
 

Solar and Wind Energy in Germany 
1 Introduction 
These days renewable energy gets more and more important. Not only because it is 
better for the climate than other energy sources. But also because it does not rely on 
resources which are limited on this planet. Especially this second point makes 
renewable energies an interesting topic for the future. The reason why, is that the 
time will come, when there are not enough fossil fuels to cover the need of energy. 
However, currently it is not possible to produce energy exclusively from renewable 
resources. One big problem, which must be solve, is the insufficient expansion from 
renewable energy installation. Even though many energy plants were built in recent 
years, energy from fossil fuels is still needed. 
Another problem with renewable energy is, that its production relies on weather 
conditions like wind or sunshine. Because of that it is very important for grid 
operators to know the exact allocation of wind and solar installations, connected to 
their network. With this informations and additional weather maps it is possible to 
predict approximately the produced energy. Maybe it is possible in the future to 
improve these prediction with the help of machine learning. For the grid operators it 
is very important to know at which time they are generating how much energy. When 
the energy produced by renewable energy installations is low, the grid operators 
need another source for the energy like energy storage units or power generation 
units using fossil fuels. 
 
In the following work we talk about the solar and wind energy in Germany. At first we 
will look at the regulations and laws which influence the installations and the money 
an installation owner can earn with his installation. After that we will also look at the 
allocation of solar and wind energy installations in Germany and how they changed 
over time. 

2 Regulations 
The “Erneuerbares Energien Gesetz” (EEG) [EEG 2017] includes a few different 
ways to get support for a renewable energy installations. These ways are divided in 
the size of the installation. The separating point for the most laws is set by 750 kW. 
For installations with less capacity there exists a set of laws, which determines the 
support. For bigger installations there exists a relatively new auction system through 
that the statutory support is yielded.  

2.1 Small installations 
For facilities with less than 750 kWp there are two main mechanisms to get 
guaranteed money through the EEG. The first one is the “Einspeisevergütung” (feed-



 

in tariffs). Under feed-in tariffs, a facility is paid a fixed amount of money per kWh by 
its network operator, guaranteed by law. The second option is “Marktprämie” (market 
bonus), where the produced energy is sold on the market and the owner of an 
installation gets an additionally amount of money influenced by market conditions.  
 
For both, wind and solar energy the value for the feed-in tariffs are calculated by 
subtracting 0.4€ from the reference value for the market bonus. Both, feed-in tariffs 
and market bonus, are valid for 20 years beginning with the moment when the 
installation produce the first energy. The reference value which one applies at this 
moment applies for 20 years. For all facilities as well the feed-in tariffs as the market 
bonus is paid by the network operator to which the facility is connected. The owner 
of an installation can decide whether he wants a feed-in tariff or a market bonus 
every month. 
 

2.1.1 Feed-in tariffs 
In order to be eligible for feed-in tariffs, the peak capacity of the facility needs to be 
less than 100 kWp.  For solar energy there are also different feed-in tariffs, which 
depends on the size (less than 10kWp, less than 40 kWp or less than 100 kWp) and 
on the location (on a building or on a free area) of the facility.  

2.1.2 Market bonus 
Under  “Marktprämie” (market bonus), each kWh produced by the facility is sold to 
the market. Additionally to the sale proceeds the owner of an installation gets a 
bonus payment equal to the difference between a given reference value and the 
average energy price of a month (comparative value).  When the market price is 
below zero the comparative value is zero. As for the feed-in tariffs, there exists 
different classes of reference values depending on size and the location of the 
installation. There are different regulations for the market bonus mechanism of solar 
energy, onshore wind energy and offshore wind energy.  
  
The reference value for solar energy is given by law with a value of 12.7 €ct/kWh for 
installations with less than 10 kWp, 12.36 €ct/kWh for installations with less than 40 
kWp and 8.9 €ct/kWh for installations with less than 750 kWp. These values apply to 
installations, that went into operation after April 1, 2019. It is worth mentioning that 
these values are not fixed. The values change every month in relation to the 
annualized size of new solar installations. 
 
There is also a special treatment for onshore wind energy in form that the money a 
facility is paid is higher in the first five years. Under certain circumstances these time 
can be longer than five years. The reference value for wind energy is given by law 
for all facilities with a commissioning date before January 1, 2019. The reference 
value is also influenced by the size of the installation. The higher reference value for 



 

the first five years is 8.38 €ct/kWh. After the five years the reference value is 4.66 
€ct/kWh. For all onshore installations with a commissioning date after January 1, 
2019 the reference value is the highest accepted bet at the auctions from the year 
before the installation starts producing energy.  

2.2 Big installations 
For all solar and onshore wind installations with more than 750 kWp the market 
bonus is the only model which one is available. But since 2017 the reference values 
for these big installations is not given by law. For the reference values it exists 
auctions at which facility owners can get a rebate for their installation. Every auction 
has a limit of acceptable power. For the auctions everybody who wants to get a 
rebate makes an offer. Then the offers are sorted in ascending order of the offered 
price per kWh and are cleared until the limit for the auction is reached. Before the 
auctions the reference value for all installations was given by law. 
 
The dates for these auctions are given by law, separated for solar and wind 
installations. Also for wind and solar installation there are different maximum offers 
defined by law. It is also to mention that some participants get a special treatment at 
these auctions. 
 
For 2019 there are 6 auctions for onshore wind energy on the following dates with 
the given limit: February 1 (700 MW), May 1 (650 MW), August 1 (650 MW), 
September 1 (500 MW), October 1 (675 MW) and December 1 (500 MW). The 
maximum offer for onshore energy is the average value from the biggest accepted 
values from the last three auctions raised by 8%. 
For solar energy there are five auctions in 2019 on the following dates with the given 
limit: February 1 (175 MW), March 1 (500 MW), June 1 (150 MW), October 1 (150 
MW) and December 1 (500 MW). The maximum offer for solar energy is given by 
law with a value of 7.5 €ct/kWh. 
When an offer become accepted, it becomes the reference value for the market 
bonus for the next 20 years for the one who made the bid. The market bonus will be 
paid by the network operator to which the facility is connected. 
Such called “Bürgerenergiegesellschaften” (community energy companies) have a 
special treatment at the auctions. When an offer from a community energy company 
gets accepted it is not their reference value. They get the highest accepted offer as 
reference value. 

2.3 Offshore wind installations 
For offshore wind energy, it exists no upper limit for the market bonus until January 
1, 2021. Furthermore, the time with an higher reference value is for offshore wind 
energy not five but twelve years. When the installation was build in deep water 
and/or far away from the coast the time can be longer than twelve years. For 
offshore the higher reference value for the first twelve years is 15.4 €ct/kWh. After 



 

the twelve years the reference value is 3.9 €ct/kWh. But a facility owner can also 
choose to get paid 19.4 €ct/kWh for the first eight years instead of 15.4 €ct/kWh for 
the first twelve years. 

3 Installation across Germany 
In the following sections we present some statistics to the allocation of solar and 
onshore wind installations in Germany and especially the allocation between the 
different federal states. Offshore wind installation are treated extra because they are 
not located in a federal state. 

3.1 Solar installations 
The informations about all solar installations in Germany are available at the 
“Marktstammdatenregister” (MaStR) [MaStR]. The MaStR is a database operated by 
the government. Every owner is required to register his generating unit in this 
database. In the following section we will presentate the statistics, which we 
extracted from these database. We also used some data provided by the “Agentur 
für Erneuerbare Energien” (AEE) [AEEsolar]. The AEE is an organization grant-aided 
by the government. 
 
The installed capacity of solar energy installations from whole Germany is 45.277 
GWp. The two federal states with the largest installed capacity are Bavaria with 
12,545 MWp and Baden-Württemberg with 5,819 MWp. These two federal states are 
also the two southernmost states in Germany. Although these states have the 
largest installed PV capacity in Germany, Saarland has the largest installed capacity 
per km² with 181.1 kWp/km², followed by Bavaria with 177.8 kWp/km² and Baden-
Wuürttemberg with 162.7 kWp/km². However, Saarland is one of the federal states 
with a relatively smaller area, with an installed PV capacity of 465 MWp. It is 
obviously that the three states with the smallest installed PV capacity are Bremen 
(44 MWp), Hamburg (45 MWp) and Berlin (106 MWp). This relies on the fact that 
these three states are city states. Also the states Northrhine-Westphalia (4,917 
MWp), Lower Saxony (3,930 MWp) and Brandenburg (3,703 MWp) have a slightly 
higher installed PV capacity, than the remaining federal states. The remaining states, 
Schleswig Holstein, Thuringia, Saxony, Rhineland Palatinate, Saxony-Anhalt, Hesse 
and Mecklenburg Western Pomerania have an installed PV capacity between 1,464 
MWp and 2,503 MWp. 

3.1.1 Utility-Scale and distributed installations 
It is also interesting to look at the rate of utility-scale units of solar installations. For 
solar installations we choose 4 MWp as limit. This means units with more than 4 
MWp we call utility-scale units and installations with less than 4 MWp distributed 
units. For solar energy in the most federal states the proportion of utility-scale units is 
relatively low. Most of the states have a proportion of 1.1% to 13.8%. It is to mention 



 

that especially Bavaria, which has by far the most installed capacity, has just a share 
of 6% of utility-scale units. This means that 94% of the installed capacity (ca. 12,043 
MWp) come from distributed units. The three city states have no utility-scale units. 
Hower in the new federal states Saxony, Saxony-Anhalt, Mecklenburg Western 
Pomerania and Brandenburg the rate of utility-scale units is much higher. The 
proportion of utility-scale of Saxony is with 17.2% just a little bit higher than in 
remaining states. But Saxony-Anhalt and Mecklenburg Western Pomerania have 
with 26.3% and 26.4% already a slightly higher share of utility-scale units. In 
Brandenburg 45.8% of the installed capacity comes from utility-scale units, which is 
the highest rate from all federal states. 

3.1.2 Installations through time 
The total amount of installed capacity of solar energy was 125 MWp in the year 
2001. Between 2001 and 2008, the installed capacity slowly raised to the value of 
5.979 GWp. In the years from 2008 until 2012 there was a big increase in new solar 
installations. As a result of these years of big addition of new installations the total 
capacity reached the value of 34.077 GWp at the end of 2012. This rapid increase 
can be explained with the fact, that from 2013 the values for the feed-in tariffs and 
the market bonus was significantly less than in the years before. Because of that a 
lot of investors tried to build as much facilities as possible to get the high feed-in 
tariffs for their installations. After 2012 the installed capacity per year fall to 
approximately 2 GWp per year. Since 2018 the new installed capacity has risen 
again because of the sinking cost of solar installations. 

3.2 Onshore wind installations 
Just like with solar energy installations the informations about all wind energy 
installation are available through the MaStR [MaStR]. The most statistics in the 
following section come from this database. Also, we used some statistics provided 
by the AEE [AEEwind]. 
 
For onshore wind installation the installed capacity is 52.656 GW for whole 
Germany. The federal state with the largest installed onshore wind capacity is Lower 
Saxony with an amount of 11,080 MW. A lot of installations are located in the near of 
a coast, especially in Schleswig Holstein, where the installed capacity corresponds 
to 6,727 MW. Also Schleswig Holstein has the second largest installed capacity per 
km² with 425.7 kW/km². Only Bremen with 483.5 kW/km² has more. The federal state 
with the second most total installed capacity is Brandenburg with 7,104 MW. Also 
Northrhine-Westphalia (5,825 MW) and Saxony-Anhalt (5,122 MW) have a relatively 
high amount of onshore wind installations. Just like with solar energy the three 
federal states with the lowest amount of installed capacity are the city states Berlin 
(12 MW), Hamburg (122 MW) and Bremen (203 MW). Also the Saarland has a low 
total amount of wind installations (486 MW), but this is attributable to the fact that the 
Saarland is forth smallest federal state. The remaining states, Bavaria, Baden-



 

Württemberg, Rhineland Palatinate, Thuringia, Hesse, Saxony and Mecklenburg 
Western Pomerania have an installed wind capacity between 1,268 MW and 3,546 
MW. it is important to note that Bavaria and Baden-Württemberg have with 35.5 
kW/km² and 44.8 kW/km² the two lowest amount of installed capacity per km² except 
Berlin (13 kW/km²). 

3.2.1 Utility-Scale and distributed installations 
For onshore wind energy installation we choose 8MW as the limit for utility-scale 
units. The proportion of wind energy installation is much higher than by solar energy. 
The two states with the lowest rates are Saxony and Saxony-Anhalt with 25.3% and 
30.6% utility-scale units. Berlin is the only state without wind utility-scale units. Even 
Bremen and Hamburg have utility-scale units. Bremen has proportion of 38.4% 
utility-scale units and Hamburg has a proportion of 65.6% utility-scale units. The 
remaining federal states have utility-scale rate between 54.7% and 82.8%. 
Especially the federal states with a coast have a high proportion of utility-scale units. 
These states are Mecklenburg Western Pomerania (75.2%), Lower Saxony (70.9%) 
and Schleswig Holstein (80.3%). 

3.2.2 Installations through time 
In 2000 the whole installed capacity of onshore wind energy was 6.095 GW. After 
the introduction of the EEG there was a short upswing in the installation of new wind 
energy facilities. After that the new installed capacity of wind energy was 
approximately 2 GW per year until 2013. In the year 2013 started a new uprise in the 
amount of the new installed capacity of onshore wind energy. The annual newly 
installed capacity raised to approximately 4 GW per year. The maximum was 
reached in 2017 with a new installed capacity of 5.514 GW. The most influential 
reason for this uprise was that the wind energy installation reached a much higher 
level of efficiency than in the past. Since 2018 the new installed capacity has 
collapsed to just 2.515 GW. This happened because of the new auction system for 
facilities with more than 750 kW capacity.  

3.3 Offshore Wind installations 
Also for offshore wind installations all informations are available through the MaStR 
[MaStR]. The statistics we will present in this section are from this database. 
 
The total installed offshore wind capacity is 6.557 GW. With 18 out of 22 offshore 
wind parks most of the offshore wind parks are located in the North Sea. These 18 
parks have a combined capacity of 5.486 GW. The size of the separate parks vary 
between 60 MW and 760 MW. The four remaining wind parks are located in the 
Baltic Sea and have a combined capacity of 1.071 GW. The wind parks in the Baltic 
Sea vary between 40 MW and 385 MW. 



 

3.3.1 Installations through time 
The first German offshore windpark went into operation in 2004 and has a capacity 
of 4.5 MW. Until 2014 the number of offshore windparks increased to eight with an 
total capacity of about 1000 MW. With the beginning of 2015 the currently applicable 
regulations for offshore wind energy come into effect. With this there was a high rise 
in the new installed offshore windparks in 2015. In this year eight windparks went 
into operation with an overall capacity of 2,300 MW. In the years 2016 to 2018 the 
number of installed windparks abates to a new installed capacity of  approximately 
800 MW to 1,400 MW per year. 

4 Conclusion 
In summary, it is to say that the development of solar and wind energy went very well 
for the last 20 years. The capacity of both solar and wind energy is rising every year. 
Also the fact that with the guaranteed payment for 20 years distributed solar 
installations for private households are very interesting, is noteworthy. With this work 
we presented a short overview about the allocation of wind and solar energy in 
Germany and how it changed through the time. We also give a short view into the 
regulations and law in Germany which influence the expansion of solar and wind 
energy installations. It is to see how the market for installations with 750 kW capacity 
or more will change in the next years new the new auction system is in force.  
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