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ABSTRACT

This paper presents a review of the promoting programs of solar and wind energies in different countries including
Germany, Austria, France, Spain, Great Britain, Italy, Japan, USA, Australia, China and India with an emphasis on
Germany as a notable example. The success of each program is discussed in detail. The results of the investigation
conducted in the paper have shown that some renewable energy laws have proven to be extremely successful. Among
such laws, is the Renewable Energy Act (EEG) in Germany, which guaranteed 20 years of stable prices for green power
and has already brought many homeowners and businesses to install photovoltaic modules and to feed their electricity
into the national grid. By the year 2010, the clean production of electricity by renewable energies in Germany has risen
to around 202,000 GWh. In addition, about 70 million tons of CO, emissions in 2009 were avoided through the use of

renewable energies in electricity generation in Germany.
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1. Introduction

The continuous dependence of many countries on energy
imports, growing demand and consequent price increases
and climate change and environmental pollution through
the use of fossil fuel have increased dramatically. This,
along with other factor such as finite sources of energy
sources, has led many countries towards development of
alternative energies that are effective and environmental
friendly by promoting new green technologies through
policies and international agreements.

This paper presents promoting programs of solar and
wind energies in different countries including Germany,
Austria, France, Spain, Great Britain, Italy, Japan, USA,
Australia, China and India with an emphasis on Germany
as a notable example. The success of each program will
be discussed in detail.

2. Introduced Support Programs for
Renewable Energies Worldwide

2.1. Germany

To promote the development and use of renewable ener-
gies, many supporting programs have been introduced in
Germany since 1990 (see Table 1). The most important
and successful ones are Renewable Energy Act (EEG) in
2000 and its predecessor, the Law on Electricity Feeding
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into the Grid for Renewable Energy (StrEG) and the Re-
newable Energy Heat Act (EEWiarmeG).

2.1.1. Law on Feeding Electricity to the Grid (StrEG)
The StrEG was decided in December 1990 and since
1991 it has been the governing law on the dispatch of
electricity from renewable energy sources in the network
grid. The conditions of supply and payment of electricity
from renewable energy sources are regulated at a na-
tional level. It obliges grid operators to accept and trans-
fer all the offered power produced by renewable energy
plants. The renewable energy owners are assured average
price of electricity coupled with remuneration.

This Law on Feeding Electricity into the Grid was re-
placed on April 1, 2000 by Renewable Energies Act (EEG).

2.1.2. Renewable Energies Act (EEG)

The Law on Feeding Electricity into the Grid (StrEG) was
replaced by the Renewable Energy Act (EEG) in 2000. It
regulates the purchase of electricity produced from re-
newable energy sources by power suppliers or network
operators and determines the remuneration of renewable
energy plant operators (owners). Anyone who generates
electricity and heat from renewable energy sources in
Germany and feeds it into the grid has the right to receive
incentive by the Renewable Energies Act (EEG). This
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Table 1. German support programs for renewable energies [1].

Year Programs

1990 1000 Roofs-Photovoltaic-Program

1991 Law on Feeding Electricity into Grid (StrEG)

1999 1000 Roofs-Photovoltaic-Program Market Incentive Program for Promote Renewable Energies (MAP)
2000/2004/2009 Renewable Energy Act (EEG)

2001 CO»-Building Renovation program

2002 Energy conservation Ordinance (EnEV)

2004 Tax Exemption for Biofuels

2005 Law on the Fuel and Electricity Industries (EnWG) New Edition CO,-Building Program

2006 Biofuel Quota Law

2008 Building Energy Certification

2009 Renewable Energy Heat Act

Act supports many homeowners, investors and enter-
prises to install photovoltaic modules and wind turbines
and to feed electrical energy into the national power grid.

The owners obtain up to 20 years long a guaranteed
fixed payment for their generated power in which the
payment depends on the renewable energy sector, size
and type of facilities, the amount of generated power, the
year of commissioning and location. Based on EEG Act
the renewable energy can be produced from hydropower,
wind power, solar radiation energy (photovoltaic and
solar power plants), geothermal, landfill gas, sewage gas,
biomass and methane gas.

The EEG Act was revised, expanded and updated in
2004 and 2009 including modifications of the amount of
remuneration. This is justified by the ever decreasing
cost and improving the efficiency of solar systems. Fur-
ther modifications are planned for the year 2012.

After Fukushim crises an energy revolution occurred
in Germany with new expected energy laws. Germany
plans to close all the 19 nuclear power plants by 2021 in
stages. The first power plant was already shut down in
two years and the last nuclear power plant will be stop-
ped around 2021.

2.1.3. Advantages of the EEG Act

The EEG has brought many benefits. It is applied to both
companies and citizen participants. Every citizen can
now supply electricity from renewable energy sources to
the grid. Participants are assured of their investments
through power purchase guarantee, non-discriminatory
network access and equity costs through customized fixed
feed-in tariffs for different renewable energy technolo-
gies. The payments of renewable energy are recovered by
additional costs allocated to all consumers per pay-as-
you-go financing.

2.1.4. Renewable Energy Heat Act (EEW&armeG)
The Renewable Energy Heat Act (EEWérmeG) has been
introduced to complement the Renewable Energies Act
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(EEG) and encourage the continued development of re-
newable energy for heating and cooling energy in build-
ings. It was first applied in January 2009 and has obliged
owners of new buildings to cover their buildings energy
needs in proportion with renewable energy. This may in-
clude geothermal, solar thermal or biomass.

Alternatively, similar climate friendly measures have
also been implemented such as increased insulation, heat
from combined heat and power or waste heat [2]. The
obligation applies to the use of heat and cooling for both
new and old buildings under certain conditions for up to
December 31, 2014.

2.1.5. Feed-in-Tariff for Photovoltaic

The current feed-in-tariff in the respective years is shown
in Tables 2 and 3. The compensation depends on system
type, rated power, and year of commissioning and re-
mains constant for 20 years. As shown in Table 2, the
feed-in-tariff is gradually reduced as the rated power is
increased. For example, for a 40 kW system commis-
sioned in 2009, the first 30 kW is compensated at 43.01
cents/kWh while the remaining 10 kW is paid at rate of
40.9 cents/kWh. The contract lasts until 2029.

The feed-in-tariff has been reduced from year to year.
5% reduction was applied for the years 2004 to 2008.
The reduction was increased to 8% and 9% in 2009 and
2010 respectively. Further reduction of 13% and 3% were
added on 01/07/2010 and also on 01/10/2010 respec-
tively.

The payment per kilowatt-hour injected from photo-
voltaic systems to the grid is higher than the price that a
consumer pays to the power operator for its electricity
consumption. So, the system operator pays consumers
incentives for their own use of their photovoltaic gener-
ated power as shown in Table 3.

The total installed new PV power generation capacity
has grown steadily in Germany in 2010 and has reached
17,000 MW. The energy supply has surpassed 12,000
GWh in 2010 (see Figure 1). This growth of photovol-

EPE



142 Y. A. ALTURKI ET AL

Table 2. Electricity feed-in tariff for photovoltaic systems [3].

Type of Plant 2004 2005 2006 2007 2008 2009 2010 July2010 Oct.2010 2011
Till 30 kW 57.40 54.53 51.80 49.21 46.75 43.01 39.14 34.06 33.03 28.74
30kW till 100 kW 54.6  51.87 49.28 46.82 4448 4091 3723 3239 3142 2733
Up 100 kW 50.0 5130 48.74 4630 4399 39.58 36.23  30.65 29.73  25.86
Up to 1000 kW 50.0 5130 48.74 4630 4399 33.00 2937 25.55 2479  21.56
Biased surface 45.7 434 406 3796 3549 3194 2843 25.16 2537  22.07
Arable land 457 434 406 3796 3549 31.94 2843

On a building or a noise barrier

Open space system (power independent)

Table 3. Current price for owners of photovoltaic systems [3].

Type of Plant

2004 2005 2006 2007 2008 2009 2010 July2010 Oct.2010 2011

Till 30 kW up 30% self-consumption
Till 100 kW till 30% Self-consumption
Till 100 kW up 30% self-consumption

100 to 500 kW till 30% self-consumption
100 to 500 kW up 30% self-consumption

Self-Consumption
Compensation for
Systems on Building

25.01 2276  22.05 21.03  16.74
16.01 15.04 10.95
20.39 19.42  15.33
14.27 1335 948
18.85 17.73  13.86

taics has been created not only by the secured feed-in-
tariffs, but also by the minimum generated PV electricity
required from new buildings in several communities.
With this cumulative installed capacity, Germany is the
world’s largest producer of PV electricity.

2.1.6. Feed-in-Tariff for Wind Energy

The promotion of renewable energies such as wind en-
ergy is also regulated by the Renewable Energies Act
(EEG).

2.1.6.1. Feed-in-Tariff for Offshore Plants

The total wind turbines installed in Germany in 2010 rea-
ched an output of approximately 27,000 MW (see Figure
2) of which one sixth is provided by the onshore facilities
while the remaining is by offshores. Both types produce
about 42,000 GWh. The relatively large number of in-
stalled MW is due to the government support.

Owners of offshore wind plants receive an initial feed-
in-tariff of 13 cents/kWh at least 12 years until 2014 after
which it decreases by 5% annually until 2015 (see Table
4).

The EEG based promotion is applied after the period
of 12 years by which the wind plants receive 3.5 cents/
kWh till 2014. After 2015, the controlled subsidy rates
for electricity from offshore wind turbines also decreases
during the entire duration of the remuneration by about
5% on a per year basis.

2.1.6.2. Feed-in-Tariff for Onshore Plants
The StrEG was introduced in January 1991 giving a rapid
compensation to onshore wind power facilities for their
produced power at initial rate of 8.49 cents/kWh.

After replacing the StrEG in 2000 with the Renewable
Energies Act (EEG), the initial rate was increased to 9.2
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cents’/kWh. From 2009, the incentive was based on a re-
gression of 1% per year as shown in Table 5.

In the early years, depending on the efficiency of the
wind turbine, an initial rate of 9.2 cents/kWh is paid for a
minimum of 5 years. Following this period, the rate is
lowered to start from 4.92 cents per kWh where the pro-
motion extends over 20 years.

2.1.7. Market Incentive Program to Promote
Renewable Energies

The “market incentive program” is used, among other

programs, to promote the solar technology on existing

buildings in the following different application areas:

e Space heating;

Combined water heating and space heating;

Provide process heat;

Solar cooling;

Solar collector systems, which supply the heat pre-

dominantly a thermal power network.

This program is funded by the environmental tax lev-

ied by the Green Party on gasoline and electricity. For

the installation of solar collectors to an area of 40 m” for

hot water, the promotion of BAFA (Federal Office of

Economics and Export Control) is €60 per m?, but not

less than €410 [6]. Solar collectors for combined water

and space heating, supply process heat or solar cooling

are encouraged by a fund of €105 per gross collector area

of 40 m” [6]. It is possible to get further support meas-

ures, such as low-interest loans, from banks and grants

from German states [7].

New support regulations for the market incentive pro-
gram were introduced on March 15th, 2011. The basic
subsidy for solar collectors for combined water and space
heating increases to €120 on 30 December 2011, then it
was reduced to 90 €/m? [8].
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Figure 1. Evolution of electricity generation and installed capacity of photovoltaic systems in Germany [4].
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Figure 2. Installed capacity and development of electricity generation from wind turbines in Germany [4].
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Table 4. EEG promotion rates for wind turbines (onshore) in Germany [5].

Year in which the wind turbine is put into operation

EEG-subsidy rates Initial feed-in-tariff

EEG-subsidy rates Basis feed-in-tariff

(cents/kWh) (cents/kWh)
2009 13 3.5
2010 13 3.5
2011 13 3.5
2012 13 3.5
2013 13 3.5
2014 13 3.5
2015 12.35 3.33
2016 11.73 3.16

Table 5. EEG promotion rates for wind turbines (onshore) in Germany [5].

Year in which the wind turbine is put into operation

EEG-subsidy rates initial feed-in-tariff

EEG-subsidy rates basis feed-in-tariff

(cents/kWh) (cents/kWh)
2009 9.20 5.02
2010 9.11 4.97
2011 9.02 4.92
2012 8.93 4.87
2013 8.84 4.82
2014 8.75 4.77
2015 8.66 4.73
2016 8.58 4.68

The bonus for replacing old boiler (without condens-
ing technology) with new condensing boiler is now set at
600 Euros (previously €400) until 30 December 2011,
after which it becomes 500 Euros [8].

The combine bonus for solar thermal plus heat pump
or solar thermal plus biomass amounts was increased
from €500 to €600 until 30th of December 2011 [9], then,
it went back to €500. In addition to the basic subsidy
granted by BAFA (Federal Office of Economics and Ex-
port Control), different special bonuses, some of which are
cumulative, have also been incorporated [9].

The installed collector area has reached 15,000,000 m?
in 2011 (Figure 3). This area was heated by over than
5.6 GWh.

2.1.7.1. Tax Benefits

Large-scale commercial solar systems are exempted from
the Value Added Tax (VAT). They also can be depreci-
ated over a period of 20 years [10].

2.1.7.2. Low Interest Rates on Loans

Various loan programs for private and commercial in-
vestors offer favorable interest rates and repayment pe-
riods over several years.
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2.1.8. Results and Achievements of Incentive
Programs in Germany

2.1.8.1. Clean Energy

The Renewable Energies Act (EEG) together with its
predecessor, the Electricity Feed (StrEG), has initiated a
clean power supply. The EEG has resulted in share in-
crease of renewable energies in gross electricity consum-
ption from 6.4% in 2000 to 16.8% in 2010, more than
doubling in just ten years period [11].

Table 6 and Figure 4 [12,13] show the development
of electricity supply from renewable sources from 1990
to 2010. The fixed target for 2020 is to reach 30% re-
newable penetration.

Germany enjoys a mix of various fossil energy sources.
The renewable energy accounted for nearly 17% in 2010
while the nuclear power represented nearly 22 percent of
the energy mix. The planning of the abolition of nuclear
power plants in Germany over the next few years would
increase the use of renewable energies.

2.1.8.2. Benefits of EEG is Higher than Cost

The added generation of electricity from renewable en-
ergy sources increases the available supply in the elec-
tricity market. This has caused the price of electricity on
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Figure 3. Development of collector and heat from solar thermal plants in Germany [4].
Table 6. Percentage of renewable energies in electric generation in Germany [14].
Renewable Hydro-Power . . Biogen Share . . Sun Power  Share of Gross Electricity
Energies Plant Wind Energy Biomass of Waste Photovoltaic  Geothermic Generation Consumption
[GWh] [GWh] [GWh] [GWh] [GWh] [GWh] [GWh] [%]
1992 15.680 71 222 1.213 1 0 17.086 3.1
1992 18.091 275 296 1.262 3 0 19.927 3.7
1994 19.501 909 569 1.306 8 0 22.293 4.2
1996 18.340 2.032 759 1.343 16 0 22.490 4.1
1998 18.452 4.489 1.642 1.618 32 0 26.233 4.7
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 3.675 2.220 0.4 71.488 11.8
2007 21.249 39.713 19.750 4.130 3.075 0.4 87.927 14.2
2008 20.446 40.574 22.872 4.559 4.420 17.6 92.989 15.1
2009 19.059 38.639 25.989 4.352 6.578 18.8 94.636 16.3
2010 19.694 36.500 28.710 4.750 12.000 27.2 101.681 16.8
2011 18.074 48.883 31.920 4.950 19.340 18.8 123.186 20.3
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Energy mix in Germany in 2010
Renewable energies suppley 16.8% of Gross power
consumption

Others, 6%

Renewable
Energies, 17%
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Energy mix in Germany in 2011
Renewable energies suppley 20% of Gross power
consumption
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Figure 4. Energy mix in Germany in 2010 and 2011 [12,13].

the wholesale market to fall significantly due to price
damping effect (“merit-order effect”). In 2006, this effect
led to cost savings of around five billion Euros (Figure
5).

In addition, 3.4 billion euros of fuel imports, environ-
mental and climate damage cast was avoided. So, the ad-
ditional costs of EEG levy of about 3.2 billion euros were
recovered from the overall economic savings of more
than nine billion Euros.

2.1.8.3. EEG Provides Investment Incentives

The fact that the electricity production has doubled from
renewable energies in Germany within a few years is due
to the Renewable Energy Act (EEG) and the previous
law on feeding electricity into the grid (StrEG). This is a
must requirement of investment especially for small and
medium-sized enterprises to be able to build production
capacities and energy systems. The result was a total sav-
ing of more than six billion Euros in 2006.

The share of renewable energy in the electricity mix in
2007 surpassed the target of 12.5 percent, originally in-
tended only for 2010, because the guaranteed feed-in-
tariff subsidy rates provided an incentive for the fulfil-

Copyright © 2013 SciRes.

ET AL.
About 6 billion EURO economic profit
by EEG power in 2006
+6.0 Mrd. EURO - Avoided fuel
imports
+5.0
"o 3.4 Mrd :
curo | Environmental
30 damage
+2.0
+1.0
° Additional costs
5.0 Mrd. :
-0 causedbythe | = [7| EURO gﬂfggtorder
EEG EURO ||
=20
=30 ]

Figure 5. Profit from the EEG power in 2006 [15].

16

Achieved in 2007
14 4

£ / Target for 2010
10 f

—o—Target exceeded
6 nnnnn 14% 2007
== 7

Percentage
[+2]

0 T T T T T T T T T T T T T
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Year

Figure 6. Fixed target for electricity from renewable energy
sources in Germany [15].

ment of political goals (Figure 6).

In a quota system that would be economically absurd,
because the target markets acts at the same time as a lid.
Beyond the target rate, the current cannot be profitable
marketed [15].

2.1.8.4. Avoidance of Greenhouse Gas Emissions
through the Use of Renewable Energies in
Electricity Sector

The dependence on fossil fuels, which are still the main

fuel source for electricity production, will be reduced by

the use of renewable resources. The high level penetra-

tion of renewable energy production has a major contri-

bution in greenhouse gases reduction and acidifying air

pollutants in Germany. In 2010, electricity sector avoided

over 76 million tons of greenhouse gases (Figure 7).

The amount of power tempered by the EEG alone led
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to a greenhouse gas reduction of around 58 million tones
of CO, which corresponds to two thirds of the total
greenhouse gas reduction. The major reduction of green-
house gas caused by electricity generation was primarily
due to hydropower plants until 1990.

Today, the wind energy is making the largest contribu-
tion of 37% reduction while the total biomass eliminates
31%. The newly installed capacity of photovoltaic sys-
tems has avoided 7 million tones of CO, equivalent green-
house gases. Geothermal energy has a small share of elec-
tricity generation, so that the greenhouse gas avoidance is
still well below one million tons of CO, [16]. As a result,
an annual estimated environmental and climate damage
of 3.9 billion euros was avoided.

By the year 2020, about 250 million tons of CO,, re-
ferred to 2007, should be avoided in order to achieve the
planned climate protection target (—40% GHE compared
to 1990).

The expansion of renewable energies would provide
75 million tons of CO,, a reduction of about 30% of the
total amount [17].

100
90
80 u Waste
70 - = Sever and dump gas
gﬁ 60 Bbiogas
@ 50 = Biogen liquid fuel
E’ 40 ® Biogensolid fuel
30 5PV
20 = Wind
10 B Water
0

2010

Figure 7. Avoided greenhouse gas emissions through the use
of renewable energies in the electricity sector [16].
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2.1.8.5. Creation of Jobs
Successful renewable technologies have been developed
and installed in the market.

The expansion of renewable energies in Germany cre-
ates more jobs than in past years. About 340,000 jobs
were created in 2010 in the renewable energy market
place (Figure 8) [18]. The EEG law secured employment
in all industries. In the area of biomass most jobs were
created (35.9% of 340,000) followed by solar energy
(35.5%), then by wind energy (28.3%).

2.1.8.6. Development of Future Alternative Energy Sector
Through the EEG law, the German economy is a main
player in the international market of alternative energies.
The German solar companies get benefits from strong
market growth of the alternative energy sector. Sales of
renewable energies in Germany in 2009 were 33 billion
euros. The largest share of the sales of renewable energy
was for solar energy followed by biomass and wind
power. The investment in facilities for the use of renew-
able energies in Germany in 2009 amounted to approxi-
mately 18 billion Euros. Investment in facilities for the
use of renewable energy sources in Germany in 2009
amounted to about 18 billion Euros. By far, the highest in
2009 was the investment in photovoltaic systems fol-
lowed by Investment in wind turbines, biomass plants,
solar thermal, geothermal and hydropower plants [19].

The avoided costs of energy imports were 1.3 and 1.7
billion euros in 2007 and 2010 respectively [17]. The
economic benefits of renewable energies in Germany
outweigh the costs invested. The total costs incurred by
the EEG law are 3.3 billion Euros and the estimated be-
nefits by reducing the wholesale price of electricity, the
savings in energy imports, and avoidance of external
costs in power generation is 9.4 billion Euros [20].

Wind energy

Biomass

Solar energy
Hydropower

Geothermic

Public promoted 1 3400
research

122,000

120,900

| 2010

u 2004

administration

0 20000 40000

60000

80000 100000 120000 140000

Figure 8. Workers in the field of renewable energies in Germany between 2004 and 2010 [18].
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2.1.8.7. EEG Engine for Innovation in Germany

The EEG is a successful technology policy tool. The an-
nual reduction in remuneration for new bioenergy, wind
and solar systems exerts a pressure on costs to operators
and manufacturers. This makes the systems more effi-
cient, reliable and cheaper. An innovative industry has
established itself successfully selling its equipment lo-
cally as well as globally. The export quotas for wind and
hydroelectric power have already been spent well over
70 percent and a similar development is expected to con-
tinue for solar and bio-energy [17].

2.2. Support Programs Worldwide

The German support programs for renewable energies
have become international most famous model in recent
years. In more than 100 countries around the world the

ET AL.

support of renewable energies is already using the same
or a similar model introduced and implemented in Ger-
many. In the European Union, the German support method
sets as a tool for the development of renewable energies.
In addition to Germany, which adopted in 1991 a com-
pensation system (feed-in-tariff) that has now also been
used in Estonia (1998), Finland, France (2001), Greece,
Latvia, Lithuania, Luxembourg, the Netherlands (2003),
Austria (2003), Portugal (1988), Slovenia (2002), Spain
(1994), the Czech Republic (2002), Hungary (2003) and
Cyprus (2004). Tables 7-10 show the Feed-in-tariffs for
photovoltaic and wind energy with the installed and plan-
ned capacities in some countries in the world. Five coun-
tries including Japan, India, Australia, USA and China
are ready to work out the details, approve and introduce
the “Feed-in-Tariff” for renewable energies.

Table 7. Feed-in-tariff for photovoltaic, installed und planned capacities in some European countries [1-24].

Country Years after Installation Tariffs [ct/kWh] PC-Capacity 2010 [MW] PC-Capacity 2020 [MW]
Germany 20 22.07 -28.74 17.000 51.750
Spain 25 32-44.03 3.808 8.367
Italy 20 29.7-40.2 3.479 8.000
France 20 12 -46 776 4.860
Austria 13 25-38 103 1.200
England 25 329-433 52 2.680

Table 8. Feed-in-tariff for wind energy, installed and planned capacities in some European countries [1-24].

Onshore Offshore

Count Wind Capacity Wind Capacity
ounty . . . . . _ 2010 [MW] 2020 [MW]
Years after installation Tariffs [ct/kWh] Years after installation ~ Tariffs [ct/kWh]
Germany 250 2;8 173 13;53'5 27.214 45.750
Spain ;g Zg 20 8.43-16.4 20.676 35
Italy 15 12-30 15 13.5 6.150 12.68
10 8.2 10 13
France 5 28-82 s 313 6.121 25
Austria 13 9.7 - - 1.011 3.500
England 20 5.12-39.2 20 18 5.692 27.88

Table 9. Feed-in-tariff for photovoltaics, installed and planned capacities in some countries in the world [1-24].

Country Years after Installation Tariffs [ct/kWh] PC-Capacity 2010 [MW] PC-Capacity 2020 [MW]
Japan 20 Still unknown 6.622 30
China 25 12.2 893 50
USA 20 24.6 2.528 50
India 25 18 0 20
Australia 20 28 -32 493 20

Copyright © 2013 SciRes.
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Table 10. Feed-in-tariff for wind energy installed and planned capacities in some countries in the world [1-24].

Offshore
Country Wind Capacity 2010 [MW] Wind Capacity 2020 [MW]
Years after installation Tariffs [ct/kWh]
Japan 15 15.5-19.3 2.304 11
China 20 62-17.5 44.733 200
USA 20 24 40.18 25
India 13 4-6 13.065 65
Australia 20 21-27 1.88 30

3. Promotion and Status of Renewable
Energies Worldwide

Renewable energies are becoming more and more im-
portant worldwide. Their use increases steadily counting
an important component of global energy supply. Wind,
solar, hydropower, geothermal and biomass can provide
energy to all continents with more security and promote
economic development. Due to the worldwide govern-
ment supports, the capacity of renewable energy genera-
tion has increased rapidly in recent years. The gross elec-
tricity generation capacity in the world in 2010 reached
4950 GW with a capacity of 1.313 GW renewable ener-
gies representing a share of 26%.

Worldwide, the largest energy capacity (1.005 GW) is
provided by hydropower (Figure 9) representing 16.1%
of the world electricity (Figure 10).

The installed capacity of photovoltaic grew from 2004
to 2009 at an annual average increase of 40% as shown
in Figure 11. In 2010, the solar PV production reached a
global level of 40 GW which is almost double the capac-
ity in 2009. This was because of governmental incentives
programs and the continued decline in PV modules prices.

The EU dominates the global PV market with 80%
share (Figure 12). New 17 GW was installed in 2010,
enough to power more than 10 million European house-
holds.

For the first time ever, Europe added in 2010 more
photovoltaic than wind power, led by Germany and fol-
lowed by Italy. Germany has added more PV (7.4 GW)
than the whole world in 2009 and ended in 2010 with
17.3 GW of existing capacity [4].

The installed capacity of wind turbines increased in
2010 by an annual average of 27% reachingl98 GW
(Figure 13).

The top five countries (China, USA, Germany, Spain
and India) dominate the total installed wind capacity in
the globe with 74% (Figure 14). In 2010, China domi-
nated the expansion by 8 GW in just 6 months reaching a
total of 52 GW at the end of June.

The majority of European markets of renewable en-
ergy in 2011 recorded a stronger growth than previous
year. First is Germany with an increase of 766 MW to a
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Renewable energy
Global installed base, 2010, gigawatts

Biomass, 60
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Geothermal, 11
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Figure 9. Renewable electric power capacity, existing at the
end of 2010 [18].

Other
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(non-hydro)

330% &

Figure 10. Renewable energy share of global electricity pro-
duction, 2010 [21].
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Figure 11. Solar PV, existing world capacity, 1995-2010 [22].
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Figure 12. PV-capacity, top 10 countries, 2010 [22].

total power of 27 981 MW (766 MW, 27981 MW), fol-
lowed by Spain (484 MW, 21150 MW), France (400
MW, 6606 MW), the UK (504 MW, 5707 MW) and
Portugal (260 MW, 3960 MW). Only France and Den-
mark showed a lower expansion than in the first half of
2010. Denmark flew out of the top 10, whereas Portugal
is now in 10th Position [23]. On the other side of the At-
lantic, US built 2252 MW in the period from January to
June 2011, which was 90% higher than the same period
of 2010.

A relatively high growth can be observed in Canada
where 603 MW were installed in the first half of the year,
most of them in Ontario [23]. For the second half of 2011,
new installations of 25,500 MW are expected, which
would result in an additional building of a total of 43,900
MW. At the end of 2011, the total global wind power
capacity is expected to reach 240,500 MW, which is
equivalent to 3% of world energy demand [23].

Copyright © 2013 SciRes.

third more than total investments in 2009 (160 billion
dollars), and more than five times the investment in the
year 2004 (see Figure 15). Europe, for the first time,
added wind power capacity more than photovoltaic.

Utility companies invested 143 billion dollars in re-
newable energy and biofuel projects [21]. This increase
was mainly due to the incentive funding programs of
many countries.

4. Conclusions

The results of this research and development work can be
summarized as follows:

1) The EEG law has proved a high successful tool in
the broad market of renewable technologies for electric-
ity generation.

2) The Renewable Energy Law (EEG) guarantees 20
years of stable prices for green power and has already
brought many homeowners and businesses to install pho-
tovoltaic modules and to feed their electricity into the
national grid.

3) By the year 2010, the clean production of electricity
by renewable energies in Germany has risen to around
202,000 GWh.

4) About 70 million tons of CO, emissions in 2009
were avoided through the use of renewable energies in
electricity generation in Germany.

5) The economic benefits of the EEG law exceed its
cost by several times.

6) The acceptance and payment guarantee by the EEG
provides incentives for new investments in renewable
power generation.
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