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1 I(TRODUCTIO( 

The increasing use of energy from renewable sources (RE) for the generation of heat 

and electricity in Germany has also led to an increasingly intensive debate on its ad-

vantages and disadvantages. Especially, effects on companies, households as well as over-

all economic effects are discussed in the scientific community and in the media. Criticism 

has recently been fuelled by the expected substantial increase in the EEG surcharge and 

indications of possible further drastic increases in the years to come. In contrast, any bene-

fits associated with the expansion of energy from renewable sources have tended to take a 

back seat. What is more, until now, the diversity of the effects and their many dimensions 

have resulted in the lack of a comprehensive, scientifically based overall picture of the 

effects that an analysis on costs and benefits can provide. 

The discussion mostly centers on the cost effects, because beneficial effects often are 

harder to quantify. Benefits comprise indirect effects or effects which lie far in the future. 

Scientific studies also frequently focus on single aspects, which cannot be aggregated 

easily, because they occur in different sectors and comprise technology system-wide ef-

fects, distributional effects or overall macro-economic effects. Therefore, the Federal 

Ministry of the Environment, Nature Conservation and Nuclear Safety has commissioned a 

study on an overarching approach that helps to answer the following questions: 

• How can effects from the increase in renewable energy be defined more clearly 

and separated from other energy policy related effects (e.g. which part of the ex-

tension of the grid truly is caused by the increase of renewables?)? 

• How can effects be added and balanced?  

• Which methodological approach is suitable to evaluate these effects?  

• Which (support) mechanisms facilitate the RE increase?  

• What is a suitable time/ spatial system border? 

After a brief sketch of the basic methods applied, this contribution will present esti-

mates for a wide range of effects. It closes with suggestions on possibilities how to add and 

balance the effects.  
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2 METHODS 

The questions of scale and of system boundaries have to be raised first. In the spatial 

dimension, the analysis can cover regions, the nation or also international partners. German 

RE policy can have effects on each of these levels. In our analysis we have focused on 

effects at the national level in most cases. The analysis of employment effects, however, 

also covers exports, which are can be considered a consequence of support from German 

energy policy as will be shown below.  

The temporal dimension sets the time period for which the effects will be calculated. In 

our analysis we have started with an extensive ex-post analysis, which is annually contin-

ued and meanwhile covers the time span 2008-2011.  

The third dimension adds a further category concerning the focus of the analysis. Are 

we interested in the effects of certain policy measures – for instance the Renewable Energy 

Sources Act (EEG – Erneuerbare Energien Gesetz) – or in the effects of RE deployment, 

regardless of the support mechanism?  

Renewable energy is supported in Germany by a variety of measures. The most promi-

nent is the above mentioned EEG which has been “exported” to more than 20 countries in 

Europe and worldwide. The significant elements of the EEG are the priority access of 

electricity generated from renewable sources to the grid and the technology specific feed-in 

tariff, which allows for a diverse mix of sources and technologies. It also is designed as to 

spur innovation because it has built-in degression mechanisms with decreasing tariffs over 

the different generations of electricity generating technologies. The heat sector applications 

are supported by the market incentive program (MIP) and by regulation for the building 

sector which sets certain quota for the use of RE in heat generation (space and water heat-

ing, as well as cooling) respectively alternative measures to cover primary energy con-

sumption. On top of these mechanisms, KfW gives soft loans at below market rates. This 

contribution focuses on the three regulatory mechanisms.  

Further, our analysis distinguishes the different players and different economic perspec-

tives. From an overall economic approach, three important questions must be asked: 

• How efficient are the resources allocated? 

• Which distributional effects are triggered by the measures? 

• What are the effects on growth and stability? 

From these central questions we have derived a scheme for our analysis. In the follow-

ing we will be looking separately at macroeconomic effects, distributional effects and 

system-related (or system-analytic) effects.  

 

System -related costs and benefits 

System-related or -analytic costs and benefits comprise all direct or indirect costs of the 

RE increase, which are connected with a direct or indirect use of resources. Direct costs 

include the costs of installation and operation and maintenance of a RE technology, while 
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indirect costs are induced by RE deployment, e.g. transactions costs or costs of grid opera-

tion. System analytic costs do not take distributional effects into account. Thus, they can be 

aggregated and compared to system analytic benefits. System analytic benefits originate in 

the protection of resources by the use of RE. A typical benefit is the mitigation of climate 

change effects.  

Distribution effects and price effects 

Distributional effects are not coming with resource consumption in an economic sense. 

They are a mere reallocation for instance of funds, often as a consequence of political 

measures. The feed-in tariff with its mechanism, that all customers bear the costs of RE via 

a surcharge on their electricity bill is a classical example. The surcharge is the reallocation 

of the additional costs of the RE technologies. The latter, by itself is an example for the 

former category, the system analytical costs. Distribution effects cannot easily be added up 

and aggregated, because they add up to zero. 

Macroeconomic effects 

Macro effects comprise all macro indicators such as investment, imports, employment, 

GDP and exports. To analyze macroeconomic effects such as impacts on GDP or employ-

ment, we apply a macroeconometric model (PANTA RHEI), because thus the interdepend-

ence of the economy can be modeled and simulated. Some effects are additionally derived 

from official statistics and industry surveys. To derive results for the GDP impacts of RE 

increases, we compare two simulation runs: one serves as a reference and consists of a 

world without any RE expansion and a second simulation, or scenario, includes the respec-

tive RE increase. The simulations lead to different development paths for the economic 

indicators and the difference show the macroeconomic costs and benefits of an RE increase 

scenario compared to the reference case.  

These effects have been quantified in the analysis. Additionally, the discussion on cost 

and benefits of renewable energy deployment suggests effects on energy supply security, 

reduced risks of nuclear accidents, technological changes, spill-over of R&D, values and 

attitudes in society and politics, external security, etc., which have not been systematically 

quantified thus far.  

Which effects can be added? 

One important condition for comparing and adding effects is that they are all measured 

in the same unit. Before any balance can be approached, all costs and benefits have to be 

assessed in monetary terms. Moreover, it is important to check, whether and to what extent 

external effects have been at least partially taken into account (internalized) within the 

economic system by other environmental or energy policy instruments. Both steps in the 

analysis are very demanding from a methodological point of view. Generally speaking, 

effects from the same category and the same unit of measurement or reference may be 

added.  
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Overview of costs and benefit in 2011  

The following table provides an overall picture of the most important cost and benefit fac-

tors of renewable energy expansion that have so far been quantified. The table shows results 
for 2011 (in current prices). 

 

Table 1: The results at a glance: Effects in Germany 2011 (preliminary data) 

        

Category Topic Electricity  Heat Total 

    in billion Euro 

System-related 

effects 

Direct additional costs 9.3 1.4 10.6 

  of installations from MIP  - 
 

  

Balancing costs 0.16   0.2 

Grid costs 0.13   0.1 

Transaction costs* 0.03   0.03 

Additional costs, total 9.6 1.4 10.9 

Avoided environmental costs 8.0 2.1 10.1 

Distribution 

effects 

EEG-surcharge 13.5 1.2 14.7 

     Annuity of funds from MIP - 0.2   

Special equalization scheme (EEG) 2.2   2.2 

Merit-Order-Effect* 2.8   2.8 

Public budget     0.6 

   Deployment     0.3 

   R&D     0.3 

Taxation of RE Electricity** 1.6   1.6 

Macroeconomic 

effects 

Import reduction 2.9 3.4 6.02*** 

Investment 20.0 2.9 22.9 

Turnover 
  

24.9 

Employment (jobs)     381,600 

* Estimate from previous years: 2010  MIP: Market incentive program  

** Mean    *** net of imports  

price base 2011 except avoided damages (price base 2010)       

 

In the following, each the applied methodology and the results for each of these catego-

ries will be explained in more detail. For a deeper analysis the reader is referred to ISI et al. 

(2010a) and the literature therein. 
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3 SYSTEM A(ALYTIC COSTS A(D BE(EFITS 

This section gives a brief overview of methods and results to quantify system-related 

costs and benefits of the RE increase. The analysis is an ex-post evaluation. The database 

for RE deployment relies on the annually published data on renewable energy in Germany 

(BMU 2012).  

 

3.1 ADDITIO(AL COSTS OF ELECTRICITY A(D HEAT GE(ERATIO(  

3.1.1 ADDITIONAL COSTS OF ELECTRICITY GENERATION 

The system-oriented analysis of additional costs of electricity generation from renewa-

ble energy (Nitsch et al. 2010) compares levelized costs of electricity (LCOE) for different 

energy sources. For all fuels, LCOE include the annuity on investment, operation and 

maintenance costs and fuel costs. Wind, water, solar and geothermal energy, obviously, 

has zero fuel costs. However, though the necessary statistical data for this comparison exist 

on the renewable energy side of the equation, they are not available for fossil fuel based 

generation. Therefore, an alternative calculation scheme has been developed, which de-

fines the additional costs as follows 

Additional costs = (levelized costs (RE) – “applicable price”) * RE electricity amount 

The applicable prices are defined technology specific and basically reflect the market 

price of electricity at different voltage levels and from different fossil fuels. Intermittent 

renewable energy plants thus are compared with the prices for electricity from gas fired 

plants.  

The largest advantage of this calculation scheme is that it is capable of capturing also 

“negative additional costs”. Electricity from hydropower, e.g., already is less costly than 

fossil fuel based electricity generation. Therefore, hydropower decreases the overall eco-

nomic costs of electricity generation. All other RE based technologies are thus far more 

expensive than fossil fuel generation, though the priority of access and the large amount of 

PV and wind energy on quite a few days during the year decrease the electricity prices at 

the spot market.  
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Figure 1: Additional costs of RE electricity generation, in billion Euro  

 

Source: GWS, own calculation; current prices  

3.1.2 ADDITIONAL COSTS FROM HEAT GENERATION 

The system-oriented analysis of additional costs of heat generation from renewable en-

ergy sources (RES-H) compares generation costs of RES-H with fossil fuel based heat 

generation. The generation costs include the annuity on investment, operation and mainte-

nance costs and fuel costs. The calculation is based on different RES-H reference technol-

ogies (wood pellet boilers, wood log boilers, heat pumps air/water, heat pumps 

brine/waster, solar thermal collectors) as well as fossil fuel based reference technologies 

(gas boilers, heating oil boilers). Since the level of generation cost is decisively determined 

by the thermal energy demand of the individual building, technologies are combined with 

reference buildings representing the German building stock.  

The additional costs of RES deployment for heating are reflected by the difference be-

tween the generation costs of RES-H technologies and the substituted fossil fuel based 

energy systems. In 2011 they are estimated to range around 1.4 billion Euro (current pric-

es). However, it should be noted that higher needs for thermal heat due to cold winter as 

for example in the previous year influence the additional costs considerably (figure 2).  
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Figure 2: Additional generation costs of RES-H, in billion Euro (current prices) 

  

Source: Fh- ISI, own calculation; current prices 

 

3.2 COSTS OF RES BALA(CI(G  

The integration of RES generation causes additional costs mainly for balancing forecast 

errors of wind and PV generators. The methodology to integrate RES electricity into the 
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ing infrastructure 
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Euro in 2011 (see Figure 3). They decreased especially in 2010 from 460 million Euro to 
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Figure 3: Development of RES integration costs from 2008 until 2011 

  

Source: B&etzA 2012; current prices ** preliminary figures. 
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RES deployment has a major impact on the necessary grid infrastructure because the 
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sions over the lifetime. They are estimated to range around 125 million Euro in 2011 (see 

Figure 4), while for 2008 the annual costs were estimated to be 40 million Euro only. 

 

Figure 4: Development of grid extension costs from 2008 until 2011 

 

Source: calculations of Fh-ISI, ** preliminary figures; current prices 
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• final energy consumption from RE  

• emission factors for each GHG and AP in g per kWh based on life cycle emis-

sions 

• substitution factors (in %) that indicate to what extent each RE source replaces 

fossil energy sources 

• damage costs of emissions, per t emitted GHG or AP (in Euro/t) 

Much work has been done on each of these inputs but still there prevails uncertainty 

about their final impact or size. For example the emission factors represent average values 

that are based on a currently applied mix of generation technologies, which, however, 

changes over time. The substitution factors refer to a counterfactual scenario – a hypothet-

ical situation, namely a hypothetical power generation without RE policy or deployment. 

However, the wide range of feasible damage cost assessments of GHG and AP exerts the 

largest impact on avoided environmental costs and rises uncertainty about the actual value 

of avoided environmental costs.  

For GHG, the damage costs are assessed by means of integrated assessment models that 

are based on several assumptions e.g. on emissions scenarios, environmental effects, tech-

nology costs etc. and integrate the complete causal chain of the climate change (man-made 

emissions, changes in climate, effects on the environment and society). Next to the differ-

ent causal relations the monetary quantification of future effects in combination with their 

probability of occurrence is difficult. Therefore, as a result, the applied assessment models 

based on differing assumptions e.g. for CO2 emissions, come up with a rather broad range 

of damage costs (alone the FUND model gives a range between 20 and 410 Euro/t (see 

UBA 2012 and NEEDS 2009)). In this paper, the damage costs for 2011 rely on results of 

a methodological analysis published by the German Federal Environment Agency (UBA 

2012), that is 80 Euro / t CO2 while for the previous years a damage cost of 70 Euro/t CO2 

according to Krewitt et al. (2006) and adapted according to NEEDS (2009) has been ap-

plied. 

For AP, the damage cost assessments of the EU project NEEDS (2009) adapted to pric-

es in 2010 have been applied.  

The calculations (Figure 5) show that due to the RE deployment about 8.1 billion Euro 

avoided environmental costs accrue in 2011. Further, when taking into account the partial 

internalization of external effects through the CO2 certificate prices (in the framework of 

the ETS) the avoided costs range around 9 billion Euro. However, due to the large band-

width of damage costs assessed with different models, the depicted avoided environmental 

costs in Figure 5 should be considered as a feasible value within a given damage range.  
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Figure 5: Avoided environmental costs due to RE deployment, in billion Euro 

 

Source: calculations of Fh-ISI; price basis 2010 
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Figure 6: The merit-order effect of renewable energy generation  

 

Source: Fh-ISI 

 

Since electricity demand and renewable electricity generation vary on an hourly basis, 

an estimation of the actual value of the merit-order effect is far more complex than the 

estimation of the market value. Therefore the analysis is carried out using the PowerACE 

Cluster System which is able to simulate hourly spot market prices. A detailed description 

of the PowerACE model can be found in (Sensfuß 2007, Genoese et al. 2007).  

The model provides a detailed representation of the German electricity sector. The 

model simulates reserve markets and the spot market. The spot market prices are calculated 

on hourly level for an entire year. Based on a price prognosis power plants and pump 

storage plants place their bids on the reserve markets and the spot market. For the given 

simulation the bid price for power plants is based on variable cost and start up cost. De-

mand and renewable load place inelastic bids on the market. Thereby it is assumed that the 

entire electricity demand is traded at the simulated spot market while in the real world 

situation only a share of it is traded at the spot market and an important amount of elec-

tricity is traded in bilateral contracts which are likely to be less volatile than the spot mar-

ket. Further, the simulated spot market prices are based on fundamental data and are there-

fore less volatile than real world market prices  

In a first scenario a time series of hourly prices for the target year is calculated where all 

data, such as prices and renewable generation, is taken from the historic data for the given 

year. In a second step the same procedure is applied to a simulation without renewable 

electricity production called counterfactual scenario). Since the development of large 

hydro plants has not yet been affected by the renewable support scheme, electricity produc-

tion of large hydro plants is taken into account in both simulation settings. The total vol-

ume of the merit-order effect is calculated by taking the difference of the electricity prices 

between the two scenarios multiplied by the demand for electricity (on hourly basis) and 

adding up the products over the corresponding year. The calculation is depicted in the 

following equation.  
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Equation 1:  Calculation of the annual volume of the „merit-order effect“, in Euro 

 

The results for the years 2007, 2008, 2009 and 2010 are presented in Table 2. The re-

sults indicate a considerable reduction of the market price by about 5.27 Euro/MWh in the 

year 2010. In total the volume of the merit-order effect reaches about 2.8 billion Euro in 

2010.  

 

Table 2:  Merit-order effect and reduction of spot market price (Phelix Day Base) 

  

merit-order 

effect 

reduction of      

phelix day base 

add. power generation 

due to EEG 

  billion € €/MWh TWh 

2007 3.71 8.82 62.5 

2008 3.58 5.83 69.3 

2009 3.1 6.09 76.1 

2010 2.8 5.27 83.5 

Source: Fh-ISI, own calculation 

 

4.2 THE EEG SURCHARGE 

The German Renewable Energy Sources Act – EEG (2012) defines the tariffs at which RE 

electricity generation is sold to grid operators. Grid operators have to sell the electricity on 

the markets and pay the tariffs for electricity fed into the grid. The surcharge is defined as 

the total amount of money paid to RE system owners for RE electricity minus the revenue 

from sales at the electricity market. The system provides allowances for large consumers 

(industries) to maintain their international competitiveness.  

Expected additional costs have to be published by grid operators 3 months ahead of the 

start of the year and the final calculation for the past year is then published during the 

second half of the consecutive year. The balance sheet is published at the beginning of the 

new year, but during the course of the year, multiple correction, transactions from earlier 

years and other balances are added.  
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Legend: 
Variables Unit Indices 
d = Total electricity demand [MWh] h = Hour 
p = Price including renewable generation [Euro/MWh]    
x = Price excluding renewable generation [Euro/MWh]    
v = Total volume of the merit-order effect [Euro]    
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Table 3: EEG surcharge in billion Euro 

Euro EEG-surcharge 

2008 4.7 

2009 5.3 

2010 9.4 

2011 13.5** 

Source: GWS; **preliminary estimation 

 

4.3 SPECIAL EQUALIZATIO( SCHEME  

The special equalization scheme is designed not to put the international or intermodal 

competitiveness of electricity-intensive manufacturing enterprises with high electricity 

consumption or rail operators at risk. Therefore, 2011 the EEG surcharge was limited for 

some 600 of consumers to 0.05 cent/kWh or 0.4 cent/kWh. For all other consumers, the 

surcharge has been 3.53 cent/kWh in 2011. The identification of potentially risked enter-

prises is mainly based on electricity consumption per year and ratio of the electricity cost 

at gross value. Furthermore the use of an energy-management-system for consumers with 

more than ten GWh per year is a pre-condition. 

The additional cost between the limited and full EEG surcharge has to be reallocated to 

all other not-privileged end-consumers such as all other manufacturing industries, com-

merce, trade and services as well as private and public consumers. With increasing differ-

ence between the fixed limited and the full EEG-surcharge as well as the extension of 

privileged electricity consumption within the amendments to the act, the burden of these 

reallocated costs is also increasing. The burden is shifted only within the both groups - 

privileged and non-privileged consumers. In total, the policy costs are unchanged. 

Based on the TSO published data (approved by an auditor) the privileged companies 

saved around Euro 1,200 million Euro in 2010. Based on the predictions of the transmis-

sion system operators a reallocation of more than 2,200 million Euro is to expect in 2011 

and around 2,500 million Euro for 2012. All calculations are based on the assumption that 

– from the economic point of view – the difference between the limited average EEG 

surcharge and an EEG surcharge, that would be exist without the special equalization 

scheme, describes the real costs of the special equalization scheme. 
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Figure 7:  Savings for privileged industries and rail operators through the special 

equalization scheme for electricity-intensive manufacturing enterprises 

with high electricity consumption or rail operators, in million Euro 

 

Source: IZES, own calculation, 2008 to 2010 on base of the results of a financial audit of the EG-surcharge, 

2011 on base of an estimation of TSO; current prices 

 

4.4 PUBLIC FU(DI(G 

In Germany renewable energy is financially promoted by different programs of public 

and other funds. In 2011, the federal government has spent 266 million Euro to support 

research and development in this area (excluding project funding with only partial refer-

ence to renewable energy of about 45 million Euro). This federal government support is 

dominated by 137 million Euro BMU (Federal Ministry for the Environment, Nature Con-

servation and Nuclear Safety of Germany) project funding (excluding research funding 

within the program "Specific Measures", which is here quoted under market development). 

Research funding will strongly increase in the future. In 2011, the grants of BMU in-

creased to 245 million Euro, growing by 75% compared to the previous year. According to 

the 6th Energy Research Program, adopted in August 2011, the federal budget and the 

special asset of the Energy and Climate Fund will provide approximately 3.3 billion Euro 

in the years 2011-2014 for research and development of sustainable energy technologies. 

Renewable energy will receive 1.05 billion Euro of this amount, including 0.2 billion Euro 

for institutional support (BMU 2012). 

Additionally, federal states provided about 61 million Euro of research spending (2008, 

PTJ 2010) and the proportional expenditures of the EU accumulated to about 16 million 
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Euro (2007). Expenditures for R&D promote future innovations and thus cannot be at-

tributed to the current use of renewable energy in Germany.  

The federal government has provided 304 million Euro in 2011 for market development 

in the heating and electricity sector. This includes 287 million Euro for the promotion of 

specific measures regarding the utilisation of renewable energy sources with a focus on the 

heating sector. The expenses of the Market Incentive Program (MIP) were 229.4 million 

Euro (including administrative cost of BAFA - Federal Office of Economics and Export 

Control). In 2012, the BMU program "Specific measures for the utilisation of renewable 

energy" provides a total of 317.8 million Euro, of which 249.8 million Euro are dedicated 

to the MIP and 68 million Euro are spent for programs and projects of the National Climate 

Initiative. For the year 2012 an additional 116 million Euro from previous years are availa-

ble. The market development of renewable energy is not only supported by the federal 

government but also by federal states (with about 20 to 30 million Euro per year) and 

numerous foundations (estimated at around 10 million Euro per year). 

The loan commitments of KfW (German Reconstruction Loan Corporation Bank) for 

renewable energy decreased significantly in 2011 compared to 2010. In total, 37,742 loans 

with an amount of 7.559 billion Euro were approved. The most important program, called 

"Standard", mainly addresses roof-top photovoltaic and wind power plant development. 

Loans under the KfW program "Premium" (Market Incentive Program) have increased to 

0.5 billion Euro in 2011. Furthermore, the program "off-shore wind energy" approved up 

to 0.542 billion Euro of loans in 2011. The interest advantage of accumulated loans by 

funds of the KfW (without "Premium" and corresponding predecessor programs) is esti-

mated at approximately 0.3 billion Euro for 2011.  

 

4.5 TAXATIO( OF ELECTRICITY FROM RE(EWABLE E(ERGY 

The ecological tax reform in 1999 introduced an electricity tax with a standard rate of 

2.05 ct/kWh since 2003. Hence, electricity from renewable energy sources is essentially 

taxed as electricity from fossil and nuclear energy. In return, the Market Incentive Pro-

gram, promoting renewable energy sources in the heat sector, is partly financed from elec-

tricity tax revenues. 

In 2011 the electricity tax revenue amounted to 7.247 billion Euro. Exempts especially 

for the manufacturing industry caused deficiency in tax receipts of 3.535 billion Euro per 

year, which cannot clearly be assigned to the energy sources used. Using two different 

approaches, the amount of the current electricity tax which can be assigned to renewable 

energy is estimated to 1.452 billion Euro and 1.68 billion Euro respectively. Subsequently, 

the price adjusted total for the years from 1999 to 2011 is estimated at be 9.188 billion 

Euro or 10.862 billion Euro (2011). 

As part of balancing the costs and benefits of renewable energy it should be noted that 

the electricity tax does not contribute to a differentiated internalization of external effects 

of electricity generation. An exemption for renewable energy from the electricity tax 

would in principle be justified on terms of energy and environmental policy and, above all, 
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should be examined carefully when discussing future development of renewable energy 

support policy.  

 

5 MACROECO(OMIC EFFECTS 

The category of macroeconomic effects also comprises effects, which cannot be easily 

added or included in the „net“ balancing sheet of a cost-benefit analysis. Partly, these 

effects are included in other categories e.g. the system analytic approach, but still are of 

interest also as a single category. Partly, they are not easily added because of different 

units of measurement; the best example is employment. In this section we report the find-

ing for investment in renewable energy, turnover of the German industry and employment 

in the production of systems and components (manufacturing), the operation and mainte-

nance and in fuel production. Further, we conclude this section with an estimate for import 

reduction, an issue related to energy security. Germany is poor in own resources and most 

fossil fuels are imported.  

 

5.1 I(VESTME(T I( RE(EWABLE E(ERGY I( 2011 

Investment in renewable energy in Germany leads to the capacities installed and is di-

rectly related to the respective contribution possibilities of renewables to the energy mix. 

While investment has been rising steadily over the last 5 years, 2011 showed a turning 

point: For the first time, investment fell, from 26.6 billion Euro in 2010 to 22.9 billion 

Euro 2011. Capacity installed, however, again was higher than the year before. The main 

driver behind this development is the tremendous price decrease in the photovoltaic indus-

try. While in 2010 investment needed for the installation of 7.4 GW exceeded 19 billion 

Euro, total installation of 7.5 GW in 2011 only cost 15 billion Euro. Investment in all other 

technologies rose. Especially the wind industry has seen remarkable increases in invest-

ment.  
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Figure 8: Investment in renewable energy – electricity and heat production (in mil-

lion Euro)  

 

Source: O’Sullivan et al. 2010, 2011, 2012 

 

5.2 I(DUSTRIAL TUR(OVER 

To determine employment from renewable energy increases – one of the major co-

benefits of renewable energy policies – turnover of German companies is the starting point. 

It can be deduced from investment knowing imports and exports. In 2011, turnover from 

systems and components of companies producing in Germany held the level of 2010. The 

largest increase exhibits the biogas sector. This reflects the changes in the German regula-

tion and anticipation thereof among investors. Further positive development can be ob-

served in the wind industry, for solar water heaters and for heat pumps. Each of the latter 

industries showed increasing turnover after two years of decrease. The drivers of this 

development are quite different: while the wind industry benefited from increasing exports, 

the residential heat applications seem to have recovered on the domestic market. Turnover 

in the photovoltaic industry fell, again, mostly driven by the massive price decreases on 

international market.  
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Figure 9: Turnover of German RE- industry (in million Euro) 

 

Source: O’Sullivan et al. 2010, 2011, 2012 

 

5.3 EMPLOYME(T 

As has been stated above, employment is the largest co-benefit of renewable energy 

policies. A study commissioned by the German Environmental Ministry analyses the em-

ployment effects from renewable energy (Lehr et al. 2011, 2012) comprehensively. Part of 

this analysis is an annual report on gross employment from new capacities, operation and 

maintenance and the provision of biofuels. Gross employment comprises direct effects in 

the respective RE industries and service sectors as well as indirect effects from multiple 

rounds of intermediary inputs from all economic sectors.  

Since the start of the above mentioned analysis (2004) a methodological framework has 

been established and improved. Annual data are published since 2006. Employment has 

increased since 2004 by almost 178%. In 2011, employment in production, operation and 

maintenance, fuel provision and research and administration with public funds has reached 

381,600 jobs. Past analysis has shown that these jobs often require higher skills than the 

industrial average.  

For the first time in 2011, this analysis has been complemented by a regional analysis 

on the level of the German Bundesländer. Results can be found at Ulrich et al. (2012). On 

the regional level, it can be said that the recent estimate indicates that gross employment 

generated by use of wind energy in 2011 is characterized by a north-south divide. Howev-

er, by comparison with this basic statement - which to a great degree will probably be seen 

as intuitive and no great surprise - geographical patterns can be identified that are clearly at 

odds with the obvious connection between the coast and wind power. 
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Figure 10: Employment from renewable energy in Germany  

 

Source: O’Sullivan et al. 2010, 2011, 2012 

 

Thus we can see besides the relative high relevance of wind energy use for the regional 

labor market in those countries which are conventionally associated with the wind industry 

(Bremen, Lower Saxony, Schleswig-Holstein, Saxony-Anhalt, Mecklenburg-Western 

Pomerania) that in the states with strong economies - North Rhine-Westphalia, Baden-

Württemberg and Bavaria – the relative importance of onshore wind power tends to be 

low. Nevertheless, these three states account for over a third of direct and indirect em-

ployment. 

 

5.4 IMPORT REDUCTIO( 

Energy security also is an often mentioned co-benefit of renewable energy policies, es-

pecially for countries with few domestic fossil fuel energy resources such as Germany. 

Import dependence of fossil fuels in Germany is high and leaves the country vulnerable to 

the risks of sudden price changes or supply shortages worldwide. The switch to domestic 
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energy, the monetary value of the import reduction reflects international fossil fuel prices. 

The 2009 values show the rather low oil price compared to 2008. 2011 values already 

reflect the changes on the gas market from unconventional gas.  

 

Figure 11: Development of import reduction, in billion Euro 

 

Source: GWS, own calculation.  
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Comprehensive cost benefit analysis of the transition to an energy mix with large shares 

of renewable energy is a challenge. This contribution summarizes the findings of a large 
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at least for the most important fields. It has been shown benefits more or less outweighed 

the costs, for the observed time span (2008 – 2011). This holds true for those categories, 

where the system boundaries coincide, the same units of measurement, time frame and 

region apply so that the results can actually be added. 

Other categories exceed the boundaries but still point to a beneficial development: addi-

tional employment has been created and in total the sector leads to employment of 381,600 

people. Renewable energy lowers the power price during the middle of the day on a sunny 
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surcharge. Since both are distributional effects – and all non-privileged electricity custom-

ers pay for the additional cost - a simple cost-benefit analysis is not applicable. 
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be refined. In future, an overall view of the effects outlined will provide a sound basis for 

economic statements about the arguments for renewable energy. In view of the unresolved 

questions indicated, however, there is no sign yet of a final unequivocal judgment about 

the overall economic costs and benefits of renewable energy expansion. 
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