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1. Introduction
The aim of the project “Integrating policy instruments into the TIMES Model” consists in
laying the methodological foundation to represent different types of policy instruments in an
explicit manner in the energy system model TIMES. So far, Work Package A has addressed
the theoretical background on the modelling of policy instruments in energy system models,
while under Work Package B specific modelling approaches for various support systems for
renewable electricity, for emissions trading systems as well as for regulatory instruments and
financial incentive measures in the buildings sector have been developed and described in
detail. The next step is to apply and test the developed methodology within the scope of the
TIMES model generator in order to explore the benefits and challenges of explicitly modelling policy instruments within a comprehensive energy system model.
Once again, Germany, represented by the national energy system model TIMES-D, is used as
basis for the case study. The implementation of the German Energy Concept, offering a longterm strategy with the purpose to secure “a reliable, economically viable and environmentally
sound energy supply” (BMWi and BMU 2011, p. 3), has given rise to a large variety of interesting energy and climate policy questions which are similarly relevant across the whole of
Europe, especially in light of the "20-20-20" targets (cf. EC 2008) and the Energy Roadmap
2050 (cf. EC 2011).
On this basis, three main focal points for the scenario analysis can be identified:


The reference case: What will the development of the German energy system look like
under the current political framework conditions?



Interaction between the German FIT system and the EU ETS: How do the German feedin tariff system and the EU Emissions Trading System influence each other?



Comparison of different support schemes for renewable electricity: What adjustments
might be beneficial in the current German FIT system? How does the present support
scheme perform in comparison to alternative ones?

Hence, given the current strong interest in this research area, the analysis concentrates mainly
on renewable electricity generation and emission trading. However, for the reference case,
the development of the buildings sector in Germany is also examined in detail taking into
account the Energy Saving Ordinance, the Renewable Energies Heat Act and the effects of
the most important financial incentive measures.
Accordingly, this report is structured as follows. Chapter 2 provides a short overview on the
basic features of the German energy system model TIMES-D and the various model extensions and improvements that have been executed in the scope of this project. The most important scenario assumptions and the scenario settings for the comparative analysis are laid
down in Chapter 3. Afterwards, a separate chapter is dedicated to the scenario results on each
of the three research questions introduced above. The report closes with a short summary in
Chapter 7.
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2. The German energy system model TIMES-D
For the quantitative analyses the energy system model TIMES-D is employed. TIMES-D is
based on the model generator TIMES, which has been developed in the scope of the Energy
Technology Systems Analysis Programme (ETSAP) of the International Energy Agency
(IEA). It is a multi-periodic bottom-up energy system model that follows a partial equilibrium
approach for representing, optimising and analysing energy systems on local, regional, national or global scales. TIMES employs linear optimization techniques that depict the energy
system as a network of processes (e.g. different types of power plants, heating systems,
transport technologies, etc.) and commodities (e.g. energy carriers, emissions, materials, etc.).
It usually minimizes (under perfect foresight) the total energy system costs required to meet
the exogenously set sectoral energy service demands subject to additional constraints, as, for
example, a cap on total GHG emissions. This detailed, process-oriented model allows for the
evaluation of technical adjustment processes and the associated cost within the energy system
in the case of changes in the exogenously set model assumptions, e.g. in the political framework or the energy prices.
The application used for the analysis at hand, the TIMES-D model, represents the whole energy system of Germany taking into account exchange processes with neighbouring countries
(with the help of cost potential curves). Demand sectors considered are the industry, service/commercial (including agriculture), residential and transport sector, which are further
disaggregated. The German model contains more than 380 end-use technologies encompassing several vintage classes and represented by techno-economic parameters such as the utilisation factor, energy efficiency, lifetime, capital costs, operating and maintenance costs, etc.
The supply side of the model covers energy conversion processes, like petroleum refining,
coal processing, heat and electricity generation, etc. It includes over 120 conversion technologies for central electricity and district heat generation based on fossil (coal, lignite, oil, gas),
nuclear and renewable (hydro, wind, solar, biomass, geothermal) resources. The technological and economic data for supply side technologies comprises the availability factor, capacity
factor, efficiency, technical lifetime, specific capital costs, etc. Moreover, assumptions are
laid down concerning energy prices, resource availability, the potentials of renewable energy
sources, etc. In addition to the energy flows, energy and process related emissions of greenhouse gases as well as other air pollutants are accounted for in the model. TIMES-D has a
high temporal disaggregation level with 32 time-slices (4 on the seasonal, 2 on the weekly
and 4 on the daily level). A more detailed description of the basic structure of the TIMES-D
model can be found in Remme (2006).
In the scope of this project, several model extensions and improvements have been carried
out.
First of all, in order to ensure that the sectoral coverage of the EU ETS is depicted in a realistic manner, the industry sector in TIMES-D has been regenerated on the basis of the structure
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used in the European TIMES model TIMES PanEU (cf. Kuder and Blesl 2010). The industrial sector is now differentiated into 14 sub-sectors with a distinction between energy-intensive
(iron/steel, aluminium, copper, ammonia, chlorine, cement, lime, hollow glass, flat glass and
pulp/paper) and non-intensive branches (other non-ferrous metals, other chemicals, other
non-metallic minerals and other industries). In the case of the energy-intensive sectors, the
reference energy system is represented in a process-oriented manner and the demand commodities are specified as physical goods (e.g. tons of steel). In contrast, for the non-energy
intensive branches a standard modelling structure is applied based on five main types of energy use (steam, process heat, machine drive, electro-chemical and other uses). Here, demand
is divided into different demand categories for energy services (e.g. cooling or space heating).
Another focus in the model revision was put on the (renewable) electricity generation sector.
Both for conventional and for renewable power and heat generation plants an extensive update of technology and cost parameters has been conducted, mainly on the basis of IER et al.
(2010), Wissel et al. (2010) and Blesl et al. (2012). With the aim to allow for a realistic representation of the complex tariff structure of the German FIT system, additional renewable
generation technologies have been added to the model, e.g. ORC CHP plants for geothermal
energy, repowering plants for onshore wind energy, modernization processes for hydropower
plants, small-scale biomass cogeneration units and biogas fuel cells. In this context, the technical potentials for electricity generation from renewable sources as well as the maximum
annual expansion rates for renewable electricity generation have also been revised and updated. Furthermore, the availabilities for electricity generation from fluctuating renewable
sources have been modified based on the load profiles of recent years.
In light of the expected substantial increase in electricity generation from renewable energies
and especially from intermittent sources, repercussions on the entire electricity system need
to be taken into account in the modelling approach. That is why the representation and model
parameters for electricity storage processes have been revised and additional storage technologies have been implemented in the model (advanced adiabatic compressed air energy storage (AA-CAES) and different battery storage systems). A strong expansion of renewable
electricity generation will also have effects on the electricity grid making considerable investments necessary in order to transport electricity from often remote generation sites (e.g.
coastal regions) to the centres of consumption and to integrate the rising share of fluctuating
generation. Accordingly, the model structure representing the grid infrastructure in TIMES-D
has been updated and specific costs for reinforcing and expanding the electricity grid - both
for the transmission and the distribution grid - have been introduced into the model. These
expansion costs are bound to the amount of installed capacity for onshore and offshore (only
for the transmission grid) wind energy as well as solar photovoltaics. In the case of geothermal energy, competitiveness strongly depends on the possibility of a combined generation of
electricity and heat. At the same time, this limits the generation potential as an adequate heat
demand needs to be available at a reasonable distance. To account for this issue in the model,
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specific district heat potentials from geothermal energy and associated grid expansion cost
have been added.
Changes in the scenario assumptions, e.g. regarding emission reduction targets or the expansion of renewable electricity, usually entail repercussions on the prices for energy services
and are therefore also likely to induce adjustments in energy demand. Taking these interactions into consideration is essential when analysing the effect of different policy instruments
on the energy system. For that reason, the mathematical formulation of the TIMES-D model,
which so far has been run with fixed demands that were exogenously given, has been modified to include elastic demands. Price elasticities represent a measure for the responsiveness
of demand to variations in price (cf. Läge 2002, p. 59). In the elastic-demand mode of
TIMES, own-price elasticities are defined for each energy service demand category, while
cross-price elasticities are assumed to be zero. The modelling approach then consists of two
steps. Firstly, the reference case, for which demand levels have been previously specified, is
calculated with fixed demands in order to identify one point on each demand function. Secondly, all alternative scenarios are run with elastic demands such that all alterations in demand for energy services are then determined within the model on the basis of the selected
elasticities. It has to be kept in mind that by introducing the elastic demand feature, the economic rationale behind the optimization algorithm changes as the aim no longer consists in
minimizing the cost of covering the previously fixed demand for different energy service
categories but to establish an equilibrium where the total economic surplus (as the sum of
producer and consumer surplus) is maximized (cf. Loulou et al. 2005). In that way, it is possible to take one of the major feedback channels of the economy on the energy system into
account.

3. General assumptions and scenario definitions
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3. General assumptions and scenario definitions
3.1. Socio-economic assumptions
The basic demographic and economic data used in the following scenario analyses is mainly
adopted from the study Energieprognose 2009 (cf. IER et al. 2010) (cf. Table 3-1). From
2010 to 2030, the gross domestic product (GDP) of Germany is assumed to grow at an average annual rate of 1.3 %, with a downward trend over time. In the same period, Germany’s
population is expected to decrease by about 2 million inhabitants to 79.7 million in 2030 resulting in an increase in GDP per capita of almost 34 % compared to 2010. Due to the trend
towards smaller household sizes, the number of households as well as the total dwelling area
in Germany still rises until 2030. When aviation is not taken into consideration, the passenger
transport volume only exhibits a further increase until 2020 and then drops again roughly to
the level of 2010 as a result of the decline in population. With the expected on-going rise in
air travel, however, total passenger transport volume still grows slightly until 2030. The
freight transport volume, on the other hand, which is mainly bound to the development of
GDP, is assumed to rise substantially by nearly 42 % in the period from 2010 to 2030.
Table 3-1:

Key socio-economic parameters for the scenario analysis (based on IER et al. 2010)

GDP
Population
GDP per capita
Households

Change
Avg. change
(2010-2030) p.a. (2010-2030)
30.1%
1.3%

2010

2015

2020

2025

2030

Bn €2010

2498

2794

2949

3095

3250

M

81.8

81.8

81.4

80.6

79.7

-2.6%

-0.1%

€2010/cap.

30549

34151

36242

38389

40792

33.5%

1.5%

M

40.3

41.0

41.5

41.8

42.0

4.1%

0.2%
0.7%

2

Mm
Bn pkm

3504

3654

3788

3913

4015

14.6%

Passenger transport volume

1128

1136

1154

1163

1166

3.4%

0.2%

Freight transport volume

Bn tkm

622

670

737

806

880

41.5%

1.8%

Dwelling area

The choice of the discount rate, which is used to make monetary flows from different points
in time comparable, has a vital impact on the decision-making and optimization calculus in
the model. Discounting reflects the opportunity costs of capital and indicates the weight that
is ascribed to future costs and benefits. Hence, high discount rates tend to impair the competitiveness of less mature and capital-intensive technologies that require high upfront cost and
whose benefits (in terms of energy savings) are only realized over a long period of time (cf.
Böhringer 1999).
In the analysis at hand, sector-specific, subjective (or implicit) discount rates are applied in
order to account for the individual decision-making behaviour of different agents in the energy system and to represent their reactions to changes in the political framework conditions in
a realistic manner (cf. Table 3-2). Thus, sectors with high hidden costs related to the investment in new equipment - private households, the tertiary sector and agriculture as well as
motorized individual transport - are assigned a relatively high real discount rate of 13.7 %. In
contrast, for utilities and the industrial sector (including freight transport) the discount rates
are guided by the average cost of capital and the profitability expectations in the respective
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sector resulting in rates of 9.3 % and 7.8 %. An exception is made in the case of renewable
electricity generation with a real discount rate of 7 %, as it has been observed that in this sector, profitability expectations – especially for smaller generation units – tend to be lower
(Doll et al. 2008). As mentioned above, an even lower discount rate of 5 % is applied for
photovoltaic roof systems, where special loan programs with reduced interest rates are available. In the case of geothermal generation plants, a higher rate of 10 % is laid down to reflect
the high exploration risks.
Table 3-2:

Sector-specific real annual discount rates (based on IEA 2005 and E3M-Lab 2006)
Sector

Energy conversion

9.3%

PV rooftop installations

5.0%

Geothermal electricity generation

10.0%

Other renewable electricity generation

7.0%

Industry

7.8%

Tertiary sector + Agriculture

13.7%

Residential sector

13.7%

Transport
Motorized individual transport

13.7%

Public transport

6.0%

Freight Transport

7.8%

In order to take into account adjustments in energy demand due to changes in energy prices,
the elastic demand feature is activated in TIMES-D. The values for the long-term own-price
elasticities (differentiated by sector and demand category) are taken from the 2010 version of
the ETSAP-TIAM model (cf. ETSAP 2011, values for Western Europe). It has to be pointed
out that for 2015, due to the closeness in time and the associated reduced ability to react to
changes, slightly lower values have been specified (cf. Table A-1 in Annex A).
3.2. Energy prices
Regarding the price projections for fossil fuels, the assumptions that have been laid down for
the New Policies Scenario in the World Energy Outlook 2012 (cf. IEA 2012) have been chosen (cf. Table 3-3). Thus, the world market price for crude oil rises continuously from
77 US$2010/bbl in 2010 to 121 US$2010/bbl (190 US$/bbl1) in 2030, corresponding to an increment of 56 % in real terms and of 146 % in nominal terms. Based on the global market
prices stated in the World Energy Outlook 2012, cross-border prices for Germany are calculated, resulting in a price increase of 49 % for crude oil and of 57 % for natural gas between
2010 and 2030. The rise is expected to be less pronounced in the case of hard coal (13 %).
For lignite, which plays a crucial role in electricity generation in Germany, the average full
costs of lignite extraction in Germany are applied and assumed to be constant over the modelling period.
1

Nominal values are based on the assumption of an annual inflation rate of 2.3 % p.a. from 2013 onwards.
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Price assumptions for fossil fuels (based on the New Policies Scenario from IEA 2012
and BMWi 2012)
2010

2015

2020

2025

2030

US$2010/bbl
US$/bbl

77
77

113
127

117
147

119
168

121
190

Crude oil

€2010 /GJ

10.7

14.9

15.4

15.7

15.9

Natural gas

€2010 /GJ

5.7

8.1

8.5

8.8

9.0

Coal

€2010 /GJ

2.9

3.1

3.2

3.3

3.3

Lignite

€2010 /GJ

0.99

0.99

0.99

0.99

0.99

Crude oil price
(IEA)
Cross-border prices

3.3. Technology and cost parameters
Since renewable electricity generation plays an essential role in the following scenario analysis, the projections regarding the technical and economic development of generation technologies based on renewable sources have been updated and are presented in detail in Tables A2 to A-9 in Annex A. Table 3-4 below summarizes the key investment cost assumptions for a
selection of renewable electricity generation technologies modelled in TIMES-D. The realization of further learning effects can be assumed to be dependent on the rate of expansion of
renewable electricity generation on a global scale, such that in the analysis at hand all learning rates have been fixed exogenously, i.e. independent from the development in Germany.
Table 3-4:

Investment cost assumptions for renewable electricity generation technologies (selection based on Tables A-2 to A-9 in Annex A)

Investment costs, €2007/kW

2015

2020

2030

Hydropower, new plant (20 MW)

5800

5800

5800

Hydropower, new plant (3 MW)

4140

4140

4140

Hydropower, modernisation

1500

1500

1500

Photovoltaics, rooftop system

1800

1550

1450

Photovoltaics, freestanding system

1640

1415

1245

1320

1260

1190

3243

2743

2493

3150

2900

2850

Wood gasification, CHP (2 MW)

4150

3650

3400

Biogas, block heating and power station (0.5 MW)

800

750

750

7080

7080

6000

Wind power, onshore (incl. grid connection)
Wind power, offshore (distance to shore 80 km,
twater depth 35 m, incl. grid connection & foundation)
Solid biomass, CHP (6 MW)

Geothermal energy, OCR CHP (4.5 MW,
thydrothermal, drilling depth 3500 m)

While no cost degressions are expected in the case of hydropower plants, further substantial
learning effects are laid down for solar photovoltaics and onshore wind power plants. Significant investment cost reductions would also be needed to stimulate the development of offshore wind energy in Germany. Here, the learning rates are chosen rather conservatively
when compared with other recent studies (cf. for example EWI et al. 2010, BMU 2010).
Electricity generation from different types of biomass is usually based on mature technologies so as to allow only relatively moderate learning effects in the future. The prospects for
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geothermal power plants in Germany can be considered to be the most uncertain. For the present analysis, only very low cost reductions from 2020 onwards are assumed.
Electricity storage technologies are modelled in to provide system services and to accommodate increasing amounts of fluctuating electricity generation. Concerning the use of storage
capacities, a rule is applied specifying that at all times a maximum of 20 % of the electricity
supplied to the grid may directly originate from fluctuating sources without the necessity of
intermediate storage (cf. Remme 2006). The technological and economic parameters for all
storage technologies can be found in Table A-10 in Annex A. Cost degressions due to learning effects are only assumed in the case of battery storage systems and hydrogen converters.
The costs for reinforcing and expanding the electricity grid that arise as a result of the growing shares of spatially distributed fluctuating renewable generation are integrated into the
model in a simplified manner. Based on a number of recent analyses (cf. BDEW 2011, dena
2005, dena 2010a and EC 2011), specific grid expansion costs (both for the transmission and
the distribution grid) per unit of additional installed capacity of solar photovoltaics and wind
energy are calculated. It has to be noted that offshore wind plants are only taken into account
in the case of the transmission grid. In the model, the capacity for the processes representing
the expansion of the transmission and distribution grid is then bound with the help of user
constraints to the capacity of the fluctuating generation. The actual values for the reinforcement and expansion cost are given in Table A-11 and A-12 in Annex A.
Additional assumptions have been integrated regarding the district heat potential from geothermal energy and the associated grid expansion cost (cf. Table A-13 in Annex A).
3.4. Potentials for renewable electricity generation
When analysing the long-term expansion of renewable electricity generation in Germany,
limitations given through technical potentials need to be respected. An overview on the technical electricity generation potentials from different renewable sources laid down in TIMESD is presented in Table 3-5. For wind energy and solar photovoltaics the generation potentials
are determined on the basis of the potentially available land-areas using average space requirements per wind turbine or solar PV installation and availability factors. It needs to be
pointed out that the resource-specific potentials cannot be added up as in some cases competition for the same land-areas needs to be taken into account. Moreover, it has to be kept in
mind that Table 3-5 provides technical potentials which contain no information whatsoever
on the economic feasibility of the different generation options. In the case of biomass, cost
potential curves for the provision of different types of solid biomass (wood, straw and energy
crops) are modelled in TIMES-D based on the analysis in Remme (2006) (cf. Figure A-1 in
Annex A). These curves cover the entire biomass generation potential within Germany, i.e.
only part of this potential is eventually available for electricity generation since alternative
utilization options - for heat production and in the transport sector - are taken into consideration in the energy system model.
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Technical potentials for electricity generation from renewable sources
Available area
[km 2]

Generation potential
[TWh/a]

-

24,7a (+ 2 TWh through
modernisation)

Onshore
According to wind velocity classes
1. 4-5 m/s
2. 5-6 m/s
3. > 6 m/s
Total

22100b
3500b
500b
26100

332c
77c
15c
423

Offshore
According to location
1. Distance to shore 40 km, water depth 25 m
2. Distance to shore 80 km, water depth 35 m
3. Distance to shore 120 km, water depth 40 m
4. Distance to shore 30 km, water depth 30 m
Total

425d
1440d
680d
340d
2885

18e
65e
32e
14e
129

838a
200a
4100a
5138

113f
23f
554f
690

-

321a

Hydropower (run of river and dam storage)
Wind energy

Solar PV
Roof area
Facade area
Free-field
Total
Geothermal energy

cf. Kaltschmitt et al. (2006), p. 389
cf. Remme (2006), p. 63
c
Based on a space requirement of 100 km2/GW and an availability of 1500 h/a (class 1), 2200 h/a (class 2) and 2900 h/a (class 3)
d
Based on IER et al. 2010, class 1-3 North Sea, class 4 Baltic Sea
e
Based on a space requirement of 84.7 km2/GW and an availability of 3600 h/a (class 1), 3800 h/a (class 2), 4000 h/a (class 3) bzw .
h3500 h/a (class 4)
f
Based on a system efficiency of 13.5 % and an average irradiation of 1000 kWhAC/(m2*a) for rooftop and freestanding installations
hand 850 kWhAC/(m2*a) for facade installations
a
b

In order to provide a realistic picture of the development of electricity generation from renewable energies in Germany, in addition to the technical potentials, upper limits for the annual expansion rates of renewable generation from different sources need to be included in
the model assumptions. The ceilings stated in Table 3-6 have been derived from the historical
development and a comparison of recent studies on the expansion of renewable electricity
generation in Germany (most importantly BMU 2012b and ÜNB 2012a).
Table 3-6:

Ceilings on the annual expansion of renewable electricity generation (based on IER et
al. 2010, BMU 2012b, ÜNB 2012a)

TWh
Hydropower (run of river and storage)

2015
24.5

2020
25.6

2025
26.7

2030
26.7

Wind onshore

62.5

85.0

95.0

110.0

Wind offshore

16.0

49.5

63.8

105.2

50

60

65

70

Biomass

55

60

64

72

Geothermal energy

1.5

5

8

12

209.5

285.1

322.5

395.9

Solar photovoltaics

Total

10

3. General assumptions and scenario definitions

3.5. Scenario characteristics
With the aim to explore how the explicit modelling of different policy instruments can benefit
the investigation of the future development of the German energy system, a comprehensive
scenario tableau has been developed (cf. Table 3-7).
In the reference case (REF), the currently implemented policy measures are integrated into
the model: the FIT system for renewable electricity in its version from 2012 and the EU ETS
with a reduction target of 21 % for 2020 compared to 2005 (and a linear reduction of 1.74 %
p.a. until 2030). The results of this scenario will be presented in detail showing how these
two instruments influence the electricity generation sector, electricity consumption as well as
CO2 emissions and what costs are involved.
In a second step, the various interactions between a national support system for renewable
electricity generation and a supranational emissions trading scheme will be analysed with the
help of the flexible modelling of both policy measures. To do so, a number of scenarios has
been set up that contain either none of the two instruments (No_Ins), only the FIT system
(FIT_Only), only the EU ETS (ETS21 and ETS34) or both measures (REF and ETS34+FIT).
With respect to the emissions trading system, an additional differentiation is made between
the current specification and a stricter regime with a reduction target of 34 % until 2020 compared to 2005. This structure makes it possible to evaluate in a quantitative manner how the
FIT system in Germany affects emission reduction and certificate prices in the trading system
and, on the other hand, how the EU ETS might support the expansion of renewable electricity
generation in Germany.
Finally, the modelling approach is applied to contrast the current German FIT system with
alternative support schemes for renewable electricity. In this context, firstly a look is taken at
some adjustments which could be easily implemented within the scope of the current FIT
system: (1) a sensitivity in which the promotion of solar photovoltaics through feed-in tariffs
is stopped (FIT2012_NoPV) and (2) a sensitivity in which the special equalisation scheme for
electricity-intensive enterprises and rail operators (that pay a reduced FIT surcharge) is abolished (FIT2012_NoES). Secondly, the following support schemes that might be used to replace the present FIT scheme are explored: (1) a technology-neutral FIT system with which
the same total amount of renewable electricity generation is achieved as in the reference case
(FIT_Neut); (2) a technology-neutral tradable green certificate scheme where the quotas for
renewable electricity are set such that the targets of the German Energy Concept are reached
(QU_Neut) and (3) a technology-specific tradable green certificate scheme where for each
renewable source a separate quota is specified in such way that the same (cost efficient) generation structure as in scenario QU_Neut is realized (QU_Spec). For the last scenario an additional sensitivity is analysed in which the higher uncertainty for renewable electricity generators under a quantity-based support system is reflected in higher hurdle rates for investments
in renewable technologies (QU_Spec_hh). Regarding the EU ETS, in all these scenarios the
basic target of 21 % for 2020 applies.

3. General assumptions and scenario definitions
Table 3-7:
Scenario
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Scenario overview
Support scheme for renewable electricity

Reduction target in the ETS sector

The reference case
REF

Current German FIT system (2012 version)

Reduction of 21 % until 2020 compared
to 2005; 1.74 % p.a. afterwards

Scenarios on the interaction between the German FIT system and the EU ETS
ETS21
ETS34+FIT

Current German FIT system (2012 version)
-

Reduction of 34 % until 2020 compared
to 2005; 1.74 % p.a. afterwards

Current German FIT system (2012 version)

-

-

-

ETS34
FIT_Only

Reduction of 21 % until 2020 compared
to 2005; 1.74 % p.a. afterwards

No_Ins

Scenarios on the comparison of different support schemes for renewable electricity
Sensitivities on adjustments within the current FIT system
FIT2012_NoPV

Sensitivity on REF ceasing the promotion of solar
photovoltaics through the FIT system

FIT2012_NoES

Sensitivity on REF without the special equalisation
scheme for electricity-intensive enterprises and rail
operators in the FIT system

Alternative support schemes
FIT_Neut

Technology-neutral feed-in tariff system reaching the
same absolute amount of renewable electricity
generation as in the reference case

QU_Neut

Technology-neutral quota system reaching the
targets for the renewable share in gross electricity
consumption of the German Energy Concept

QU_Spec

Technology-specific quota system reaching the
same shares for each renewable source in gross
electricity consumption as in Qu_Neut

QU_Spec_hh

Sensitivity on Qu_Spec with higher hurdle rates for
investments in renewable generation technologies

Reduction of 21 % until 2020 compared
to 2005; 1.74 % p.a. afterwards

In addition to the explicit modelling of the support system for renewable electricity and the
EU ETS, the effects of other current regulations of the German and European energy and
climate policy are included in the scenario analyses. With respect to the buildings sector, the
regulatory instruments and financial incentive measures described in the report on Work
Package B3 and B4 are taken into account. Thus, the instruments addressing energy saving
measures are integrated in the exogenously set demand assumptions, while the requirements
regarding the use of renewable heating technologies are reflected in user constraints on the
obligatory use in new buildings in combination with lower and upper market shares for the
different technologies. The effects of these instruments will be described in detail for the reference case. The use of nuclear energy for electricity generation is phased out in Germany
until 2022. Technologies with carbon capture and storage (CCS) are assumed to be commercially available from 2020 onwards.
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4. The reference case: development of the German energy system with the
FIT scheme and the current ETS target
4.1. Electricity generation
The reference case (scenario REF) explores the long-term development of the German energy
system under the assumption that the current political framework is kept unchanged. Moreover, the two most important climate policy measures affecting the German power sector are
taken into account explicitly: the feed-in tariff system for renewable electricity in its version
from 2012 and the EU ETS with the reduction target of 21 % until 2020 compared to 2005.
Under these assumptions, renewable electricity generation in Germany rises substantially
throughout the whole projected period (cf. Figure 4-1). In 2020, renewable energies contribute with 261 TWh or almost 46 % to gross electricity consumption, in 2030 with 315 TWh or
54 %. Thus, compared to 2010 renewable electricity generation triples until 2030. The enormous growth until 2015 of 88 % and of 150 % until 2020 compared to 2010 is in line with
other recent scenario results (cf. ÜNB 2012a and BMU 2012b). Accordingly, the target value
for the renewable share in gross electricity consumption from the Energy Concept for 2020 of
35 % is exceeded by more than 10 percentage points. Afterwards, the expansion slows down
considerably with a growth rate of 24 % for the period from 2020 to 2030. Yet, the target for
2030 of 50 % is still slightly surpassed by 4 percentage points. The share of fluctuating
sources in total renewable generation rises from 54 % in 2012 to 72 % in 2030 and to 39 % in
total gross electricity consumption.

Figure 4-1:

Net electricity supply in the reference case (scenario REF)

Despite the considerable increase in renewable electricity, the share of fossil fuels in net electricity supply in Germany only decreases much more slowly from 56 % in 2010 to 42 % in
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2020 and 38 % in 2030 due to the simultaneous phasing out of nuclear energy until 2022.
While the generation from hard coal and lignite drops significantly from 241 TWh in 2010 to
109 TWh in 2030, the contribution from natural gas rises by 44 % in this period such that
gas-fired power plants provide 118 TWh electricity in 2030. Under the ETS reduction target
of 21 % in the reference case, CCS will not become a competitive abatement option until
2030. With respect to net electricity imports, no clear picture arises under the chosen scenario
assumptions. While in 2015 and 2030 about 8 TWh are exported, imports of 11 TWh and of
30 TWh can be observed in 2020 and 2025. On the whole, net electricity supply varies only
slightly over the considered time period and lies with 582 TWh in 2030 only 12 TWh above
the level from 2010.
Table 4-1 presents the development of renewable electricity generation in Germany in greater
detail. Hydropower has been utilized for electricity production in Germany for several decades and the potential has already been exploited almost entirely. Apart from that, stringent
ecological requirements have to be met when installing new hydropower plants (cf. Kaltschmitt et al. 2006). Hence, only a slight increase in hydro-electricity generation to 27 TWh
is realized until 2030 through investments in new small-scale power plants as well as the
modernization and extension of existing plants.
Wind power plays a dominant role in the expansion of electricity production from renewable
sources in Germany. In 2020, wind energy accounts for almost half of total renewable generation in the reference case, rising to 56 % in 2030 (30 % of total electricity generation). In
order to further enhance the onshore generation capacities, the repowering of older wind
farms is of particular importance. In 2020, already 27 % of the onshore wind electricity generation come from repowered wind turbines. In the case of offshore wind energy, a decisive
breakthrough is only achieved after 2015. Based on a dynamic growth period between 2015
and 2030, generation from offshore wind farms surpasses the contribution from onshore wind
energy for the first time in 2030 with 105 TWh.
The feed-in tariffs for solar photovoltaics have been reduced substantially in recent years and
degression rates have been aligned more strongly to the actual market growth. Nevertheless, a
significant expansion of electricity generation from solar radiation is still expected in the reference case until 2015. These findings coincide with other recent projections (cf. for example
ÜNB 2012a). With a rise from 28 TWh in 2012 to 44 TWh in 2015 the target range of an
annual extension of 2500 to 3500 MWp is clearly exceeded resulting in elevated degression
rates of 23 % p.a. After that, the overall ceiling on the solar PV capacity that is remunerated
through the FIT system of 52 GWp is quickly reached such that after 2020 generation from
solar radiation is not further extended.
The tariff structure for biomass installations has been clearly simplified with the last revision
of the FIT system in 2012. The tariff level now mainly depends on the capacity size and the
type of biomass that is used. Since electricity generation from biofuels is no longer supported,
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it remains at the low generation level of 2010 before dropping to zero in 2030. In the case of
biogas and solid biomass, substantial growth of factor 1 and 0.75 in relation to 2012 is realized until 2025 based on the increased use in smaller CHP plants. Afterwards, due to the
competing utilization options in heat generation and transport, electricity generation from
bioenergy declines again slightly. On the whole, biomass accounts for 17 % of renewable
electricity generation in 2030, compared to 29 % in 2012.
Table 4-1:

Renewable electricity generation in the reference case
TWh

2000
25

2010
21

2012
21

2015
24

2020
26

2025
27

2030
27

8

38

46

69

123

136

177

onshore

8

38

45

62

73

72

72

offshore

0

0

1

7

49

64

105

Solar photovoltaics

0

12

28

44

49

49

49

Gases**

1

2

2

2

1

1

1

Biomass

3

32

39

53

58

64

52

Solid biomass

-

16

17

26

25

31

27

Liquid biomass

-

2

1

2

2

2

0

Hydropower*
Wind
of which

of which

-

13

21

25

30

31

25

Geothermal energy

Biogas

0

0

0

1

5

8

10

Total

37

103

136

194

261

284

315

6.3%

17.0%

22.9%

34.9%

45.8%

50.5%

54.2%

Renewable share in gross
ielectricity consumption

*excl. pump storage; **gas from landfills and sew age treatment plants

The exploitation of geothermal energy for electricity generation is still at a very early stage in
Germany and projections on the future development are highly uncertain. Moreover, it has to
be pointed out that the conditions for geothermal electricity generation in Germany are comparatively unfavourable, given the relatively low temperature level of thermal water at potentially feasible depths. The model results indicate that until 2030, electricity generation from
geothermal energy rises gradually to 10 TWh in 2030. Thus, the contribution of geothermal
energy to total renewable electricity generation remains limited with 3 % in 2030. Furthermore, it turns out that based on the current feed-in tariffs, the utilization of geothermal energy
is only competitive if applied for the combined generation of heat and power. This clearly
restricts the generation potential to locations where an adequate heat demand is available at a
reasonable distance.
For the reference case, it has also been analysed whether the FIT system for renewable electricity has an impact on electricity generation in CHP plants. Apart from the implicit support
through feed-in tariffs for biomass and geothermal CHP plants, combined heat and power
generation is promoted in Germany by a specific feed-in premium scheme for new and modernized CHP plants (KWKG, cf. Bundesgesetzblatt 2002). Moreover, in 2007, the target of
doubling the CHP share in total electricity production to about 25 % until 2020 has been
specified (cf. BMU 2007). Looking at the scenario results, it becomes apparent that electricity
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generation from combined heat and power does indeed rise considerably until 2020 reaching
a share of almost 23 % in total generation and thus almost satisfying the governmental target
(cf. Figure 4-2). Afterwards, only a slight additional increase until 2030 can be achieved. The
growth of heat production in CHP installations is less pronounced given the higher power to
heat ratio of the newly installed plants (especially in the case of natural gas). A stronger expansion of combined heat and electricity generation in Germany is clearly restricted by the
limited demand for district heating. Even though the relative share of district heat in the heat
market rises, the decreasing energy demand for space heating puts a ceiling on the absolute
amount of CHP generation.

Figure 4-2:

CHP electricity generation in the reference case

While the contribution of hard coal and lignite to CHP electricity generation drops to almost
zero until 2030, substantial increases can be observed in the production from natural gas rising from 48 TWh in 2010 to 78 TWh in 2030. An even stronger growth occurs, however, in
the case of biomass - clearly induced by the feed-in tariffs for biomass CHP plants. With a
threefold increase between 2010 and 2025, biomass covers almost 29 % of total CHP electricity generation in 2030. The majority of this generation originates from small-scale biogas
installations. Despite the strong absolute growth, the share of geothermal energy in CHP electricity generation amounts to only 8 % in 2030.
The growing importance of renewable electricity causes a considerable rise in total installed
capacity for electricity generation from 166 GW in 2010 to 204 GW in 2020 (cf. Figure 4-3).
Afterwards, installed capacity remains relatively constant until 2030. Generation capacity
from renewable sources more than doubles between 2010 and 2020 to 122 GW, with an additional increase to 134 GW in 2030. Both in 2020 and 2030, fluctuating sources account for
about 85 % of this amount. In the case of onshore wind, additional capacities of 17 GW are
installed between 2013 and 2032, while for offshore wind farms installed capacity rises to
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28 GW until 2030. Hence, the goal of the German government of 25 GW is surpassed. In
total, wind energy is responsible for 25 % of installed capacity in 2020 and 30 % in 2030.
The increase in installed capacity of solar PV amounts to nearly 19 GW in the period from
2013 to 2017. Consequently, with an additional installation of 5 GW in the following modelling period, the overall ceiling on solar photovoltaics supported through the FIT system of
52 GW is reached around 2020. Afterwards, no further expansion can be observed such that
both in 2020 and 2030 solar energy accounts for 25 % of total installed capacity. The electricity generation capacity from biomass (including sewage and landfill gas) is raised only slightly from 7.6 GW in 2012 to 10.6 GW in 2030.

Figure 4-3:

Total installed capacity for electricity generation in the reference case

Installed capacity based on fossil fuels is expanded by 3 GW until 2015 to 83 GW, followed
by a continuous decline until 2030 to 64 GW or 31 % of total electricity generation capacity.
In the case of coal and lignite, no new plants are constructed after 2017 such that their share
in total installed capacity declines from 29 % in 2010 to 20 % in 2020 and 12 % in 2030. On
the other hand, additional flexible gas-fired power plants are required to cover peak load periods and as back-up capacity for the rising fluctuating generation. Between 2013 and 2032,
altogether a capacity of 33 GW based on natural gas is installed and the share of natural gas
in total capacity rise to 19 % in 2030.
The combination of the relatively constant electricity generation and the growing installed
capacity leads to declining utilization rates of the different power plants (cf. Table 4-2). The
average capacity factor for fossil-fuelled installations falls already between 2010 and 2015
from about 4300 (50 %) to 3200 (37 %) hours per year and stays around this level until 2030.
As far as lignite is concerned, relatively stable full load hours are realized since these plants
are used to supply base load and capacities are continuously decreased over the projected
period. In contrast, strong impacts occur in the case of coal-fired power plants, whose capaci-
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ty factor drops by more than 60 % until 2020. As older capacities are being shut down, utilization rates increase again slightly until 2030. In the model results, natural gas power stations
are less affected by the expansion of renewable electricity generation resulting in a comparatively moderate decline in the capacity factor. In part, this can be explained by the high share
of CHP plants in natural-gas based generation. Moreover, gas-fired power plants can react
more flexibly to fluctuating supply and changes in electricity demand.
Table 4-2:

Annual full load hours in the reference case

h/a
Coal

2000
4430

2005
4560

2010
3880

2015
1518

2020
1454

2025
1661

2030
1957

Lignite

6805

7016

6433

6440

6821

6687

6760

Petroleum products

782

2118

1427

1134

672

159

94

Natural gas

2206

3444

3652

2680

2899

3107

3009

Nuclear

7187

7621

6535

7451

7587

0

0

Hydro

3267

2616

2619

1964

2051

2102

1982

Wind energy

1560

1481

1390

2019

2373

2770

2938

Solar photovoltaics

842

624

668

937

936

936

936

Biomasse / Waste ren.

4069

3939

5136

5612

5391

5361

4981

Geothermal energy
Others

0

1000

3693

6108

6285

6390

6602

3110

2630

2446

4943

7191

5759

7176

Average

4605

4551

3694

2783

2615

2624

2642

With respect to installations based on renewable energies, fixed availability factors have been
implemented in the model for most sources highlighting the fact that with fixed feed-in tariffs, there are no incentives to adjust (i.e. reduce) supply at any time. In the case of wind energy, the growing significance of offshore generation is reflected in rising full load hours.
The reduction observed for hydropower plants can be mainly attributed to the increasing
share of pumped storage plants. Lately, growing concerns have been voiced regarding the
profitability of fossil fuel plants in view of the declining capacity factors and the necessity of
a capacity market, complementing the current energy-only market, is discussed. In an energy
system model, this effect is avoided as endogenous electricity prices (given as shadow prices
of electricity generation) cover both operating and investment costs. Thus, alternative modelling approaches are necessary to further analyse this issue.
When examining the expansion of renewable electricity generation in Germany, additional
impacts and costs need to be taken into account. Integrating the rising share of fluctuating
sources into the electricity system will require the extension of storage capacity. When comparing recent studies that analyse the future storage capacity needs for different renewable
shares in Germany, it becomes apparent that results are highly uncertain and vary across a
wide range (cf. for example BMU 2012b, Kuhn 2011, SRU 2011, UBA 2010 and VDE
2012). As mentioned above, a rule is laid down in the model according to which intermediate
storage is necessary when more than 20 % of the electricity supplied to the grid originates
from fluctuating sources. This results in an increase in electricity storage capacity of 4 GW
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(66 %) between 2010 and 2030. Currently, pump storage power plants still constitute the
most cost efficient storage option in Germany. However, their potential is limited such that
the total installed capacity only increases by 1.3 GW to 7.4 GW in 2030 (cf. Table 4-3). The
additional storage demand is covered by Advanced Adiabatic Compressed Air Energy Storage plants (AA-CAES). Even though diabatic CAES systems have lower investment cost,
advantages in terms of efficiency and the fact that the additional gas firing is obsolete make
AA-CAES installations the preferable option. As battery storages do not become competitive
in the model until 2030, total storage capacity in Germany is divided between pump storage
(73 %) and compressed air storage (27 %) in 2030. The increase in electricity generation
from storage systems is much more pronounced than the capacity expansion. In 2020, already
24 TWh electricity are produced in storages, rising to 43 TWh in 2030. On the whole, it has
to be pointed out that the future storage needs in Germany are assessed rather conservatively
in this analysis when compared with other studies.
Table 4-3:

Development of electricity storage in Germany in the reference case
2010

Capacity (GW)
Pump storage
Compressed air storage
Battery storage

2015

2020

2025

2030

6.1

6.6

6.6

6.6

7.4

0

0.3

0.4

2.0

2.7

0

0.0

0.0

0.0

0.0

Total

6.1

6.9

7.0

8.5

10.1

Generation (TWh)
Pump storage

6.4

6.7

23.9

28.9

32.3

0

0.0

0.1

3.0

10.8

0

0.0

0.0

0.0

0.0

6.4

6.7

24.0

31.9

43.0

Compressed air storage
Battery storage
Total

Apart from the additional need for storage capacity, the significant increase in renewable
electricity generation will necessitate considerable investments in the grid infrastructure. This
concerns both the transmission grid, most importantly to transport wind-generated electricity
from the North to the consumption centres in the South and West of Germany, and the distribution grid, in order to integrate decentralised generation plants. In the model, the costs for
reinforcing and expanding the electricity grid are accounted for in a simplified manner by
means of specific grid expansion costs per unit of additional installed capacity of solar photovoltaics and wind energy. In this context, it has to be highlighted that this additional cost factor does not influence the results on renewable electricity generation as the grid expansion
costs are only introduced into the model once the development of renewable electricity has
been determined. They do, however, have an impact on electricity prices and energy system
costs. On this basis, cumulated investment costs of 27.4 Bn €2010 result for the transmission
grid and of 29.2 Bn €2010 for the distribution grid over the period from 2013 to 2030. In an
annualised from, this would correspond on average to 0.98 Bn €2010 and 1.04 Bn €2010 per
year.
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4.2. The FIT system
After analysing the development of the German electricity system in the reference case, a
closer look is now taken at the characteristics of the FIT system for renewable electricity.
First of all, it has to be noted that not the entire generation based on renewable sources is remunerated with feed-in tariffs. For one thing, there is a small amount of installations that
have never been included in the FIT system. This applies to the greater part of hydropower,
where plants were already installed from the 1970s onwards, and large biomass power stations, for which no tariffs are available. Apart from that, instead of choosing the feed-in tariffs, renewable plant operators may also sell the generated electricity directly to the market
with the possibility of existing and entering the FIT scheme on a monthly basis. In the scenario calculations, the assumption is made that the direct marketing option is adopted once the
wholesale electricity price exceeds the current tariff level of a specific plant2. Special marketing provisions implemented under the FIT system, like the “green electricity privilege” and
the market premium scheme are not taken into account in the model. The “green electricity
privilege” has clearly lost in importance since 2012. The current design of the market premium system, on the other hand, yields the same results as the fixed tariffs since the market
premium varies as a function of the wholesale electricity price. It is assumed that the additional management premium will be gradually abolished in the next few years.
From the model results for the reference case it becomes obvious that the direct marketing
option only becomes relevant after 2020, when rising fuel and CO2 prices lead to significant
increases in generation costs for fossil fuel plants (cf. Figure 4-4). Before that, the share of
renewable electricity generation covered by the FIT system even rises from 74 % in 2011 to
86 % in 2015 and 83 % in 2020 due to the strong expansion of renewable electricity generation based on the feed-in tariffs. The rising amount of hydropower in the tariff system can be
attributed to the modernization of existing plants. In 2025, the share of the FIT scheme in
total renewable generation drops to less than 70 % as a large part of onshore wind energy
drops out of the system. This can be explained by the specific tariff structure for onshore
wind plants: after relatively high initial tariffs, the basic tariff level which is paid after 5 years
(or more, depending on the reference revenue model) is less than 5 ct/kWh such that directly
selling the electricity to the market becomes more attractive. In 2030, less than half of the
renewable electricity generation is remunerated through the FIT scheme with the entire generation based on hydropower and onshore wind energy leaving the system. In the case of offshore wind the high degression rates and a similar tariff structure as for onshore wind also
result in a decreasing dependence on the FIT system, while solar photovoltaics, small-scale
biomass installations and geothermal energy remain mostly in the system.

2

In the model, the comparison of the wholesale electricity price and the feed-in tariff is carried out on the
seasonal level.
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Figure 4-4:

4. The reference case

Electricity generation in the FIT system in the reference case

As a consequence of the substantial growth of electricity production from renewable energies, total feed-in tariff payments rise by 47 % in real terms between 2011 and 2015 to 24 billion €2010 followed by an additional increase to almost 29 billion €2010 in 2020 (cf. Figure
4-5). Afterwards, due to the annual degression of tariffs and the growing share of renewable
electricity directly sold to the market, FIT payments decline to 8.4 billion €2010 in 2030. Apart
from that, the weight of the different renewable sources in total payments changes considerably over the projected period. In 2020, offshore wind energy, whose share was negligible
until 2011, is already responsible for almost a quarter of total FIT payments. At the same
time, the relative share of onshore wind declines significantly from 25 % to 18 %, even
though absolute payments rise by more than 30 % (in real terms). In 2011, electricity generation from solar energy caused almost half of the entire FIT payments, while in 2020 this share
drops to 30 % due to the strong reductions in the tariff level and the slowdown in investments
in solar PV after 2015.
After 2020, tariff payments decrease in absolute terms for all renewable sources except geothermal energy where a doubling of generation between 2020 and 2030 (albeit at a very low
level) gives rise to a slight increase in payments to 1.3 billion €2010. This corresponds to a
share in total FIT payments of 16 % in 2030. With 38 %, biomass induces the largest part of
tariff payments in 2030, while due to the strong significance of the direct marketing option,
the share of wind offshore falls substantially and no payments arise for hydropower and wind
onshore. Taking into account past programme years, the FIT system generates cumulated
payments of 422 billion €2010 in the period from 2000 and 2032. In this context, it has to be
pointed out, however, that renewable generation units that have been installed until the end of
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2012 are responsible for almost three quarters of that sum. Hence, even if the FIT system was
abolished today, substantial payments would still have to be made over a long period of time.

Figure 4-5:

Payments in the FIT system in the reference case

One of the defining features of the German FIT system for renewable electricity is the annual
degression of tariffs for newly installed plants that is used to account for technological progress and the associated cost reductions for renewable technologies. Moreover, it has to be
kept in mind that tariffs are held nominally constant such that with respect to the real tariff
level an additional reduction of about 2 % p.a. occurs because of inflation.
In Figure 4-6 the average tariffs displayed for the different renewable sources comprise all
installations generating electricity in the respective year (instead of only the newly installed
ones). In real terms, a constant decrease in the average tariff level (across all sources) from
18 ct2010/kWh in 2011 to 13.3 ct2010/kWh in 2020 and 9 ct2010/kWh in 2030 is realized. The
tariff spread is also reduced: while in 2011 tariffs ranged between 9 and 39 ct2010/kWh, in
2030 the highest tariff level amounts to about 13.6 ct2010/kWh (geothermal energy) and the
lowest tariffs are paid for offshore wind plants with 6.9 ct2010/kWh. Here, it has to be considered that installations that would receive even lower tariffs have already opted out of the tariff system. This is illustrated by the fact that in 2030, no average tariffs can be calculated for
onshore wind energy and hydropower. Over the projected period, the strongest decrease in
the tariff level can be observed for solar photovoltaics. Starting from an extremely high average level of 39 ct2010/kWh in 2011, substantial annual tariff cuts lead to a reduction to less
than 22 ct2010/kWh in 2015. As a consequence, on average solar PV installations already receive a lower specific remuneration than geothermal energy in 2015. The decline continues
afterwards with a specifically sharp drop between 2025 and 2030 where a large number of
old plants with high tariff levels reach the end of the payment period. The slight increase in
average tariffs for offshore wind plants between 2015 and 2020 can be attributed to the fact
that in 2020 a large amount of plants using a special scheme with higher initial tariffs are
installed. Looking at the tariff structure in nominal terms, the reduction is less pronounced
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with 23 % between 2011 and 2030 and an average level of around 14 ct/kWh in 2030. Accordingly, nominal tariffs by renewable source range between 11 and 21 ct/kWh in 2030.

Figure 4-6:

Average feed-in tariffs (for all installations covered by the FIT system in the
respective year) in the reference case

While results on FIT payments and the tariff level provide information on the amount of support that renewable generators receive in the future, they do not correctly reflect the actual
additional costs of the FIT scheme. That is why in addition, the differential costs of the FIT
scheme are calculated for the reference case. In this cost term, the market value of the electricity generated under the FIT system is subtracted from the FIT payments presented above
and therefore represents the additional financial burden that arises through the tariff scheme.
In light of the enormous rise in renewable electricity generation, FIT differential costs grow
in real terms by 37 % from 12 billion €2010 in 2011 to 16.5 billion €2010 in 2015 in the reference case (cf. Figure 4-7). Despite the substantial tariff reduction, solar PV is responsible for
over 40 % of this increase followed by biomass with 35 %. Thus, in 2015 generation from
solar energy causes more than half of the entire differential cost while contributing only 23 %
to total renewable electricity generation. In contrast, onshore wind farms cover 32 % of renewable generation and only 17 % of FIT differential cost. The rise in differential cost between 2015 and 2020 of 2 billion €2010 is clearly lower than the simultaneous increase in FIT
payments since wholesale electricity prices grow considerably in this period. The differential
costs for wind onshore, solar photovoltaics and biomass already exhibit a clear decline,
whereas the share of offshore wind generation is raised to almost a quarter of total differential
costs in 2020. After 2020, a rapid decrease sets in which can be ascribed to rising electricity
prices, tariff reductions as well as a falling share of renewable generation participating in the
tariff system. As a result, FIT differential costs amount to less than 2 billion €2010 in 2030.
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Figure 4-7:
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FIT differential cost in the reference case

Additional insights on the cost burden caused by the FIT system for renewable electricity can
be gained by looking at the cumulated differential costs accrued under the tariff system since
its implementation in the year 2000 (cf. Table 4-4). In total, differential costs add up to
209 billion €2010 (231 billion € in nominal terms, with an inflation rate of 2.3 % per year) until 2020 and 320 billion €2010 (384 billion €) until 2032. With almost 127 billion €2010, generation from solar photovoltaics is responsible for 40 % of total costs in the projected period.
Due to the comparatively high tariff level, biomass follows in second place with a share of
27 %. Even though the contribution to renewable electricity of offshore wind farms is clearly
lower than that of onshore wind energy when aggregated over the period 2000 to 2032, its
importance in total real differential cost is only slightly lower (13 % as compared to 15 %).
However, while in the case of onshore wind the majority of the cost arises until 2020, nearly
two thirds of total costs for the support of offshore wind generation are incurred after 2020.
Once again, it needs to be highlighted that renewable plants that came into operation until the
end of 2012 and for which funding would have to be continued even if the tariff system was
ended today play a dominant role in the cumulated differential cost of the FIT system in the
modelling period (58 % until 2032, in real terms).
Table 4-4:

Overview on the cumulated FIT differential cost in the reference case

Cumulated FIT
differential cost
2000-2020 [Bn €2010]
2000-2020 [Bn €]

Hydropower

Wind
onshore

Wind
offshore

Solar photovoltaics

Biomass*

Geothermal energy

Total

5.0

39.6

15.5

89.0

56.0

4.1

209.2

5.1

42.2

18.6

98.4

61.9

4.8

231.1

2000-2032 [Bn €2010]

5.5

47.2

40.5

126.6

86.9

13.1

319.7

2000-2032 [Bn €]

5.9

52.2

52.8

150.0

104.9

17.8

383.6

* incl. gas from landfills and sew age treatment plants
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Based on the differential cost, the FIT surcharge, i.e. the levy on end-user electricity prices
applied to finance the additional cost of the feed-in tariff system, can be calculated. The various operations required to arrive at the surcharge are given in Table 4-5. First of all, the special provisions for electricity-intensive manufacturing enterprises and rail operators who pay
a reduced surcharge of 0.05 ct/kWh for the greater part of their electricity consumption need
to be taken into account. In the model, it is assumed that the ceiling of 0.05 ct/kWh is held
nominally constant such that in real terms the already negligible contribution of this privileged consumer group even declines further over the modelling period. In a second step, the
cost sum that needs to be covered by the non-privileged consumers can be determined by
subtracting the revenues from privileged consumption and from selling the renewable electricity to the market from total FIT payments. This is almost similar to the differential cost
presented in Figure 4-7. In order to obtain the FIT surcharge, this cost term is then divided by
the electricity consumption of the non-privileged consumers which decreases slightly over
the projected period.
As a result, the FIT surcharge rises from 3.45 ct2010/kWh in 2011 to 4.17 ct2010/kWh in 2015
and 4.83 ct2010/kWh in 2020, corresponding to an increase of 40 % between 2011 and 2020.
An even stronger rise is prevented by the simultaneous upward trend in wholesale electricity
prices. Moreover, it is assumed that the amount of final electricity consumption under the
special equalisation scheme is limited again to a level of around 70 TWh (compared to the
96 TWh in 2013, cf. ÜNB 2012b). Afterwards, in line with the reduction in FIT differential
cost, the surcharge drops continuously to 0.46 ct2010/kWh in 2030 which is comparable to the
level that was reached in 2003. In nominal terms, the price peak amounts to 6.05 ct2010/kWh
in 2020, while in 2030 a value of 0.72 ct2010/kWh is obtained.
Table 4-5:

Calculation of the FIT surcharge in the reference case
Unit
Bn €2010

2015

1. Total FIT payments

2020

2025

2030

24.1

28.9

23.1

8.4

2. Revenues from privileged electricity consumers

Bn €2010

0.029

0.026

0.023

0.021

3. Revenues from marketing

Bn €2010

6.7

7.6

10.2

10.2

4. Deficit to be covered by the surcharge (=1.-2.-3.) Bn €2010

16.4

18.7

12.9

1.7

5. Non-privileged electricity consumption

TWh

395

386

366

369

6. FIT surcharge (in real terms) (=4./5.)

ct2010/kWh

4.17

4.83

3.51

0.46

7. FIT surcharge (in nominal terms)

ct/kWh

4.66

6.05

4.92

0.72

4.3. Electricity consumption
The increase in end-user electricity prices associated with the charging of the FIT surcharge
is likely to lead to adjustments in electricity consumption. In the reference scenario, only a
slight decrease in total final electricity consumption of 4 % from 516 TWh in 2010 to
496 TWh in 2030 occurs (cf. Figure 4-8). This development is in contradiction with the targets of the German Energy Concept aiming at a reduction in electricity consumption of 10 %
until 2020 compared to 2008 (instead of the 3 % realized in the model results for this period).
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At the same time, it has to be paid attention to the fact that the enhanced use of electrical applications represents a viable emission abatement option in view of the ongoing decarbonisation of the power sector.

Figure 4-8:

Final electricity consumption by sector in the reference case

In the industry sector, a variety of contrasting trends result in a relatively constant electricity
consumption until 2030. The general decline in energy consumption in the industry sector
due to energy efficiency improvements is opposed to an increase in electricity consumption
due to changes in production processes (e.g. a switch to electric arc furnaces in the iron and
steel industry) and a stronger usage of electrical cross-sectional technologies. This rise can
also be explained by the need to comply with the reduction targets under the EU ETS. In the
tertiary sector on the other hand, a clear decrease of 23 % in electricity consumption takes
place between 2010 and 2030. In this case, energy savings in the areas lighting, office equipment and process energy as well as the reduced electricity demand for space heating (due to
the ban on night storage heaters from 2020 onwards) outweigh the increased consumption for
air-conditioning and electrical heat pumps. For private households, the same developments
can be observed with respect to space heating, lighting and heat pumps. Yet, due to the trend
to smaller household sizes and rising penetration rates with respect to information and communication technologies, electricity consumption for household appliances grows considerably. Therefore, on the whole electricity consumption in the household sector falls only by
7 % in the period from 2010 to 2030. In the transport sector, the goals of the National Electromobility Development Plan (cf. Bundesregierung 2009) of having at least one million electric vehicles in circulation by 2020 and five million by 2030 are accounted for in the model.
Together with a slightly growing importance of rail transport, total electricity consumption in
the transport sector increases by 80 % to 30 TWh in 2030. With less than 6 %, the share of
transport in total final energy consumption remains, however, relatively low. Further infor-
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mation on how the FIT surcharge affects electricity consumption in the different end-user
sectors will be obtained from the scenario comparisons in the following chapters.
End-user electricity prices are composed of two broad components: one covering the costs for
generation, transmission and distribution and the other one comprising the various governmental levies (FIT surcharge, levy resulting from the feed-in premium system for CHP electricity generation, concession fee as well as electricity and value added tax). Figure 4-9 illustrates the future development of electricity prices in Germany using the example of private
households and the industry sectors which are not privileged with respect to the FIT surcharge.

Figure 4-9:

End-user electricity prices in the reference case (own calculations based on
BNetzA and BKartA 2013, IER et al. 2010)

With respect to household consumers, electricity prices remain relatively constant in real
terms until 2015 when compared to 2012. Until 2020 an increase of about 10 % occurs resulting in the highest price level in the modelling period of almost 28 ct2010/kWh. Afterwards,
prices decline gradually such that in 2030 the real household electricity price is nearly 10 %
below the value of 2012. In nominal terms, the price peak is reached with 37 ct/kWh in 2025
and in the period from 2012 to 2030 the nominal price increase amounts to 36 %. The various
price components exhibit, however, divergent developments. Between 2012 and 2015, costs
for generation, transmission and distribution fall slightly which can be mainly explained by
the merit-order effect induced by the strong expansion of renewable electricity generation.
After 2015, growing fuel and CO2 costs outbalance this effect resulting in a continuing rise in
this cost component. The FIT surcharge increases its share in household electricity prices
from 14 % in 2012 to 17 % in 2020. Yet, until 2030, given the rapid decline of the surcharge,
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this share drops to 2 %. Regarding the CHP surcharge, the concession fee and the electricity
tax, it is assumed that the current level is held constant in nominal terms such that in real
terms a slight decrease can be observed. As a consequence, together with the 19 percent value
added tax, the total governmental share in household electricity prices adds up to 48 % in
2015 (as compared to 44 % in 2012) and falls gradually to 29 % in 2030.
Electricity prices for non-privileged industry consumers undergo the same developments as
household prices albeit at a substantially lower overall price level. In real terms the price
peaks at 20 ct2010/kWh in 2020 and in nominal terms in 2025 with 26 ct/kWh. As nonprivileged industry sectors are charged the same FIT surcharge as households, the relative
weight of this surcharge is with almost a quarter in 2020 clearly higher than in the case of
private households. In total, the governmental share in non-privileged industry prices is diminished from 51 % in 2015 to 29 % in 2030.
4.4. Emissions
Both policy instruments that are explicitly modelled in this scenario analysis have a significant effect on CO2 emissions in Germany. In the reference case, total energy- and processrelated CO2 emissions decline by 37 % in 2020 and by 48 % in 2030 compared to 1990 (cf.
Figure 4-10). That means that the target of the German Energy Concept is almost met for
2020 (40 %) but missed by 7 percentage points in 2030.
In light of the strong increase of renewable electricity generation, the energy conversion sector contributes the largest part to emission mitigation in absolute terms with a reduction of
232 Mt CO2 or 55 % in 2030 with respect to 1990. As a result, the share of energy conversion
in total emissions falls from 42 % in 2010 to 36 % in 2030. Slightly lower levels of CO2
abatement are achieved in the industry sector. This can be mainly attributed to process-related
emissions where only comparatively expensive abatement options are available. Compared to
1990, a reduction of 37 % is realized until 2020 und of 50 % until 2030 such that the industry’s contribution to CO2 emissions remains relatively constant at a level of 23 %. Disproportionally high mitigation efforts are implemented in the tertiary sector resulting in a slight drop
in its share to 5 % in 2030, whereas the household sector is responsible for about 12 % of
total emissions in the entire modelling period. As has been highlighted in a number of studies, transport represents the sector most difficult to decarbonize. Accordingly, in the reference
case CO2 emissions in this sector are only diminished by 12 % in 2020 and 18 % in 2030
when compared to 1990 and the share of the transport sector in total emissions rises from
16 % in 1990 to 25 % in 2030.
For the EU Emissions Trading System, the reference case applies the current target of lowering CO2 emissions by 21 % until 2020 compared to 2005 and afterwards extrapolates the annual reduction rate of 1.74 % until 2030 resulting in a decline of 34 %. On the basis of the
flexible modelling approach of the EU ETS, emission mitigation in the German ETS sectors
amounts to 26 % until 2020 and 43 % until 2030. Hence, Germany’s contribution to the bur-
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den sharing lies substantially above the EU average. For the sectors not covered by the EU
ETS, a national target of -14 % until 2020 (with respect to 2005) has been assigned to Germany in the scope of the EU Effort Sharing Decision establishing an EU-wide mitigation
target of -10 % for all non-ETS sectors. From the model results for the reference case it becomes obvious that with the policy instruments and support measures currently implemented
in the non-ETS sectors in Germany this reduction level is significantly exceeded. Until 2020,
non-ETS CO2 emissions are lowered by 20 % and by 30 % in 2030, in relation to 2005.
The explicit modelling procedure applied for the EU ETS in this scenario analysis also makes
it possible to calculate endogenously a certificate price for the entire ETS area. On the whole,
a comparatively low price level prevails in the reference case. In real terms, ETS allowance
prices rise gradually from 11.8 €2010/t CO2 in 2015 to 13.9 €2010/t CO2 in 2025 followed by a
slight decrease to 13.4 €2010/t CO2 in 2030. This relates to a nominal level of 16 €/t CO2 in
2020 and of 21 €/t CO2 in 2030.

Figure 4-10: CO2 emissions in Germany and ETS certificate prices in the reference case
4.5. The buildings sector
For the reference case, a look is also taken at the results on final energy consumption in the
household and tertiary sector in order to explore how the regulatory instruments (i.e. the Energy Saving Ordinance and the Renewable Energies Heat Act) and the financial incentive
measures affect the energy demand in residential and non-residential buildings in the long
term.
Until 2020, final energy consumption in the residential sector in Germany is lowered by 17 %
compared to 2010 and by 26 % until 2030. This strong reduction can be mainly attributed to
the decline in population and the efficiency requirements for new buildings and existing ones
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undergoing major renovation specified in the Energy Saving Ordinance. This is reflected in
the significant drop in the energy demand for space heating whose share in total final energy
consumption of the residential sector decreases from 77 % in 2010 to 62 % in 2030 corresponding to a reduction of 40 % compared to the level of 2010 (cf. Figure 4-11). In the case
of hot water generation, final energy consumption only declines by 12 % in the same period
of time. Moreover, the relative share of decentralized generation increases slightly which can
be mainly explained by the rising use of solar thermal energy.

Figure 4-11: Final electricity consumption in the residential sector according to end-use in
the reference case
Additional information on the joint impact of the Energy Saving Ordinance, the Renewable
Energies Heat Act and the various incentive measures can be gained by looking at final energy consumption for space heating in the residential sector by energy source (cf. Figure 4-12).
In addition to the substantial drop in energy demand, considerable shifts in the structure of
energy consumption for space heating occur in the projected period. In the case of fuel oil,
the downward trend of recent years persists such that its share in final energy demand for
space heating drops from 27 % in 2010 to 17 % in 2030. Natural gas remains the dominating
energy source for space heating with a slightly increased share of 49 % in 2030, even though
in absolute terms consumption decreases gradually. With respect to electricity, two contrasting trends can be observed. The use of electric direct or storage heating system declines
significantly, whereas the electricity demand for heat pumps increases continuously. On the
whole, in light of the generally falling demand level, electricity consumption for space heating in the residential sector is lowered from 98 PJ in 2010 to 59 PJ in 2030. The use of district and local heat is strongly restricted by the shrinking demand for space heating. At the
same time, district and local heat, which is increasingly generated by renewable energies,
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constitutes one of the relevant alternative measures of the Renewable Energies Heat Act such
that the relative weight of theses energy sources in final energy demand for space heating in
the residential sector rises slightly until 2030. The share of directly used renewable sources is
raised from 11.5 % in 2010 to 17.6 % (295 PJ) in 2020 and 18.6 % (276 PJ) in 2030. Heating
from biomass boilers declines over the entire modelling period - on the one hand due to the
lowered demand for space heating and on the other hand due to competing utilization options
for biomass in other sectors. Considerable growth rates are realized in the case of heat pumps
whose share in final energy consumption for space heating increases to 6 % in 2030. The
contribution of solar thermal systems, which are strongly applied for hot water generation, to
space heating rises, however, to only about 1 %. In general, it turns out that the impact of the
Renewable Energies Heat Act whose requirements are limited to newly built dwellings remains rather low - in light of the low new construction volume in Germany and the high efficiency standards for new buildings.

Figure 4-12: Final electricity consumption for space heating in the residential sector in the
reference case
Figure 4-13 shows the distribution of heating technologies across the total residential dwelling area. Over the projected period, around half of the entire dwelling area is covered by gasfired heating systems with a strong increase in the share of condensing boilers at the expense
of standard heating boilers. From 2020 onwards, gas heat pumps enter the market, but their
share remains around 3 %. Regarding oil-fired heating systems, condensing boilers only exhibit a slight increase until 2020 and are generally less prevalent than in the case of natural
gas. In the long term, the decline in the use of fuel oil affects both standard heating and condensing boilers. Electric direct and storage heating systems disappear completely in the resi-
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dential sector after 2020, while at the same time the share of electric heat pumps in the supply
of the total residential dwelling area rises to more than 8 % until 2030. Here, air source heat
pumps dominate, while geothermal heat pumps are only used to a small extent. Both the contribution of district and local heat and of wood chip as well as pellet boilers increases gradually such that in 2030 both sources cover around 12 % of the entire dwelling area. It has to be
noted that solar thermal systems are not represented by a separate category, but are included
in the category of the respective back-up system.

Figure 4-13: Shares of heating technologies in total dwelling area of all residential buildings
in the reference case
In addition, the heating structure in the residential sector is analysed separately both for multi- and single-family houses. In 2007, multi-family buildings accounted for about 41 % of the
total dwelling area in Germany. In this category, an even stronger reliance on natural gas can
be observed (cf. Figure 4-14). The share of natural gas-fuelled heating systems in the dwelling area of multi-family houses rises to almost 59 % until 2025, followed by a drop to 49 %
in 2030. Hardly any gas heat pumps are installed in multi-family houses in the projected period. The share of oil-fired boilers is with 15 % in 2030 slightly below the average across the
entire dwelling area. Electric heat pumps cover about 7 % of the total dwelling area in multifamily houses in 2030 with a negligible contribution of geothermal systems. Local and district heat takes on a much more prominent role in the supply of multi-family houses reaching
a share of nearly 25 % in 2030. So far, the use of biomass for space heating has been insignificant in multi-family houses and according to the scenario results, only towards the end of the
projected period a slight increase can be expected.
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Figure 4-14: Shares of heating technologies in total dwelling area of all multi-family houses
in the reference case

Figure 4-15: Shares of heating technologies in total dwelling area of all single-family houses in the reference case
In the case of single-family houses, it becomes obvious that at the beginning of the modelled
period the heating structure is more strongly dominated by oil-fuelled heating systems (cf.
Figure 4-15). Their share in the entire dwelling area of single-family houses drops, however,
from 37 % in 2012 to 20 % in 2030. As opposed to this, the contribution of gas-fired systems
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rises in the same period from 40 % to 57 %. This is due to a substantial expansion of condensing boilers at the expense of standard heating boilers. Moreover, gas heat pumps cover
about 5 % of the dwelling area in 2030. Apart from that, wood chip and pellet boilers are of
significance in the heating supply of single-family houses with a share between 12 % and 14
% in the entire projected period. Yet in contrast to multi-family buildings, district and local
heat plays a negligible role. Given that all electric direct and storage heating systems are put
out of operation until 2020 and at the same time the use of electric heat pumps increases
slightly, the share of all electric heating systems in the entire dwelling area of single-family
houses remains around 5 % until 2030.
In order to gain insights on the development of the heating structure in non-residential buildings, Figure 4-16 presents the scenario results on final energy consumption for space heating
in the tertiary sector. Based on the efficiency requirements of the Energy Saving Ordinance,
total final energy demand for space heating decreases in the tertiary sector by 17 % until 2020
and by 21 % to 706 PJ until 2030 compared to 2010. Considerable reductions take place especially in the case of fossil fuels. The share of oil-fired heating systems is lowered gradually
from 24 % in 2010 to 15 % in 2030. With respect to natural gas, the strong decline can be
attributed to two main causes. First of all, efficiency improvements are realized over the projected period as more and more standard heating boilers are replaced by condensing boilers.
Secondly, the natural gas demand in the tertiary sector shifts from gas-fired boilers to small
cogeneration units, especially for the supply of larger public buildings like hospitals, schools
or shopping centres. Accordingly, the use of natural gas in final energy consumption for
space heating in the tertiary sector is lowered by more than 40 % between 2010 and 2030
reducing its share from 48 % to 36 %.
At the same time, the contribution from local heat rises to 13 % (94 PJ) in 2030, while the
share of district heat is lowered to 5 % (36 PJ). In contrast to the residential sector, electric
direct heating systems still constitute an option for the heating supply in churches and other
public buildings in the future. On the other hand, the expansion of electric heat pumps is less
pronounced in non-residential buildings. So on the whole, the use of electricity increases by
16 % until 2030 compared to 2010 such that in 2030 electricity accounts for about 20 % of
total final energy consumption for space heating in the tertiary sector.
In light of the minimum requirements of the Renewable Energies Heat Act, which also apply
to non-residential buildings, the share of renewable energy sources is raised continuously
from 2 % in 2010 to 8 % in 2020 and 10 % in 2030. The use of biomass for space heating
remains rather limited in the tertiary sector, with a contribution of 18 PJ (2.5 %) in 2030.
Substantial growth is realized both in the case of solar thermal systems and in the case of
ambient heat as well as geothermal energy with a share of almost 4 % in total final energy
demand for space heating in the tertiary sector. Thus, the use of renewable energies in nonresidential buildings remains clearly lower than in the residential sector. In order to fulfil the
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obligations of the Renewable Energies Heat Act, in many cases alternative measures, most
importantly highly efficient CHP installations, are chosen.

Figure 4-16: Final energy consumption for space heating in the tertiary sector in the reference case
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5. Interaction between EU ETS and the Germany FIT system
In the following chapter, it will be illustrated how the flexible modelling approaches for both
the EU ETS and the German FIT system for renewable electricity can be made use of to explore the interactions between these two policy instruments. The interdependencies between a
supranational emission trading scheme and national instruments for the promotion of renewable electricity have been analysed in various studies in a theoretical manner (cf. for example
Johnstone 2003, Sorrell and Sijm 2003, Walz 2005, Kemfert and Diekmann 2009, Matthes
2010, OECD 2011). Table 5-1 provides an overview on the potential interactions between the
EU ETS and the German feed-in tariff system.
Table 5-1:

Possible interactions between the EU ETS and the German FIT system for
renewable electricity

Affected sector

Impacts

Direct interactions
Electricity generation

The additional renewable generation caused by the FIT system replaces generation based on fossil fuels and reduces carbon emissions.
Thus, ETS reduction targets (specified in absolute terms) are more
easily attained, i.e. less allowances have to be purchased by German
electricity generators, possibly resulting in a lower certificate price in
the whole system.

Indirect interactions (within Germany)
Energy-intensive industry

With the implementation of the FIT system, emission mitigation efforts may be shifted from the German energy-intensive industry
branches to electricity production. With lower prices for ETS allowances, the energy-intensive industry has less incentive to reduce
emissions.

Electricity consumers

Both instruments have the impact of raising electricity prices leading
to adjustments within the electricity consuming sectors combined
with feedbacks on electricity generation. The isolated effects of each
instrument can, however, not be simply added in order to obtain the
overall effect given the possible dampening influence of the FIT system on ETS CO2 prices.

Indirect interactions (outside of Germany)
Foreign ETS sectors

The ETS allowances not needed in the German electricity sector due
to the FIT system are deployed elsewhere (either in the German energy-intensive industry or in foreign ETS sectors), resulting in a new
market equilibrium with potentially lower certificate prices but the
same level of CO2 emissions in the ETS as a whole.

Electricity exchange

The additional renewable electricity generation in Germany may, in
combination with the Emissions Trading System, also influence the
electricity exchange between Germany and neighbouring countries.

Interactions between the EU ETS and the FIT system occur because the affected target
groups overlap. The electricity sector represents an area directly influenced by both instruments, while the energy-intensive industry is only directly affected by the Emissions Trading
System. As both instruments have an impact on electricity prices, the different types of elec-
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tricity consumers constitute the most important indirectly affected target group. The most
relevant implication of this interdependency is usually seen in the fact that on EU-level no
additional emission reduction can be attained with the help of the FIT system in view of the
binding ceiling on total emissions set in the cap and trade system. Consequently, it has often
been argued in theoretical literature that a support scheme for renewable electricity is only
counterproductive with respect to the goal of a cost efficient emission reduction, as it usually
leads to higher abatement costs while at the same time having no additional effect on emission reduction. Hence, the German FIT system can only be justified if it serves additional
policy objectives.
The various impacts outlined in Table 5-1 are examined in a quantitative manner in the following scenario analysis. The interactions between the EU ETS and the German feed-in tariffs for renewable electricity are analysed for two different target levels of the Emissions
Trading System: the current 21 %-target and an elevation to 34 % in 2020 compared to 2005.
Accordingly, in both cases one scenario with both instruments (REF and ETS34+FIT) and
one with only the EU ETS (ETS21 and ETS34) are calculated. Moreover, the sole effects of
the FIT system without emission trading in place are explored (scenario FIT_only) and as
basis for comparison an additional scenario (No_Ins) with none of the instruments implemented is used.
5.1. Emissions
The impacts of introducing a support instrument for renewable electricity on a national level
while having a supranational emissions trading system in place become clearly visible when
looking at the emission reduction in Germany under the different scenario assumptions (cf.
Figure 5-1). Both for the 21 %- and the 34 %-ETS reduction target, overall mitigation efforts
in Germany (which are determined endogenously) are higher for those cases in which the FIT
system is in place. The difference can be attributed to the electricity sector, where generation
based on fossil fuels is substituted by renewable energies. For example, for the case of an
ETS-target of 21 %, an additional emission reduction of 67 Mt CO2 is realized in the electricity sector in 2020 when the feed-in tariffs are implemented (scenario REF versus ETS21).
Given the generally higher mitigation level, this difference is with 40 Mt CO2 less pronounced under an ETS reduction target of 34 %. In the scenario analysis at hand, no indirect
effect of the FIT system on the German industry sectors participating in emission trading is
discernible. Even though less ETS allowances are needed in electricity generation in Germany and, as will be shown more clearly in the following, certificate prices are lower, these allowances are not absorbed by the German ETS industry sectors such that emissions from
these sectors are nearly the same in the comparable scenarios with our without FIT system.
As can be expected, varying scenario assumptions on the EU ETS and the feed-in tariffs for
renewable electricity have no noticeable influence on emission abatement in the non-ETS
sectors. In all scenarios non-ETS emissions are lowered by about 20 % until 2020 and 30 %
until 2030 compared to 2005. As already mentioned, this clearly surpasses the national target
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value of 14 % for 2020 set on the basis of an EU-wide reduction target for total GHG emissions of 20 % for 2020 compared to 1990. If the overall abatement goal on the EU level was
tightened to 30 % until 2020 with an associated distribution between the ETS and non-ETS
sectors of 34 % and 16 %, the German contribution in the non-ETS sectors would have to be
raised to 22.4 % - assuming that the burden sharing remains the same. Thus, some additional
measures would have to be realized to fulfil this reduction target.
The feed-in tariff system also induces a relatively strong expansion of renewable electricity in
the hypothetical case that the EU ETS is not in place (cf. scenario FIT_only). Consequently,
until 2020 even a slightly higher emission reduction than in scenario ETS21 is achieved. In
2030, however, total CO2 emissions in Germany are only lowered by 36 % with respect to
1990 in this scenario, whereas for the scenarios with EU ETS, emission mitigation ranges
between 41 % (ETS21) and 53 % (ETS34+FIT). By way of comparison, CO2 emissions in
Germany decline only by about 25 % between 1990 and 2030 if neither the EU ETS nor the
FIT system is implemented.

Figure 5-1:

CO2 emissions in Germany under different assumptions regarding the FIT
scheme and the EU ETS

As a consequence, the national system for the promotion of renewable electricity in Germany
has an impact on the burden sharing among the participating states in the EU ETS. Germany’s contribution to the fulfilment of the overall ETS cap rises when renewable electricity
receives further support. Since the additional emission certificates are not utilized in the
German industry sector, they are available for other EU ETS countries (cf. Figure 5-2).
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For a reduction target of 21 % for 2020, emission mitigation in Germany varies in the model
results between 26 % with the feed-in tariffs for renewable electricity (reference case) and
13 % without (scenario ETS21). Until 2030, this difference widens to 43 % versus 28 %
based on an EU-wide reduction target of -33.7 %. Similar findings are obtained for the scenarios with a more ambitious mitigation objective of 34 % for 2020. Germany’s contribution
generally lies above the average for the entire ETS region if the support system for renewable
electricity is in place and under the average (with varying degrees) if this is not the case. The
share of the remaining ETS member states is adjusted accordingly. It has to be pointed out
once more that irrespective of the national policy framework the ETS target is always exactly
complied with as there is no incentive to go beyond this cap. Thus, from an EU-wide perspective, no additional emission abatement is stimulated with the help of national schemes for the
promotion of renewable electricity.

Figure 5-2:

Burden sharing in the EU ETS under different assumptions regarding the FIT
scheme and the EU ETS

Apart from changes in the burden sharing, the national FIT system for renewable electricity
in Germany has an additional effect on EU level as it influences the price for ETS certificates. Since the demand for emission allowances is diminished in Germany, the certificate
price for the entire system can be expected to fall. As mentioned above, a relatively low price
level is observed in the reference case, with an ETS target of 21 % and the feed-in tariffs in
place. Under the hypothetical assumption that the FIT system was abolished (scenario
ETS21), an increase in ETS certificate prices between 5.5 and 6.1 €2010/t CO2 would result
from the model calculations for the projected period (cf. Figure 5-3). Consequently, prices for
emission allowance rise from 17.6 €2010/t CO2 in 2015 to 19.3 €2010/t CO2 in 2030 in the scenario ETS21.
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A significantly higher price level is caused when the ETS reduction target for 2020 is raised
to 34 %. When both this target and the FIT system are accounted for (scenario ETS34+FIT),
certificate prices start at a comparatively moderate value of about 21 €2010/t CO2 in 2015, but
experience a considerable upsurge to almost 34 €2010/t CO2 in 2020. This shows that tightening the ETS reduction level now for a relatively close point in time - considering the long
investment periods and technical lifetimes in the energy industry - would come at substantial
cost. In the long-term, with more flexibility to realize additional abatement options and ongoing cost reductions for these options, prices for ETS allowances drop again to 21 €2010/t CO2
in 2030 in the scenario ETS34+FIT and are therefore still nearly 8 €2010/t CO2 higher than in
the comparable scenario with the reduction target of 21 %. With respect to the higher mitigation level, the difference between the case with FIT system and the one without (scenario
ETS34) is less pronounced and ranges between 1.9 and 4.8 €2010/t CO2.
In nominal terms (cf. Table 5-2), certificate prices increase gradually until 2030 in both scenarios with the ETS target of 21 % - to 21 €/t CO2 with feed-in tariffs in place and to 30 €/t
CO2 without them. In the case of the 34 %-mitigation target, the highest price level in nominal terms is reached in 2020 with 42 €/t CO2 (scenario ETS34+FIT) and 48 €/t CO2 (ETS34).
Despite the strong decrease after 2020, nominal prices lie between 33 and 41 €/t CO2 in 2030.

Figure 5-3:

ETS certificate prices in real terms under different assumptions regarding the
FIT scheme and the EU ETS

Table 5-2:

ETS certificate prices in nominal terms under different assumptions regarding
the FIT scheme and the EU ETS

REF

Unit
€/t CO2

2015
13.2

2020
16.1

2025
19.5

2030
21.1

ETS21

€/t CO2

19.7

23.7

27.2

30.3

ETS34+FIT

€/t CO2
€/t CO2

23.9

42.1

34.3

33.1

26.5

47.9

36.9

40.7

ETS34
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5.2. Electricity sector
Additional insights on how the EU ETS and the FIT scheme interact within Germany can be
gained by looking at the development of electricity generation from renewable sources under
the different scenario assumptions (cf. Figure 5-4). First of all, the importance of the feed-in
tariffs for renewable electricity needs to be stressed. In the scenarios without the FIT system,
the extension of renewable electricity generation remains rather limited, with shares in gross
electricity consumption of at most 25 % in 2030. The only renewable technology that is competitive under the emissions trading system without the additional support of feed-in tariffs
are onshore wind plants that reach in 2030 with around 70 TWh the same generation levels as
in the scenarios with FIT system in place. Apart from that, only electricity generation based
on solid biomass is slightly increased over the projected period, whereas in the case of offshore wind energy, solar photovoltaics, biogas and geothermal energy the EU ETS alone does
not stimulate any additional expansion until 2030. In 2030 onshore wind generation covers
more than half of the entire renewable generation in the scenarios without feed-in tariffs.
Thus, these scenario results underline that supporting renewable electricity generation does
not constitute a cost efficient emission abatement strategy for Germany.

Figure 5-4:

Renewable electricity generation under different assumptions regarding the
FIT scheme and the EU ETS

Furthermore, the scenario comparison at hand can be used to explore whether in combination
with the FIT system the EU ETS has a supporting effect on the expansion of renewable elec-
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tricity in Germany by raising the generation costs for fossil fuel plants. Under the premises
that only the FIT system but no the EU ETS is implemented (scenario FIT_only), renewable
electricity generation in Germany still rises considerably such that the share in gross electricity consumption in 2020 is with 43 % only three percentage points lower than in the reference
case. In the long-term, however, growth rates slow down significantly when compared with
the reference scenario, as the competitiveness of the renewable generation technologies is
affected by the lower generation costs for installations based on fossil fuels. The lower renewable share in gross electricity consumption of 47 % in 2030 (as compared to 54 % in the
reference case) can be mainly attributed to a reduced extension of offshore wind generation
which is almost halved with respect to the level in the reference case.
In contrast, hardly any changes are discernible when the ETS emission reduction target is
raised from 21 % to 34 % in 2020. Almost the same expansion of renewable electricity is
realized in the scenarios REF and ETS34+FIT. Negligible increases in the generation based
on onshore wind energy and biomass result in a rise of the renewable contribution to gross
electricity consumption to 55 % in 2030, i.e. one percentage point above the reference level.
Finally, it needs to be pointed out that with neither the EU ETS nor the FIT system in place
(scenario No_Ins), renewable electricity is still extended slightly over the projected period, as
additional onshore wind generation in favourable locations and repowering on already developed sites becomes competitive even under these conditions from 2020 onwards.
The lower prevalence of renewable energies in electricity generation in those scenarios that
do not account for the feed-in tariffs needs to be compensated by other energy carriers. Thus,
without the implementation of the FIT system, fossil fuels maintain a more dominant role in
the German power sector with shares in net electricity supply rising gradually to around 70 %
in 2030 due to the simultaneous phase-out of nuclear electricity - in contrast to 38 % in the
reference case (cf. Figure 5-5). For both ETS target levels, generation based on natural gas is
raised significantly. In 2020, the contribution of natural gas in absolute terms is almost doubled when compared to the respective scenario with FIT scheme, to 162 TWh in case of the
ETS reduction target of 21 % and to 213 TWh for the 34 %-target. In both scenarios, natural
gas covers about 44 % (240 TWh) of net electricity supply in 2030. Consequently, in relation
to the reference case additional gas-fired capacities of about 13 GW need to be installed in
these scenarios over the period 2013 to 2032.
As far as coal and lignite are concerned, clear differences can be observed between the scenarios with the 21 %- and the 34 %-mitigation target. In the scenario ETS21, installed capacity based on lignite is increased by 5 GW until 2022, such that the share of lignite in net electricity supply is raised to 28 % in 2020 and 20 % in 2030 (compared to 21 % and 11 % in the
reference case). In contrast, considerably lower shares are realized for lignite-fired power
plants and no additional capacities are installed over the projected period when the ETS reduction target of 34 % for 2020 is implemented. In this context, it needs to be pointed out that
the scenario without FIT system (ETS34) constitutes the only constellation where CCS (in
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lignite power plants) gains in importance in Germany with a share of 6 % in total net electricity supply in 2030. In all scenarios, the significance of coal drops much more quickly than
that of lignite. In the scenario ETS21, a slightly higher generation based on coal than in the
reference case results from higher capacity utilization rates, while no additional capacities are
installed after 2012. With the more ambitious ETS reduction target, the contribution of coalfired plants to power supply falls to about 1 % in 2020, both with and without the FIT system
in place. This rapid decrease is associated with extremely low capacity factors for these
plants. Net electricity imports depend primarily on the emission mitigation level, with slightly higher net imports in case of the 34-% target. Yet, no clear trend in the amount of electricity imports with respect to the inclusion of the FIT scheme is discernible.
As mentioned above, due to the prevalence of fossil fuels, the scenarios without the feed-in
tariffs exhibit significantly higher CO2 emissions in electricity generation than the reference
case or the scenario ETS34+FIT. Thus, if the national support scheme for renewable electricity is not in force, the German electricity sector mainly responds to the supranational ETS
targets through a larger reliance on natural gas (and CCS in the case of a more ambitious reduction objective) and a larger purchase of emission allowances.

Figure 5-5:

Structure of total net electricity supply under different assumptions regarding
the FIT scheme and the EU ETS
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With respect to electricity prices, various, and in some cases opposing, effects that arise from
the interaction between the EU ETS and the national FIT scheme need to be taken into consideration. First of all, raising the share of renewable electricity generation has a dampening
impact on wholesale prices as it replaces the conventional generation with the highest generation cost (so-called merit-order effect). Furthermore, the influence of the emissions trading
system on electricity prices is lowered with the implementation of the feed-in tariffs as ETS
certificate prices decline. These two effects lead to a decrease in wholesale electricity prices
in the scenarios with FIT system of up to 22 % for the lower ETS reduction target and of up
to 26 % for the higher target in relation to the respective scenarios without feed-in tariffs (cf.
Figure 5-6).

Figure 5-6:

Comparison of electricity prices with and without FIT scheme in place under
different assumptions regarding the EU ETS target

In the case of end-user electricity prices, an additional influencing factor is discernible. Here,
the extra costs of the FIT scheme are accounted for by means of the FIT surcharge. From the
scenario results it can be deduced that the latter effect outweighs the two price-reducing ones
such that household electricity prices are up to 23 % higher in the scenarios with feed-in tariffs than in those without. For non-privileged industry consumers this impact is even more
pronounced since the FIT surcharge captures, in relative terms, a larger share of the electricity price. The difference in prices between the scenarios decreases until 2030 as the FIT surcharge falls as well. The influence is generally more pronounced for the 21 %-reduction target, because here, as will be shown below in more detail, the FIT surcharge is higher than in
the scenario ETS34+FIT. An exemption needs to be made for the privileged industry sectors
that only have to pay a limited FIT surcharge of 0.05 ct/kWh. In this case, the merit-order
effect as well as the reduced certificate price outbalances the FIT surcharge resulting in a
decline in electricity prices between 9 % and 22 %.
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Changes in electricity prices can be expected to entail alterations in electricity consumption.
In the model, electricity demand can either be modified by a change in technology choice
(e.g. alternative production processes in industry or heating systems in private households) or
by adjusting demand for energy services or useful energy for which own-price elasticities are
laid down. The specifications chosen for this scenario analysis reflect the comprehensive empirical evidence that price elasticities of electricity demand are comparatively low (cf. for
example Lafferty et al. (2001), Espey and Espey (2004), Narayan et al. (2007), Fan and
Hyndman (2011), Kamerschen and Porter (2004)). Total electricity consumption is reduced
by up to 4 % in 2020 when the feed-in tariffs for renewable electricity are taken into account
(cf. Table 5-3). Until 2030, this influence is reduced to less than 2 % for both ETS target levels. The tertiary sector proves to be the most flexible in reacting to changes in electricity prices, with a reduction of up to 12 % in the reference case when compared to the scenario
ETS21. In contrast, adjustments in electricity consumption of households and non-energy
intensive industry sectors due to the introduction of the FIT scheme are considerably lower.
The energy-intensive industry branches, which are in most parts privileged with respect to the
FIT surcharge, experience a slight increase in electricity demand when the feed-in tariffs are
implemented. In addition, it has to be noted that from 2020 onwards, the lower final electricity consumption does not relate to a lower electricity generation in the scenarios with FIT system, as in these scenarios more electricity is used in storage technologies given the rising
share of fluctuating sources in electricity production.
Table 5-3:

Final electricity consumption by sector under different assumptions regarding
the FIT scheme and the EU ETS

TWh
Industry, energy intensive
Industry, non-energy intensive
Tertiary*
Households
Transport
Sum

2010
219
140
141
17
516

REF
76
156
115
136
24
507

2020
ETS34
ETS21
ETS34
+FIT
73
79
76
160
153
155
131
112
120
140
133
135
24
24
24
528
502
511

REF
77
149
108
132
30
496

2030
ETS34
ETS21
ETS34
+FIT
75
77
77
152
149
150
113
107
112
135
131
135
30
30
30
505
495
504

* incl. agriculture

5.3. The FIT system under different EU ETS targets
The scenario analysis at hand can also be applied to examine whether the reduction level
specified under the EU ETS has an impact on the long-term development of the German tariff
system for renewable electricity. To do so, a number of parameters characterising the FIT
scheme are contrasted for the reference case (ETS target of 21% for 2020) as well as the scenarios ETS34+FIT (ETS target of 34 % for 2020) and FIT_only (no ETS reduction target).
In a first step, it is analysed whether different ETS mitigation targets influence the relevance
of the FIT system in the development of renewable electricity in Germany. It has already
been shown that the feed-in tariffs are indispensable if the goal consists in rapidly increasing
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the contribution of renewable energies to power generation. However, renewable plant operators who have made use of the tariffs when starting generation have the option to drop out of
the tariff system whenever selling the generated electricity directly to the market is more
profitable, i.e. when the wholesale electricity price is higher than the respective feed-in tariff.
The scenario results indicate that in the long-term the share of renewable electricity that still
participates in the FIT scheme varies strongly with the target specification in the EU ETS (cf.
Figure 5-7). Thus, in the scenario with the ambitious reduction target of 34 % and accordingly with the highest wholesale electricity prices, the relevance of the tariffs is reduced considerably. In comparison to the reference case, where in 2020 83 % and in 2030 45 % of renewable generation are covered by the FIT system, these shares drop to 57 % in 2020 and 24 % in
2030. On the other hand, if emission trading was not implemented, electricity prices and the
associated incentives to leave the tariff system would be significantly lower resulting in high
shares of renewable electricity in the FIT scheme of 87 % in 2020 and 61 % in 2030.

Figure 5-7:

Relevance of the FIT system in renewable electricity generation under different assumptions regarding the EU ETS target

The difference in wholesale electricity prices and the importance of the tariff system between
the scenarios also affects the relevant cost parameters of the German FIT scheme for renewable electricity (cf. Table 5-4). The payments to renewable plant operators under the system
depend on the amount of electricity generated and the share that is still remunerated through
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the tariffs. Consequently, in 2015 the highest payments are made in the scenario with the
34 %-reduction target which also features the highest renewable generation in this year. In
contrast, tariff payments in the scenario FIT_Only are slightly lower in 2015 than in the reference case. In the long-term, the share of renewable electricity still covered by the tariff system is more relevant in determining FIT payments. Hence, in 2030 tariff payments are lowest
in the scenario ETS34+FIT even though the highest amount of renewable electricity is generated in this case. Looking at cumulated FIT payments for the period 2000 to 2032, it becomes
apparent that with almost 20 billion €2010 more than in the reference case, the highest payments arise in the scenario FIT_Only in which renewable electricity generation is lowest but
the share participating in the FIT system is highest. As opposed to that, cumulated tariff payments are 14 billion €2010 below the reference case in the scenario with the 34 %-target.
In addition to the amount of electricity generated and the relevance of the FIT scheme, FIT
differential costs are determined by wholesale electricity prices. As a result, over the entire
projected period differential costs are lowest in the scenario ETS34+FIT with the most ambitious ETS mitigation target, whereas without the EU ETS differential costs are constantly
higher than in the reference case. Cumulated over the period 2000 to 2032, this results in a
difference to the reference case of almost -98 billion €2010 for the scenario ETS34+FIT and of
+46 billion €2010 for the scenario FIT_only. Thus, due to the differences in wholesale electricity prices, the highest FIT surcharge needs to be paid in the scenario with the lowest renewable electricity generation (FIT_only), whereas raising the ETS target to 34 % in 2020 helps to
reduce the FIT surcharge by 1.3 ct2010/kWh in 2020 and 0.1 ct2010/kWh in 2030 in relation to
the reference case. Yet, it has to be kept in mind that although the surcharge arising from the
FIT system is slightly lower, end-user electricity prices are still highest in the scenario
ETS34+FIT given the high ETS certificate prices.
Table 5-4:

Cost parameters for the FIT system under different assumptions regarding the
EU ETS target
2011

FIT payments
[Bn €2010]
FIT differential cost
[Bn €2010]
FIT surcharge
[ct2010 /kWh]

REF
ETS34+FIT
FIT_Only
REF
ETS34+FIT
FIT_Only
REF
ETS34+FIT
FIT_Only

16.38

12.05

3.45

2015

2020

2030

24.1
25.3
22.9
16.5
15.8
17.5
4.17
4.04
4.41

28.9
24.4
28.6
18.7
13.4
22.4
4.83
3.55
5.58

8.4
7.3
10.1
1.7
1.4
4.1
0.46
0.37
1.08

Cumulated
(2000-2032)
422.4
408.3
442.0
319.7
222.0
365.8
-

5.4. Energy system cost
The additional system-wide cost burden that is caused by the implementation of the German
FIT scheme for renewable electricity can be assessed in a consistent manner by looking at
energy system costs for the different scenarios. These comprise the entire costs of a specific
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energy system in a certain region and a certain period, covering capital costs for energy conversion and transport technologies, fixed operating and maintenance costs as well as fuel and
certificate costs. In general, it can be stated that introducing a specific support system for
renewable electricity generation entails a rise in total system cost (cf. Table 5-5). In case of
the ETS mitigation target of 21 % for 2020, system costs increase by 33 billion €2010 in 2020
and 18 billion €2010 in 2030 when the FIT system is accounted for (i.e. reference case compared to scenario ETS21). When cumulated over the period 2013 to 2030, the difference between the scenarios amounts to almost 520 billion €2010 of total system cost. For the more
ambitious ETS reduction target of 34 %, the impact is only slightly less significant. Once
again, it should be noted that this considerable cost increase does not stimulate any additional
emission reduction on the European level.
Table 5-5:

Comparison of annual undiscounted energy system cost with and without FIT
scheme in place under different assumptions regarding the EU ETS target
2015

2020

2025

2030

Cumulated
2013-2030

REF vs. ETS21

Bn €2010

31.4

32.9

28.4

18.4

518.6

ETS34FIT vs. ETS34

Bn €2010

30.0

31.2

26.8

18.8

496.9
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6. Comparison of different support systems for renewable electricity
In light of the substantial cost increases in the German FIT system in recent years, criticism
has become stronger and the question has been raised whether the system could be reformed
in a fundamental manner or even replaced by an alternative support measure. In the following, it will be illustrated how a scenario analysis based on the explicit modelling of support
mechanisms for renewable electricity can be applied to compare the advantages and drawbacks of these instruments in a quantitative manner.
Therefore, in a first step, two sensitivity analyses are conducted on two critical issues that
could be addressed without completely changing the current support mechanism. The cost for
the expansion of generation based on solar PV has soared in the last few years such that in
2011 solar photovoltaics was responsible for more than half of total differential cost while
generating only 21 % of electricity in the FIT system. Significant tariff cuts have already
been executed - yet, in the first sensitivity an even more radical step of completely stopping
support for solar PV after 2012 is proposed. It has to be kept in mind, however, that tariff
payments for units that have been installed until the end of 2012 have to be continued according to the current FIT provisions.
In a second sensitivity, a look is taken at the special equalisation scheme for electricityintensive enterprises and rail operators that pay a reduced FIT surcharge. The share of this
privileged consumer group in total electricity consumption has risen in recent years, raising at
the same time the cost burden on the remaining consumers. Thus, the effects of abolishing
this special scheme - both on the privileged and non-privileged consumer groups - are examined in this sensitivity analysis.
In a second step, the performance of alternative support schemes for renewable electricity
which could replace the current feed-in tariffs is analysed. The scenarios are established such
that with each of them one specific effect relevant in the comparison of these instruments can
be quantified. First of all, a technology-neutral FIT system it used to explore the impacts of
promoting only the most cost efficient technologies as opposed to the current technologyspecific variations in the support level without changing the absolute amount of renewable
electricity generated (technology effect). Secondly, in the scope of a quantity-based, technology-neutral tradable green certificate scheme the additional effects of reducing the total
amount of renewable electricity to the target values of the German Energy Concept are examined (quantity effect). Thirdly, the high potential windfall gains under technology-neutral
support systems are addressed by a third scenario with a technology-specific quota system in
which the same shares in gross electricity consumption for each renewable source are reached
as under the technology-neutral TGC scheme. Hence, in this scenario the targets of the German Energy Concept are still fulfilled in a cost efficient manner, but at the same time the
profits of renewable electricity generators are limited (windfall effect).
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For each of these sensitivities and alternative scenarios, the performance of the respective
support system in terms of renewable electricity and generation cost, support costs, burden on
electricity consumers, energy system costs, etc. is contrasted with the reference case. It has to
be pointed out that in each case the historical development of the FIT system is accounted
for, i.e. it is assumed that all plants installed until the end of 2012 remain in this system and
continue to receive the fixed tariffs. The modified support mechanism only applies to new
installations from 2013 onwards.
6.1. Adjustments within the current FIT system
Sensitivity analysis: Ceasing the promotion of solar photovoltaics
If the support for solar photovoltaics through the FIT scheme was discontinued by the end of
2012 (sensitivity FIT2012_NoPV), no additional solar PV units would be installed in Germany over the projected period. Consequently, electricity generation from solar energy would
remain on the level reached in 2012 of 28 TWh with a slight drop in 2030 as the first installations reach the end of their technical lifetime (cf. Figure 6-1). Thus, in 2015 solar PV generation is 16 TWh lower than in the reference case and the difference increases to almost
22 TWh in 2030. Since the electricity generation based on other renewable sources remains
unchanged, the renewable share in gross electricity consumption declines to 43 % in 2020
and 51 % in 2030 - as compared to 46 % and 54 % in the reference case. Hence, the targets of
the German Energy Concept are still overfulfilled.

Figure 6-1:

Effect of ceasing the promotion of solar photovoltaics on net electricity supply
compared with the reference case
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The gap in electricity generation caused by the reduced generation from solar energy is covered by fossil fuels. In 2015, generation based on coal is raised by 17 TWh in relation to the
reference case by increasing the utilization of existing power plants without requiring new
investments. Afterwards, a stronger reliance on natural gas can be observed with a rise of
19 TWh in generation and of 2.4 GW in installed capacity in 2030 when compared to the
reference scenario. Moreover, in view of the reduced generation from fluctuating sources,
less storage capacities are needed (-1.3 GW) resulting in a decrease in electricity output from
storage systems of more than 7 TWh in 2030. This also explains the slightly lower net electricity supply in this sensitivity when contrasted with the reference case.
Ceasing the FIT support for solar photovoltaics could be justified by the goal to alleviate the
cost burden of the system given the comparatively high tariff level for solar PV. Table 6-1
gives an overview on the impacts of this sensitivity analysis on the most important cost parameters of the FIT system. On the whole, the results indicate that the differences in relation
to the reference case are relatively limited. Without further payments to new solar PV installations from 2013 onwards, total FIT payments would decline almost 25 billion €2010 in the
period from 2000 to 2032, while for cumulated FIT differential costs the difference amounts
to nearly 12 billion €2010 or 3.6 % of total differential costs in the reference case. With respect
to the FIT surcharge, a significant reduction is only realized in 2020 with -0.46 ct2010/kWh
compared to the reference. This effect can be partly explained by a slightly higher wholesale
electricity price in this sensitivity in 2020 resulting in a diminution in differential cost and the
associated surcharge.
Table 6-1:

Change in cost parameters for the FIT system in the sensitivity without promotion of solar photovoltaics compared with the reference case
2015

2020

2030

Cumulated
(2000-2032)

FIT payments
[Bn €2010]

FIT2012_NoPV

23.4

28.0

7.2

397.8

Difference to REF

-0.69

-0.89

-1.25

-24.6

FIT differential cost
[Bn €2010]

FIT2012_NoPV

16.4

16.9

1.5

308.2

Difference to REF

-0.07

-1.82

-0.23

-11.5

FIT surcharge
[ct2010/kWh]

FIT2012_NoPV

4.14

4.37

0.40

Difference to REF

-0.02

-0.46

-0.06

-

Hence, it can be concluded that terminating feed-in tariff payments for new solar PV units
after 2012 would yield no substantial benefits in terms of reducing the overall costs of the
FIT system. Looking at the results indicates that on the basis of the trajectory from the reference case, new solar PV installations from 2013 onwards would only be responsible for about
9 % of total cumulated FIT differential cost for solar energy over the period 2000 to 2032.
Thus, the enormous tariff cuts - both those executed in recent years and those that can be expected in the near future - in combination with the absolute limit on capacity that will receive
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support at 52 GW have helped to keep down the cost burden caused by additional solar PV
investments in the future. In contrast, considerable costs will still have to be incurred in the
future for units that have been installed before 2013, assuming that tariff payments are guaranteed for existing installations.
Accordingly, comparatively insignificant impacts on end-user electricity prices and consumption arise when ceasing the support for solar photovoltaics from 2013 onwards (cf. Figure
6-2). With respect to private households and non-privileged industry consumers, the most
noticeable effect takes place in 2020, where electricity prices fall by 2.5 % to 3.2 % compared to the reference case. In all other modelling periods, the differences remain below
0.5 %. The associated changes in final electricity consumption are negligible over the entire
projected period.

Figure 6-2:

Effect of ceasing the promotion of solar photovoltaics on electricity prices and
consumption compared with the reference case

Sensitivity analysis: Abolishing the special equalisation scheme for electricity-intensive
enterprises and rail operators
A rise in electricity prices raises concerns regarding the competitiveness of the domestic industry. That is why in the German FIT system, an equalisation scheme has been implemented
for electricity-intensive companies and rail operators that pay for the majority of their consumption a reduced FIT surcharge of 0.05 ct/kWh. However, the amount of electricity that is
included in this privileged scheme has risen steadily in recent years from about 37 TWh in
2004 to 96 TWh in 2013 (cf. BMU 2012c and ÜNB 2012b) simultaneously raising the regular FIT surcharge for the remaining consumers. Thus, as part of a strategy to diminish the
overall impact of the tariff system on electricity prices, a proposal has been launched by the
German Minister of the Environment to reduce the number of beneficiaries of the special
equalisation scheme (cf. BMWi and BMU 2013). The following sensitivity analysis
(FIT2012_NoES) explores the extreme example of completely abolishing the special equalisation scheme such that all electricity consumers have to pay the same surcharge. It has to be
pointed out that in the reference case the reduced surcharge is applied to all energy-intensive
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industry branches in the model whose electricity consumption amounts to about 70 to
76 TWh in this scenario in the projected period.
The scenario results show that ending the special equalisation scheme has, as can be expected, no impact on the generation side such that the same amounts of renewable electricity
are produced as in the reference case. Yet, differences arise when calculating the FIT surcharge (cf. Table 6-2).
Table 6-2:

Impact of abolishing the special equalisation scheme for electricity-intensive
enterprises and rail operators on the FIT surcharge compared with the reference case
Unit

2015

2020

2025

2030

1. Total FIT payments

Bn €2010

24.1

28.9

23.1

8.4

2. Revenues from privileged electricity consumers

Bn €2010

0.000

0.000

0.000

0.000

3. Revenues from marketing

Bn €2010

7.6

11.2

10.2

6.7

4. Deficit to be covered by the surcharge (=1.-2.-3.) Bn €2010

16.5

17.7

12.9

1.7

5. Total electricity consumption

TWh

469

464

444

445

6. FIT surcharge (in real terms) (=4./5.)

ct2010 /kWh

3.52

3.81

2.90

0.39

ct 2010 /kWh

-0.65

-1.02

-0.61

-0.07

ct/kWh

3.93

4.77

4.07

0.61

ct/kWh

-0.73

-1.28

-0.85

-0.11

Difference to REF
7. FIT surcharge (in nominal terms)
Difference to REF

First of all, the revenues for privileged consumers drop to zero which results only in a negligible increase in the differential costs that need to be covered by the regular surcharge. More
importantly, the electricity consumption over which these differential costs are spread is extended to include the energy-intensive industry and is therefore in the entire modelling period
around 20 % or 75 TWh higher than in the reference case. The associated decrease in the FIT
surcharge lies between 16 % and 21 % in relation to the reference case. In absolute terms, the
largest reduction is realized in 2020 with 1.0 ct2010/kWh. Hence, by abolishing the special
equalisation scheme for electricity-intensive companies and rail operators, the peak in the FIT
surcharge in 2020 can be lowered from 4.8 ct2010/kWh (6.0 ct/kWh in nominal terms) in the
reference case to 3.8 ct2010/kWh (4.8 ct/kWh). Towards the end of the projected period, the
differences get less pronounced in absolute terms as the FIT surcharge is declining in general.
Thus, the modelling results show that without the special equalisation scheme the costs for
non-privileged consumers could be diminished considerably by raising at the same time the
burden on energy-intensive industries. This is also reflected in the development of electricity
prices (cf. Figure 6-3). A substantial increase in the previously privileged sectors between
31 % and 37 % is opposed to a slight decrease for the non-privileged consumer groups of 3 %
to 5 % with respect to the reference case. The resulting changes in electricity consumption are
also depicted in Figure 6-3. Relatively strong adjustments can be observed in the energyintensive industry sectors. While in 2015, where due to the closeness in time the required
flexibility to adapt production processes is not given, electricity consumption in these sectors
drops by only 2.5 % in relation to the reference case, the relative difference rises to more than
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9 % until 2030. These reductions occur mainly in the iron and steel as well as the pulp and
paper industries. In contrast, given the less pronounced changes in the price level, the rise in
electricity consumption in the non-privileged industry sectors and private households remains
below 1 %. In total, final electricity consumption is therefore slightly lower in the sensitivity
without special equalisation scheme than in the reference case.

Figure 6-3:

Change in electricity prices and consumption when abolishing the special
equalisation scheme for electricity-intensive enterprises and rail operators
compared with the reference case

Considering the already comparatively high electricity price level in Germany, an additional
increase through the FIT surcharge entails the risk of energy-intensive industries migrating to
other countries where production is less costly. In the model, the decline in production in
Germany due to a loss in competitiveness can only be estimated in a rough manner on the
basis of the own-price elasticities assigned to the various demand commodities. This approach yields rather low adjustments in the production level of the energy-intensive industry
branches when they have to pay the full FIT surcharge (cf. Figure 6-4). On average, the relative reduction compared to the reference case lies between 0.4 and 0.9 % over the projected
period. The changes are more pronounced in sectors where the substitution of electricity by
other energy carriers poses a greater difficulty, as for example in the glass industry. Yet, once
again it has to be pointed out that these results only provide an indication of the impacts on
production levels of energy-intensive industries when increasing the electricity price level
due to the implementation of a national support scheme for renewable electricity. Additional
modelling approaches, like for example CGE models, are required to evaluate issues concerning the international competitiveness of domestic industries.

54

Figure 6-4:
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Change in production levels in energy-intensive industry branches when abolishing the special equalisation scheme for electricity-intensive enterprises and
rail operators compared with the reference case

6.2. Comparison of alternative support schemes for renewable electricity
The electricity sector
Instead of making adjustments in the current technology-specific FIT system in Germany, it
could be considered to completely replace it with an alternative support scheme for renewable electricity. In the following analysis, it is assumed that this switch takes place in 2013,
while all generation units that have been installed until the end of 2012 remain in the old tariff system. In order to compare the performance of the various modelled schemes with the
feed-in tariffs in the reference case, first of all a look is taken at the generation side.
In the scenario FIT_Neut, a technology-neutral FIT system is implemented, meaning that all
renewable sources receive a uniform tariff. The tariff level is set such that the same absolute
amount of renewable electricity generation is stimulated in each modelling period as in the
reference case. In that manner, the technology effect, i.e. the impact of promoting only the
most cost efficient technologies, can be examined in an isolated fashion. In the model, such a
support system is introduced by putting in a first step a lower bound on total renewable electricity generation containing the absolute amounts of generation from the reference case.
Thus, the optimization approach is free to choose the most cost efficient way to fulfil these
minimum requirements. From the results of this scenario run, the uniform tariff - given as the
shadow price of the bound on renewable generation - and the associated surcharge on enduser electricity prices can be calculated. This FIT surcharge is then put into the model in order to account for the effects on the demand side. As it was the case in the reference scenario,
an iterative process is required to balance the FIT payments and the surcharge.
From the scenario results on renewable electricity generation shown in Figure 6-5 it becomes
apparent that switching to a technology-neutral support system leads to significant shifts in
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the structure of renewable electricity. Heavier reliance is put on comparatively low-cost technologies based on onshore wind energy and solid biomass. After 2015, onshore wind generation is raised considerably with a difference of 15 TWh (20 %) in 2020 and of 38 TWh
(53 %) in 2030 in relation to the reference case. That means that also less favourable locations are exploited, which are not funded under the current German FIT scheme. In 2030, the
ceiling of 110 TWh specified in the model for the maximum expansion of generation from
onshore wind energy is reached. In the case of biomass, additional large energy-only and
CHP plants based on solid biomass that receive no or only relatively low tariffs in the present
system are installed. Accordingly, electricity generation from solid biomass rises to 46 TWh
until 2030 constituting an increase with respect to the reference case of 19 TWh (70 %). By
contrast, fewer investments are made in more costly generation technologies. Most importantly, no additional solar PV units are installed after 2012 such that the generation from
solar energy decreases by about 20 TWh in 2020 and 2030 when compared with the reference
case. Small-scale biogas plants are also affected by the technology-neutral scheme with a
decline of about 15 TWh in 2030. With respect to offshore wind energy, almost the same
growth can be observed until 2025, whereas in 2030 generation remains about 17 TWh below
the reference case. With the increase in onshore wind and the decrease in solar photovoltaics
and offshore wind generation, the share of fluctuating sources in total renewable electricity
generation remains with 71 % in 2030 almost unchanged in relation to the reference case. In
general, the results show that even when the most cost efficient trajectory is chosen, the high
shares of renewable electricity which result for the current German FIT system in this scenario analysis cannot be reached without some contribution from more costly technologies, like
offshore wind farms.
That is why in a next step, the feed-in tariff systems are contrasted with quantity-based tradable green certificate schemes which have the advantage that compliance with the previously
set target values can be guaranteed. Thus, in these scenarios, the effect of reducing renewable
generation to the levels defined in a political decision-making process can be assessed. The
relatively straightforward modelling approach is based on user-defined constraints specifying
minimum renewable shares in total electricity generation. In the scenario QU_Neut, a single
constraint is put on the entire renewable generation comprising the target values of the German Energy Concept3. In this way, through the optimization calculus the most cost efficient
manner of achieving the targets is determined and a uniform certificate price, defined by the
generation costs of the marginal (and most expensive) generation unit needed to fulfil the
quota, arises. In contrast, in the scenario QU_Spec a technology-specific quota system is implemented. The model contains therefore a constraint for each renewable source stating its
relative share in total electricity generation. These shares are taken from the scenario
QU_Neut such that also with the technology-specific scheme the overall renewable targets
3

The German Energy Concept specifies target values for the renewable share in gross electricity consumption
of 35 % for 2020 and 50 % in 2030. For 2015 and 2025, the values in the model are based on a linear interpolation (between 2012 and 2020 / 2020 and 2030).
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are complied with in the most cost efficient manner. The difference consists, however, in the
design of the support system. Based on the specific targets, a different certificate price is created for each renewable source reflecting its marginal generation costs. Consequently, with
this scenario the advantages of a technology-specific scheme in terms of limiting the profits
of renewable generators can be evaluated. Instead of a TGC scheme, these scenarios could
also be understood as technology-neutral or -specific tendering procedures in which the renewable shares are assigned through a bidding process in each modelling period.

Figure 6-5:

Comparison of renewable electricity generation in the scenarios with different
support schemes for renewable electricity
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As can be observed in Figure 6-5, due to the scenario specifications the development of renewable electricity generation until 2030 is almost similar in the scenario QU_Neut and
QU_Spec. As with the quantity-based support systems the targets of the German Energy
Concept are precisely complied with, renewable electricity generation drops by a quarter
(66 TWh) in 2020 and by 11 % (36 TWh) in 2030 compared to the reference case. With respect to the composition of renewable electricity generation, some similarities with the scenario featuring the technology-neutral FIT scheme (FIT_Neut) are discernible. The maximum
growth potential for onshore wind generation is fully exploited, while the expansion of solar
PV comes to a complete stop. The lower overall generation level compared to scenario
FIT_Neut affects in particular the development of offshore wind energy. Until 2020, hardly
any investments in offshore wind plants are realized; only in 2030 a significant increase to
about 55 TWh occurs. Thus, with a quota system for renewable electricity, offshore wind
generation remains about 50 TWh below the level of the reference case and 33 TWh below
the level of the scenario with a technology-neutral FIT scheme in 2030. Accordingly, the contribution of onshore wind energy rises to 39 % in 2030 (compared to 23 % in the reference
case), whereas offshore wind energy covers only 20 % (33 % in the reference case) of total
renewable generation. At the same time, the scenario results show that with the chosen assumptions on the renewable potentials an exploitation of offshore wind energy is required
even when reducing generation from renewable sources to the target levels of the German
Energy Concept. With respect to biomass, the same trends are observable as in the scenario
FIT_Neut, i.e. an increase in large-scale generation based on solid biomass at the cost of biogas. Since the assumed potentials for electricity generation from geothermal energy are rather
limited, the differences between the scenarios are negligible. The slightly higher renewable
generation level in the scenario QU_Spec compared to QU_Neut can be attributed to the
somewhat higher electricity consumption in this scenario. On the whole, the scenario comparison at hand indicates that when strictly adhering to the principal of cost efficiency the development of renewable electricity in Germany changes considerably. With an increased contribution of onshore wind energy and solid biomass at the expense of solar photovoltaics, offshore wind energy and biogas, the heterogeneity of renewable generation is reduced slightly.
Furthermore, changing the support system for renewable electricity might have repercussions
on conventional electricity generation. In accordance with the scenario definition, in the scenario featuring a technology-neutral FIT system the same absolute amounts of electricity are
generated by renewable energies as in the reference case such that the rest of the generation
remains almost entirely unchanged. Yet, the reduced renewable shares in the scenarios with
the quantity-based TGC system require an increased contribution of conventional generation.
In Figure 6-6, the differences to the reference case are exemplified on the basis of scenario
QU_Neut, as between the scenarios with the technology-neutral and -specific quota system
no notable deviations are discernible. With the quota system, the share of fossil fuels in total
net electricity supply rises to 56 % in 2020 and 45 % in 2030 - as compared to 42 % and
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38 % in the reference case. In 2020, the overall increase of 69 TWh is mainly based on coal
(25 TWh) and natural gas (36 TWh), while in 2030 the difference of 34 TWh is mainly covered by natural gas. With respect to lignite, generation is expanded by about 8 TWh in both
years. In the case of lignite and coal, no additional capacities need to be installed, whereas the
installed capacity of gas-fired power plants is raised by 3 GW until 2030. Apart from that, the
reduced share of fluctuating generation causes a decline in the electricity output from storage
systems of 17 TWh in 2020 and 12 TWh in 2030 in relation to the reference case.

Figure 6-6:

Comparison of the structure of total net electricity supply between the reference case and the scenario with a quota system for renewable electricity

One of the most important criteria that should be adhered to when designing a support system
for renewable electricity is cost efficiency. Insights on how the different instruments modelled in this scenario analysis perform in this respect can be gained by looking at generation
cost for renewable electricity. Figure 6-7 includes the cost of all generation units that have
been installed from 2013 onwards.
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Difference in generation cost for renewable electricity generation between the
technology-neutral feed-in tariff scheme and quota system in relation to the
reference case

The most substantial differences to the reference occur both with the technology-neutral FIT
system and the TGC schemes for solar photovoltaics. In this case, generation costs are lowered between 6 and 7 billion €2010 in each modelling period resulting in a cumulated reduction
of around 120 billion €2010 between 2013 and 2030. As far as offshore wind energy is concerned, considerable cost decreases of almost 6 billion €2010 per year between 2020 and 2030
are only realized in the scenarios with quota system, in which generation based on offshore
wind power falls significantly compared to the reference case. These reductions are opposed
to cost increases in the case of renewable sources where generation is raised. However, due to
the fact that only the most cost efficient technologies are expanded, these increments are
comparatively low. The additional installation of onshore wind farms entails a rise in cumulated generation costs of 19 billion €2010 in the period from 2013 to 2030 in the scenario
FIT_Neut in relation to the reference case. The fact that these costs are slightly lower in the
scenario QU_Neut can be explained by the deferment of part of the expansion to later modelling periods, where investment costs have already fallen in line with the assumed learning
rates. With respect to biomass, two contrasting impacts have to be considered. Generation
costs are raised in the case of large-scale units based on solid biomass, while cost savings are
realized for biogas plants. Since the latter effect prevails, in total a slight cost reduction can
be observed for electricity generation from biomass both in the scenario with technologyneutral FIT scheme and for the quota system. Altogether, generation costs for renewable electricity decrease considerably when the current German FIT system is replaced by an alterna-
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tive support scheme that is more strongly oriented on the principle of cost efficiency. For all
renewable generation units installed from 2013 onwards, cumulated generation costs are reduced by 117 billion €2010 over the period from 2013 to 2030 in the scenario FIT_Neut in
relation to the reference case. If, in addition, the amount of renewable generation is lowered
to the targets of the German Energy Concept, this cost difference adds up to 208 billion €2010.
Additional information on the cost differences between the scenarios can be obtained from
the average (across all renewable sources) generation costs per unit of renewable electricity
generated. Here, the values depicted in Figure 6-8 for each modelling period comprise only
those generation units that have been installed in the respective period. With the exception of
hydropower, cost reductions due to learning effects are assumed for all renewable technologies in the model. This is reflected in a steady decline in specific renewable generation cost in
the reference case from 10.9 ct2010/kWh in 2015 to 6.6 ct2010/kWh in 2030. The relatively high
level in 2015 could be clearly lowered if only the most cost efficient technologies were promoted. The reduction to 8.1 ct2010/kWh with the technology-neutral FIT system and to
6.9 ct2010/kWh with the quota systems in 2015 can be mainly attributed to the fact that no
additional solar PV units are installed. In the scenario FIT_Neut, a slight increase in the average renewable generation costs occurs between 2015 and 2020 which can be explained by the
strong expansion of offshore wind energy, which does not take place with the reduced overall
growth in renewable generation under the quota systems. For all plants installed from 2025
onwards, specific generation costs are on average almost similar under the various alternative
schemes. The difference to the reference case decreases to about 1.4 ct2010/kWh in 2030.

Figure 6-8:

Average specific generation cost of all renewable electricity generation plants
installed in the respective model year under different support schemes

The support system for renewable electricity
The expansion of renewable electricity generation in Germany causes additional costs for the
electricity system - irrespective of the chosen support system. In the present scenario analysis
it is assumed that under all modelled support instruments these costs are financed through a
levy on end-user electricity prices, just as it is the case under the current German FIT scheme.
Moreover, it has to be pointed out that the special equalisation scheme for electricity-
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intensive companies and rail operators, which constitutes a singular feature of the Germany
system, is not taken into account in the alternative support systems. Thus, in some cases, the
sensitivity FIT2012_NoES is used as basis for comparison instead of the reference case.
Figure 6-9 provides a comparison of the various forms of remuneration under the different
promotional instruments which apply to all renewable generation plants that are installed
from 2013 onwards. Until 2012, the present German FIT system is in force in all scenarios.
For the case of the technology-neutral FIT scheme, the model calculations deliver a fixed
feed-in premium which is paid on top of the wholesale electricity price. For the TGC
schemes, the shadow price of the relative bound on renewable generation can be interpreted
as the certificate price that would arise on the market for renewable certificates.

Figure 6-9:

Additional remuneration for renewable electricity under different support
schemes (feed-in premium in FIT_Neut and certificate prices in QU_Neut and
QU_Spec)

In a technology-neutral support scheme, the remuneration per unit of renewable generation is
defined by the generation costs of the marginal unit that is needed to satisfy the target. Hence,
the uniform payment that all renewable plant operators receive is substantially higher than
average renewable generation costs. Accordingly, a high initial feed-in premium of about
12 ct2010/kWh is realized in the scenario with the technology-neutral FIT system. Afterwards,
a rapid decline of the premium to 2.8 ct2010/kWh in 2025 followed by a slight increase until
2030 can be observed. If renewable generation was reduced to the target level of the German
Energy Concept, the remuneration for renewable generators could be lowered considerably.
This is reflected in the difference between the feed-in premium in the scenario FIT_Neut and
the uniform certificate price under the technology-neutral quota system of 4.8 ct2010/kWh in
2015 and almost 2 ct2010/kWh in 2020. After 2020, nearly the same remuneration level ensues
in both scenarios.
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In a technology-specific support system different payment levels arise for the various technology categories. In the technology-specific TGC scheme modelled in the scope of this scenario analysis, the certificate prices for each renewable source are determined by the marginal
generation unit in each category. This gives rise to substantial variations in the remuneration
level for renewable electricity. The payments needed to promote the exploitation of the remaining hydropower potential in Germany are close to zero over the entire projected period
with the exemption of a certificate price of 1.4 ct2010/kWh in 2025. In the case of onshore
wind energy, the certificate price drops gradually from 5.2 ct2010/kWh in 2015 to zero in
2030. As the expansion of offshore wind farms is delayed in the scenarios with quota system,
a certificate price for this category is only created from 2020 onwards. It amounts in 2020 to
5.5 ct2010/kWh and falls to 3.4 ct2010/kWh in 2030. The highest price level of 7.3 ct2010/kWh
arises in 2015 for electricity generation based on biomass. This can be explained by the fact
that since for most of the other (less expensive) renewable sources the potential limits are
already reached in 2015, relatively costly options based on biogas need to be drawn upon in
order to reach the renewable target. After a significant decrease in 2020 and 2025, biomass
again sets the highest certificate price in 2030 with 3.6 ct2010/kWh. Given the relatively low
learning effects assumed for geothermal electricity generation in the model, the certificate
price declines only slightly from 4.7 ct2010/kWh in 2015 to 3.3 ct2010/kWh in 2030. Moreover,
on the basis of the technology-specific design of the quota system, it can be ascertained
which renewable category determines the uniform certificate price in the technology-neutral
quota scheme (biomass in 2015 and 2030, offshore wind in 2020 and 2025).
The additional remuneration that is required to stimulate renewable electricity generation in
Germany defines the differential costs that electricity consumers need to incur under the different support systems. In the following, it will be shown that implementing a system which
causes lower renewable generation costs does not automatically entail a lower cost burden for
consumers. In this context, it has to be noted that under a technology-neutral FIT system and
under different types of quota systems, renewable plant operators have no incentive to leave
the support scheme as long as the uniform feed-in tariff is higher than the wholesale electricity price or as long as the certificate price is above zero.
Accordingly, in the scenarios that feature a technology-neutral system (FIT_Neut and
QU_Neut) the entire renewable electricity generation from units that are installed from 2013
onwards remains in this system and receives the corresponding payments. Due to the relatively high uniform FIT premium or certificate price, this leads to considerable increases in differential costs in the case of renewable technologies with relatively low investment costs (cf.
Figure 6-10). For onshore wind energy, for example, higher differential costs than under the
current German FIT system emerge in the scenarios FIT_Neut and QU_Neut from 2020 onwards. The cost difference rises to around 3.9 billion €2010 in 2030, when under the present
technology-specific scheme in Germany the entire onshore wind generation has dropped out
of the system. The same applies to hydropower, although the cost increase is rather limited.
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These increments can be largely avoided with a technology-specific quota system where the
certificate prices for onshore wind energy and hydropower drop to zero in 2030.

Figure 6-10: Difference in differential cost arising from the various support schemes for
renewable electricity compared to the reference case
A differentiated picture arises for offshore wind energy. Until 2025, differential costs for the
expansion of offshore wind farms can be reduced with respect to the reference case in the
various alternative support schemes, with the lowest cost savings in the scenario FIT_Neut
and the highest in QU_Spec. However, in 2030 differential costs for offshore wind energy
rise between 2.1 and 3.1 billion €2010 compared to the current German FIT scheme. This is
due to the fact that under all the alternative support systems the entire offshore wind generation is still covered by the system, while in the reference case for part of the wind farms that
have been installed in or before 2020 and have already reached the low basic tariff there is an
incentive to directly sell the electricity to the market. Clear cost savings in the entire modelling period are achieved in the case of solar photovoltaics as no additional units are installed
after 2012 under any of the alternative instruments. For biomass, a strong increase in differential costs occurs in 2015 under the technology-neutral FIT system due to the high uniform
tariff level in this scenario. Apart from that, limited cost reductions with respect to the reference case prevail in all scenarios given the comparatively high remuneration for electricity
generation based on biomass in the current German FIT scheme. On the whole, with the
technology-neutral feed-in tariffs, differential costs are higher than in the reference case in all
modelling periods except 2025, while for the quota systems cost savings can be realized until
2025 followed by a substantial cost increase in 2030.
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In order to obtain a clearer picture on the impacts of changing the support system for renewable electricity on the cost burden for electricity consumers, the cumulated differential costs
for the period 2000 to 2032 are put together in Table 6-3. It has to be noted that in all scenarios the costs arising from the current FIT system for units installed until the end of 2012 are
included for the entire model period. As far as the scenario with the technology-neutral tariff
scheme is concerned, cumulated differential costs exceed those that result from the existing
German system for all renewable sources except solar photovoltaics and geothermal energy.
In light of the high uniform tariff level, increases occur especially for low-cost technologies
based on onshore wind energy (+37 billion €2010) and hydropower (+8 billion €2010). Thus, in
total, cumulated differential costs rise by almost 33 billion €2010 when substituting the current
tariff scheme by a technology-neutral FIT system - as opposed to a reduction in generation
costs for renewable electricity of 117 billion €2010 from 2013 to 2030 between the two scenarios.
An increment in cumulated differential costs for the low-cost categories hydropower and onshore wind energy can also be observed for the technology-neutral quota system. Yet, cost
savings are realized for all other renewable sources, most strikingly in the case of offshore
wind energy with 27 billion €2010. The resulting decline in total cumulated differential costs
over the period 2000 to 2032 of 30 billion €2010 is, however, rather limited when compared
with the reduction in renewable generation costs of 208 billion €2010 between the scenario
QU_Neut and the reference case. Based on the differentiation in the tariff structure, differential costs can be lowered substantially under the technology-specific quota system, with only
a slight increase for onshore wind power. Altogether, the reduction in cumulated differential
costs in relation to the reference case adds up to 68 billion €2010 from 2000 to 2032.
Table 6-3:

Cumulated differential cost under different support schemes for renewable
electricity compared to the reference case

Cumulated
differential cost,
2000-2032 [Bn €2010]

Hydropower

Wind
onshore

Wind
offshore

Solar photovoltaics

Biomass*

Geothermal energy

Total
352.5

FIT_Neut

13.5

84.1

52.9

110.1

87.3

4.7

Difference to REF

7.9

36.9

12.4

-16.5

0.4

-8.4

32.8

QU_Neut

11.3

76.5

13.9

109.3

74.9

3.8

289.7

Difference to REF

5.8

29.3

-26.6

-17.3

-12.0

-9.3

-30.0

QU_Spec

3.4

51.7

14.7

109.3

69.3

3.4

251.8

Difference to REF

-2.2

4.5

-25.8

-17.3

-17.6

-9.7

-68.0

* incl. gas from landfills and sew age treatment plants

The changes in differential costs are reflected in the development of the surcharge that is levied on final electricity consumption to finance the additional costs of the respective support
scheme for renewable electricity (cf. Table 6-4). Here, the sensitivity featuring the current
German FIT system without special equalisation scheme for electricity-intensive companies
and rail operators is more suitable as basis for the comparison as this special scheme is not
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accounted for in the scenarios with the alternative support systems. In addition, the differences to the reference case, reflecting the actual regulation in force, are presented as well.
When replacing the current feed-in tariffs (without special equalisation scheme) with a technology-neutral FIT system, the renewable surcharge on final electricity prices rises in all
modelling periods except 2025. With 1.5 ct2010/kWh the increase is most pronounced in 2030,
when under the present tariff scheme more than half of the renewable generation is no longer
covered by the system. In 2015 and 2020, the differences amount to less than 0.5 ct2010/kWh.
A more positive picture arises from the comparison with the reference case. This does, however, only reflect the additional effect of abolishing the special equalisation scheme already
described in the sensitivity analysis FIT2010_NoES. In nominal terms, the surcharge reaches
a peak of 5.1 ct/kWh in the scenario FIT_Neut in 2020.
Table 6-4:

Surcharge on final electricity prices arising from different support schemes for
renewable electricity compared to the reference case (with and without special
equalisation scheme)

FIT_Neut
In real terms

Unit
ct2010 /kWh

2015
3.99

2020
4.08

2025
2.40

2030
1.91

Difference to FIT2012_NoES

ct 2010 /kWh

0.48

0.27

-0.51

1.52

Difference to REF

ct 2010 /kWh

-0.17

-0.75

-1.11

1.45

In nominal terms
QU_Neut

ct/kWh

4.46

5.10

3.36

3.00

In real terms

Unit
ct2010 /kWh

2015
2.97

2020
2.75

2025
2.34

2030
1.71

Difference to FIT2012_NoES

ct 2010 /kWh

-0.54

-1.07

-0.57

1.33

Difference to REF

ct 2010 /kWh

-1.19

-2.09

-1.18

1.25

In nominal terms
QU_Spec

ct/kWh

3.32

3.44

3.27

2.69

In real terms

Unit
ct2010 /kWh

2015
2.71

2020
2.40

2025
2.13

2030
0.74

Difference to FIT2012_NoES

ct 2010 /kWh

-0.81

-1.42

-0.77

0.36

Difference to REF

ct 2010 /kWh

-1.46

-2.44

-1.38

0.28

In nominal terms

ct/kWh

3.03

3.00

2.99

1.17

Lowering the expansion of renewable electricity to the target values defined in the German
Energy Concept helps to reduce the additional burden on electricity consumption. In the scenario with a technology-neutral quota system, the surcharge decreases between 0.5 and
1.1 ct2010/kWh in the period from 2015 to 2025 compared to the sensitivity without special
equalisation scheme. The peak in 2020 in nominal terms is lowered to 3.4 ct/kWh. In 2030,
the effect that with a technology-neutral design the entire renewable generation remains in
the support system is dominant such that the surcharge is raised by 1.3 ct2010/kWh in relation
to the sensitivity FIT2010_NoES. Additional reductions can be achieved with a technologyspecific design of the quota system. The most striking difference to the sensitivity without
special equalisation scheme is realized in 2020 with -1.4 ct2010/kWh. Yet, even with this spec-
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ification, a slightly higher surcharge than in the reference case ensues in 2030. In nominal
terms, the highest level is already reached in 2015 with 3.03 ct/kWh.
Hence, the scenario analysis at hand shows that it is not guaranteed that consumers benefit
from a support system that promotes the most cost efficient renewable technologies. A technology-neutral design can ensure a cost efficient expansion of renewable electricity, but at the
same time allows renewable generators to generate high profits, especially in the case of
technologies with comparatively low investment costs. These windfall profits can be reduced
with the technology-specific quota system. However, with the even more detailed tariff structure of the current German FIT system the possibility to make large profits is even more limited and renewable plant operators tend to drop out of the system more quickly. Thus, aligning the support for renewable electricity more strongly to the principle of cost efficiency can
help to diminish the cost burden, but in addition attention should be paid to implementing a
clearly differentiated tariff structure. At the same time, it needs to be pointed out that the effects of the scenario comparison would be more pronounced if the different support systems
were contrasted from the starting point of the promotion of renewable electricity in Germany
in the year 2000. Here, only a shift to another system from 2013 onwards is considered such
that in each scenario the first 12 years of the German FIT system have to be accounted for.
Electricity consumption
In the end, what is decisive for electricity consumers is the impact of the instrument promoting renewable electricity on electricity prices. In the present scenario analysis, differences
between the modelled support schemes cannot only arise from the variance in the surcharge
but also from differing levels of wholesale electricity prices. As before, the sensitivity without special equalisation scheme is used as the reference point in the comparison in order to
focus solely on the effect of switching the support system for renewable electricity.
Because of the similarity in the absolute amount of renewable electricity generation, the scenario with the technology-neutral FIT system exhibits almost the same wholesale electricity
prices as the reference case or the sensitivity FIT2012_NoES. Consequently, deviations from
this reference are caused only by the changes in the FIT surcharge described above. Accordingly, end-user electricity prices rise in comparison to the sensitivity without special equalisation scheme in all modelling periods except 2025, where a slight reduction between 2 % and
4 % is realized (cf. Figure 6-11). The most significant increase occurs in 2030 with 8 % in the
case of private households and more than 11 % for the industry sector, while in 2015 and
2020 the changes are considerably lower.
The reduction of renewable electricity generation and the associated stronger reliance on fossil fuels lead to slightly higher wholesale electricity prices in the scenarios with TGC
schemes. Hence, the reductions that can be achieved with respect to the renewable surcharge
are not fully translated into end-user electricity prices. Under the technology-neutral quota
system, household electricity prices decrease between 0.6 % and 4.7 % and industry prices
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between 2.4 % and 6.9 % in the period from 2015 to 2025 when compared to the sensitivity
FIT2012_NoES. Yet, in 2030 electricity prices are even slightly higher than in the scenario
with the technology-neutral FIT scheme due to the increase in the wholesale electricity price
level. With the technology-specific quota scheme, electricity prices are lowered to a somewhat greater extent with a maximum in 2020 of 6.6 % in the case of households and almost
10 % in the industry sector compared to the sensitivity without special equalisation scheme.
Still, even in this scenario end-user electricity prices exceed the here chosen reference in
2030 by 3 % to nearly 5 %.

Figure 6-11: Change in end-user electricity prices under different support schemes for renewable electricity compared to the reference case (without special equalisation scheme)
As mentioned before, the model results on the effects on electricity consumption are in line
with the empirical evidence that electricity demand is relatively price-inelastic. Accordingly,
the differences in electricity consumption between the scenarios with alternative support
schemes for renewable electricity and the sensitivity FIT2012_NoES turn out to be rather
limited (cf. Table 6-5). When replacing the current German feed-in tariffs with a technologyneutral FIT system, declines in total final electricity consumption can be observed both in
2020 and 2030, although only the reduction in 2030 reaches a non-negligible level of almost
11 TWh (2 %). In accordance with the changes in end-user electricity prices, increases in
electricity consumption between 12 and 17 TWh in 2020 are opposed to reductions of 3 to
13 TWh in 2030. The fact that in the scenario QU_Neut the differences in electricity consumption are less pronounced in 2030 than in 2020 despite of the larger change in electricity
prices can be ascribed to path dependencies as in previous modelling years investments in
electricity-using equipment have been made. On the whole, the adjustments in electricity
consumption can be mainly attributed to private households and the tertiary sector, while the
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industry sector, especially energy-intensive branches where the use of electricity constitutes a
viable emission reduction option, proves to be less flexible.
Table 6-5:

Electricity consumption by sector under different support schemes for renewable electricity

TWh
Industry, energy intensive
Industry, non-energy intensive
Tertiary*
Households
Transport
Sum

2010
219
140
141
17
516

2020
FIT2012 FIT_
QU_
_NoES Neut
Neut
69
69
70
157
156
160
115
116
123
136
134
137
24
24
24
502
500
514

QU_
Spec
72
161
123
138
24
519

2030
FIT2012 FIT_
QU_
_NoES Neut
Neut
70
69
69
150
149
148
110
105
104
133
129
129
30
30
30
492
482
480

QU_
Spec
70
150
108
132
30
489

* incl. agriculture

Emissions
Extending the use of renewable energy sources in electricity generation represents one of the
major emission abatement strategies. Thus, reducing the share of renewable electricity, like it
is done in the scenarios with quantity-based quota systems, has implications for emission
reduction and the participation of Germany in the EU ETS. That is why, in Figure 6-12 the
development of CO2 emissions by sector in Germany and the associated ETS certificate prices are contrasted for the reference case and the scenario featuring the technology-neutral
TGC scheme for renewable electricity.

Figure 6-12: Comparison of CO2 emissions in Germany and ETS certificate prices between
the reference case and the scenario with a quota system for renewable electricity
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CO2 emissions from electricity generation in Germany rise by 34 Mt CO2 in 2020 and
18 Mt CO2 in 2030 when renewable generation is reduced to the target levels of the German
Energy Concept. In the industry sector, a slight increase in CO2 emissions can be observed as
well which can be mainly attributed to the reduced electricity consumption in the energyintensive industry branches in the scenario QU_Neut (without special equalisation scheme) in
relation to the reference case and the lower use of renewable energies in industrial CHP
plants. No significant changes occur in the emission levels of the remaining sectors. As a
result, total CO2 emissions decline by 33 % until 2020 and 46 % until 2030 with respect to
1990 in the scenario with the technology-neutral quota system - as compared to 37 % and
48 % in the reference case. Hence, the targets of the Energy Concept are clearly missed.
Moreover, Germany’s contribution to the burden sharing under the EU ETS falls as the emission reduction in the German ETS sectors drops from 26 % in the reference case to 19 % in
2020 and from 43 % to 38 % in 2030 compared to 2005. This causes a slight increase in the
price for emission certificates of about 1 €2010/t CO2 in 2020. Until 2030, however, this difference to the reference case disappears almost completely.
Energy system cost
With the aim to have a final assessment of the system-wide cost burden that different instruments for the promotion of renewable electricity entail, a look is taken at energy system cost.
Based on the higher cost efficiency of renewable electricity generation, reductions in annual
undiscounted energy system costs compared to the reference case (without special equalisation scheme) can be achieved with all the alternative support systems modelled in this scenario analysis (cf. Table 6-6). With a cumulated difference of 94 billion €2010 over the period
from 2013 to 2030, these savings are comparatively limited if only the principle of cost efficiency is applied with the help of a technology-neutral FIT system while still reaching the
same high expansion of renewable electricity as in the reference case (technology effect).
Considerably higher reductions are realized when in addition the quantity of renewable generation is lowered to the targets of the Germany Energy Concept (quantity effect). Such target
compliance can be guaranteed under a quantity-based support system. When switching to a
technology-neutral quota system, cumulated energy system costs diminish by 393 billion
€2010 between 2013 and 2030 in relation to the reference case. In terms of system-wide cost,
the additional benefit of implementing a technology-specific TGC scheme and thereby limiting the potential windfall profits of renewable generators amounts only to 23 billion €2010
cumulated over the period from 2013 to 2030. In this context, it needs to be pointed out,
however, that energy system costs do not contain any information on the distribution of these
costs across the system. Thus, for electricity consumers the benefits of using a technologyspecific design instead of a uniform support level are higher, as has been shown above when
contrasting the differential costs of the support systems in the scenarios QU_Neut and
QU_Spec. Since at the same time renewable plant operators generate less profits, the difference in energy system costs between these two scenarios is less pronounced.

70
Table 6-6:
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Difference in annual undiscounted energy system cost between the scenarios
with different support schemes for renewable electricity compared to the reference case (without special equalisation scheme)

Sensitivity analysis: Higher hurdle rates for investments in renewable electricity under a
quota system
The high planning security for renewable investors constitutes one of the major advantages of
fixed feed-in tariff systems. In contrast, under quantity-based support schemes the risk for
renewable plant operators increases substantially as future revenues are unpredictable. Therefore, criticism has been expressed that under such systems a higher remuneration in the form
of a risk premium is required to compensate for this more uncertain investment environment.
That is why in the scope of this scenario analysis an additional sensitivity (QU_Spec_hh)
with higher financing costs for investments in renewable electricity is calculated for the scenario with the technology-specific quota system. Here, on the basis of Redpoint Energy
(2010), the hurdle rates (or discount rates) for renewable technologies are raised from 7 % to
9 %, while all other assumptions and input data are adopted from the scenario QU_Spec.
With this increase of 2 percentage points, a comparatively extreme scenario regarding the
impacts of higher uncertainty on financing costs is explored.
The results for this sensitivity show that higher discount rates for renewable investments
cause a rise in generation costs for renewable electricity of almost 14 billion €2010 (10.6 %)
cumulated over the period from 2013 to 2030 in relation to the scenario QU_Spec (cf. Table
6-7). As a consequence, the certificate prices for the different renewable sources need to be
raised on average between 0.15 and 0.44 ct2010/kWh over the projected period. This implies a
higher cost burden on electricity consumers represented by additional cumulated differential
costs of 5.6 billion €2010 (3.1 %) and an increase in the surcharge on final electricity prices of
around 0.1 ct2010/kWh. Finally, the higher hurdle rates for renewable electricity generation are
reflected in an increment of undiscounted energy system costs of 70 billion €2010 (0.8 %) cumulated from 2013 to 2030 when compared with the scenario QU_Spec.
Thus, the sensitivity analysis at hand indicates that the higher uncertainty for renewable investments under quantity-based support schemes can lead to a slight increase in the cost burden that such a system induces. At the same time, one must not forget that even though renewable generators benefit from greater investment security under fixed tariff schemes, the
risk does not disappear from the system, but is transferred to electricity consumers as the
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amount of renewable electricity that has to be financed through the system in the future is
unknown.
Table 6-7:

Impact of higher hurdle rates for renewable investments under a technology-specific
quota system on important cost parameters
2015

2020

2025

2030

Cumulated
2013-2030

M €2010

175

575

746

2075

13703

%

8.1%

12.2%

8.1%

12.7%

10.6%

ct2010/kWh

0.37

0.44

0.24

0.15

-

%

6.5%

11.4%

8.4%

10.3%

-

M €2010

244

357

357

282

5633

%

1.9%

3.1%

3.7%

8.5%

3.1%

Difference between
QU_Spec_hh and QU_Spec
Generation cost for
renewable electricity*
Average certificate price
Differential cost

Unit

Surcharge on final
electricity prices

ct2010/kWh

0.07

0.09

0.09

0.07

-

%

2.4%

3.9%

4.1%

9.8%

-

Annual undiscounted
energy system cost

Bn €2010

3.90

4.13

4.49

2.41

70

%

0.9%

0.9%

1.0%

0.5%

0.8%
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7. Conclusion
The objective of this report was to highlight how the explicit modelling of different policy
instruments in an energy system model can benefit scenario analyses on the future development of energy supply and demand, especially in the context of efforts for a transition to a
more sustainable energy system and ambitious climate goals. The outcomes and advantages
have been exemplified for the following three cases:


to analyse the impact of current policy measures on the long-term development of the
energy system in order to establish the reference case;



to explore the interactions between two policy instruments;



to compare different alternative policy instruments which can be applied for the same
political target.

With respect to the reference case, it has been shown that based on the current feed-in tariff
system a strong expansion of renewable electricity is realized, which clearly exceeds the target values of the German Energy Concept and is therefore associated with a considerable cost
burden on electricity consumers. At the same time, a relatively moderate price level can be
observed in the projected period for emission certificates in the European Emissions Trading
System. In the buildings sector, long renovation cycles and the low level of new construction
in Germany lead to comparatively long adjustment periods in terms of energy saving
measures of the use of renewable heating technologies.
As the number of policy measures to combat climate change increases, the question of policy
interaction becomes more important. The scenario analysis on the interaction between the EU
ETS and the German FIT system in this report illustrates that if countries are joined through
an emission trading system, national policy tools can have an impact on all participating
countries. The German support scheme for renewable electricity can facilitate compliance
with the ETS reduction targets as it entails a dampening effect on certificate prices. At the
same time, however, no additional emission reduction on the EU level is induced and emission reduction becomes less cost efficient given the fact that the expansion of renewable electricity generation in Germany constitutes a comparatively expensive abatement option.
The scenario comparison on different policy instruments for renewable electricity indicates
that with technology-neutral support schemes that strictly adhere to the principle of cost efficiency the generation cost of renewable electricity in Germany could be reduced considerably. Yet, as these systems are associated with high profits for renewable generators, it cannot
be ensured that electricity consumers benefit from such a scheme. Thus, in addition to paying
attention to cost efficiency, a technology-specific design can help to limit the cost burden of
the promotion of renewable electricity.
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Annex A: Additional scenario assumptions
Table A-1:

Long-term own-price elasticities for the different demand categories (used
from 2020 onwards; based on the 2010 version of the ETSAP-TIAM model
(cf. ETSAP 2011))

Demand category
Industry

Price increase

Price reduction

-0.1

-0.1

-0.1

0

Tertiary sector
Space heat
Hot water

-0.1

0

Lighting

-0.15

0

ICT

-0.05

0

Air conditioning

-0.15

-0.05

Other appliances

-0.05

0

Space heat

-0.05

0

Hot water

-0.05

0

Lighting

-0.1

0

Cooking

0

0

Refrigeration

-0.05

-0.03

Clothes Washing

-0.05

0

Air conditioning

-0.15

-0.05

Other appliances

-0.2

-0.05

Passenger transport

-0.15

-0.05

Freight transport

-0.15

-0.05

Residential sector

Transport

Table A-2:

Technological and economic parameters for renewable electricity generation
technologies - hydro power (based on Kaltschmitt et al. 2006, Remme 2006)

New installation (large)
Capacity

MW

2015
20

2020
20

2030
20

Lifetime

a

80

80

80

h/a

5500

5500

5500

€2007/kW

5800

5800

5800

€2007/kWa

87.0

87.0

87.0

MW

2015
3

2020
3

2030
3

Availability
Investment cost
Fix O&M cost

a

New installation (small)
Capacity
Lifetime
Availability
Investment cost

a

80

80

80

h/a

5000

5000

5000

€2007/kW

4140

4140

4140

Fix O&M cost

€2007/kWa

103.5

103.5

103.5

Modernisation
Investment cost

€2007/kW

1500

1500

1500

a

Higher investment costs for larger plants are mainly due to strict environmental protection
rtrequirements (cf. Kaltschmitt et al. 2006, p. 378).
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Technological and economic parameters for renewable electricity generation
technologies - solar photovoltaics (based on Wissel et al. 2010, BSW-Solar
2013, BMU 2012c, BMU 2011)

Rooftop installation
Lifetime
Availability
Investment cost
Fix O&M cost

a

2015
25

2020
25

2030
25

h/a

930

930

930

€2007/kW

1800

1550

1450

€2007/kWa

27.0

23.3

21.8

a

2015
25

2020
25

2030
25

h/a

1000

1000

1000

€2007/kW

1640

1415

1245

€2007/kWa

24.6

21.2

18.7

Freestanding installation
Lifetime
Availability
Investment cost
Fix O&M cost

Table A-4:

Technological and economic parameters for renewable electricity generation
technologies - wind onshore (based on Blesl et al. 2012, Wissel et al. 2010,
Remme 2006)

New installation
2015

2020

2030

a

20

20

20

Availability
t(wind velocity 4-5 m/s)

h/a

1500

1500

1500

Availability
t(wind velocity 5-6 m/s)

h/a

2200

2200

2200

Availability
t(wind velocity > 6 m/s)

h/a

2900

2900

2900

€2007/kW

1000

940

870

€2007/kW

320

320

320

€2007/kWa

50

50

50

Lifetime

Investment cost
Ancillary cost
t(grid connection,…)
Fix O&M cost
Repowering
Assumption:
a

cf. Rehfeldt und Gerdes (2005)

Ancillary investment cost is reduced by one third (as
the infrastructure of the original installation is used). a
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Table A-5:

Technological and economic parameters for renewable electricity generation
technologies - wind offshore (based on Blesl et al. 2012, IER et al. 2010, BMU
2012c)

Location type 1
Distance to shore

km

2015
40

2020
40

2030
40

Water depth

m

25

25

25

Lifetime

a

20

20

20

h/a

3600

3600

3600

€2007/kW

2800

2300

2050

€2007/kW

226

226

226

€2007/kWa

166

139

125

Distance to shore

km

2015
30

2020
30

2030
30

Water depth

m

30

30

30

Lifetime

a

20

20

20

h/a

3500

3500

3500

€2007/kW

2800

2300

2050

€2007/kW

231

231

231

€2007/kWa

167

139

125

Distance to shore

km

2015
80

2020
80

2030
80

Water depth

m

35

35

35

Availability
Investment cost
Ancillary cost
t(grid connection & foundation)
Fix O&M cost
Location type 2

Availability
Investment cost
Ancillary cost
t(grid connection & foundation)
Fix O&M cost
Location type 3

Lifetime

a

20

20

20

h/a

3800

3800

3800

€2007/kW

2800

2300

2050

€2007/kW

443

443

443

€2007/kWa

178

151

137

Distance to shore

km

2015
120

2020
120

2030
120

Water depth

m

40

40

40

Lifetime

a

20

20

20

h/a

4000

4000

4000

€2007/kW

2800

2300

2050

€2007/kW

621

621

621

€2007/kWa

188

161

147

Availability
Investment cost
Ancillary cost
t(grid connection & foundation)
Fix O&M cost
Location type 4

Availability
Investment cost
Ancillary cost
t(grid connection & foundation)
Fix O&M cost

Annex A
Table A-6:

81

Technological and economic parameters for renewable electricity generation
technologies - solid biomass (based on Blesl et al. 2012, IER et al. 2010, BMU
2012c)

Condensing plant
Capacity

MW

2015
20

2020
20

2030
20

Lifetime

a

30

30

30

Efficiency

%

34

35

36

Availability
Investment cost
Fix O&M cost
Variable O&M cost

h/a

7000

7000

7000

€2007/kW

750

700

700

€2007/kWa

37.5

35.0

35.0

€2007/MWh

2.8

2.8

2.8

MW

2015
6

2020
6

2030
6

CHP plant
Capacity
Lifetime

a

30

30

30

Max. electrical efficiency

%

26

26

27

Electrical efficiency at max.
theat extraction

%

20

20

21

Thermal efficiency at max.
theat extraction

%

61

62

62

h/a

5000

5000

5000

Availability

€2007/kW

3150

2900

2850

Fix O&M cost

€2007/kWa

171

171

171

Variable O&M cost

€2007/MWh

3.2

3.2

3.2

2020
0.5

2030
0.5

30

30

Investment cost

ORC block heating and power station
Capacity

MW

2015
0.5

Lifetime

a

30

Electrical efficiency

%

15

16

17

Thermal efficiency

%

71

71

71

Availability

h/a

4500

4500

4500

€2007/kW

5300

4900

4700

Fix O&M cost

€2007/kWa

160

160

160

Variable O&M cost

€2007/MWh

2.6

2.6

2.6

Investment cost

CHP, wood gasification (circulating fluidized bed)
Capacity

MW

2015
2

2020
2

2030
2

Lifetime

a

30

30

30

Max. electrical efficiency

%

41

41

42

Electrical efficiency at max.
theat extraction

%

36

36

38

Thermal efficiency at max.
theat extraction

%

45

45

45

h/a

5000

5000

5000

€2007/kW

4150

3650

3400

Fix O&M cost

€2007/kWa

300

150

150

Variable O&M cost

€2007/MWh

3.0

3.0

3.0

Availability
Investment cost
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Table A-7:

Technological and economic parameters for renewable electricity generation
technologies - biogas (based on IER et al. 2010, Wissel et al. 2010, BMU
2012c)

Condensing plant
Capacity

MW

2015
2

2020
2

2030
2

Lifetime

a

20

20

20

Efficiency

%

38

38

39

Availability

h/a

6000

6000

6000

Investment cost

€2007/kW

760

713

713

Fix O&M cost

€2007/kWa

49.4

46.3

46.3

Variable O&M cost

€2007/MWh

2.3

2.3

2.3

Block heating and power station
Capacity

MW

2015
0.5

2020
0.5

2030
0.5

Lifetime

a

15

15

15

Electrical efficiency

%

33

34

34

Thermal efficiency

%

50

51

52

Availability

h/a

4500

4500

4500

€2007/kW

800

750

750

Fix O&M cost

€2007/kWa

52.0

48.8

48.8

Variable O&M cost

€2007/MWh

2.4

2.4

2.4

MW

2015
0.3

2020
0.3

2030
0.3

Investment cost

Fuel cell (MCFC)
Capacity
Lifetime

a

10

10

10

Electrical efficiency

%

48

48

49

Thermal efficiency

%

34

36

36

h/a

4500

4500

4500

€2007/kW

6000

3250

1000

Availability
Investment cost
Fix O&M cost
Variable O&M cost

Table A-8:

€2007/kWa

490

105

105

€2007/MWh

24.0

24.0

24.0

Technological and economic parameters for renewable electricity generation
technologies - liquid biomass (based on IER et al. 2010, Wissel et al. 2010,
BMU 2012c)

Vegtable oil block heating and power station
Capacity

MW

2015
0.11

2020
0.11

2030
0.11

Lifetime

a

15

15

15

Electrical efficiency

%

36

37

37

Thermal efficiency

%

46

47

47

Availability

h/a

4500

4500

4500

€2007/kW

1100

1100

1050

Fix O&M cost

€2007/kWa

71.5

71.5

68.3

Variable O&M cost

€2007/MWh

1.9

1.9

1.9

Investment cost
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Technological and economic parameters for renewable electricity generation
technologies - geothermal energy (based on Wissel et al. 2010, Kruck et al.
2009, Fritsch 2008)

ORC power plant, Hot-Dry-Rock
Capacity

MW el
a

Lifetime

2015

2020

2030

4.5

4.5

4.5

25

25

25

Efficiency

%

10.5

11.5

12.5

Availability

h/a

6000

6500

6500

€2007/kW el

7839

7839

6626

Fix O&M cost

€2007/kW ela

314

314

265

Var. O&M cost

€2007/MWh

1.2

1.2

1.2

2015
4.5

2020
4.5

2030
4.5

25

25

25

%

10.5

11.5

12.5

Electrical efficiency at max.
theat extraction

%

10.0

11.0

12.0

Thermal efficiency at max.
theat extraction

%

55.0

55.0

60.0

h/a

6000

6500

6500

€2007/kW el

7939

7939

6726

€2007/kW ela

318

318

269

€2007/MWh
ORC power plant, hydrothermal

1.2

1.2

1.2

2015
4.5

2020
4.5

2030
4.5

Investment cost

ORC CHP plant, Hot-Dry-Rock
Capacity

MW el
a

Lifetime
Max. electrical efficiency

Availability
Investment cost
Fix O&M cost

a

Var. O&M cost (electricity)

Capacity

MW el
a

Lifetime

25

25

25

Efficiency

%

9.5

10.5

11.5

Availability

h/a

6000

6500

6500

€2007/kW el

6980

6980

5900

Fix O&M cost

€2007/kW ela

279

279

236

Var. O&M cost

€2007/MWh

1.2

1.2

1.2

2015
4.5

2020
4.5

2030
4.5

25

25

25

%

9.5

10.5

11.5

Electrical efficiency at max.
theat extraction

%

9.0

10.0

11.0

Thermal efficiency at max.
theat extraction

%

49.5

50.0

55.0

h/a

6000

6500

6500

€2007/kW el

7080

7080

6000

€2007/kW ela

283

283

240

€2007/MWh

1.2

1.2

1.2

Investment cost

ORC CHP plant, hydrothermal
Capacity

MW el
a

Lifetime
Max. electrical efficiency

Availability
Investment cost
Fix O&M cost

a

Var. O&M cost (electricity)
a

Investment cost for additional heat generation are assumed at 100 €/kW, based on Kabus et al. (2003).
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Table A-10: Technological and economic parameters for electricity storage technologies
(based on BMU 2010, dena 2010a, dena 2010b, VDI 2009, ISE et al. 2009)
Pump storage power plant
2015

2020

2030

Lifetime

a

80

80

80

Availability factor

%

98

98

98

Efficiency

%

73

76

76

Investment cost

€2007/kW

650

650

650

Fix O&M cost

€2007/kWa

19.5

19.5

19.5

2015

2020

2030

Diabatic compressed air energy storage (CAES)
Lifetime

a

40

40

40

Availability factor

%

95

95

95

Plant efficiency

%

54

54

54

kWh

0.69 (elec) /
1.17 (gas)

0.69 (elec) /
1.17 (gas)

0.69 (elec) /
1.17 (gas)

Investment cost

€2007/kW

600

600

600

Fix O&M cost

€2007/kWa

18.0

18.0

18.0

Advanced adiabatic compressed air energy storage (AA-CAES)
2015
2020

2030

Energy input for 1kWhel

Lifetime

a

40

40

40

Availability factor

%

95

95

95

Efficiency

%

68

70

70

Investment cost

€2007/kW

750

750

750

Fix O&M cost

€2007/kWa

22.5

22.5

22.5

2015

2020

2030

Sodium–sulfur battery (NaS)
Lifetime

a

8

8

8

Availability factor

%

98

98

98

Efficiency

%

82.5

85

90

Investment cost

€2007/kW

1200

1100

1000

Fix O&M cost

€2007/kWa

12

11

10
2030

Redox flow battery
2015

2020

Lifetime

a

12

12

12

Availability factor

%

98

98

98

Efficiency

%

77.5

80

80

Investment cost

€2007/kW

2000

1900

1600

Fix O&M cost

€2007/kWa

20

19

16

2015

2020

2030

30

30

30

Hydrogen storage
Lifetime (converter)

a

Lifetime (storage)

a

40

40

40

Availability factor

%

95

95

95

Efficiency (converter)

%

67

70

70

Investment cost (converter)

€2007/kW

1485

1250

750

Investment cost (storage)

€2007/kW

300

300

300

Fix O&M cost (converter)

€2007/kWa

44.6

37.5

22.5

Fix O&M cost (storage)

€2007/kWa

9

9

9
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Table A- 11: Electricity grid expansion cost due to the increase in generation from wind
energy and solar photovoltaics - transmission grid (based on dena 2005, dena
2010a, EC 2011)
Capacity of PV and wind
(onshore+offshore) plants
[MW]

Specific grid
expansion costs
[€2007 /kW]

Step1

≤ 32500

0

Step2

> 32500; ≤ 45400

97.5

Step3

> 45400; ≤ 61000

195

Step4

> 61000

400

Table A- 12: Electricity grid expansion cost due to the increase in generation from wind
energy and solar photovoltaics - distribution grid (based on BDEW 2011, EC
2011)
Capacity of PV and wind
onshore plants
[MW]

Specific grid
expansion costs
[€2007 /kW]

Step1

≤ 32500

0

Step2

> 32500

500

Table A-13: District heat potential from geothermal energy and associated grid expansion
cost (based on Blesl 2011)
District heat potential
from geothermal energy
[TWh]

Expansion cost for
district heat grid
[€2007/kW]

Grid
losses

Step 1

4.4

0

5%

Step 2

21.8

562

10%

Step 3

29.0

692

15%

Step 4

45.9

930

20%

86
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Figure A-1: Cost potential curves for the provision of various types of solid biomass (based
on Remme 2006)

