures

1)  Average figure for 
biomass, bandwidth 
from 1 to 5 ct/kWh

Sources: own calculations fraunhofer iSi after iSi et al. [53], [55]; needS [128]; UBA [75]; Pointcarbon [127]

Environmental damage from emission of greenhouse gases and air pollutants  
and CO

2
 allowance costs in 2010 – heat generation

Provisional figures

1)  Average figure for 
biomass, bandwidth 
from 0.1 to 3 ct/kWh

2)  Average figure for 
biomass, bandwidth 
from 0.3 to 0.5 ct/kWh

3)  Hard coal and lignite

Sources: own calculations fraunhofer iSi after iSi et al. [53], [55]; needS [128]; UBA [75]; Pointcarbon [127]

Other positive impacts for society of the expansion of renewable energies

In addition to the environmental damage avoided, the expansion of renewable energy  
sources has further positive impacts on society which have only been partly quantified  
or not quantified at all (cf. [53], [55]). These include:

ó Conserving scarce resources 
ó Providing innovation impetus for construction of renewable energy installations 
ó Strengthening decentralised structures 
ó Transferring know-how, technologies and installations to other countries, and 
ó Reducing dependence on imports and strengthening security of supply by diversifying and 

reducing the risk potential of energy sources.

Another factor of great importance, which will continue to grow even more significant in 
the future, is the fact that the use of renewable energy sources reduces the competition for 
scarce resources and thus makes an indirect contribution to internal and external security.
At a macroeconomic level these effects give rise to economic impulses which trigger or influ-
ence regional and national developments and which may ultimately have positive impacts on 
employment and value added.
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oVerVieW of economic imPActS

Overview of the economic impacts of expanding  
renewable energies

In the preceding pages we have seen that while the expansion of renewable energy involves 
costs, it also gives rise to substantial benefits. Public attention is often focused on the costs of 
renewable electricity under the Renewable Energy Sources Act. By contrast, other areas of ap-
plication of renewable energy sources and especially the benefits associated with their expan-
sion tend to take a back seat. Accordingly, there has so far been a lack of a comprehensive, 
scientifically based overall view of the effects on the lines of a cost-benefit analysis.

To fill this gap, the Federal Environment Ministry awarded an extensive research project to a 
project team led by the Fraunhofer ISI/ Karlsruhe; in 2010 this published a first detailed in-
terim report. In May 2011 this report was most recently updated with figures for important 
key indicators for 2010. It is evident that a soundly based overall economic assessment of 
renewable energy sources needs to take account of a wide range of aspects and interactions 
(ISI et al. [53], [55]).

For further information, see the BMU’s Renewable Energy website at  
www.erneuerbare-energien.de/45801/45802/.

Interrelationships considered in an economic overview analysis of renewable energies

Analysis area
differential costs, equalisation costs, control costs and grid expansion costs,

transaction costs, taxation, support funding, employment and revenue, avoided external costs,
merit order, avoided imports, portfolio effects, …

total renewable energies

other renewable energies 5)renewables-based electricity renewables-based heat

eeg- 
related

independent
of subsidies

mAP- 
related

independent
of subsidies

ee- 
Wärmeg

Subject of 
analysis

category System-analytical distribution aspects
other  

interrelationships 1)macroeconomic

impact type Benefits costs Burdens relief Stimuli 2)
gross

effects 3)

net
effects 4)

1)  the „miscellaneous effects“ cannot be clearly allocated to the three main categories listed. they include possible effects 
of renewable energy expansion on innovation intensity, for example in the field of renewable energy technologies, spill-over 
effects in the technical and political fields, impacts on environmental awareness, changes in social norms with regard to ideas 
about climate protection, and advantages of renewable energy for internal and external security.

2)  investments, for example

3)  gross employment

4)  net employment, gdP

5) transport/mobility, for example

Sources: iSi et al. [53], [55]

http://www.erneuerbare-energien.de/45801/45802/
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Some of the costs and benefits of renewable energy that have been identified to date have yet 
to be quantified. This is true, for example, of their importance for internal and external se-
curity. In view of the wide range of effects, it is of central importance that quantitative com-
parisons are only possible within the individual main effect categories. The most useful ap-
proach to this to date is a systematic cost-benefit analysis.

A rough calculation of the existing quantitative system costs in the heat and power sectors 
reveals total costs of just under 10 billion EUR for 2010. In the same year this was offset by a 
quantified gross benefit of approx. 8.5 billion EUR, though only some the benefit effects were 
quantified, while others were not taken into account (e.g. the lower risk potential of renew-
able energy sources). This statistical view of costs in 2010 therefore has to be supplemented 
by additional (especially dynamic) benefit effects such as spill-over effects of political and 
R+D activities, technical progress and increased (supply) security, which cannot at present be 
quantified in monetary terms. Here, as in the other categories, there is still a considerable 
need for research. In view of the significant benefit items, it is nevertheless evident that an 
analysis of the expansion of renewable energies that is based on costs alone falls considerably 
short of the mark.

The following table once more provides an overview of the main cost and benefit effects cur-
rently known for heat and power generation from renewables.
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Selected key figures for economic analysis of renewable energy expansion
in Germany’s electricity and heat sectors, 2010

System-analysis cost and benefit aspects

Costs Benefits

cost differential,  
electricity

8.1 bn. eUr

control/balancing energy approx. 0.4 bn. eUr

grid expansion 0.06 bn. eUr

transaction costs 0.03 bn. eUr

total cost differential, 
electricity

approx. 8.6 bn. EUR 5.8 bn. EUR
environmental damage avoided
by renewable electricity (gross)

direct cost differential, 
heat

1.7 bn. EUR 2.6 bn. EUR
environmental damage avoided
by renewable heat (gross)

1)n.q. 

other benefit effects, especially dynamic ones, that
have yet to be quantified in monetary terms
(e.g. spillover effects of politics and r&d activities,
technological progress, reduced risk of major
damage, especially nuclear power).

total 2) appr. 10.3 bn. EUR appr. 8.4 bn. EUR

Distribution effects

Total amount Beneficiaries Burden bearers

eeg cost differential approx. 9.4 bn. eUr installation operators All electricity customers except for beneficiaries of
special compensation rule in eeg (reduced charge)

merit-order effect
(renewable electricity)

3)3.1 bn. eUr electricity customers or suppliers, de-
pending on cost transfer, probably pow-
er-intensive non-tariff customers in par-
ticular because of reduction in electric-
ity exchange price

conventional electricity producers

taxation of
renewable electricity

1 – 1.2 bn. eUr federal budget/State pension scheme electricity consumers, possibly renewables-based
electricity producers (those who do their own
marketing)

federal assistance
for renewable energy

0.8 bn. eUr installation operators, indirectly  
through manufacturers etc.  
(innovation impacts etc)

federal budget

Special compensation
provision in renewable
energy Sources Act

 ca. 1.2 bn. eUr Approx. 570 power-intensive companies 
and railways

All other electricity consumers

Macroeconomic and other effects (selection)

Sales by german companies
including exports (all renewables)

25.32 bn. eUr

employment (all renewables) approx. 367,000 directly and indirectly employed persons

energy imports avoided (all renewables) 6.7 bn. eUr (gross); 5.8 bn. eUr (net)

energy price, gdP effect 4)100 – 200 mill. eUr 

impacts on internal and external security 
(reduced dependence on imports; lower risks etc.)

n.q.

1)  n.q. = not quantified

2)  Simple netting of the different systems-analysis cost and benefit effects 
for 2010 is not possible, because important benefits have not yet been 
quantified and environmental damage avoided is only available as gross 
figures.

3)  latest figure available is for 2009

4)  latest figure available is for 2008

Sources: iSi [55]; ifne [7]
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research and development

Promotion of research and development in the field  
of renewable energies

Research and development projects on the technologies of renewable energy are promoted 
under the German government’s energy research programme. The Federal Environment  
Ministry (BMU) is responsible for promoting application-oriented projects in the field of  
renewable energy.
Investment in renewable energy sources helps to conserve scarce resources, reduce depend-
ence on energy imports, and protect the environment and climate. Technical innovations re-
duce the cost of energy generated from renewable sources.

The Ministry also provides assistance for research and development in the renewables sector 
in relation to site-related and labour market aspects. Assistance for research strengthens the 
leading international position and competitiveness of German companies and research estab-
lishments. This gives rise to new jobs in a market that is growing worldwide.

Aims and key areas of assistance for research

The over-arching aims of research assistance are:

ó	Expanding renewable energy as part of the German government’s sustainability, energy 
and climate policy,

ó	Strengthening the international competitive position of German companies and research 
establishments,

ó	Creating jobs with a future.
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To achieve these aims, the Federal Environment Ministry sets the following priorities:

ó	Optimise energy systems with regard to the growing share of renewable energy sources,
ó	Continuing technical development of the use of renewable energy sources in the 

individual segments,
ó	Ensuring green and nature-friendly expansion of renewable energy sources, e.g. by means 

of resource-conserving production methods and ecological support research,
ó	Continuously reducing the cost of using renewable energy,
ó	Achieving rapid know-how and technology transfer from the research sector 

to the market.

In 2010 the Federal Environment Ministry approved a total of 184 new projects with a vol-
ume amounting to more than 140 million EUR in the following fields: photovoltaic, geother-
mal energy, wind, low-temperature solar thermal energy, solar thermal power plants, marine 
energy, international cooperation, overall strategy, ecological support research and cross- 
sectoral issues.

The Ministry attaches great importance to transparent presentation of its assistance for  
research projects. Detailed information can be found in the Annual Report 2010, the  
free newsletter and the regularly updated overview of current research projects  
(www.erneuerbare-energien.de/inhalt/36049/).

The webpages of Jülich (PtJ) (http://www.ptj.de/), the project executing agency commissioned 
by the BMU, include information on funding issues and on applications for research support 
programmes in the field of renewable energies.

Projects recently approved by the BMU

2007 2008 2009 2010

[Number]
[1,000 
EUR]

Share in 
[%]

[Number]
[1,000 
EUR]

Share in 
[%]

[Number]
[1,000 
EUR]

Share in 
[%]

[Number]
[1,000 
EUR]

Share in 
[%]

photovoltaics 49 41,653 40.8 38 39,735 26.3 36 31,446 26.6 45 39,842 28.3

Wind energy 52 34,713 34.0 32 40,097 26.6 45 28,227 23.8 37 52,956 37.6

Geothermal 
energy

17 8,051 7.9 18 16,381 10.9 14 14,892 12.6 30 15,045 10.7

low-temp. 
solar thermal 
energy

20 7,505 7.3 20 10,129 6.7 17 7,013 5.9 16 6,795 4.8

solar thermal
power  
stations

18 5,851 5.7 15 8,217 5.4 22 8,612 7.3 16 9,667 6.9

system  
integration

–     –      – 26 28,184 18.7 6 11,458 9.7 22 12,227 8.7

cross- 
sectoral
research

13 2,474 2.4 11 3,004 2.0 16 3,314 2.8 16 3,517 2.5

other 8 1,917 1.9 9 5,066 3.4 7 13,478 11.3 2 649 0.5

Total 177 102,164 100.0 169 150,813 100.0 163 118,440 100.0 184 140,698 100.0

source: BmU - KI III5
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potentIal capacItIes

Long-term sustainable use potential of renewable energies for electricity, 
heat and fuel production in Germany

Use
2010

Potential capacity Remarks
Yield Output

Electricity generation [TWh] [TWh/a]  [MW] 

hydropower 1) 20.6 25 5,200 running water and natural inflow to reservoirs

Wind energy 2) 37.8

on land 37.6 175 70,000
power calculated on the basis of the average 
value of 2,500 h/a

at sea (offshore) 0.2 280 70,000
power calculated on the basis of the average 
value of 4,000 h/a

Biomass 3) 33.3 60 10,000 some generation as chp generation

photovoltaics 11.7 150 165,000 4) only suitable rooftop, facade and  
municipal areas

Geothermal energy 0.03 90 15,000 range of 66 – 290 tWh, depending on require-
ments pertaining to heat use (chp generation)

Total 103.5 780
Share with respect to gross electricity consumption in 2010 17.0 % 128.3 %

Heat generation [TWh] [TWh/a]

Biomass 125.3 170 Including useful heat from chp generation

Geothermal energy 5.6 300 only energy production from hydrothermal 
sources

solar thermal energy 5.2 400 only suitable rooftop and municipal areas

Total 136.1 870
Share with respect to final energy consumption  
for heat in 2010 5) 9.5 % 61.1 %

Fuels [TWh] [TWh/a]

Biomass 35.7 90 2.35 million ha cultivation area for energy crops
(of a total of 4.2 million ha cultivation area)

Total 35.7 90
Share with respect to fuel consumption in 2010 5.8 % 14.5 %

the percentage share of renewable energy use 
potential increases due to improvements in en-
ergy efficiency and energy savings, making a 
100 % supply of renewable energies possible in 
the long term.

Share with respect to total final
energy consumption in 2010

10.9 % 69.1 %

the figures do not include renewables-based energy imports.

1) excluding marine energy

2) provisional figures (ongoing expert review)

3) Including biogenic waste

4) capacity based on module output (mWp ); the corresponding alternating 
current capacity is around 150 GW

5) space heating, hot water and other process heat

sources: nitsch [24]; scholz [25]; ZsW [1]; consortium: WI, dlr, IFeU [76]

Estimates of potential may show very considerable variations as a result of different assump-
tions about the availability of suitable sites, the technical properties of the used technologies 
and other factors.

The guide values shown here take account of nature and landscape conservation issues in 
particular, and therefore represent a lower limit for the technically exploitable potential.

Use of biomass for energy purposes displays great flexibility. Depending on requirements, the 
allocation of potential to the heat, power and motor fuel sectors may vary. This applies in par-
ticular to the production of energy crops (determined here on the basis of 4.2 million hectares).
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scenarIo For Increased expansIon

Long-term scenario 2010 for renewables expansion  
in Germany

The long-term scenario 2010 [134], commissioned by the Federal Environment Ministry, de-
scribes consistent quantity frameworks for the long-term expansion of renewable energy and 
of energy supply in general in Germany, and deduces the resulting structural and economic 
impacts. The scenarios of the Lead Study 2010 project the development paths for energy sup-
ply in a way that ensures achievement of the over-arching objectives of climate protection, ef-
ficiency and expansion of renewable energy in Germany. However, the Lead Study 2010 was 
unable to cover all the aims of the Energy Concept of autumn 20101), which means that it has 
a provisional character. Other examples of objectives implemented in the scenarios include 
the development of electric mobility, the expansion of combined heat-and-power generation, 
and the limitation of biomass use to ecologically acceptable domestic potential.

Strategies for achieving climate objectives: Expansion of renewable energies and 
extensive efficiency measures

The development paths of the Lead Study 2010 indicated that final energy consumption 
would fall by 38 % by 2050 (compared with 2009). This development – in addition to the 
clear restructuring of electricity supply in favour of renewables – makes a contribution to the 
marked decrease in primary energy input. Primary energy consumption will fall to 84 % of 
its 2009 level by 2020 and about 56 % by 2050. In 2050 Germany will be importing only 32  % 
of the present quantity of fossil energy. The renewables share of 18 % of gross final energy 
consumption required for 2020 by the EU directive is exceeded in the successful scenarios, 
with a figure of 21 %. After 2020, renewables as a whole start to become the dominant energy 
source. In the scenarios, their share of primary energy increases to nearly 55 % by 2050. The 
restructuring of energy supply is thus very far advanced at that point. More than 85 % of 
electricity is supplied by renewable energy sources. In the heat sector, more than half the de-
mand is met by renewable energy sources. And even in the mobility sector, the contribution 
made by renewables (excluding electricity) is already considerable at 42 % of motor fuel re-
quirements.

1)  the lead study 2011 is intended to depict all the German government’s objectives, but at the time of going to press it was  
still in preparation.
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scenarIo For Increased expansIon

Structural challenges: Expansion of electricity, heat and gas networks

In order to implement the expansion of renewable energy, it will be necessary to invest in dis-
tribution and transport networks, energy storage facilities and flexible gas-fired power plants 
to meet residual load requirements. Moreover, the guiding principle of largely renewable en-
ergy supplies for all sectors consists in intelligent interlinking of power, gas and heating net-
works. For the electricity grids, high-voltage direct current transmission (HVDC) is an inter-
esting option for long-distance transport of renewable electricity. To some extent the fluctu-
ating supply of electricity from wind and solar sources can also be offset by generation and 
load management.

Development of electricity generation from renewable energies in basic scenario 2010 A
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source: [134]

Expansion of local heating networks makes it possible to exploit the great potential of com-
bined heat-and-power generation (co-generation), especially using biomass. Further network 
expansion reduces, but cannot completely solve, the problem of storing electricity from re-
newable sources. In addition to short-term storage, large-capacity long-term storage is needed 
to smooth out fluctuations in largely renewables-based electricity generation. Chemical stor-
age of renewable electricity is particularly well suited to this task. The energy sources hydro-
gen and methane are capable of overcoming the limits set by the fluctuating supply of re-
newable electricity and ensuring reliable energy supplies at all times with a high percentage 
of renewable electricity. Renewable electricity, the future “primary energy”, can be stored for 
weeks and months by linking power and gas grids and made available for motor fuels and 
high-temperature heating.
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Costs and cost-effectiveness: Falling investment costs versus rising  
heating fuel costs

The economic analyses applied to the scenarios reveal the following results: After the peak 
due to photovoltaic in the years 2009 to 2011, the volume of investment in all renewable en-
ergy installations remains relatively constant at around 18 billion EUR per year. Not until 
after 2030 does it show further growth to 22 billion EUR per year. Up to 2009 a total of 
around 120 billion EUR was invested in renewable energy installations for power and heat 
generation. At a further 202 billion EUR, the cumulative investment volume between 2010 
and 2020 will be nearly twice as high. And in the following decades the level will remain 
similar, at around 200 billion EUR per decade. In view of the expected decline in costs for the 
technologies for generating electricity from renewable energy sources, supply costs of 
between 5 and 9 cents per kWhel can be expected in the longer term. Compared with the 
costs of using fossil energy sources, the expansion of renewables to date (power, heat and 
motor fuels) a total systems analysis cost differential of 71 billion has accumulated up to the 
end of 2010. By 2020 they will increase to a maximum of around 200 billion EUR for the total 
of all renewable energy sources, i.e. including photovoltaic, assuming a further rise in prices 
of fossil fuels. The full positive benefits of renewable energy expansion for the national 
economy make themselves felt from about 2025 onwards. By that time the cost gap between 
renewable energy and traditional energy supplies has closed, and there is no longer any cost 
differential. After that, the use of renewable energy sources saves the economy from incurring 
expenditure that would otherwise have to be made on additional supplies of fossil energy 
sources. Around 2038 the cumulative cost differential of all renewable energy technologies 
since 2000 reaches zero. At this point the “advance payments” for expansion are paid off. 
By the middle of the century, the supply of energy from renewables has already saved the 
economy some 670 billion EUR compared with the continuation of fossil energy supplies.

Cumulative system-analytical differential costs of electricity, heat and fuel supply 1)
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PART II: 
RENEWABLE ENERGIES IN THE EUROPEAN UNION

The Directive of the European Parliament and of the Council on the promotion  
of the use of energy from renewable sources, which came into force in June 2009, 
sets ambitious targets: by 2020, energy from renewable energy sources is to 
meet 20 % of gross final energy consumption and at least 10 % of energy  
requirements in the transport sector.

Directive 2009/28/EC of the European Parliament and of the Council entered into force on 
25  June 2009. This new EU directive on the promotion of renewable energy is part of the  
European Climate and Energy Package implementing the decisions of the spring summit  
of heads of state and government (European Council) of 9 March 2007. The binding target of 
this directive is to raise the renewables-based share of total gross final energy consumption 
in the EU from about 8.5 % in 2005 to 20 % in 2020.

The Directive takes the EU target of 20 % and breaks it down into differentiated overall na-
tional targets for the Member States for renewable energy as a percentage of gross final en-
ergy consumption in 2020. These binding national targets are based on the initial figures for 
the baseline year 2005 and individual national potential. On this basis, the national targets 
for the EU Member States for 2020 range from 10 % for Malta to 49 % for Sweden. A national 
target of 18 % is laid down for Germany.
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As well as the national target, the Directive lays down a uniform target for renewable energy 
in the transport sector of at least 10 % of energy consumption. Thus in addition to bio fuels, 
the Member States can also count electricity from renewable energies that is used for rail 
traffic or electric vehicles.
For achieving the national targets, the Directive largely puts its faith in national promotion 
programmes. The Member States are free in the design of their promotion system, so that 
they can exploit their potential in the best possible way. In addition, the Directive introduces 
flexible cooperation mechanisms which give Member States the opportunity to cooperate if 
necessary to meet their targets. These cooperation mechanisms are: statistical transfer of sur-
pluses of renewable energy, joint projects for promoting renewable energy, or (partial) merg-
ing of national promotion systems of two or more Member States.

The Directive provides that the Member States shall approve national action plans for 
achieving their targets, and shall submit regular progress reports to the Commission until 
2020. It also requires that electricity from renewable sources is to be given priority access to 
the grid and defines – for the first time – sustainability requirements for the production of 
biomass for use as energy. However, the sustainability criteria in the Directive apply only to 
biofuels and biogenic liquid fuels. In February 2010 the European Commission presented a 
report on sustainability criteria for gaseous and solid bioenergy. Unlike the binding sustain-
ability criteria in the directive, however, the report merely contains recommendations for 
the Member States.

The Directive introduces the first overall legislation in the EU for all sectors of renewable en-
ergy: power, heat/cold, and transport. The Directive will thus replace the existing EU-wide 
provisions on the promotion of renewable energy, which are due to expire on 1.1.2012, the 
EU Directive on the promotion of renewable energy sources in the electricity market, and the 
Biofuels Directive. The Electricity Directive which came into force in 2001 provides for an in-
crease in the percentage of electricity generation due to renewable energy from 14 % in 1997 
to 21 % by 2010 in the EU-25. The Biofuels Directive lays down a target of 5.75 % for biofuels 
as a percentage of fuel consumption in 2010.

The new, all-embracing EU Directive on the promotion of renewable energy sources creates a 
reliable EU-wide legal framework for the necessary investments and thereby lays the founda-
tions for continuing successful expansion of renewable energy up to 2020.
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The National Renewable Energy Action Plan

The National Renewable Energy Action Plan approved by the Federal Cabinet on 
4 August 2010 in accordance with Directive 2009/28/EC on the promotion of en-
ergy from renewable sources indicates, among other things, the development path 
which the German government expects renewable energy to take up to the year 
2020. The first progress report will be submitted to the European Commission at 
the end of this year. A first estimate of the percentage of gross final energy con-
sumption accounted for by renewable energy sources indicates that the expected 
development was maintained.

Last year, in the course of transposing EU Directive 2009/28/EC into national law, the Member 
States submitted their National Renewable Energy Action Plans (NREAP) with measures and ex-
pansion paths for achieving the binding national targets. The German government assumes 
that Germany will achieve the 18 % target for renewable energy as a percentage of gross final 
energy consumption in 2020, and expects that it will actually exceed this figure with 19.6 %. 
The percentage of electricity due to renewable energy sources in 2020 is put at 38.5 %.

At the end of this year the Member States must submit to the European Commission their 
first progress report (subsequently every two years) on the situation with regard to national 
development of renewable energy. A first provisional estimate on the basis of the available 
statistical data, calculated using the method in the EU Directive, yielded a figure of 10.5 % 
for renewable energy as a percentage of gross final energy consumption in 2010. This shows 
that Germany is on course for the development path described in the NREAP, or might pos-
sibly slightly exceed it. The NREAP worked on the basis of 10.1 %.

On the basis of updated data, the percentages of gross final energy consumption due to re-
newable energy in 2009 and 2010 will be communicated to the European Commission on 
31 December 2011 in the German government’s First Progress Report.

Renewable energy shares of gross final energy consumption in Germany 2010  
in accordance with EU Directive 2009/28/EC

Gross final energy consumption: 9,327 pJ1)

Fossil energy sources
(coal, lignite, oil, natural gas)  

and nuclear power
89.5 %

Renewable  
energies
10.5 %

renewables-based
electricity

4.1 %

renewables-based 
heat
5.0 %

renewables-based  
fuels 1.5 %

the directive contains 
detailed instructions 
for calculating renew-
able energy sources as a 
percentage of gross final 
energy consumption.

In view of special rules, the 
results obtained with this 
method are not comparable 
with the data on national 
development (see p. 9 ff.). 
For explanations of the 
method used in the eU 
directive, see section 9 of 
the annex to this brochure.

1)  eeFa estimate [67]

sources: BmU on basis of aGee-stat, ZsW [1]; provisional figures
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natIonal reneWaBle enerGy actIon plan

Future development of renewable energies in the EU –  
Estimate based on the National Renewable Energy Action 
Plans of the Member States

Planned development of renewable energy supplies in the EU  
on the basis of the National Action Plans of the EU Member States

Energy supply
[TWh]

Average annual growth rate 
[% per annum]

Share
[%]

2005 2010 2015 2020 2005/2010 2010/2015 2015/2020 2020

re – electricity 492 652 902 1,216 5.8 6.7 6.2 34.0

re – heating/cooling 635 789 985 1,297 4.4 4.6 5.7 21.4

re – transport 1) 36 164 230 345 35.0 7.1 8.5 10.2 

Total renewable energy 1,163 1,605 2,117 2,859 6.6 5.7 6.2 20.7

1)  having regard to art. 5.1 of eU directive 2009/28/ec

source: ecn [119] 

Since 2009 the EU has had the binding requirement that by the year 2020 one fifth of gross 
final energy consumption is to be met by renewable energy sources. The way to achieving 
this target is described in the National Action Plans of the EU Member States, which detail 
the existing and planned measures, instruments and policies for supporting the expansion 
of renewable energy in relation to the individual national targets. In their National Action 
Plans, eleven EU Member States have expressed the expectation that they will exceed the 
national targets set out in the EU Directive: Germany, Lithuania, Malta, the Netherlands, 
Austria, Poland, Sweden, Slovenia, Spain, the Czech Republic and Hungary.

In February 2011 the Energy Research Centre of the Netherlands (ECN) published a summary 
of the development documented in the National Action Plans. The analysis shows that the 
binding EU target of 20 % in 2020 will not only be achieved, but will probably be exceeded 
with a figure of 20.7 %. The publication also predicts a share of 34.0 % for electricity gener-
ated from renewable sources in 2020, 21.4 % for energy from renewables in the heat/cold sec-
tor, and 10.2 % in the transport sector.
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national renewable energy action plan

Structure of total renewable energy supplies in the EU in 2005 and 2020  
on the basis of the National Action Plans of the EU Member States

Renewables-based  

final energy 2005

about 1,160 TWh

31 %

57 %

4 %

6 %
0.2 % 1 %

0.1 %
1 %

0.4 %

biomass

biofuels

ocean energy

Hydropower

geothermal energy

Heat pumps

photovoltaics

Solar thermal energy

wind at sea (offshore)

wind on land

Renewables-based 

final energy 2020

about 2,860 TWh

2 %13 % 13 %

44 %

5 %

12 %

5 %

3 %
3 %

0.2 %

Source: after ecn [119]

In the electricity sector, wind energy will account for the largest share in 2020 with 40.6 % 
(of which wind on land 28.2 %), ahead of hydropower with approx. 30.4 %. The heat/cold sec-
tor will continue to be dominated by biomass, with a share of 77.6 %. According to the pre-
dictions by the EU Member States, biodiesel will make the largest renewable contribution in 
the transport sector with 64.8 %.

All in all, total energy supplies from renewable sources will more than double by the year 
2020 and their structure will be much more evenly distributed than in 2005.
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Renewable energies’ shares of gross final energy consumption in the EU

Renewable energies’ shares of gross final energy consumption [%] Target [%]

2005 2006 2007 2008 2020 

belgium 2.2 2.7 3.0 3.3 13.0

bulgaria 9.4 9.3 9.1 9.4 16.0

Denmark 17.0 16.8 18.1 18.8 30.0

germany 5.8 7.0 9.1 9.1 18.0

estonia 18.0 16.1 17.1 19.1 25.0

Finland 28.5 29.2 28.9 30.5 38.0

France 10.3 9.6 10.2 11.0 23.0

greece 6.9 7.2 8.1 8.0 18.0

ireland 3.1 3.0 3.4 3.8 16.0

italy 5.2 5.3 5.2 6.8 17.0

latvia 32.6 31.3 29.7 29.9 40.0

lithuania 15.0 14.7 14.2 15.3 23.0

luxembourg 0.9 0.9 2.0 2.1 11.0

Malta 0.0 0.1 0.2 0.2 10.0

netherlands 2.4 2.5 3.0 3.2 14.0

austria 23.3 24.8 26.6 28.5 34.0

poland 7.2 7.4 7.4 7.9 15.0

portugal 20.5 20.5 22.2 23.2 31.0

romania 17.8 17.5 18.7 20.4 24.0

Sweden 39.8 42.7 44.2 44.4 49.0

Slovakia 6.7 6.2 7.4 8.4 14.0

Slovenia 16.0 15.5 15.6 15.1 25.0

Spain 8.7 9.1 9.6 10.7 20.0

czech. republic 6.1 6.4 7.3 7.2 13.0

Hungary 4.3 5.1 6.0 6.6 13.0

United Kingdom 1.3 1.5 1.7 2.2 15.0

cyprus 2.9 2.5 3.1 4.1 13.0

EU-27 8.5 8.9 9.7 10.3 20.0

Shares for 2005 and overall national targets for 2020 according to eU Directive 2009/28/ec

Shares 2006-2008 eurostat, update 14.03.2011; quotation from eurostat [98]: „this indicator is calculated on the basis of 
energy statistics covered by the energy Statistics regulation. it can be considered as an estimate of the relevant indicator 
described in Directive 2009/28/ec, as the statistical system for some renewable energy technologies is not yet fully devel-
oped to meet the requirements of this Directive. …“

Sources: ec [85]; eurostat [98]

general remarks:

in some cases the data on european and international statistics on energy supply and the use of renewable energy in ger-
many differs from the information in german sources. apart from differences in the origin of the data, different accounting 
methods also play a role here.

For consistency reasons, the data from the international statistics are used for germany in this “european” section. as a rule, 
however, the more detailed information from national sources on the preceding pages is more reliable.



 63Renewable Energy Sources in Figures

Structure of final energy consumption in the EU, 2008

Mineral oil

coal

nuclear energy

gas

renewable energies

biomass/
waste 
56 %

Biofuels
9 % Wind energy

9 %

Hydropower
24 %

Solar energy
1 %

Geothermal
energy

1 %

Structure of final energy from 
renewable sources

2008

7 %

29 %

10 %

42 %

12 %

Total FEC
about 13,600 twh

eU: energy SUpply

note: Here final energy consumption is not calculated in accordance with the requirements of eU Directive 2009/28/ec.

to date, statistics on final energy consumption have usually only shown the consumer shares. the diagram here shows a breakdown 
by energy sources, calculated with the aid of various statistics from the eurostat online Database. the shares shown are merely 
intended to indicate the relative scale of the individual components.

Sources: ZSw [1] after eurostat [98], [99]
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eU: USe oF renewable energieS

Use of renewable energies in the EU

2009       2010

Biomass 1)
Hydro-
power 2)

Wind
energy

Geoth.
Energy 3) Total

Solar thermal
energy 4), 5)

Photo-
voltaic 
power 5)

Final energy [TWh] [1,000 m2] [MW
th

] [kW
p
]

belgium 13.95 0.40 1.00 0.01 15.37 372 261 787,457

bulgaria 8.00 3.01 0.36 0.38 11.76 88 62 17,240

Denmark 18.05 0.02 6.72  – 24.78 542 379 7,065

germany 168.31 17.40 38.64 2.37 226.71 14,044 9,831 17,370,000

estonia 6.23 0.02 0.20  – 6.45 2 2 80

Finland 65.29 12.70 0.28  – 78.27 33 23 9,649

France 140.66 57.40 7.82 1.33 207.20 2,100 1,470 1,054,346

greece 11.15 4.79 1.99 0.20 18.12 4,079 2,855 205,400

ireland 2.82 0.95 2.96 0.05 6.77 151 106 610

italy 37.18 46.00 6.54 7.82 97.54 2,504 1,753 3,478,500

latvia 11.06 3.50 0.05  – 14.61 10 7 8

lithuania 6.90 0.39 0.16  – 7.44 6 4 100

luxembourg 0.71 0.09 0.06  – 0.87 23 16 27,273

Malta  –  –  –  – – 53 37 1,670

netherlands 15.12 0.10 4.60 0.02 19.84 796 557 96,900

austria 40.89 39.00 2.10 0.07 82.06 4,610 3,227 102,596

poland 54.01 2.40 1.03 0.15 57.59 656 459 1,750

portugal 33.38 8.29 7.58 0.30 49.55 752 526 130,839

romania 45.21 15.80 0.02 0.27 61.29 144 101 1,940

Sweden 72.50 66.68 2.48  – 141.65 445 312 10,064

Slovakia 6.09 4.47 0.01 0.02 10.58 120 84 143,809

Slovenia 5.21 4.70    –  – 9.91 165 116 36,336

Spain 53.88 26.40 37.77 0.09 118.15 2,204 1,543 3,808,081

czech. republic 20.38 2.45 0.30  – 23.13 673 471 1,953,100

Hungary 11.55 0.23 0.33 1.06 13.17 101 71 1,750

United Kingdom 27.73 5.20 9.30 0.01 42.25 534 374 74,845

cyprus 0.35  –  –  – 0.35 701 491 6,246

EU-27 876.61 322.37 132.28 14.15 1,372.69 6) 35,908 25,136 29,327,654

this overview reflects the present state of available statistics (see Sources). these figures may differ from national statistics, 
partly because of different methods.

all figures are provisional; any discrepancies in totals are due to rounding differences

1)  Heat and power generation from solid biomass, biogas and municipal waste and biofuels; figures 2008

2)  gross generation; in the case of pumped storage systems, generation from natural inflow only

3)  Heat generation figures 2008; electricity generation figures 2009, in italy 5.5 twh, portugal 0.2 twh, germany 0.02 twh 
and austria 0.002 twh (France 0.09 twh in overseas départements not included)

4)  glazed and unglazed collectors; power factor applied 0.7 kw
th 

/m2

5)  including installations in overseas départements

6)  total includes 12.6 twh (2008) from solar thermal energy and 14.7 twh (2009) from photovoltaic.

Sources:  
biomass: eurostat [98] 
Hydropower: observ’er [112]  
wind power: observ‘er [101] 
geothermal energy: eurostat [98]; observ’er [102] 
Solar thermal energy: observ‘er [109]
photovoltaics: observ‘er [142]
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eU: USe oF renewable energieS

A competitive, sustainable and secure energy supply is the key element for continued posi-
tive development of industry and the economy in the EU and the prosperity of the popula-
tion. Thus the expansion of renewable energy supplies is an essential element of the EU Strat-
egy 2020. The introduction of the Electricity Directive in 2001 gave a positive impetus to the 
expansion of renewables in the electricity sector. Special mention must be made here of the 
contribution made by solar energy and wind power.

Photovoltaic has displayed exponential development in the last 10 years. At the end of 2010 
an estimated total of 29.3 GW

p
 photovoltaic capacity was installed in the EU. New capacity 

added in 2010 came to around 13 GW
p
. From a global point of view, the EU leads the field in 

terms of both total installed capacity and market share 2010 [120], [142].

In the wind sector, the EU ranks third among the global Top Ten, with a total installed cap-
acity of 84.1 GW. Moreover, a quarter of global wind energy capacity was added in the EU in 
2010, putting the EU in fifth place in the global Top Ten [111].

The International Energy Agency estimates total global solar collector capacity at the end of 
2009 to be 172.4 GHW

th
. Around 15 % of this is installed in EU Member States [110]. The con-

tribution of marine energy to energy supplies in the EU, and also in global terms, is still neg-
ligible, but this sector is believed to have considerable potential. The world’s first commercial 
wave power plant was connected to the grid on 8 July 2011 in Mutriku/Spain. The plant has a 
total capacity of 300 kW and is expected to supply around 250 households with electricity in 
future. [144].

With total investments of 77.4 billion USD in green technologies, the EU-27 led the world 
in 2010, according to a study published in March 2011 by the Pew Environmental Group in 
Washington. Renewables receive particularly generous assistance in Germany; a total of 
41.2  billion USD has been invested in renewable energy technologies. Germany is thus the 
world’s number two, after China with 54.4 billion USD. The USA, with 34.0 billion USD, took 
third place ahead of Italy, which invested 13.9 billion USD in renewables [121].
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eU: electricity Directive

Expansion of renewables-based electricity generation in 
the European internal electricity market

In October 2001, Directive 2001/77/EC on the promotion of electricity produced from renew-
able energy sources in the internal electricity market entered into force. The Community’s 
goal was to increase the share due to renewable sources to a total of 21 % of electricity gen-
eration in 2010.

The European Commission’s progress report COM(2011) 31 of 31.1.20111) for the period 
2006 – 2008, “Renewable energy: Progress towards the target for 2020”, provides informa-
tion that the renewable energy sector has continued to grow steadily. As a result, the renew-
ables share of final energy consumption was as high as 10.3 % (2006: 8.8 %) in 2008. Continu-
ous growth was confirmed in the three sectors electricity, transport and heat/cold. However, 
since no Eurostat data for 2009 and 2010 were available at the time the report was prepared, 
it was not yet possible to determine whether the indicative targets set out in the Electricity 
Directive 2001/77/EC would be achieved. Having regard to the National Renewable Energy 
Action Plans (NREAP), the European Commission estimates that the percentages for 2010 
could be 19.4 % in the electricity sector, 5 % in the transport and 12.5 % in the heating sec-
tor. Thus it is probable that the EU will fall short of its target of a 21 % share of electricity 
consumption for renewables [117], [118].

In 2008 Hungary and Germany were the only EU states that had already achieved or exceeded 
their national indicative targets. In its NREAP for 2010, Germany expects a figure of 17.4  % 
and is thus well above the indicative target in the Electricity Directive (2010: 12.5 %).
The national indicative targets are within reach for another 5 to 10 countries, but only Den-
mark, Ireland, Lithuania and Portugal have stated in their NREAPs that they intend to exceed 
them [118].

Today renewable energy sources are a key element of the EU’s energy strategy. The founda-
tions for the EU’s renewable energy policy were laid in 1997 with the Community strategy set 
out in the white paper “Energy for the Future: Renewable Energy Sources”. This set out to in-
crease the renewables share of gross domestic consumption to 12 % by 2010. Until 2008, how-
ever, the expansion of renewable energy was only embedded in a loose legal framework. The 
Electricity Directive 2001/77/EC and the Biofuels Directive 2003/30/EC merely specified non-
binding indicative guide values. By contrast, the new EU Directive 2009/28/EC on the promo-
tion of the use of energy from renewable sources created a strong and stable legal framework 
for the expansion of renewable energy in the EU (see also pages 57 – 61).

1)  Under article 3 paragraph 4 of Directive 2001/77/ec, the commission is required to publish every two years a report assessing 
the Member States’ progress towards achieving their national indicative targets in the field of renewable energy sources.
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eU: electricity Directive

Development of the share of renewable energies in gross electricity consumption 
in the EU Member States

1997 2000 2002 2004 2006 2008 2010 1)

[%]  [%]

belgium 1.0 1.5 1.8 2.1 3.9 5.3 6.0

bulgaria 7.0 7.4 6.0 8.9 11.2 7.4 11.0

Denmark 8.9 16.7 19.9 27.1 25.9 28.7 29.0

germany 2) 4.3 6.5 8.1 9.5 12.0 15.4 12.5

estonia 0.1 0.3 0.5 0.7 1.4 2.0 5.1

Finland 25.3 28.5 23.7 28.3 24.0 31.0 31.5

France 15.2 15.1 13.7 12.9 12.5 14.4 21.0

greece 8.6 7.7 6.2 9.5 12.1 8.3 20.1

ireland 3.8 4.9 5.4 5.1 8.5 11.7 13.2

italy 16.0 16.0 14.3 15.9 14.5 16.6 25.0

latvia 46.7 47.7 39.3 47.1 37.7 41.2 49.3

lithuania 2.6 3.4 3.2 3.5 3.6 4.6 7.0

luxembourg 2.0 2.9 2.8 3.1 3.5 4.1 5.7

Malta 0.0 0.0 0.0 0.0 0.0 0.0 5.0

netherlands 3.5 3.9 4.7 5.6 7.9 8.9 9.0

austria 67.5 72.4 66.0 58.7 56.5 62.0 78.1

poland 1.7 1.7 2.0 2.1 2.9 4.2 7.5

portugal 38.3 29.4 20.8 24.4 29.4 26.9 39.0

romania 30.5 28.8 30.8 29.9 31.4 28.4 33.0

Sweden 49.1 55.4 46.9 46.1 48.1 55.5 60.0

Slovakia 14.5 16.9 19.2 14.4 16.6 15.5 31.0

Slovenia 26.9 31.7 25.4 29.1 24.4 29.1 33.6

Spain 19.7 15.7 13.8 18.5 17.7 20.6 29.4

czech. republic 3.5 3.6 4.6 4.0 4.9 5.2 8.0

Hungary 0.8 0.7 0.7 2.3 3.7 5.6 3.6

United Kingdom 1.9 2.7 2.9 3.7 4.6 5.6 10.0

cyprus 0.0 0.0 0.0 0.0 0.0 0.3 6.0

EU-27 13.1 13.8 13.0 13.9 14.6 16.7 21.0

this overview reflects the present state of available statistics (see source). these figures may differ from national statistics, 
partly because of different methods.

1)  indicative targets according to eU Directive 2001/77/ec

2)  with 17 % in 2010, germany has considerably exceeded the target for 2010 (12.5 %).

Source: eurostat [98]
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eU: electricity SUpply

other = industrial waste, pumped storage, etc.

generation in solar thermal power stations not shown due to the small quantities involved

Source: eurostat [98]

More than half the electricity generated in the EU is produced from fossil energy sources. The 
EU Electricity Directive which came into force in 2001 was intended to speed up the expansion 
of renewables in the electricity sector, one of the aims being to reduce the EU Member States’ 
dependence on imports. On average, electricity generation has increased by 3.4 % p.a. to an es-
timated 583 TWh in 2009 (2008: 567 TWh). On the basis of the available data, the renewable 
contribution to total electricity supply in 2009 can be estimated at 17.2 %.

Looking at the development of renewables-based electricity generation excluding hydro-
power, the absolute contribution made by renewables has more than trebled in this period, 
which is an average increase of around 17 % per annum. The increase to date is largely due 
to the development of two sectors of renewable energy: wind energy and biomass. Grati-
fying developments can also be seen in the photovoltaic sector, which can boast average 
growth of 72 % p.a. – albeit from a low starting level.
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eU: electricity SUpply

Renewables-based electricity supply in the EU

1990 1997 2000 2001 2002 2003 2004 2005 2006 2007 1) 2008 1) 2009 1), 2)

[TWh]

biomass 3) 17.3 28.7 40.5 42.8 49.7 57.9 68.9 80.7 90.1 100.8 107.9 107.9

Hydropower 4) 288.8 332.5 354.7 372.8 315.4 306.0 323.3 307.4 308.6 310.1 327.4 322.5

wind energy 0.8 7.3 22.3 27.0 35.7 44.4 58.8 70.5 82.3 104.3 118.7 132.3

geoth. energy 3.2 4.0 4.8 4.6 4.8 5.4 5.5 5.4 5.6 5.8 5.7 5.6

photovoltaics 0.01 0.04 0.1 0.2 0.3 0.5 0.7 1.5 2.5 3.8 7.4 14.7

Solar thermal en. – – – – – – – – – 0.008 0.016 0.038

Total 310.1 372.6 422.4 447.4 405.9 414.2 457.2 465.4 489.2 524.8 567.1 583.0

RE share of
gross elec.
consump. [%] 5)

11.8 13.1 13.9 14.4 13.0 12.9 13.9 14.0 14.6 15.5 16.7 17.2 6)

1)  provisional figures

2)  Missing figures replaced by previous year’s figures

3)  including municipal waste and biogas

4)  in the case of pumped storage systems, generation from  
natural inflow only

5)  gross electricity consumption = gross electricity generation plus  
imports minus exports

6)  estimate by ZSw on the basis of gross electricity consumption 2008

this overview reflects the present state of available statistics (see Sources). these 
figures may differ from national statistics, partly because of different methods.

Sources: eurostat [98]; observ’er [101], [112]; ZSw [1]

Structure of installed capacity for renewables-based electricity generation in the EU, 2008

 Hydropower (> 10 Mw)

 Hydropower (< 10 Mw)

 waste

 wood/wood waste

 biogas

 wind energy

 Solar thermal energy

 geothermal energy

 photovoltaics

32.1 %  
(64.4 GW)

7.0 %
(14.0 GW)

2.8 %
(5.7 GW)

6.3 %
(12.6 GW)

44.7 %
(89.7 GW)

0.03 %
(0.06 GW)

4.7 %
(9.5 GW)

0.3 %
(0.7 GW)

2.1 %
(4.2 GW)

total installed capacity for renewables-based  
electricity supply: approx. 201 gw

(Share of total electricity generation capacity: 25 %)

Source: eurostat [98]
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Since the EU Electricity Directive came into force in 2001, the installed capacity available 
for generating electricity from renewable sources has increased by 6.6 % p.a., from 128 GW 
(2001) to 201 GW in 2008. At 57 %, hydropower has the largest share of the renewables port-
folio in 2008, but over the period under consideration its average growth of 0.3 % was very 
small. With a capacity increase of 47.2 GW, wind energy has made a major contribution to 
the expansion of renewables-based electricity generation capacity. This technology grew at 
an average rate of 20.8 % per annum. The rapid expansion of the photovoltaic sector in the 
EU is documented by an annual growth rate of 65.2 %. In 2008 alone the installed capacity 
virtually doubled. The various technologies for biomass utilisation also showed considerable 
expansion, with biogas averaging 15.6 % per annum, and similar levels of 13.2 % for solid 
bio mass and 13.3 % for biogenic waste.

Another renewable energy technology, namely solar thermal power plants, could also make 
an appreciable contribution in the years ahead. According to Observ’ER, at the end of 2010 
installations with a capacity totalling 638.4 MW

el
 were in operation in the EU. Most of this so-

lar thermal capacity (632.4 MW
el
) is located in Spain. Further installations with an additional 

total capacity of 998 MW
el
 are currently being erected in Spain [142].

Installed capacity using renewable energy technologies in the EU for the years 2001  
and 2008, and average annual growth rates

Hydropower capacity roughly corresponds to the installed capacity of all the other re technologies combined. However, because 
the average growth rate of hydropower during the period in question was just 0.4 %, it is not included in the chart. Data on solar 
thermal power plants is not given as the installed capacity is very small.

Sources: ZSw [1] after eurostat [98]



 71Renewable Energy Sources in Figures

Wind energy use in the EU

Installed wind energy capacity in the EU, 2010  
(in MW)
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Kingdom
5,204
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911

Lux.
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20,676
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3,702
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3,752

Germany 
27,214

Poland
1,107

Slovakia
3

Hungary
295

Austria
1,011

Italy
5,797

France
5,660

Romania
462

Bulgaria
375

Greece
1,208

Lithuania
154

Latvia
31

Estonia
149

Finland
197

Sweden
2,163

EU-27 – 84,074 MW
of which offshore 2,946 MW

Czech. R.
215

Slovenia
0.03

Cyprus
82

No wind power in Malta

Australia/
Pazific 1 %

Africa 2)

1 %

1)  Of which: 43 % EU-27

2)  Including Middle East

global: 
194,390 MW

Asia
30 %

Europe 1)

44 %

America
24 %

EU: WIND ENERGY

Sources: EWEA [100]; GWEC [111]

According to the European Wind Energy Association (EWEA), net additional wind energy 
capacity installed in the EU during 2010 came to 9,259 MW, some 10 % less than in 2009. 
Thus at the end of 2010, wind energy plants with a total capacity of 84,074 MW were 
installed in the EU [100].

The global wind energy market also slowed down in 2010 compared with previous years, ac-
cording to the Global Wind Energy Council (GWEC). Net capacity added totalled 35,802 MW, 
or 7 % less than in 2009. As in the previous year, China headed the Top Ten list of market play-
ers. With record additions of 16,500 MW it accounts for nearly half the global market volume. 
It is followed a considerable way behind by the USA, which with 5,115 MW only achieved half 
the previous year’s additional capacity. The other rankings with more than 1 GW were India 
(2,139  MW), Spain (1,516 MW), Germany (1,493 MW) and France (1,086 MW) [111].
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EU: WIND ENERGY

Total wind energy capacity installed worldwide at the end of 2010 amounted to nearly 
200 GW. For the first time China moved to the top of the Top Ten rankings with a total of 
42,287  MW, thereby pushing the USA and Germany into second (40,180 MW) and third place 
(27,214  MW) [111].

Whereas the expansion of land-based wind energy in the EU was down by 13.9 % compared 
with the year before, the offshore market expanded by more than 50 percent in 2010. A total 
of 308 new wind turbines in 9 wind parks with an additional capacity of 883 MW were con-
nected to the grid. Thus the total capacity available at the end of 2010 came to nearly 3 GW. 
This capacity would permit generation of 11.5 TWh of electricity in a normal wind year 1). 
The EWEA expects a further 1,000 to 1,500 MW of offshore wind energy in Europe to be con-
nected to the grid in 2011 [108].

1) For comparison: Berlin’s electricity consumption in 2006 came to 13.4 TWh [115].

Development of cumulative wind energy capacity in the EU Member States
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476 2,465

12,801
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28,513

34,251

40,514

47,685

55,957

64,429

74,919

84,074

6,097
2,274 8,750

3,244
11,989

4,798

14,604

6,234

16,623

8,317

18,390

9,918

20,579

11,736

22,194

14,779

23,836

16,546

25,716

19,160

27,204

20,676

Rest of EU
35 %

IT
10 %DE

16 %
ES

16 % UK
10 %

FR
12 %

Capacity addition, 2010 
Total: about 9,300 MW

 Spain

 Germany

 EU-27

Total wind energy capacity in 2010 does not correspond exactly to the sum of installed capacity at the end of 2009 plus additions in 
2010; this is due to repowering and closures of existing wind turbines.

Sources: EWEA [100]; Eurostat [98]; Germany see p. 17; DEWI [33]
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At the end of 2010, total wind energy capacity installed in the EU stood at 84,074 MW. The 
field is led by Germany, followed by Spain, Italy, France and the United Kingdom. The pic-
ture is different when it comes to market penetration, however. Here Denmark leads with 
686.6  kW per 1,000 inhabitants, while Germany, with 332.7 kW per 1,000 inhabitants, is only 
in fourth place after Spain (449.6 kW/1,000 inhabitants) and Portugal (366.4 kW/1,000 inhab-
itants). Installed capacity in the EU averaged 168.3 kW/1,000 inhabitants [101].

The EWEA estimates that in a normal wind year the capacity installed in the EU would be ca-
pable of generating 181 TWh of electricity, or 5.3 %1) of the EU’s total final energy consump-
tion [100]. However, Observ’ER estimates the total wind energy actually generated in 2010 at 
around 147 TWh. The discrepancy is largely due to the low wind levels during the year [101].

1) Basis of calculation: Gross electricity consumption 2008: 3,390.7 TWh (EUROSTAT)

Development of electricity generation from wind energy in the EU
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EU: HEAT SUPPLY

Renewables-based heat supply in the EU

Roughly half the total final energy supplied in the EU-27 is due to the heating sector. How-
ever, the renewables contribution in this segment was only around 10 %. Thus renewable en-
ergy sources are less important in the heating market than in the electricity market (see pre-
ceding pages).

By far the biggest renewable resource in the heating sector is biomass, with a share of around 
97 % or 646 TWh, the greatest part being due to wood in private households. The contribu-
tion by the other two segments, solar thermal and geothermal energy, is comparatively un-
important at 2 % and 1 % respectively.

1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008

Final energy [TWh]

Biomass, of which 419.4 477.4 532.8 528.5 533.5 565.3 576.6 586.7 602.7 634.8 645.5

Wood / wood waste 414.8 472.9 521.4 513.4 516.1 553.4 563.9 573.9 589.6 603.0 612.1

Biogas 4.0 3.8 4.8 7.1 8.6 4.0 4.1 4.2 4.5 11.5 12.9

Municipal waste 0.7 0.8 6.6 7.9 8.8 8.0 8.7 8.7 8.6 20.2 20.5

Solar thermal energy 1.8 3.2 4.8 5.5 6.0 6.4 7.1 7.9 9.0 10.9 12.6

Geothermal energy 4.8 5.2 5.3 6.5 6.9 6.9 6.8 7.3 7.7 8.1 8.6

Total renewables- 
based heat

426.0 485.8 542.9 540.4 546.4 578.6 590.6 602.0 619.3 653.8 666.8

Source: After Eurostat [98]

Development of the solar thermal market

Sales on the EU solar thermal market declined in 2010 for the second year running. 
Observ’ER estimates that a total of around 2.6 GW

th
 new solar collector capacity was in-

stalled, compared to around 2.9 GW
th
 in 2009 and 3.2 GW

th
 in 2008. New capacity in 2010 is 
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equivalent to an additional collector area of approximately 3.8 million m2 (for comparison: 
which corresponds to a size of around 500 football fields). Total cumulative solar collector  
capacity in the EU at the end of 2010 was around 25.1 GW

th
 (about 36 million m2).

There are however great differences between countries when it comes to the market penetra-
tion of solar thermal applications. As in the preceding years, Cyprus continues to lead the 
field with a capacity of around 611 kW

th
 per 1,000 inhabitants. The EU average is only around 

50 kW
th
 per 1,000 inhabitants [109].

To date, the most important application for solar thermal energy is hot water. In recent years, 
however, increasing numbers of combined systems have been installed which not only pro-
duce hot water, but also boost central heating systems. For example, the number of combined 
systems installed in Germany during 2010 accounted for nearly 50 % of the additional instal-
lations, and in terms of capacity as much as two thirds.

EU: HEAT SUPPLY

At the end of 2008 there were some 126 large installations (> 500 m2; > 350 kW
th
) operating 

in Europe with a total capacity of 166 MW
th

, mainly for supplying solar thermal district/local 
heating systems [110].

The biggest solar district heating plant worldwide is located at Marstal (Denmark). With a col-
lector area of 18,365 m2 and a thermal capacity of 12.9 MW

th
, the installation supplies one 

third of Marstal’s heat requirements. When completed, an installation in Riyadh, Saudi Ara-
bia, for which the contract was awarded in April 2011, will have nearly double the collector 
area at 36,305 m2. Germany’s largest solar local heating plant is to be found in Crailsheim, 
with a capacity of 7 MW

th
 and a collector area of 10,000 m2 [106, 107, 110].

Worldwide, a solar collector capacity of around 172 GW
th
 was operating at the end of 2009 

(for 2010 the SHC [110] estimates the capacity at 196 GW
th
). This installed capacity produced 

around 142 TWh
th
 (510 PJ), thereby saving some 46 million tonnes of the greenhouse gas car-

bon dioxide. An estimated 270,000 people were employed in the solar thermal sector world-
wide in 2009.

Total installed solar collector capacity in the EU at end of 2010

39 %

13 %

11 %

6 %

6 %

7 %

18 %

EU-27 total:
about 25,140 MW

th

 Austria

 Greece

 France

 Italy

 Spain

 Rest of EU

 Germany

Figures provisional

Source: Observ’ER [109]
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EU: FUEL SUPPLY

Renewables-based fuels in the EU

Biofuels consumption in the road transport sector in the EU, 2007 to 2009
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Not only the electricity and heating sectors, but also the transport sector is important when 
it comes to increased substitution of renewable energy sources for fossil fuels: one third of 
total final energy consumption in the EU is due to the transport sector. For the first time, the 
new EU Directive (2009/28/EC) lays down a binding target for the transport sector. By 2020, 
renewables-based energy in the individual EU Member States for all means of transport is to 
account for at least 10 % of final energy consumption in the transport sector.

But the relevance of the transport sector to the expansion of renewables is evident not only 
with regard to reducing dependence on imports. Biofuels also make a substantial contribu-
tion to reducing greenhouse gas emissions by road traffic.
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In 2009 Observ’ER [101] puts the total consumption of biofuels in the EU at nearly 141 TWh. 
Thus demand for biofuels has increased fourfold since 2005. The rate of growth fell off con-
siderably during this period, however, and in 2009 it was only 18.4 % (2008: 28.3 %; 2007: 
41.7 %). According to Observ’ER, renewables-based motor fuels as a share of total consump-
tion by road traffic in the EU stood at 4 %, thus falling far short of the indicative target of the 
Biofuels Directive 2003/30/EC, which specifies a share of 5.75 % for 2010.

In the EU biodiesel is the most important biofuel, accounting for nearly 80 % of total biofuel 
consumption. It is produced largely from rapeseed oil, and can be blended with fossil diesel. 
Some 112 TWh of biodiesel was used in the EU in 2009. This was an increase of 18.7 TWh on 
the year before. On a global scale, biodiesel accounts for only about a quarter of total biofuel 
supplies; ethanol, or ETBE produced on the basis of ethanol, is the preferred alternative here.

In the EU, ethanol is mainly produced by fermentation of sugar beet and/or cereal crops. It 
can be added directly to petrol or processed to yield ETBE (ethyl tert-butyl ether). In 2009 
the consumption of bioethanol increased by about 29.5 % (consumption 2008: 21 TWh). Total 
consumption of this biogenic motor fuel came to 27.2 TWh. With only one percent of the 
total volume of biofuels, other biogenic motor fuels such as vegetable oils and biogas play no 
more than a minor role.
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EU: SOCIO-ECONOMIC ASPECTS

Socio-economic aspects of renewable energies  
in the EU, 2009

Turnover from renewable energies in 2009

Wind  
energy

Solid
biomass

Photo- 
voltaics

Biofuels
Geoth.
energy

Biogas
Solar thermal 

energy
Small 

Hydropower 2)

Total
countries

[mill. EUR]

Germany 1) 6,050 9,450 12,000 3,150 2,000 2,300 1,350 350 36,650

Denmark 12,260 400 60 220 < 5 35 45 5 13,030

France 3,000 2,775 1,660 1,950 2,280 210 615 360 12,850

Sweden 1,250 5,350 550 1,800 810 N/A 40 280 10,080

Italy 2,500 900 3,500 1,500 N/A 500 360 440 9,700

Spain 3,800 1,300 3,000 750 N/A 45 320 400 9,615

United Kingdom 3,500 300 750 170 N/A 1,000 75 N/A 5,795

Austria 350 2,140 550 400 215 50 500 500 4,705

Finland 1,500 1,260 10 210 135 10 < 5 25 3,155

Czech. Republic 70 < 5 1,500 220 N/A 110 70 50 2,025

Rest of EU 3,943 3,085 2,326 1,570 460 160 825 211 12,580

Total sectors 38,223 26,965 25,906 11,940 5,905 4,420 4,250 2,621 120,185

The figures take account of production, distribution and installation of the 
plants, plus operation and maintenance. 

1) For consistency reasons, the figures for Germany are taken from the 
stated source; since the figures on pages 34 – 35 were calculated on 
the basis of a different system, comparisons are not possible. 

2)  < 10 MW installed capacity

Source: Observ’ER [101]

According to Observ’ER, sales of more than 120 billion EUR were made by the renewable en-
ergy sector in the EU in 2009. The rankings are headed by Germany, with total sales of nearly 
37 billion EUR. It is followed after a considerable gap by Denmark, France and Sweden, which 
together made a further 36 billion EUR. Thus a total of 60 % of sales by the entire renewable 
energy sector was due to these four countries [101].

With more than 38 billion EUR – i.e. nearly one third of the total volume – wind energy is 
the sector with the biggest sales. Solid biomass and photovoltaic power take second and third 
place.

In 2009 there were already 910,000 jobs in the renewable energy sector throughout the EU. 
With over 333,000 jobs, Germany had the largest share, followed by France with a further 
135,000 jobs.

As far as the individual sectors are concerned, solid biomass comes first with about 
284,000  jobs, followed by wind energy with about 244,000 jobs.

In 2010 more than 3.5 million people were employed in the renewable energies sector world-
wide [113].
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Jobs in the renewable energies sector in 2009

according to sectors
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1)  < 10 MW installed capacity

2)  The figures for Germany differ from the data shown on page 36, since Observ’ER determines the number of jobs without 
taking account of large-scale hydropower. Neither do they include jobs due to publicly assisted research/administration. 

Source: Observ’ER [101]



 80 Renewable Energy Sources in Figures

EU: PROMOTION OF RENEWABLES-BASED ELECTRICITY

Instruments for promoting renewable energy sources in the 
EU electricity market

The new EU Renewable Energy Directive (2009/28/EC) is intended to increase the renew-
ables-based share of total final energy consumption in the EU to 20 % by 2020 (see also pages 
57 – 58). With an expected EU share of around 34 %, electricity from renewable sources will 
make a substantial contribution to this.
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The examples of wind energy and photovoltaic in particular show that the success of expan-
sion in the electricity sector varies considerably between the individual EU states (see also 
page 66 “Expansion of electricity generation...”). This is due above all to the individual frame-
work conditions in terms of energy policy. The feed-in system is currently used by over 20 EU 
Member States, either as their sole promotion instrument or in combination with other meas-
ures. On a European comparison this instrument, especially the German Renewable Energy 
Sources Act (EEG), has made a very successful contribution to the expansion of electricity 
from renewable sources. For example, feed-in systems were responsible for 86 % of the cap-
acity installed in the EU up to the end of 2009 in the onshore wind energy sector and nearly 
100 % of installed capacity in the photovoltaic sector.

The Federal Environment Ministry supports a project which operates an Internet database 
on “Legal sources on renewable energy generation”, which offers free access under 
www.res-legal.de (“RES LEGAL”). Here it is possible to search for legal information about the 
promotion of electricity from renewable energy sources in the 27 Member States of the EU, 
and also on grid access. Technology-specific regulations are also explicitly listed.

The International Feed-In Cooperation (IFIC)

At the International Conference for Renewable Energies, held in Bonn in 2004, Spain and 
Germany decided to exchange information on their experience with feed-in systems for re-
newables-based electricity and to intensify their cooperation (International Feed-In Cooper-
ation). This cooperation was placed on a firm footing with the signing of a Joint Declaration 
in October 2005. In January 2007 Slovenia signed the Joint Declaration and joined the IFIC.

The aims of the Cooperation are to promote the exchange of experience concerning feed-in 
systems, optimise such systems, support other countries in their endeavours to improve and 
develop feed-in systems, and contribute knowledge to international forums, in particular to 
the policy debate in the European Union.

At a global level, at least 61 countries and a further 26 states/provinces/regions had intro-
duced feed-in systems for renewables-based electricity by the beginning of 2011 [113]. 

Further information is available on the Internet from www.feed-in-cooperation.org.

EU: PROMOTION OF RENEWABLES-BASED ELECTRICITY
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PART III: 
GLOBAL USE OF RENEWABLE ENERGY SOURCES

Finding sustainable ways of meeting the energy needs of the  
world’s growing population is one of the major challenges of the  
future. Renewable energy already makes an important contribution –  
about 17 % of global energy consumption comes from renewable sources.

On a global scale too, future energy supplies will only satisfy the sustainability criteria if 
there is further rapid and continuous expansion of renewable energy sources. Their further 
expansion is also a crucial factor with regard to implementing the objectives of the Kyoto 
Protocol, in order to reduce emissions of climate-relevant greenhouse gases.

Renewable energy sources are also an opportunity for developing countries, because access 
to energy is a key factor in the fight against poverty. A large proportion of the population in 
these countries live in rural areas. Lack of transmission grids means that conventional energy 
supplies are not possible here. In view of their decentralised character, renewables can pro-
vide basic supplies, e.g. in the form of remote photovoltaic systems for domestic needs. Thus 
renewable energy sources offer more people access to modern forms of energy – especially 
electricity – and hence to better living conditions and economic development opportunities.
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Development of world population and global primary energy consumption
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The great importance of renewable energy sources for sustainable development is generally 
acknowledged. At national level a variety of instruments are used today to promote the de-
velopment of renewable energy sources (see also pages 38 – 45 and 80 – 81). In terms of abso-
lute figures, approx. 65,600 PJ of renewable primary energy was supplied in 2008 (2007: ap-
prox. 62,500 PJ). On average, renewables have grown by 1.9 % per annum since 1990. Despite 
this, the renewables share of global primary energy consumption has remained steady be-
tween 12 and 13 % since the eighties (2008: 12.8 %). In other words: The growth in energy 
supplies from renewable sources has barely succeeded in offsetting the increase in total pri-
mary energy consumption.

Nearly a fifth of the world’s population (OECD) continues to be responsible for almost half the 
world’s primary energy consumption. This is also clear from per capita consumption, which 
at 191 GJ in the industrialised countries (OECD) is two and a half times the global average 
(77 GJ per head). In China and India, the most populous countries, per capita energy require-
ments are actually as little as 67 and 23 GJ respectively. But energy needs in the developing 
and newly industrialising countries are growing.

Against this background there is a clear need not only to improve the efficiency of energy
use, but also to step up the pace of development of renewable energies to meet the chal-
lenges for global energy supplies and especially for climate change mitigation. This applies 
above all to wind, solar and marine energy, but also to geothermal energy technologies and 
to modern methods of biomass utilisation. The main classic uses to date – heat from firewood 
and wood charcoal (traditional biomass use) and electricity generation from hydropower – 
are increasingly reaching their limits and in some cases cannot be classified as sustainable 
use of renewable energy sources (cf. pages 88 – 89).
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Global energy supply from renewable energies

Structure of global final energy consumption in 2008
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The renewable share of global final energy is larger than the renewable share of global primary energy. This is partly due to trad-
itional biomass, which consists wholly of final energy consumption. The size of the renewable share of primary energy also depends 
on the method used to calculate the primary energy equivalent of the renewable energy sources.

Statistics on final energy consumption usually only show the consumer shares. This diagram shows the breakdown by individual 
energy sources and is calculated on the basis of various IEA statistics. The shares shown are merely intended to indicate the rela-
tive scale of the individual components.

Other renewables = geothermal, solar and marine energy

Source: after IEA [104]

In 2008 one sixth of global demand for final energy was already being satisfied by renew-
able energy sources. With a total share of around 12.9 %, biogenic energy sources were the 
dominant renewable resource. This large share is due above all to traditional use of biomass. 
About 3.3 % is due to hydropower, and the remaining share of 0.4 % is spread among the 
other renewable energy technologies.

The development of global final energy consumption follows the trend of primary energy 
consumption, which has more than doubled since 1971 (2008: approx. 513,500 PJ). In 2008 
alone, global demand for energy increased by 1.9 %, or in absolute figures by 9,390 PJ (for 
comparison: AGEB [2] estimates total primary energy consumption in Germany in 2010 at 
14,044 PJ). In 2008 the share of global primary energy consumption accounted for by renew-
ables stood at 12.8 %, the same level as in 2002.
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Development of global renewables-based primary energy production  
and the renewables share of primary energy consumption
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Mean growth rates for renewable energy sources during the period 1990 to 2008
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1)  Including biogenic fraction of municipal waste

Source: after IEA [104]

Against the background of the climate protection objectives of the Kyoto Protocol, the de-
velopment of renewable energy sources since 1990 is of special interest. To date, however, it 
has not proved possible to achieve any marked increase in their share of energy supplies. On 
a global scale, energy supply from renewables grew by an average of 1.9 % per annum until 
2008, which was on the same level as the growth in total primary energy consumption.

Since 2005 a change in the trend has been observed in the industrialised countries (OECD), 
with growth in renewable energy supplies, at 1.5 %, for the first time exceeding the growth 
in total primary energy consumption (2005: 1.4 % p. a.). In 2008, renewable energies 
achieved growth of 2 % p.a., while the pace of growth of total primary energy consumption 
in the OECD continued to fall from 1.2 % p.a. in 2007 to 1.1 % p.a. in 2008.
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Renewables-based shares of energy demand in the various sectors in 2008
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On a global scale, more than half the renewable energy supply is used for heating in private 
households and in the public and services sectors. This largely consists of wood and wood 
charcoal. The second important area of application is electricity generation. There are con-
siderable regional differences, however: Whereas the industrialised countries (OECD) use 
half their renewable energy to generate electricity, the figure in non-OECD countries is only 
17.1  %. Accordingly, the percentage due to decentralised heat supplies is high in these coun-
tries, at 66 %, while in the OECD countries it is only 17.3 %.
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Regional use of renewable energies in 2008 –  
Around the globe

PEC
Of which

renewable
RE as a

share of PEC
Principal RE

as a share of total RE [%]

[PJ] [PJ] [%] Hydropower Other 1)
Biomass/ 
waste 2)

Africa 27,441 13,549 49.4 2.5 0.4 97.1

Latin America 3) 23,870 7,352 30.8 33.0 1.7 65.3

Asia 3) 59,211 16,274 27.5 5.5 6.4 88.1

China 89,206 10,899 12.2 19.3 2.5 78.1

Trans. economies 47,936 1,696 3.5 60.4 1.5 38.1

Middle East 24,778 134 0.5 23.8 37.7 38.5

OECD 227,030 15,713 6.9 30.1 13.8 56.1

global 4) 513,490 65,617 12.8 17.6 5.7 76.7

Transition economies: countries which are undergoing a phase of transition from planned economy to market economy;  
the IEA uses this term to refer to the countries of non-OECD Europe and the countries of the former USSR.

1)  geothermal energy, solar energy, wind, marine energy

2)  Comprising only biogenic component of municipal waste

3)  Latin America excluding Mexico, and Asia excluding China

4)  Including fuel stocks for shipping and air traffic 

Primary energy consumption calculated by the physical energy content method

Source: IEA [103]

Source: IEA [103]
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2009

Persons using
tradional biomass [mill.]

Persons without access
to electricity [mill.]

Rural  
areas

Urban
areas

Total
Rural  
areas

Urban
areas

Total

Africa 481 176 657 466 121 587

Sub-Saharan Africa 477 176 653 465 120 585

Developing Asia 1,694 243 1,937 716 82 799

China 377 47 423 8 0 8

India 765 90 855 380 23 404

Rest of Asia 553 106 659 328 59 387

Latin America 60 24 85 27 4 31

Developing countries 1) 2,235 444 2,679 1,229 210 1,438

World 2) 2,235 444 2,679 1,232 210 1,441

1) Including Middle East

2) Including OECD and transition economies

Source: IEA [105]

The proportion of energy forms generally described as renewable is particularly large in Afri-
ca. The main reason for this is the traditional use of biomass, though to a large extent this is 
not sustainable. Simple forms of cooking and heating result in harmful effects on health due 
to open fires, and in many cases they cause irreversible deforestation.

In the developing countries – especially in rural areas – some 2.7 billion people are depend-
ent entirely on traditional biomass for cooking and heating; this corresponds to about 40 % 
of the world’s population. In view of the pace of population growth, the IEA expects this fig-
ure to increase to around 2.8 billion by the year 2030 [105].

In some cases the use of hydropower from large dams is not a sustainable use of renewable 
energy either, since they sometimes have serious social and environmental impacts.
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Global electricity generation from renewable energies

Renewable energies: shares of worldwide electricity generation in 2008

RE share
18.5 %

Coal 1)

41.2 %

gas 
21.3 %

Oil 
5.5 %

Nuclear
energy 
13.5 %

Other 2)

1.5 %

Hydropower 
15.9 %

Biomass/waste 
1.1 %

Worldwide electricity generation from hydropower, at 15.9 %, accounts for more than nuclear power (13.5 %). But if one looks at 
the shares of primary energy consumption, the situation is reversed: nuclear power, with 5.8 %, accounts for a much larger share 
of primary energy consumption than hydropower with 2.2 %. The reason for this distortion is that under international agreements, 
electricity from nuclear energy is assessed for primary energy purposes on the basis of an average conversion efficiency of 33 %, 
whereas electricity generation from hydropower by the physical energy content method is assumed to have an efficiency of 100 %.

1)  Includes non-renewable share of waste (0.3 %)

2)  geothermal energy, solar, wind, marine energy

Source: IEA [103]

In 2008 roughly one fifth of worldwide electricity production was generated using renew-
able energy technologies. The most important renewable resource in the conversion sector is 
hydro power, which alone supplies 15.9 % of worldwide electricity volume. In the electricity 
sector, biogenic energy sources play only a minor role with a share of 1.1 %.  
Although the other renewable energy technologies – geothermal, solar and wind energy – 
can boast rapid growth, in 2008 their contribution only came to 1.5 % of global electricity 
generation.
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In 2008, the renewables share of electricity generation stood at 18.5 %, compared to 19.5 % 
in 1990. The relatively low growth of hydropower in the OECD is the main reason for the fall 
in the global share. With a share of 80 %, hydropower is the largest contributor to renewable 
electricity generation. However, hydropower potential in most industrialised countries is 
already exhausted. In these countries the growth thrust needed to increase the worldwide 
renewables share can only be achieved by stepping up the expansion of other renewable 
technologies.

Looking at the non-OECD countries, in which more than half of global renewable electricity 
production takes place, there is reason to expect that in view of rising incomes and the faster
population growth than in the industrialised countries, the growth in total electricity 
requirements will in future be higher than in the OECD. As a result, the growth of renew-
ables will at least have to keep pace with the global share.

Electricity generation from renewable energies in various regions, 2008

Hydropower
Solid  

biomass 1)

Other
biomass

Wind
energy

Geoth.  
energy

Other

Total 
renewables

based
electricity

Share of 
renewables

based
electricity

[TWh] [%]

Asia 2) 249 9 0 14 19 0 291 15.9

Latin America 2) 673 30 0 1 3 0 707 66.2

Africa 95 1 0 1 1 0 98 15.8

EU-27 327 71 23 119 6 8 553 16.6

Australia 12 1 1 4 0 0 18 7.1

Canada 382 8 1 4 0 0 395 60.6

China 585 2 0 13 0 0 601 17.2

Japan 76 18 0 3 3 2 102 9.5

Mexico 39 1 0 0 7 0 47 18.3

Russia 165 0 0 0 0 0 165 15.9

USA 257 51 9 56 17 2 392 9.0

Non-OECD 1,895 42 0 31 24 0 1,992 21.0

OECD 1,312 151 35 188 41 13 1,741 16.3

World 3,208 194 35 219 65 13 3,733 18.5

1)  Including biogenic fraction of municipal waste

2)  Asia excluding China and Japan; Latin America excluding Mexico

Source: IEA [104]
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International networks for renewable energy sources

International Renewable Energy Conferences (IRECs)  
– renewables2004 – and the followup process

The International Conference for Renewable Energy Sources “renewables2004” in Bonn, ini-
tiated by the German government, put the issue of renewable energy on the global agenda. 
3,600 high-ranking representatives of governments, international organisations, industry and 
non-governmental organisations from 154 countries took part in the conference. Their nu-
merous declarations of intent to do more to further renewable energy gave the global renew-
ables movement a strong voice. The conference in Bonn was responsible for a number of ini-
tiatives, such as the founding of the global policy network REN21, the signing of the IEA 
Implementing Agreement on Renewable Energy Technology Deployment (RETD) and the 
stimulus that led to the founding of the International Renewable Energy Agency (IRENA).

The great success of “renewables2004” continued with the series of International Renewable 
Energy Conferences (IRECs) in other countries. The Bonn idea was propagated in Beijing (BI-
REC 2005) and Washington (WIREC 2008). The most recent conference in the series was the 
“Delhi International Renewable Energy Conference (DIREC 2010)” in October 2010. The polit-
ical declarations by the IRECs document the common aim of stepping up worldwide expan-
sion of renewable energy, and stress the associated opportunities for climate protection, ac-
cess to energy and sustainable growth. IREC participants regularly express their commitment 
to renewables by making voluntary announcements of specific measures and expansion tar-
gets (“Pledges” programme). The next IREC will take place in Abu Dhabi early in 2013.

First session of the IRENA Assembly in April 2011 in Abu Dhabi, United Arab Emirates.
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Renewable Energy Policy Network for the 21st Century – REN21 –

To establish a link between the many and various stakeholders of the Bonn “renew-
ables2004” conference and help to conserve the momentum of the conference, the global 
Renewable Energy Policy Network for the 21st Century (REN21) was created in 2005. Mem-
bers of the REN21 network include governments, international organisations, non-govern-
mental organisations, and representatives of industry, the finance sector, and civil society 
in the energy, environment and development sectors.

REN21 supports the governments of the IREC host countries in the organisation and run-
ning of the conferences and thereby helps to preserve the spirit of the IREC conferences 
and facilitate the integration of the network’s broad spectrum of stakeholders. REN21 also 
manages the pledges made by the IREC conferences, which are presented in a publicly ac-
cessible database on the REN21 website.

REN21 enjoys worldwide recognition through the publication of reports on renewable energy 
topics, and especially the “Renewables Global Status Report” (GSR). The GSR has become a 
standard reference in the field of reporting on the progress of worldwide expansion of re-
newable energy sources and the propagation of funding policies. REN21 participates in the 
online information platform REEGLE (jointly with REEEP), and on its own website it runs an 
interactive world map on renewable energy, the Renewables Interactive Map.

Since its foundation, REN21 has become one of the leading institutions in the renewable 
energy sector. As a network consisting of different groups of members, it is in a position to 
exploit synergies between all participants.

The REN21 Secretariat is located in Paris and is provided jointly by the Deutsche Gesell-
schaft für Internationale Zusammenarbeit (GIZ) GmbH and the United Nations Environ-
ment Programme (UNEP).

For further information, see www.ren21.net.  

http://www.ren21.net
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The IEA Implementing Agreement – RETD –

At the initiative of the Federal Environment Ministry, the IEA Implementing Agreement  
“Renewable Energy Technology Deployment (RETD)” was signed in 2005. RETD currently 
numbers nine Member States and is the only cross-technology agreement among the IEA’s 
implementing agreements on renewable energy. In this function RETD supports the large-
scale market introduction of all technologies for the use of renewable energy sources, and  
is devoted to cross-sectional issues such as system integration of renewable energies.

Furthermore, RETD comments on the IEA’s scenario work on renewable energy, and every 
year in March it runs an international workshop jointly with the IEA Renewable Energy 
Working Party (REWP).

For further information, see http://iea-retd.org/.

International Renewable Energy Agency – IRENA – 

The renewables2004 conference also gave extra impetus to the establishment of a special 
intergovernmental institution that promotes the expansion of renewable energies worldwide. 
Spurred on by Germany and its partners, especially Denmark and Spain, this idea was put 
into practice at the founding conference of the International Renewable Energy Agency  
(IRENA) in Bonn on 26 January 2009.

Since the organisation’s foundation, the Statute has been signed by 149 states and the Euro-
pean Union, and as of 6 July 2011 it had been ratified by 80 states. This is an overwhelming 
success and demonstrates the great support enjoyed by IRENA and with it the call for global 
expansion of renewable energy in general.

Equipped with a budget totalling more than 25 million US dollars for 2011 and a staff of 
75  employees this year, IRENA will analyse the worldwide potential of renewable energy, de-
sign scenarios for expanding it, and support its technological development. IRENA will offer 
its Member States policy advice on creating the right framework conditions, on targeted ex-
pansion of competencies, and on improving funding and optimising technology and know-
ledge transfer for renewable energy sources. IRENA is to become a globally recognised know-
ledge centre for renewable energy sources, and provide quick and easy access to relevant in-
formation for political decision makers, users, investors and the interested public. To this end 
IRENA will cooperate closely with existing international organisations, such as individual  
UN organisations or the International Energy Agency (IEA), and with networks like REN21. 
The Agency’s head office is in Abu Dhabi, capital of the United Arab Emirates (UAE). The 
Director General of IRENA is a Kenyan, Adnan Amin.

At the end of April 2011 the IRENA Innovation and Technology Centre in Bonn started work, 
headed by its Dutch director Dolf Gielen. As an integral component of the IRENA Secretariat, 
the IITC is concerned with scenarios and strategies for the expansion of renewable energy 
and technological developments in this sector. Its tasks include drawing up “technology road-
maps” and analysing favourable framework conditions for technological innovations. The 
IITC will also analyse costs and cost trends in the generation of energy from renewable sources
and work on technological standards and test methods. Germany has promised to make 
available an annual contribution of up to three million EUR to fund the IITC.

For further information, see www.irena.org.

http://iea-retd.org/
http://www.irena.org
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Clean Energy Ministerial – CEM –

The Clean Energy Ministerial (CEM) is a multilateral forum established at the initiative of the 
USA. Ahead of the COP-15 climate conference in Copenhagen 2009, the “major economies” as 
substantial emitters of greenhouse gases drew up ten technology action plans for a number 
of low-carbon technologies. By indicating existing possibilities for technological cooperation, 
these were to make a constructive contribution to the negotiations. In this context Germany 
joined forces with Denmark and Spain to draw up the action plans for wind and solar energy.

The recommendations set out in the action plans are now being addressed in individual ini-
tiatives for the various technologies. In this context the Federal Environment Ministry jointly 
heads, together with Denmark and Spain, the multilateral working group on implementing 
the action plans for solar and wind energy.

The range of implementation initiatives, which were officially presented at the first CEM con-
ference in Washington in 2010, includes not only renewable energy sources, but also efficiency, 
electric mobility, CO

2
 capture and storage (CCS) and smart grids.

Annual conferences at ministerial level will report progress on the initiatives. To this end the 
second CEM conference took place in Abu Dhabi, United Arab Emirates, in April 2011. The 
third CEM is scheduled for spring 2012 in London.

For further information, see http://www.cleanenergyministerial.org/solarwind/.

IPCC – Renewables: It’s the global perspective that counts 

In a special report, the Intergovernmental Panel on Climate Change (IPCC) shows how re-
newable energy sources can contribute to future energy supplies and to mitigating climate 
change. Designed as a comprehensive review of current knowledge, the “Special Report on 
Renewable Energy Sources and Climate Change Mitigation” (SRREN) was presented to the 
public in Germany on 16 May 2011.

For the report, a team of authors analysed more than 160 scientific scenarios. Some of these 
development paths led to a renewables contribution of nearly 80 percent by the middle of the 
century. In more than half the scenarios, the renewables share in 2050 was less than 30 per-
cent.

The executive summary for political decision makers, a short version of the roughly 1000-page 
report, was published following approval by the IPCC Member States in Abu Dhabi (UAE). The 
findings of the report will be incorporated in the IPCC’s Fifth Assessment Report, due to be pub-
lished in 2014.

More information can be found on the Federal Environment Ministry’s website at  
http://www.bmu.de, in the section Climate · Energy / Climate / International Climate Policy.

http://www.cleanenergyministerial.org/solarwind/
http://www.bmu.de


 96 Renewable Energy Sources in Figures

ANNEx: METhODOLOGICAL NOTES

ANNEx: METHODOlOGICAl NOTES

Some of the figures published here are provisional results. When the final results are pub-
lished, they may differ from earlier publications. Discrepancies between the figures in the 
tables and the relevant column or row totals are due to rounding differences.

The normal terminology of energy statistics includes the term (primary) energy consump-
tion. This is not strictly correct from a physical point of view, however, because energy can-
not be created or consumed, but merely converted from one form of energy to another (e.g. 
heat, electricity, mechanical energy). This process is not entirely reversible, however, so 
some of the technical work capacity of the energy is lost.

Schematic diagram of energy flows in Germany in 2009 (PJ)
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The renewables-based share of primary energy consumption came to 9.1 % in 2009. 
* All figures provisional/estimated.

29.308 petajoules (PJ) ≙ 1 million t coal equivalent (TCE)

Source: Arbeitsgemeinschaft Energiebilanzen (AGEB) 09.08.2010, download from www.ag-energiebilanzen.de

http://www.ag-energiebilanzen.de
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1. Energy supply from photovoltaic and solar thermal systems

Photovoltaic systems
Electricity generation from 2002 to 2010 corresponds to the annual statements of the trans-
mission grid operators under the Renewable Energy Sources Act. Up to the end of 2001, elec-
tricity generation was calculated on the basis of the installed capacity at the beginning of 
the year plus half the relevant year’s capacity increase, multiplied by a specific power yield. 
The specific power yield was made available as an average figure for Germany by the So-
lar Energy Association [26]. The capacity increase was halved to take account of the fact that 
new installations can only make a pro rata contribution to electricity generation in the first 
year.

Solar thermal systems
The heat supply quoted is calculated from the installed collector area and a mean annual 
heat yield. In the case of hot-water supply installations this is 450 kWh/m2*a. In recent years 
installations solely for hot-water generation have been joined by increasing numbers of solar 
thermal installations for combined hot water supply and central heating support.

Because the generation potential of installations for central heating support cannot be fully ex-
ploited in the summer months, a reduced heat yield of 300 kWh/m2*a is used for calculation 
purposes here. A yield of 300 kWh/m2*a is also used for swimming pool absorber systems.

Because the gradual addition of new installations during the year means that the collector area 
available during the year is smaller than the installed capacity at the end of the year, only half 
the increase in area for the year is used when calculating the heat supply for that year.

A factor of 0.7 kW
th 

/m² is used for converting the area in to capacity [131].

2. CO
2
 equivalent and SO

2
 equivalent

The “Kyoto gases” CO
2
, CH

4
, N

2
O, SF

6
, PFC and HFC, are important greenhouse gases which 

are to be reduced under the Kyoto Protocol. The extent to which they contribute to the 
greenhouse effect differs. To be able to compare the greenhouse effect of the individual 
gases, they are each assigned a factor – the relative global warming potential (GWP) – which 
serves as a measure of their greenhouse effect in terms of the reference substance CO

2
.

Global warming potential is specified in the unit “CO
2
 equivalent” and is calculated by multi-

plying the global warming potential by the mass of the gas in question. It states the quantity 
of CO

2
 that would have the same greenhouse effect as the gas in question over a period of 

100 years.

In view of the poor data availability situation, only the greenhouse gases CO
2
, CH

4
 and N

2
O 

are taken into account.
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Gas Relative greenhouse potential 1)

CO
2

1

Ch
4

21

N
2
O 310

Gas Relative acidification potential

SO
2

1

NO
x

0.696

Nh
3

1.88

The acidification potential of SO
2
, NO

X
, HF, HCl, H

2
S 

and NH
3
 is determined in a similar way to global 

warming potential. It is expressed in the unit “SO
2
 

equivalent” and shows the quantity of SO
2
 that has the 

same acidifying effect.

In view of poor data availability, only the air pollutants 
SO

2
 and NO

X
 are taken into account when calculating 

the emissions avoided.

1)  The calculations in this brochure use the IPCC figures from 1995 [56]. These are prescribed for greenhouse gas report-
ing under the Framework Convention on Climate Change and under the Kyoto Protocol in accordance with the UNFCCC 
Guidelines [34].

Global warming potential is based on a time horizon of 100 years, with CO
2
 as reference substance.

3. Calculating avoidance factors and avoided emissions for renewablesbased 
 electricity generation

The emissions avoided by using renewables are calculated on the basis of the quantities of 
electricity generated from renewables and on substitution and emission factors.

Substitution factors indicate the fossil fuels that are replaced by the renewable source in ques-
tion. Emission factors specify the quantity of greenhouse gases and air pollutants emitted per 
kWh of fossil or renewable electricity. They are made up of direct emissions during electri-
city generation and the emissions arising from the upstream chain. The upstream chain com-
prises the pollutant emissions arising from the production of the generating installations and 
from the production, refining and transport of the fossil and renewable energy sources. In 
the case of combined heat-and-power generation, allocation is in accordance with the “Fin-
nish method” laid down in EU Directive 2004/8/EC.

The substitution factors used are based on the “Report on CO
2
 reduction in the electricity sec-

tor through the use of renewable energy sources in 2008 and 2009” (Gutachten zur CO
2
-Min-

derung im Stromsektor durch den Einsatz erneuerbarer Energien im Jahr 2008 und 2009 (Klobasa 
et al. [88]). An electricity market model was used to calculate the extent to which renewables 
replace conventional energy sources, given the existing portfolio of power plants. To date, re-
newables have not yet replaced the base load supplied by nuclear power plants, because the 
latter have lower variable costs than lignite power plants.

Compared with previous years, the latest report (Klobasa et al. [88]) shows much lower re-
placement of electricity from lignite power plants. The reasons lie partly in a changed gen-
eration mix (less electricity generated from nuclear power), and partly in a revised method, 
which now takes account of imports and exports of electricity. As a result, the calculated 
greenhouse gas saving due to renewable energies in the years 2008 to 2010 is two to four 
million t CO

2
 equivalent lower than a calculation based on the substitution factors used in 

earlier years.
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The emission factors for fossil and renewable electricity production are taken from various 
databases or deduced from research projects. The direct emission factors for fossil power gen-
eration are calculated using an implicit method on the basis of the Federal Enviroment Agency 
(UBA) database for national emissions reporting (CSE) [92]. The fuel efficiency of the indi-
vidual power plant types is also taken into account when calculating the implicit emission 
factor. The underlying data for this purpose are taken from the special table on gross power 
generation by energy sources [64] and the AGEB’s energy balance evaluation tables [2].

The emissions due to upstream chains for fossil fuels are taken from the GEMIS database 
at the Öko-Institut [90]. For the renewable energy emission factors, representative datasets 
were selected from various databases, and in some cases modified. Special mention must be 
made of the sources: Öko-Institut [90], Ecoinvent [84], UBA [92], Vogt et al. [89], Ciroth [83] 
and Frick et al. [86].

Detailed information on the calculation methods and data sources can be found in UBA [75].

Substitution factors for renewablesbased electricity 1)

Nuclear energy 2) lignite Hard coal Natural gas Mineral oils

[%]

hydropower 0 6 63 31 0

Wind energy 0 6 64 30 0

Photovoltaics 0 5 65 31 0

Solid biomass 0 6 63 31 0

Liquid biomass 0 6 64 31 0

Biogas 0 6 64 31 0

Landfill gas 0 6 64 31 0

Sewage gas 0 6 64 31 0

Biog. fraction of waste 3) 0 6 63 31 0

Geothermal energy 0 6 63 31 0

1)  This means, for example, that of the electricity replaced by 1 kWh hydropower, 6 % comes from lignite power plants, 
63 % from coal-fired power plants and 31 % from gas-fired power plants.

2)  Given the underlying model assumptions, renewable energies do not replace the base load supplied by nuclear  
power plants.

3)  Biogenic share of waste is taken as 50 %

Source: Klobasa et al. [88]
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4. Calculating avoidance factors and avoided emissions for renewablesbased  
 heat generation

The emissions of greenhouse gases and air pollutants that are avoided by using renewable 
energy in the heat sector are calculated in three stages:

First, the substitution factors are determined for each of the renewable heat supply paths. 
These indicate which fossil primary and also secondary energy sources such as district heat-
ing or electricity would have to take over the renewable heat supply if the latter were not 
available. Important information for this purpose is provided by the findings of an empirical 
survey on the use of solar thermal energy, heat pumps and wood-burning systems in private 
households [87]. Use was also made of information from the Working Group on Energy Bal-
ances (AGEB) on energy consumption by the sectors: processing of mined and quarried prod-
ucts, the paper industry, and other industries (including timber industry) and private house-
holds. In the case of supplies of renewable district and local heating from wood, biogenic 
components of waste and geothermal energy, it is assumed that these are a 100 % substitute 
for fossil district heating and that the distribution losses are comparable.

In a second step, emission factors for renewable heat supplies in private households, agricul-
ture and industry, and also for the relevant savings in fossil heat supplies, are taken from or 
deduced from UBA [92], Öko-Institut [90], Ecoinvent [84], Vogt et al. [89], Ciroth [83], Frick et 
al. [86]. The emission factors used take account of the entire upstream chain for supplies of 
fossil and renewable energy sources. In the case of combined heat-and-power generation, al-
location to heat and power is in accordance with the “Finnish method” laid down in EU 
Directive 2004/8/EC.

In the final step, the fossil emissions avoided are compared with the emissions arising from 
the use of renewables to determine the net avoidance of greenhouse gases and air pollutants. 
Detailed information on the calculation methods and data sources can be found in UBA [75].

Substitution factors for renewablesbased heat

Heating oil Natural gas Hard coal lignite District heat Elec. heating

[%]

Wood – stand-alone stoves (hh) 41 50 0 1 2 6

Wood – central heating systems (hh) 65 20 2 3 0 10

Solid biomass (industry) 13 54 10 14 9 0

Solid biomass (hP/ChP) 0 0 0 0 100 0

Liquid biomass (industry) 7 67 10 3 13 0

Liquid biomass (hh) 29 51 1 1 9 9

Biogas, sewage gas, landfill gas (BChP) 58 37 5 0 0 0

Biogenic fraction of waste (hP/ChP) 0 0 0 0 100 0

Deep geothermal energy (hP/ChP) 0 0 0 0 100 0

Solar thermal energy (hh) 45 51 0 0 1 3

heat pumps (hh) 45 44 1 2 5 3

Total 35 38 3 3 17 4

Sources: UBA [75], [92] on the basis of AGEE-Stat and Frondel et al. [87]; AGEB [2], [4]
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5. Calculating avoidance factors and avoided emissions for biofuels

annex: methodological notes

Calculation of the emissions avoided by using biofuels is based on the following key points:

ó	Largely based on the typical values of the EU Renewable Energy Directive (2009/28/EC), 
supplemented by IFEU [5]

ó	Takes account of the nature and origin of the raw materials used for biofuel production in 
Germany and includes imports and exports

ó	Allocation of main products and by-products on the basis of lower calorific value

ó	Takes account of differences in production technologies/energy supply 

The substitution relationships are laid down as follows: 1 kWh bioethanol replaces 1 kWh pet-
rol, and 1 kWh biodiesel or vegetable oil replaces 1 kWh mineral diesel. No distinction is made 
between vehicle emissions arising from biofuels and those from conventional motor fuels.

The nature of the underlying raw materials and the origin of the raw materials are an im-
portant factor for the size of emission reductions due to the use of biofuels. The following 
table provides an overview.

Different raw materials’ shares of total biofuels used in Germany, 2010

Rapeseed Soya Palm oil Waste 1) Grain Sugar cane Beets Other

[%]

Biodiesel 84 11 5 0.4 – – – –

Veget. oil 100 0 0 0 – – – –

Bioethanol – – – – 71 4 25 0

Figures rounded 

1)  german biodiesel production on the basis of waste is considerably higher.

sources: UBa [75] on the basis of BdBe [82]; VdB [81]; UFoP [93]; greenpeace [78]; Ble [96]; stBa [95]

The size of the emission reduction is also determined by the emission factors for the various 
biogenic and fossil motor fuels. The calculations of greenhouse gas emission reductions are 
largely based on the typical figures from the EU Renewable Energy Directive (2009/28/EC) 
(exception: biodiesel from waste – IFEU [5]). The final step is to determine the net reduction 
in CO

2
 and all greenhouse gases by netting the fossil emissions avoided against the emissions 

caused by the use of renewables. Detailed explanations of the calculation methods and infor-
mation on the data sources can be found in UBA [75].
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Direct and indirect land use changes – which play a major role in cultivated biomass – are 
not taken into account in the calculations for 2010. Since land use changes may cause high 
emissions of greenhouse gases and are therefore of considerable relevance, they ought to be 
included in the accounts. Methodological approaches for indirect land use changes are cur-
rently being developed, by the European Commission among others. Since January 2011, 
direct land use changes have largely been ruled out by the provisions of the Biofuels Sus-
tainability Ordinance.

Greenhouse gas emission factors used 1)

Fuel  
(underlying raw material)

Emission factor

[g CO  eq./kWh]
2

Petrol/diesel (fossil) 301.7

Biodiesel (rapeseed) 165.6

Biodiesel (soya) 180.0

Biodiesel (palm oil) 115.2

Biodiesel (waste) 57.6

Vegetable oil (rapeseed) 126.0

Bioethanol (grain) 172.6

Bioethanol (beets) 118.8

Bioethanol (sugar cane) 86.4

Biodiesel (weighted) 164

Vegetable oil (weighted) 126

Bioethanol (weighted) 155

1)  Based on iPcc 2007

sources: UBa [75] on the basis of agee-stat and eP/eR [85];  
BR [79], [80]; iFeU [5] 

6. Fossil fuel savings due to renewable energy sources

The calculation of the fossil energy savings achieved by using renewable energy sources in 
the electricity, heat and transport sectors is closely based on the methods and data sources of 
the emission balances (see also Annex, Section 3-5). Depending on the substitution ratio, the 
various renewable energy supply paths save different fossil fuels including the need for their 
upstream chains.

The saving of fossil fuels in the electricity sector is 
calculated from the renewable energy substitution fac-
tors determined by Klobasa et al. [88] (cf. Annex, Sec-
tion 3), the average fuel efficiencies of German power 
plants, and the cumulative primary energy needed to 
make the fossil fuels available.

Average fuel-use  
efficiency of the pertinent 

power-station sector
Energy 
sources

[%]

lignite 38.3

hard coal 42.1

natural gas 51.1

mineral oil 44.7

sources: ageB [2], [4]
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The gross saving in fossil fuels is then compared with the fossil primary energy needed to 
produce biogenic fuels and to produce and operate installations for electricity generation 
from renewable sources.

Electricity sector

Consumption of
primary energy

(fossil fuels)

Energy sources [kWh
prim

/kWh
el
]

lignite (power plant) 2.72

hard coal (power plant) 2.62

natural gas (power plant) 2.18

Petroleum (power plant) 2.59

hydropower 0.01

Wind energy 0.04

Photovoltaics 0.31

solid biomass (chP) 0.06

liquid biomass (BchP) 0.26

Biogas (BchP) 0.37

sewage/landfill gas (BchP) 0.00

Biogenic fraction of waste 0.03

geothermal energy 0.47

sources: Öko-institut [90]; ecoinvent [84];  
Vogt et al. [89]; Frick et al. [86]

Heat sector

Consumption of
primary energy

(fossil fuels)

Energy sources [kWh
prim

/kWh
final

]

natural gas (heating systems) 1.15

heating oil (heating systems) 1.18

lignite briquettes (stoves) 1.22

hard-coal coke (stoves) 1.38

distric heat 1) 1.19

electricity 2) 1.71

Firewood (heating systems) 0.04

Wood pellets (heating systems) 0.11

Biomass (industry) 0.15

Biomass (chP) 0.02

liquid biomass (BchP) 0.09

Biogas (BchP) 0.06

Biogenic fraction of waste 0.01

deep geothermal energy 0.47

heat pumps 0.58

solar thermal energy 0.12

1)  Fossil mix excluding waste and renewables; 
incl. grid losses

2)  share of fossil primary energy excluding 
uranium; incl. grid losses

sources: Öko-institut [90]; ecoinvent [84];  
Vogt et al. [89]; Frick et al. [86]

Transport sector

Consumption of
primary energy

(fossil fuels)

Energy sources [kWh
prim

/kWh
final

]

Petrol 1.21
1.15

Biodiesel (rapeseed) 0.57

Biodiesel (soya) 0.69

Biodiesel (palm oil) 0.52

Biodiesel (waste) 0.40

Vegetable oil (raps) 0.23

Bioethanol (grain) 0.43

Bioethanol (beets) 0.43

Bioethanol  
(sugar cane)

0.18

diesel

sources: Öko-institut [90]; iFeU [122]

The primary energy saving in the heat sector is also calculated from the substitution factors 
and the cumulative fossil energy needed to supply heat from both fossil and renewable sources 
(cf. Annex, Section 4).

The savings in the secondary energy sources “district heating” and “electricity” are allocated 
in the same proportion as the primary energy sources used to produce the district heating 
and electricity. On this basis the fossil fuel mix saved by district heating works out at 61 % 
natural gas, 28 % coal, 2 % oil and 9 % lignite. The fuel mix for electricity generation is 24 % 
lignite, 22 % nuclear power, 19 % coal, 14 % natural gas, 4 % miscellaneous and 17 % renew-
able energy sources. Grid and other losses are applied at a flat rate of 8 % for district heating 
and 14 % for electricity.
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The saving in fossil primary energy in the transport sector is due to replacement of diesel 
fuel by biodiesel and vegetable oil, and of petrol by bioethanol. The size of the primary en-
ergy saving due to biofuels is determined not only by the agricultural production and origin 
of the biofuels, but also, in particular, by the allocation method used to split the energy con-
sumption among main products and by-products. The datasets allocated on the basis of the 
energy value of the products are taken from the GEMIS database of the Öko-Institut (fossil 
motor fuels) and from the IFEU short report [5] (biofuels).

7. Economic impetus resulting from the use of renewable energies

The rapid expansion of renewables seen in Germany in recent years has resulted in a massive 
increase in the importance of the renewable energy sector for the economy as a whole. This 
is due in particular – in the form of investments – to the construction of installations. And 
as the number of installations increases, the operation of these installations is becoming a 
growing economic factor. The economic thrust resulting from the operation of installations 
includes not only expenditure on operation and maintenance of the installations, especial-
ly in the form of personnel expenses and ancillary energy costs, but also the provision of re-
newable heating fuels and biofuels.

The cost of operating and maintaining installations is determined on the basis of technol-
ogy-specific values. Cost calculations from various scientific studies are used for this purpose. 
These include the research projects related to the Renewable Energy Sources Act (including 
research report on the Renewable Energy Sources Act Progress Report 2007, interim reports 
on the monitoring of electricity generation from biomass, analytical report on possible adap-
tation of the EEG payment rate for photovoltaic installations), the evaluation of the market in-
centives programme and the evaluations of KfW assistance in the field of renewable energy 
sources. Detailed references to the sources used are provided in the main text.

In determining sales resulting from the supply of fuel, the costs of solid and liquid heating 
fuels and of the substrates used to produce biogas are taken into account. The relevant solid 
biomass fuels include in particular waste wood, residual wood from forestry and industry, 
wood pellets, wood chips, wood briquettes, and commercially traded firewood. Liquid fuels 
for stationary use include palm oil, rapeseed oil and other vegetable oils; the main com-
ponent of the relevant substrates for biogas production is maize silage and grass silage. Total 
sales resulting from the supply of biogenic fuels are assessed at nearly 2.0 billion EUR.

In the fuel sector, sales are determined on the basis of wholesale and retail prices. Here it 
is necessary to take account of the different types of fuel and distribution channels. For 
example, sales of biodiesel as an admixture to petroleum diesel are based on an assumed 
average net price of 73.53 ct/l, whereas the net figure for sales to commercial vehicles at 
own filling stations is 90.79 ct/l.

The economic impetus factors described in the main text as arising from the operation of in-
stallations are not comparable with the previous years’ figures, because they are determined 
on the basis of a new system.
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8. Organisation for Economic Cooperation and Development (OECD)

annex: methodological notes

The Organisation for Economic Cooperation and Development (OECD) was founded on 
30.09.1961 as the successor organisation to the Organisation for European Economic Co-
operation (OEEC). The organisation’s founding document, the OECD Convention, was signed 
by 18  European states plus the USA and Canada. By the end of 2009 a worldwide total of 
30  countries belonged to the organisation: Australia, Austria, Belgium, Canada, Czech Re-
public, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, 
Korea, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slova-
kia, Spain, Sweden, Switzerland, Turkey, United Kingdom, USA. In 2010 another four states – 
Chile, Estonia, Israel and Slovenia – were admitted to the organisation.

The main task of the OECD is to promote a policy that facilitates optimum economic develop-
ment and employment in the Member States in conjunction with rising standards of living. 
The basis for this is maintaining the financial stability of the Member States. This goal at the 
same time has a positive influence of the development of the global economy.

But the focus is not only on the economic development of the Member States. The organisa-
tion also seeks to help non-members to achieve sound economic growth. And the OECD is in-
tended to make a contribution to the growth of world trade.

Under the auspices of the OECD, an independent organisation – the International Energy 
Agency (IEA) – was founded in November 1974 to implement an international energy pro-
gramme. The OECD and the IEA are both based in Paris, France.

In the IEA publications used in this brochure, the states which joined the OECD in 2010 are 
not yet included in the data for the OECD as a whole (cf. pages 83 – 91). In fact, Chile is shown 
under Latin America, Estonia under the former Soviet Union, Israel under the Middle East, 
and Slovenia under non-OECD Europe.
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9. Effect of EU Directive 2009/28/EC on renewable energy statistics

EU Directive 2009/28/EC on the promotion of the use of energy from renewable sources 
contains detailed requirements with regard to calculating the achievement of targets. To 
some extent these differ from the calculation methods used in Germany to date, which 
form the underlying methods used in this brochure. The following differences in particular 
should be noted:

ó	The target is based on gross final consumption of energy, 

ó	Electricity supplied by hydropower and wind energy is normalised,

ó	There are special requirements for calculating the shares of heat consumption 
and in the transport sector.

Gross final consumption of energy is defined as follows in Article 2 (f) of Directive 2009/28/EC:
‘gross final consumption of energy’ means the energy commodities delivered for energy purposes to 
industry, transport, households, services including public services, agriculture, forestry and fisheries, 
including the consumption of electricity and heat by the energy branch for electricity and heat pro-
duction and including losses of electricity and heat in distribution and transmission.

In the national statistics to date (e.g. in this brochure), final energy consumption has been 
defined as the portion used for energy purposes of that energy quantity within Germany that 
reaches the final consumer. Gross final energy according to the Directive corresponds to 
final energy plus grid losses and plus the internal consumption of the generating plants, and 
is therefore higher.

When calculating the contributions of wind energy and hydropower, the effects of climate 
fluctuations on electricity yield are taken into account. As a result of this “normalisation” in 
terms of an average year, the figure for wind and hydropower no longer corresponds to the 
actual yield for the year in question, but provides a better picture of the relevant expansion.

Target achievement calculations in the transport sector only take account of sustainably pro-
duced biofuels plus the contribution due to the electricity which is generated from renewable 
sources and consumed in all types of electric vehicles. Furthermore, a factor of 2 is applied to 
biofuels from residues, lignocellulose, biomass-to-liquids (BtL) and biogas from residues, and a 
factor of 2.5 to renewable electricity in the road traffic sector.

Thus comparisons between data determined in accordance with the requirements of the EU 
Directive and statistics from other sources, such as the data under the Renewable Energy 
Sources Act or the national statistics, may be of limited value.
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conVeRsion FactoRs, gReenhoUse gases and aiR PollUtants

Conversion factors

Terawatt hour: 1 tWh = 1 billion kWh Kilo k 103 Tera T 1012

Gigawatt hour: 1 gWh = 1 million kWh Mega M 106 Peta P 1015

Megawatt hour: 1 mWh = 1,000 kWh Giga G 109 Exa E 1018

Units of energy and output

Joule J for energy, work, heat quantity

Watt W for power, energy flux, heat flux

1 Joule (J) = 1 Newton metre (Nm) = 1 Watt second (Ws)

legally binding units in germany since 1978. the  
calorie and derived units such as coal equivalent  
and oil equivalent are still used as alternatives.

Conversion factors

PJ TWh Mtce Mtoe

1 Petajoule PJ 1 0.2778 0.0341 0.0239

1 Terawatt hour TWh 3.6 1 0.123 0.0861

1 million tonnes 
coal equivalent

Mtce 29.308 8.14 1 0.7

1 million tonnes 
crude oil equivalent

Mtoe 41.869 11.63 1.429 1

the figures relate to the calorific value.

Greenhouse gases

CO
2

carbon dioxide

CH
4

methane

N O
2

nitrous oxide

SF
6

sulphur hexafluoride

HFC hydrofluorocarbons

PFC Perfluorocarbons

Other air pollutants

SO
2

sulphur dioxide

NO
x

nitrogen oxides

HCl hydrogen chloride (hydrochloric acid)

HF hydrogen fluoride (hydrofluoric acid)

CO carbon monoxide

NMVOC non-methane volatile organic compounds
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list oF aBBReVations

List of Abbrevations

AusglMechV
ordinance on the equalisation mechanism
(ausgleichsmechanismusverordnung)

BauGB Federal Building code (Baugesetzbuch)

BiokraftQuG Biofuel Quota act (BioKraftQug)

BioSt-NachV
Biomass-electricity sustainability ordinance
(Biomassestrom-nachhaltigkeitsverordnung)

BCHP Block-type heating power station

BTL Biomass-to-liquids

CHP combined heat and power plant

CHP Act combined heat and Power (cogeneration) act

EEG
Renewable energy sources act
(erneuerbare-energien-gesetz)

EEWärmeG
act on the Promotion of Renewable energies in the
heat sector (erneuerbare-energien-Wärmegesetz)

EnergieStG energy taxation act (energiesteuergesetz)

EnStatG energy statistics act (energiestatistikgesetz)

FEC Final energy consumption

GDP gross domestic product

GHG greenhouse gas

GRS Renewables global status Report

HH households

HP heating plant

HVDC high-voltage direct current transmission

MAP market incentive Programme (marktanreizprogramm)

MinöStG mineral oil tax act (mineralölsteuergesetz)

N/A not available

NREAP national Renewable energy action Plan

PEC Primary energy consumption

RE Renewable energies

REEGLE
information gateway for renewable energy
and energy efficieny

REEEP Renewable energy and energy efficiency Partnership

StromEinspG
act on the sale of electricity to the grid
(stromeinspeisungsgesetz)

TSO transmission system operator

Country codes:

BE

BG

DK

Belgium

Bulgaria

denmark

DE

EE

germany

estonia

FI Finland

FR France

EL

IE

greece

ireland

IT

LV

italy

latvia

LT lithuania

LU

MT

luxembourg

malta

NL netherlands

AT austria

PL Poland

PT

RO

Portugal

Romania

SE sweden

SK slovakia

SI slovenia

ES

CZ

HU

UK

CY

spain

czech. Republic

hungary

United Kingdom

cyprus
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list oF soURces

List of Sources

Communications from:

[1]  Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg (ZSW).

[4]  Arbeitsgemeinschaft Energiebilanzen (AGEB), Berlin.

[6]  Bundesverband der Energie- und Wasserwirtschaft e.V. (BDEW), Berlin.

[15]  Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz, (BMELV), Bonn.

[19]  Deutscher Energie-Pellet-Verband (DEPV), www.depv.de.

[21]  Statistisches Bundesamt (StBA), Wiesbaden.

[26]  Solarenergie-Förderverein Deutschland e.V. (SFV), Aachen.

[31]  Arbeitsgemeinschaft Qualitätsmanagement Biodiesel e.V. (AGQM).

[32]  Union zur Förderung von Oel- und Proteinpflanzen e.V. (UFOP).

[39]  EnBW Kraftwerke AG, Stuttgart, 2007 und Vorjahre.

[40]  Fichtner GmbH & Co. KG, Stuttgart.

[41]  Erdwärme-Kraft GbR, Berlin.

[42]  geo x GmbH, Landau.

[43]  Geothermie Unterhaching GmbH & Co. KG, Unterhaching.

[44]  Pfalzwerke geofuture GmbH, Landau.

[45]  Energie- und Wasserversorgung Bruchsal GmbH (ewb), Bruchsal.

[46]  Energie AG Oberösterreich Wärme GmbH, Vöcklabruck.

[51]  Bundesverband Solarwirtschaft (BSW), Berlin.

[52]  Bundesnetzagentur (BNetzA), Bonn.

[54]  ZfS Rationelle Energietechnik GmbH, Hilden.

[60]  Fachagentur Nachwachsende Rohstoffe e.V. (FNR), Gülzow.

[66]  Interessengemeinschaft der Thermischen Abfallbehandlungsanlagen (ITAD).

[67]  EEFA GmbH & Co. KG, Münster.

[72]  Institut für Thermodynamik und Wärmetechnik (ITW), Universität Stuttgart.

[77] Brankatschk, G.: Verband der ölsaatenverarbeitenden Industrie in Deutschland e.V. (OVID).

[81] Verband der Deutschen Biokraftstoffindustrie e.V., 2010.

[91] Technologie- und Förderzentrum (TFZ).

[145] Bundesamt für Wirtschaft und Ausfuhrkontrolle (BAFA), 2010.

Literature:

[2]  Arbeitsgemeinschaft Energiebilanzen (AGEB): Auswertungstabellen zur Energiebilanz Deutschland  

– Daten für die Jahre von 1990 bis 2010. Berlin, Stand: Juli 2011.

[3]  Bundesverband Wärmepumpe (BWP) e.V.: Wärmepumpen-Absatzzahlen für 2010:  

Der Markt konsolidiert sich. PM vom 27. Januar 2011, www.waermepumpe.de.

[5]  Institut für Energie- und Umweltforschung Heidelberg GmbH (IFEU):  

Erweiterung der Treibhausgas-Bilanzen ausgewählter Biokraftstoffpfade. Heidelberg, Januar 2011.

[7] Ingenieurbüro für neue Energien (IfnE): Beschaffungsmehrkosten für Stromlieferanten durch  

das Erneuerbare-Energien-Gesetz für das Jahr 2010 – EEG-Differenzkosten, im Auftrag des BMU,  

August 2011, in Vorbereitung.

[8]  Verband der Elektrizitätswirtschaft e.V. (VDEW): Endenergieverbrauch in Deutschland,  

VDEW-Materialien, Frankfurt a. M. 1998/1999/ 2000/2001/2002/2003.

[9]  Verband der Elektrizitätswirtschaft e.V. (VDEW): Energie Spezial – Endenergieverbrauch  

in Deutschland 2004, Berlin, 2006.

[10]  Verband der Elektrizitätswirtschaft e.V. (VDEW): Energie Info – Endenergieverbrauch  

in Deutschland 2005, Berlin, 2007.

[11]  Bundesverband der Energie- und Wasserwirtschaft e. V. (BDEW): Energie-Info Endenergieverbrauch 

in Deutschland 2006 und 2007, Berlin, Feb. und Dez. 2008.

[12]  Deutsches BiomasseForschungsZentrum GmbH (DBFZ): Fortschreibung der Daten zur  

Stromerzeugung aus Biomasse – 3. Zwischenbericht, im Auftrag der AGEE-Stat, April 2011,  

unveröffentlichter Bericht.
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[13]  Deutsches Institut für Wirtschaftsforschung (DIW): Verkehr in Zahlen 2008/2009.  

Bundesministerium für Verkehr, Bau- und Stadtentwicklung (Hrsg.).

[14] “Erster/ Zweiter/ Dritter/ Vierter/ Fünfter und Sechster nationaler Bericht zur Umsetzung der  

Richtlinie 2003/30/EG vom 08.05.2003 zur Förderung der Verwendung von Biokraftstoffen oder  

anderen erneuerbaren Kraftstoffen im Verkehrssektor”, BMU 2007, Vorjahre BMELV.

[16]  Bundesamt für Wirtschaft und Ausfuhrkontrolle (BAFA): Amtliche Mineralölstatistik, www.bafa.de.

[17]  Grawe, J.; Nitschke, J.; Wagner, E.: Nutzung erneuerbarer Energien durch die Elektrizitätswirtschaft 

1990/91. In: ew (Elektrizitätswirtschaft), Jg. 90 (1991), Heft 24, VDEW (Hrsg.).
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1994. Beide in: ew (Elektrizitätswirtschaft), Jg. 92 (1993) sowie Jg. 94 (1995), jeweils Heft 24, VDEW 

(Hrsg.).

[20]  Deutsches Zentrum für Luft – und Raumfahrt (DLR), Ingenieurbüro für neue Energien (IfnE): Lang-

fristszenarien und Strategien für den Ausbau erneuerbarer Energien in Deutschland – Leitszenario 

2009, im Auftrag des BMU, August 2009, http://www.erneuerbare-energien.de/files/pdfs/allgemein/

application/pdf/leitszenario2009_bf.pdf.

[22]  Böhmer, T.: Nutzung erneuerbarer Energien zur Stromerzeugung in den Jahren 2000-2003.  

Alle in: ew (Elektrizitätswirtschaft), Jahr 2000 in Jg.101 (2002), Heft 7, Jahr 2001 in Jg. 102 (2003), 

Heft 7, Jahr 2002 in Jg. 101 (2002), Heft 10, Jahr 2003 in Jg. 104 (2005), Heft 10, alle VDEW (Hrsg.).

[23]  Bundesverband der Energie- und Wasserwirtschaft e.V. (BDEW): EEG-Mittelfristprognose: Entwick-

lungen 2000 bis 2014, www.bdew und Prognosen der Übertragungsnetzbetreiber: 2011 – 2015: 

www.eeg-kwk.net/cps /rde/xchg/eeg_kwk/hs.xsl/Jahres-Mittelfristprognosen.htm.

[24]  Nitsch, J.: Datengerüst zur Basisvariante des Leitszenarios 2010. Unveröffentlichtes Arbeitspapier  

im Rahmen des Projekts: “Langfristszenarien und Strategien für den Ausbau von erneuerbaren 

Energien” für das BMU, Stuttgart, 20. April 2010.

[25]  Scholz, Y.: “Ergebnisse der Modellierung einer 100%-igen EE-Stromversorgung im Jahr 2050”;  

DLR/STB Stuttgart; Beitrag (Arbeitsbericht) zur Stellungnahme Nr. 15 des SRU vom 5.5. 2010.
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In: ew (Elektrizitätswirtschaft), Jg. 96 (1997), Heft 24, VDEW (Hrsg.).

[28]  Wagner, E.: Nutzung erneuerbarer Energien durch die Elektrizitätswirtschaft 1997, 1998 und 1999. 

Alle in: ew (Elektrizitätswirtschaft), Jg. 97 (1998), Jg. 98 (1999) sowie Jg. 99 (2000), jeweils in Heft 24, 

VDEW (Hrsg.).

[29]  Kiesel, F.: Ergebnisse der VDEW-Erhebung Regenerativanlagen 2004 und 2005. Beide in: ew  

(Elektrizitätswirtschaft), beide Jahre in Jg. 105 (2006), Heft 10 sowie Heft 26, VDEW (Hrsg.).

[30]  Kiesel, F.: Ergebnisse der BDEW-Erhebung Regenerativanlagen 2006. In: ew (Elektrizitätswirtschaft), 

Jg. 106 (2007), Heft 25-26, VDEW (Hrsg.).

[33]  Ender, C.; DEWI GmbH, Wilhelmshaven: Windenergienutzung in Deutschland, Stand 31.12.2010.  

In: DEWI MAGAZIN, No. 38, Februar 2011, S. 36-48..

[34]  United Nations Framework Convention on Climate Change (UNFCCC): Guidelines for the  

preparation of national communications by Parties included in Annex I to the Convention,  

Part I: UNFCCC reporting guidelines on annual inventories (following incurporation of the  

provisions of decision 13/CP.9); FCCC/SBSTA/2004/8.

[35]  Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg (ZSW) et al.:  

Vorbereitung und Begleitung der Erstellung des Erfahrungsberichtes 2007 gemäß § 20 EEG  

– Forschungsbericht, Forschungsvorhaben im Auftrag des Bundesministeriums für Umwelt, Natur-

schutz und Reaktorsicherheit (BMU), November 2007, http://www.bmu.de/erneuerbare_energien/

downloads/doc/40485.php.

[36]  O’Sullivan, M.; Edler, D.; van Mark, K.; Nieder, T.; Lehr, U.: Bruttobeschäftigung durch erneuerbare 

Energien in Deutschland im Jahr 2010 – eine erste Abschätzung, Stand 18, März 2011, im Auftrag 

des BMU, http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/ee_

 beschaeftigung_2010_bf.pdf.

[37]  Umweltbundesamt (UBA): Emissionsbilanz erneuerbarer Energieträger durch Einsatz erneuerba-

rer Energien vermiedene Emissionen im Jahr 2009 – Aktualisierte Anhänge 2 und 4 der Veröffentli-

chung “Climate Change 12/2009” Dessau-Roßlau, 2009.

http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/leitszenario2009_bf.pdf
http://www.bafa.de
http://www.eeg-kwk.net/cps /rde/xchg/eeg_kwk/hs.xsl/Jahres-Mittelfristprognosen.htm
http://www.bmu.de/erneuerbare_energien/downloads/doc/40485.php
http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/ee_beschaeftigung_2010_bf.pdf


 111Renewable Energy Sources in Figures

[38]  Deutsches Zentrum für Luft- und Raumfahrt (DLR), Deutsches Institut für Wirtschaftsforschung 

(DIW), Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg (ZSW), 

 Gesellschaft für Wirtschaftliche Strukturforschung (GWS): Bruttobeschäftigung durch erneuerbare 

Energien in Deutschland im Jahr 2010 – eine erste Abschätzung, Stand: 18. März 2011, im Auftrag 

des BMU, http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/ee_

 beschaeftigung_2010_bf.pdf.

LIST OF SOURCES

[47]  Bundesverband WindEnergie e.V. (BWE): Zahlen zur Windenergie, 11.06.2002.

[48]  Deutsches Windenergie-Institut GmbH (DEWI): Windenergienutzung in der Bundesrepublik 

Deutschland, DEWI Magazin, 2004-2009.

[49]  Leipziger Institut für Energie GmbH (IE), Zentrum für Sonnenenergie- und Wasserstoff-Forschung 

Baden-Württemberg (ZSW): Analyse zur möglichen Anpassung der EEG-Vergütung für Photovoltaik-

Anlagen, März 2010, im Auftrag des BMU, 5.03.2010.

[50] Ingenieurbüro für neue Energien (IfnE): Welche Wirkung hat die Förderung der erneuerbaren 

Energien auf den Haushalts-Strompreis?, im Auftrag des BMU, Stand 15. April 2011,  

http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/hintergrund_ee_umlage_bf.pdf.

[53] Fraunhofer-Institut für System- und Innovationsforschung (ISI), Karlsruhe; Gesellschaft für wirtschaft-

liche Strukturforschung (GWS), Osnabrück; Institut für ZukunftsEnergieSysteme (IZES), Saarbrücken; 

Deutsches Institut für Wirtschaftsforschung (DIW), Berlin: Einzel- und gesamtwirtschaftliche Analyse 

von Kosten- und Nutzenwirkungen des Ausbaus der Erneuerbaren Energien im deutschen Strom- und 

Wärmemarkt – Arbeitspaket 1. Im Auftrag des BMU, März 2010, www.erneuerbare-energien.de/ 

inhalt/45801/40870/.

[55] Fraunhofer-Institut für System- und Innovationsforschung (ISI), Gesellschaft für Wirtschaftliche 

Strukturforschung (GWS), Institut für ZukunftsEnergieSysteme (IZES), Deutsches Institut für Wirt-

schaftsforschung (DIW): Einzel- und gesamtwirtschaftliche Analyse von Kosten- und Nutzenwirkun-

gen des Ausbaus Erneuerbarer Energien im deutschen Strom- und Wärmemarkt, Kurz-Update der 

quantifizierten Kosten- und Nutzenwirkungen für 2010; im Auftrag des BMU, Juni 2011,  

http://www.erneuerbare-energien.de/inhalt/45801/40870/.

[56]  Intergovernmental Panel on Climate Change (IPCC): Second Assessment Report Climate Change 

1995; weitere Informationen unter www.de-ipcc.de.

[57]  Deutsches BiomasseForschungsZentrum GmbH (DBFZ) in Kooperation mit der Thüringer Landesan-

stalt für Landwirtschaft (TLL): Monitoring zur Wirkung des Erneuerbare-Energien-Gesetzes (EEG) auf 

die Entwicklung der Stromerzeugung aus Biomasse – Zwischenbericht, Forschungsvorhaben im Auf-

trag des BMU, März 2010.

[58]  Institut für Energetik und Umwelt GmbH (IE), Leipzig, Fichtner GmbH & Co. KG, Stuttgart, Thürin-

ger Landesanstalt für Landwirtschaft, Jena, Prof. Dr. jur. Stefan Klinski, Berlin: Monitoring zur Wir-

kung des Erneuerbare-Energien-Gesetzes (EEG) auf die Stromerzeugung aus Biomasse – Endbericht, 

im Auftrag des BMU, März 2008.

[59]  Bracke, R.; Platt, M.; Exner, St.: Analyse des deutschen Wärmepumpenmarktes – Bestandsaufnahme 

und Trends. GeothermieZentrum Bochum (GZB) im Auftrag des Zentrums für Sonnenenergie- und 

Wasserstoff-Forschung Baden-Württemberg, März 2010.

[61]  Leipzig-Institut für Angewandte Geophysik (LIAG) (Hrsg.): Geothermisches Informationssystem für 

Deutschland, www.geotis.de.

[62]  Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg (ZSW), Deutsches Zen-

trum für Luft- und Raumfahrt (DLR), Deutsches Institut für Wirtschaftsforschung (DIW), Gesellschaft 

für Wirtschaftliche Strukturforschung (GWS): Erneuerbare Energien: Arbeitsplatzeffekte, Wirkun-

gen des Ausbaus erneuerbarer Energien auf den deutschen Arbeitsmarkt, Kurz- und Langfassung, 

im Auftrag des BMU, Juni 2006, www.erneuerbare-energien.de/inhalt/36860/40289/.

[63]  Gesellschaft für Wirtschaftliche Strukturforschung (GWS), Deutsches Institut für Wirtschaftsfor-

schung (DIW), Deutsches Zentrum für Luft- und Raumfahrt (DLR), Fraunhofer-Institut für System- 

und Innovationsforschung (ISI), Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-

Württemberg (ZSW): Kurz- und langfristige Arbeitsplatzwirkungen des Ausbaus der erneuerbaren 

Energien in Deutschland, im Auftrag des BMU (Hrsg.), Februar 2011, 

 http://www.erneuerbare-energien.de/inhalt/40289/.

http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/ee_beschaeftigung_2010_bf.pdf
http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/hintergrund_ee_umlage_bf.pdf
http://www.erneuerbare-energien.de/inhalt/45801/40870/
http://www.erneuerbare-energien.de/inhalt/45801/40870/
http://www.de-ipcc.de
http://www.geotis.de
http://www.erneuerbare-energien.de/inhalt/36860/40289/
http://www.erneuerbare-energien.de/inhalt/40289/


 112 Renewable Energy Sources in Figures

LIST OF SOURCES

[64]  Arbeitsgemeinschaft Energiebilanzen (AGEB): Bruttostromerzeugung in Deutschland 1990 – 2010 

nach Energieträgern, Stand 10.05.2011.

[65]  International Energy Agency (IEA), Statistische Amt der Europäischen Gemeinschaften Eurostat,  

United Nations/ Economic Commission for Europe (UNECE): Energy Questionnaire – Renewables  

and Wastes 2007.

[68] EEG/KWK-G Informationsplattform der deutschen Übertragungsnetzbetreiber: EEG-Jahresabrech-

nungen, www.eeg-kwk.net/cps/rde/xchg/eeg_kwk/hs.xsl/EEG_Jahresabrechnungen.htm.

[69]  Arbeitsgemeinschaft Energiebilanzen (AGEB), Berlin: Satellitenbilanz “Erneuerbare Energieträger” 

1995 – 2003.

[70]  Arbeitsgemeinschaft Energiebilanzen (AGEB), Berlin: Satellitenbilanz “Erneuerbare Energieträger” 

für das Jahr 2004, 2005, 2006, 2007, 2008, 2009.

[71]  Amprion GmbH, EnBW Transportnetze AG, transpower Stromübertragungs Gmbh und Vattenfall 

Europe Transmission GmbH, Anlagenstammdaten, Stand November 2009.

[73]  Arbeitsgemeinschaft Energiebilanzen (AGEB): Energiebilanz für Deutschland, 1990 bis 2007, Berlin, 

2009.

[74]  Bundesnetzagentur für Elektrizität, Gas, Telekommunikation, Post und Eisenbahnen (BNetzA):  

EEG-Statistikbericht 2007 – Statistikbericht zur Jahresendabrechnung 2007 nach dem Erneuerbaren-

Energien-Gesetz (EEG), Redaktionsschluss 31. Juli 2009, www.bundesnetzagentur.de.

[75]  Umweltbundesamt (UBA): Emissionsbilanz erneuerbarer Energieträger. Durch Einsatz erneuerbarer  

Energien vermiedene Emissionen im Jahr 2007. Climate Change 12/2009, Dessau-Roßlau, 2009, 

www.umweltbundesamt.de.

[76] Ramesohl, S. et al.: Entwicklung einer Gesamtstrategie zur Einführung alternativer Kraftstoffe,  

insbesondere regenerativ erzeugten Wasserstoffs. Arbeitsgemeinschaft WI, DLR, IFEU, im Auftrag 

des Umweltbundesamtes, Berlin, März 2006.

[78] Greenpeace e.V.: Untersuchung der Agrosprit-Beimischungen zum Sommerdiesel 2009 und  

Winterdiesel 2010, www.greenpeace.de/fileadmin/gpd/user_upload/Agrosprit_Untersuchungen.pdf 

– 27.05.2010.

[79] Bundesregierung (BR): Verordnung über Anforderungen an eine nachhaltige Herstellung von Bio-

kraftstoffen (Biokraftstoff-Nachhaltigkeitsverordnung – Biokraft-NachV) vom 30. September 2009 

(BGBl. I S. 3182).

[80] Bundesregierung (BR): Verordnung über Anforderungen an eine nachhaltige Herstellung von flüs-

siger Biomasse zur Stromerzeugung (Biomassestrom-Nachhaltigkeitsverordnung – BioSt-NachV) vom 

23. Juli 2009 (BGBl. I S. 2174).

[82] Bundesverband der deutschen Bioethanolwirtschaft (BDBe): Bioethanolproduktion in Deutschland 

2009, www.bdbe.de/Zahlen_2009.html, 27.05.2010.

[83] Ciroth, A.: Validierung der Emissionsfaktoren ausgewählter erneuerbarer Energiebereitstellungs-

ketten, Berlin, 2009.

[84] Ecoinvent v2.01: Datenbank des Schweizer Zentrums für Ökoinventare v2.0. EMPA, St. Gallen, 2008.

[85] EP/ER: Richtlinie 2009/28/EG des Europäischen Parlaments und des Rates vom 23. April 2009 zur 

Förderung der Nutzung von Energie aus erneuerbaren Quellen und zur Änderung und anschlie-

ßenden Aufhebung der Richtlinien 2001/77/EG und 2003/30/EG, Amtsblatt der EU L140/15 v. 5. Juni 

2009.

[86] Frick, S.; Schröder, G.; Rychtyk, M. et al.: Umwelteffekte einer geothermischen Stromerzeugung. 

Analyse und Bewertung der klein- und großräumigen Umwelteffekte einer geothermischen Strom-

erzeugung, Leipzig, 2008.

[87] Frondel, M.; Grösche, P.; Tauchmann, H. et al.: Erhebung des Energieverbrauchs der privaten Haus-

halte für das Jahr 2005. Forschungsprojekt Nr. 15/06 des BMWi, 2008.

[88] Klobasa, M.; Sensfuß, F.: CO2
-Minderung im Stromsektor durch den Einsatz erneuerbarer Energien 

im Jahr 2008 und 2009 – Gutachten, Bericht für die Arbeitsgruppe Erneuerbare Energien-Statistik 

(AGEE-Stat) im Auftrag des Zentrums für Sonnenenergie- und Wasserstoff-Forschung Baden-Würt-

temberg (ZSW), Karlsruhe, März 2011.

[89] Vogt, R.; Gärtner, S.; Münch, J. et. al.: Optimierungen für einen nachhaltigen Ausbau der Biogas-

erzeugung und -nutzung in Deutschland, Heidelberg, 2008.

[90] Öko-Institut: Globales Emissions-Modell Integrierter Systeme (GEMIS), Version 4.5, 2008.

http://www.eeg-kwk.net/cps/rde/xchg/eeg_kwk/hs.xsl/EEG_Jahresabrechnungen.htm
http://www.bundesnetzagentur.de
http://www.umweltbundesamt.de
http://www.greenpeace.de/fileadmin/gpd/user_upload/Agrosprit_Untersuchungen.pdf
http://www.bdbe.de/Zahlen_2009.html


 113Renewable Energy Sources in Figures

[92] Umweltbundesamt (UBA): Zentrales System Emissionen. UBA- Datenbank zur Unterstützung der 

Emissionsberichterstattung, Submission 2010, Stand: Februar 2010.

LIST OF SOURCES

[93] Verband der Deutschen Biokraftstoffindustrie e.V.: Biodiesel aus Palmöl fast ausschließlich aus dem 

Ausland importiert. PM vom 04.05.2010, www.biokraftstoffverband.de.

[94] Umweltbundesamt (UBA): Nationale Trendtabellen für die deutsche Berichterstattung atmosphäri-

scher Emissionen, Submission 2010.

[95]  Statistisches Bundesamt: Statistik zum Außenhandel WA38249091 Erzeugung d. chem. Industrie, 

Fettsäurenmonoalkylester für das Jahr 2009.

[96] Bundesanstalt für Landwirtschaft und Ernährung (BLE): Abgang von Ölen und Fetten der Ölmühle/ 

der Raffinerie/des Härtungsbetriebes/des Herstellers von Fischöl, Monatsmeldungen 2009.

[97] o.V.: VDB: Palmöl-Diskussion schadet Branche nicht. Dow Jones Marktreport Agrar Mittwoch, 

 5. Mai 2010 | Nr. 86.

[98]  Eurostat, Statistisches Amt der Europäischen Gemeinschaften, Luxemburg: Online Database,  

http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/introduction.

[99] Eurostat, Statistisches Amt der Europäischen Gemeinschaften, Luxemburg: Energy – Yearly statistics 

2008, Edition 2010.

[100] European Wind Energy Association (EWEA): Wind in power – 2010 European Statistics, February 

2011, www.ewea.org.

[101] Observatoire des énergies renouvelables (Observ’ER): Wind Power Barometer ; Studie von 

EUROBSERV’ER, in: le journal de l’éolien, N° 8 – 2011, Février 2011, Systèmes Solaires (Ed.),  

www.energies-renouvelables.org.

[102] Observatoire des énergies renouvelables (Observ’ER): The state of renewable energies in Europe, 

10th EurObserv’ER report, www.energies-renouvelables.org.

[103] International Energy Agency (IEA), Paris: Renewables Information, Edition 2010, IEA/OECD.

[104]  International Energy Agency (IEA): Energy Balances of Non-OECD Countries, 2010 Edition.

[105] International Energy Agency (IEA), United Nations Development Programme (UNDP), United  

Nations Industrial Development Organization (UNIDO): Energy Poverty – How to make modern  

energy access universal? Special early excerpt of the World Energy Outlook 2010 for the  

UN General Assembly on the Millennium Development Goals, OECD/IEA, September 2010.

[106] Aeroe: The Worlds Largest Solar Panel Plant and Solar Technology; Download 02/05/2008;  

www.aeroeisland.com.

[107] Multiplying Sustainable Energy Communities Crailsheim (MUSEC Crailsheim): Solare Nahwärme 

Hirtenwiesen II, www.musec-crailsheim.de.

[108] European Wind Energy Association (EWEA): The European offshore wind industry key trends and 

statistics 2010, January 2011, www.ewea.org.

[109] Observatoire des énergies renouvelables (Observ’ER): Solar Thermal Barometer – EurObserv’ER – 

May 2010, Systèmes Solaires – Le Journal des Énergies Renouvelables (Ed.), N° 197-2010,  

www.energies-renouvelables.org.

[110] Weiss, W.; Mauthner, F.: Solar Heat Worldwide – Markets and Contribution to the Energy Supply 

2009, Edition 2011, IEA Solar Heating & Cooling Programme (SHC), May 2011, www.iea-shc.org.

[111] Global Wind Energy Council (GWEC): Global wind statistics 2010, 02.02.2011, www.gwec.net.

[112] Observatoire des énergies renouvelables (Observ’ER):La production d’électricité d’origine  

renouvelable; Twelfth inventory, edition 2010, www.energies-renouvelables.org.

[113] REN21: “Renewables 2011 Global Status Report” (Paris: REN21 Secretariat), 2011 Edition,  

www.ren21.net.

[114] Klein, A.; Merkel, E.; Pfluger, B.; Held, A.; Ragwitz, M.; Resch, G.; Busch, S: Evaluation of different 

feed-in tariff design options – Best practice paper for the International Feed-In Cooperation.  

3rd edition, update by December 2010, www.feed-in-cooperation.org.

[115] Senatsverwaltung für Gesundheit, Umwelt und Verbraucherschutz; Bereich Umwelt:  

http://www.berlin.de/sen/umwelt/klimaschutz/co2bilanz/de/stromverbrauch.shtml.

[116] Eurostat, Statistisches Amt der Europäischen Gemeinschaften, Luxemburg: Statistik der erneuer-

baren Energieträger 2005; Daten kurzgefasst, Reihe Umwelt und Energie, 19/2007,  

http://epp.eurostat.ec.europa.eu/.

[117] Europäische Kommission: Erneuerbare Energien: Fortschritte auf dem Weg zum Ziel für 2020,  

Mitteilung der Kommission an das Europäische Parlament und den Rat, KOM(2011) 31, 31.1.2011, 

http://ec.europa.eu/energy/renewables/reports/doc/com_2011_0031_de.pdf.

http://www.biokraftstoffverband.de
http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/introduction
http://www.ewea.org
http://www.energies-renouvelables.org
http://www.energies-renouvelables.org
http://www.aeroeisland.com
http://www.musec-crailsheim.de
http://www.ewea.org
http://www.energies-renouvelables.org
http://www.energies-renouvelables.org
http://www.iea-shc.org
http://www.gwec.net
http://www.ren21.net
http://www.feed-in-cooperation.org
http://www.berlin.de/sen/umwelt/klimaschutz/co2bilanz/de/stromverbrauch.shtml
http://epp.eurostat.ec.europa.eu/
http://ec.europa.eu/energy/renewables/reports/doc/com_2011_0031_de.pdf


 114 Renewable Energy Sources in Figures

[118] Europäische Kommission: Recent progress in developing renewable energy sources and technical 

evaluation of the use of biofuels and other renewable fuels in transport in accordance with Article 

3 of Directive 2001/77/EC and Article 4(2) of Directive 2003/30/EC, Commission staff working docu-

ment, SEC(2011) 130, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=SEC:2011:0130:FIN: 

EN:PDF.

[119] Energy Research Centre of the Netherlands (ECN), European Environment Agency: Renewable  

Energy Projections as Published in the National Renewable Energy Action Plans of the European 

Member States, Executive Summary, 1. February 2011, www.ecn.nl.

[120] European Photovoltaic Industry Association (EPIA): Global Market Outlook for Photovoltaics until 

2015, Brussels, 2011, www.epia.org.

[121] The PEW Charitable Trusts: Who’s winning the clean energy race? Edition 2010,  

www.pewenvironment.org.

[122] Dr. Gehrig Management- & Technologieberatung GmbH: Erhebung statistischer Daten zu Preisen 

nachwachsender Rohstoffe – 3. Zwischenbericht, Dezember 2010.

[123] Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (BMU): Informationen zur  

Anwendung von § 40 ff. EEG (Besondere Ausgleichsregelung) für das Jahr 2010, Stand: 

15.04.2011, Referat KI III 1, http://www.bmu.de/files/pdfs/allgemein/application/pdf/hg_

ausgleichsregelung _2011_bf.pdf.

[124] Amprion, EnBW Transportnetze AG, transpower stromübertragungs GmbH, Vattenfall: Prognose 

der EEG-Umlage 2010 nach AusglMechV, Prognosekonzept und Berechnung der ÜNB,  

Stand: 15. Oktober 2009, http://www.eeg-kwk.net/de/EEG-Umlage-2010.htm.

[125] Breitschopf, B.; Diekmann, J.: Vermeidung externer Kosten durch erneuerbare Energien – methodi-

scher Ansatz und Schätzung für 2009. Untersuchung im Rahmen des Projekts “Einzel- und gesamt-

wirtschaftliche Analyse von Kosten- und Nutzenwirkungen des Ausbaus erneuerbarer Energien im 

deutschen Strom- und Wärmemarkt” (Arbeitspaket 3); Juni 2010,  

http://www.erneuerbare-energien.de/inhalt/46680/40870/.

[126] Umweltbundesamt (UBA): Ökonomische Bewertung von Umweltschäden. Methodenkonvention zur 

Schätzung externer Umweltkosten. Dessau-Roßlau 2007.

[127] PointCarbon: www.pointcarbon.com/, Zugriff nur für registrierte Nutzer.

[128] NEEDS, New Energy Externality Developments for Sustainability (04/09), Integrated Project, DG Re-

search EC, 6th Framework Programme, Mai 2004 bis 2009; Deliverable n° 6.1 – RS1a, “External 

costs from emerging electricity generation technologies”, www.needs-project.org download im Juni 

2009.

[129] Observatoire des énergies renouvelables (Observ’ER): The state of renewable energies in Europe, 9th 

EurObserv’ER report, www.energies-renouvelables.org.

[130] Arbeitsgemeinschaft Energiebilanzen (AGEB): Heizwerte der Energieträger und Faktoren für die 

Umrechnung von spezifischen Mengeneinheiten in Wärmeeinheiten zur Energiebilanz 2008, 

 www.ag-energiebilanzen.de.

[131] International Energy Agency – Solar Heating and Cooling Programme (IEA-SHC) and several solar 

thermal trade associations: Worldwide capacity of solar thermal energy greatly underestimated, 

Press release 10. November 2004, www.iea-shc.org.

[132] Ingenieurbüro für neue Energien (IfnE): Welche Wirkung hat die Förderung der erneuerbaren 

Energien auf den Haushalts-Strompreis? Im Auftrag des BMU, Stand: 15. April 2011,  

http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/hintergrund_ee_umlage_bf.pdf.

[133]  U. Lehr: Methodenüberblick zur Abschätzung der Veränderungen von Energieimporten durch den 

Ausbau erneuerbarer Energien. Veröffentlichung im Rahmen des BMU-Forschungsvorhabens “Ein-

zel- und gesamtwirtschaftliche Analyse von Kosten- und Nutzenwirkungen des Ausbaus der erneuer-

baren Energien im deutschen Strom- und Wärmemarkt”, Mai 2011, Osnabrück.

[134] Deutsches Zentrum für Luft- und Raumfahrt (DLR), Fraunhofer Institut für Windenergie und Ener-

giesystemtechnik (IWES), Ingenieurbüro für neue Energien (IfnE): Langfristszenarien und Strategien 

für den Ausbau der erneuerbaren Energien in Deutschland bei Berücksichtigung der Entwicklung 

in Europa und global – “Leitstudie 2010”, im Auftrag des BMU, Dezember 2010, http://www.bmu.de/

erneuerbare_energien/downloads/doc/47034.php.

LIST OF SOURCES

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=SEC:2011:0130:FIN:EN:PDF
http://www.ecn.nl
http://www.epia.org
http://www.pewenvironment.org
http://www.bmu.de/files/pdfs/allgemein/application/pdf/hg_ausgleichsregelung 2011_bf.pdf
http://www.eeg-kwk.net/de/EEG-Umlage-2010.htm
http://www.erneuerbare-energien.de/inhalt/46680/40870/
http://www.pointcarbon.com/
http://www.needs-project.org
http://www.energies-renouvelables.org
http://www.ag-energiebilanzen.de
http://www.iea-shc.org
http://http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/hintergrund_ee_umlage_bf.pdf
http://www.bmu.de/erneuerbare_energien/downloads/doc/47034.php


 115Renewable Energy Sources in Figures

[135] Sensfuß, F.: Analysen zum Merit-Order-Effekt erneuerbarer Energien – Update für das Jahr 2009, 

Karlsruhe, 28. Februar 2011, 

 http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/meritorder_bf.pdf.

LIST OF SOURCES

[136] Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg (ZSW), Technologie- 

und Förderzentrum (TFZ), Solites Steinbeis Forschungszentrum für solare und zukunftsfähige ther-

mische Energiesysteme: Evaluierung von Einzelmaßnahmen zur Nutzung erneuerbarer Energien

 (Marktanreizprogramm) für den Zeitraum Januar 2004 bis Dezember 2005, Oktober 2006,

 http://www.erneuerbare-energien.de/inhalt/39812/4590/.

[137] Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg (ZSW): Evaluierung 

von Einzelmaßnahmen zur Nutzung erneuerbarer Energien (Marktanreizprogramm) 

 für den Zeitraum Januar bis Dezember 2006, Juli 2007, 

 http://www.erneuerbare-energien.de/inhalt/39812/4590/.

[138] Deutsches Zentrum für Luft – und Raumfahrt (DLR), Zentrum für Sonnenenergie- und Wasserstoff-

Forschung Baden-Württemberg (ZSW), Technologie- und Förderzentrum (TFZ), Institut für Thermo-

dynamik und Wärmetechnik der Universität Stuttgart (ITW), Solites Steinbeis Forschungszentrum 

für solare und zukunftsfähige thermische Energiesysteme, Centrales Agrar-Rohstoff-Marketing und 

Entwicklungsnetzwerk (C.A.R.M.E.N. e. V.), GeoForschungsZentrum Potsdam (GFZ): Evaluierung von 

Einzelmaßnahmen zur Nutzung erneuerbarer Energien (Marktanreizprogramm) im Zeitraum Janu-

ar 2007 bis Dezember 2008, Dezember 2009, 

 http://www.erneuerbare-energien.de/inhalt/39812/4590/.

[139] Fichtner GmbH & Co. KG, Deutsches Zentrum für Luft – und Raumfahrt (DLR), Ingenieurbüro für 

neue Energien (IfnE), GeoForschungsZentrum Potsdam (GFZ), Solar- und Wärmetechnik Stuttgart 

(SWT), Technologie- und Förderzentrum (TFZ): Evaluierung von Einzelmaßnahmen zur Nutzung er-

neuerbarer Energien im Wärmemarkt (Marktanreizprogramm) für den Zeitraum 2009 bis 2011 – 

Evaluierung des Förderjahres 2009, Zwischenbericht Dezember 2010, 

 http://www.fichtner.de/pdf/MAP-Evaluationsbericht_2009.pdf.

[140] Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg (ZSW): Evaluierung 

der KfW-Förderung für Erneuerbare Energien im Inland für die Jahre 2007-2009, 

 http://www.kfw.de/kfw/de/KfW-Konzern/Research/Evaluationen/PDF-Dokumente_Evaluationen/

 Erneuerbare_Energien_Evaluierung_2009.pdf.

[141] Union zur Förderung von Oel- und Proteinpflanzen e. V. (UFOP): UFOP-Marktinformation – Ölsaaten 

und Biokraftstoffe, Ausgaben Januar 2009 bis Dezember 2010, 

 http://www.ufop.de/publikationen_marktinformationen.php.

[142] Observatoire des énergies renouvelables (Observ’ER): Solar Thermal and Concentrated Solar Power 

Barometer; Studie von EUROBSERV’ER, in: le journal des energies renouvelables, N° 203 – 2011, Mai 

2011, Systèmes Solaires (Ed.), www.energies-renouvelables.org.

[143] Observatoire des énergies renouvelables (Observ’ER): Photovoltaic Barometer; Studie von 

EUROBSERV’ER, in: le journal du photovoltaique, N° 5 – 2011, Avril 2011, Systèmes Solaires (Ed.), 

www.energies-renouvelables.org.

[144] Voith GmbH: Meilenstein in der Geschichte der Stromerzeugung – Erstes Wellenkraftwerk der Welt 

kommerziell angeschlossen, 8.7.2011, www.presseportal.de.

[146]  BMU brochure: Renewably employed! short and long-term impacts of the expansion of renewable 

energy on the German labour market; Juli 2011.

INFORMATION ON RENEWABLE ENERGIES
(e.g. BMU documents, press statements, research results, publications)  

available on the 
BMU’s ERNEUERBARE ENERGIE (renewable energy) 

themenpage in the internet, website at www.erneuerbare-energien.de

http://www.erneuerbare-energien.de/files/pdfs/allgemein/application/pdf/meritorder_bf.pdf
http://www.erneuerbare-energien.de/inhalt/39812/4590/
http://www.erneuerbare-energien.de/inhalt/39812/4590/
http://www.erneuerbare-energien.de/inhalt/39812/4590/
http://www.fichtner.de/pdf/MAP-Evaluationsbericht_2009.pdf
http://www.kfw.de/kfw/de/KfW-Konzern/Research/Evaluationen/PDF-Dokumente_Evaluationen/Erneuerbare_Energien_Evaluierung_2009.pdf
http://www.ufop.de/publikationen_marktinformationen.php
http://www.energies-renouvelables.org
http://www.energies-renouvelables.org
http://www.presseportal.de
http://www.erneuerbare-energien.de


This publication is part of the public relations work of the Federal Ministry for the
Environment, Nature Conservation and Nuclear Safety. It is distributed free of
charge and is not intended for sale. Printed on recycled paper.


	National and International Development Renewable Energy Sources in Figures
	imprint
	published by:
	Edited by:
	technical revision:
	Design:
	printed by:
	photo credits:
	Date:
	First print:

	Contents
	Foreword
	Dear Readers,

	Working Group on Renewable Energies –  Statistics (AGEE-Stat)
	Part I: Germany advancing into the age of renewable energy
	Phasing-out nuclear energy
	Revision of the Renewable Energy Sources Act (EEG)
	Expansion of power grids
	Energy and Climate Fund

	Renewable energies in Germany:  The most important facts in 2010 at a glance
	This is what renewable energy sources achieved in 2010:
	Investment and employment reach record levels
	Renewable energy share increases despite rising energy consumption
	Lull in wind energy
	Ongoing upward trend in biomass utilisation
	Photovoltaic soaring high

	Contribution of renewable energies to the energy supply and  greenhouse gas emission reductions in Germany in 2010
	Renewable energy shares of energy supply in Germany,  1990 and 1998 to 2010
	Final energy consumption in Germany, 2010  – Shares met by renewable energies
	Structure of renewables-based energy supply  in Germany, 2010
	Development of renewables-based energy production  in Germany, 1990 to 2010
	Emissions avoided through use of renewable energies  in Germany, 2010
	Emissions avoided in the electricity sector in 2010 by using renewables
	Emissions avoided in the heat sector in 2010 by using renewables
	Emissions avoided in the transport sector in 2010 by using renewables

	Saving in fossil fuels and energy imports in Germany in 2010  due to the use of renewables
	Economic boost resulting from the construction and  operation of installations for exploiting renewable energies  in Germany, 2010
	Employment in Germany’s renewable energies sector
	Initial and further training in the renewable energy sector  in Germany
	Support under the Renewable Energy Sources Act,  and cost apportionment to electricity price
	How is the EEG apportionment calculated?
	EEG apportionment in 2010

	Merit-order effect
	Structure of electricity quantities paid for under the EEG since 2000
	Expanding the use of renewables in the heat and mobility  sectors: Legislation, promotion and impacts
	The Act on the Promotion of Renewable Energies in the Heat Sector (Erneuerbare- Energien-Wärmegesetz)
	The market incentive programme
	Biofuels: Promotion and relevant legislation

	How society benefits from the use of renewable energies
	Reducing environmental pollution / Avoiding external costs
	Other positive impacts for society of the expansion of renewable energies

	Overview of the economic impacts of expanding  renewable energies
	Promotion of research and development in the field  of renewable energies
	Aims and key areas of assistance for research

	Long-term sustainable use potential of renewable energies for electricity,  heat and fuel production in Germany
	Long-term scenario 2010 for renewables expansion  in Germany
	Strategies for achieving climate objectives: Expansion of renewable energies and  extensive efficiency measures
	Structural challenges: Expansion of electricity, heat and gas networks
	Costs and cost-effectiveness: Falling investment costs versus rising  heating fuel costs


	Part II: Renewable energies in the european union
	The National Renewable Energy Action Plan
	Future development of renewable energies in the EU –  Estimate based on the National Renewable Energy Action  Plans of the Member States
	Use of renewable energies in the EU
	Expansion of renewables-based electricity generation in  the European internal electricity market
	Renewables-based electricity supply in the EU
	Wind energy use in the EU
	Renewables-based heat supply in the EU
	Development of the solar thermal market

	Renewables-based fuels in the EU
	Socio-economic aspects of renewable energies  in the EU, 2009
	Instruments for promoting renewable energy sources in the  EU electricity market
	The International Feed-In Cooperation (IFIC)


	Part III: Global use of renewable energy sources
	Global energy supply from renewable energies
	Regional use of renewable energies in 2008 –  Around the globe
	Global electricity generation from renewable energies
	International networks for renewable energy sources
	International Renewable Energy Conferences (IRECs)  – renewables2004 – and the follow up process
	Renewable Energy Policy Network for the 21st Century – REN21 –
	The IEA Implementing Agreement – RETD –
	International Renewable Energy Agency – IRENA –
	Clean Energy Ministerial – CEM –
	IPCC – Renewables: It’s the global perspective that counts


	Annex: Methodological notes
	1. Energy supply from photovoltaic and solar thermal systems
	Photovoltaic systems
	Solar thermal systems

	2. CO 2 equivalent and SO 2 equivalent
	3. Calculating avoidance factors and avoided emissions for renewables based   electricity generation
	4. Calculating avoidance factors and avoided emissions for renewables based   heat generation
	5. Calculating avoidance factors and avoided emissions for biofuels
	6. Fossil fuel savings due to renewable energy sources
	7. Economic impetus resulting from the use of renewable energies
	8. Organisation for Economic Cooperation and Development (OECD)
	9. Effect of EU Directive 2009/28/EC on renewable energy statistics

	Conversion factors
	List of Abbrevations
	List of Sources
	Communications from:
	Literature:





