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Special Report

BUSINESS MODEL FOR
RENEWABLE ENERGY
Norman Gerhardt, Fabian Sandau, Carsten Pape

The cost of switching to renewable energy
The switchover to renewable energy is currently dominated by
Traffic
26 %

the public and political debate about the cost. Much overlooked
is the fact that the switchover to electricity generation from re-

Electricity
14 %
Electricity
39 %

Traffic
46 %

newables is in fact an economically viable and low-risk project.

Heat
40 %

In order to investigate this point, Fraunhofer IWES carried out

Heat
35 %

detailed analyses in an internal project [1].
In order to analyze the “business model for renewable energy“,

Primäry energy costs
83 bn. €

Primary energy demand
3,610 TWh

a comparison must be made between the investment in new,
capital-cost intensive renewable technologies and the savings

Figure 1: Share and cost of primary energy for power, heating, and

from old, operating-cost intensive technologies that use fossil

transport (temperature-adjusted, excluding non-energetic consump-

fuels. Future renewable energy supply systems here will be

tion)

dominated by wind and solar energy. Besides primarily being
used for power generation, these sources will also cover the
energy requirements for transport and heating. The detailed
calculations of Fraunhofer IWES show that the cost of the
overall switchover to renewable energy is acceptable, even with

2050
Demand and connection

Today

very conservative assumptions and even if no increases in fuel
costs and no costs for CO2 emissions are taken into account.

Current imports of energy sources and distribution by sector

Electricity

Efficiency

Heat

Efficiency

Traffic

Efficiency

Electricity

Heat pump
Power-to-Heat

Heat

Primary energy consumption in Germany in 2011 totaled
3772 TWh, with 285 TWh of this accounting for non-energy
usage, namely for material utilization. The annual cost of the

Traffic

electric mobility
Power-to-Gas

energy sources is ca. 96 billion euros. The majority of the
energy sources have to be imported. This costs 87 billion euros

Figure 2: Increasing importance of electricity generated from rene-

and hence accounts for ca. 90% of the primary energy costs.

wables for heating and transport

Although the share of primary energy requirement for power
generation is similar to the shares for heating and transport
(see Figure 1), the costs are relatively low. In contrast, oil and
gas are expensive and are dificult to substitute. These energy
sources are mostly used for transport and heating.
The current cost-beneit debate about the switchover to renewables is strongly focused on the power sector. In the power
sector, however, expansion of electricity generation from
renewables brings very little cost-saving because mainly coal
and nuclear sources are replaced. That is why today there are
© Fraunhofer IWES
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Energy
system design
Germany
Sector
Primary energy
(today)

Prospective demand
for electricity

Electricity

Traffic
740 TWh
(without electricity)

Final electrical
energy (today)

Non electricity
based fuel
210 TWh

Derivation of a 100% renewable energy scenario
for 2050

Primary energy demand 3,610 TWh
Heat
1,480 TWh
(without electricity)

1,390 TWh
15 TWh

No conversion
loss with
electric cars
and
overhead line
trucks

340 TWh

A 100% renewable energy scenario for 2050 has been de-

180 TWh

No conversion
loss with wind,
photovoltaic
and
use efficiency

rived for autarchic energy provision in Germany. This scenario

Use of ambient heat
(heat pump),
heat insulation and
optimized heating
technology

Non electricity
based energy sources
300 TWh

Ambient heat
220 TWh

120 TWh

315 TWh

330 TWh

fully balanced the application areas and fuel utilization paths
(Figure 3). This resulted in an electricity requirement of ca.
1,000 TWh. This requires realization of the potential eficiencies
via very high electriication and full utilization of the potential
of electric cars and overhead line trucks and very high utilization

Concerning
all sectors:
Power-to-gas
235 TWh

of heat pumps (75% of the low temperature requirement). In

Prospective electricity demand
1,000 TWh
Prospective demand for
electricity in traffic sector
330 TWh

Wind + PV
915 TWh

Other Renewables
85 TWh

Prospective demand for
electricity in heat sector
850 TWh

the area of high temperature process heat, high amounts of
electricity are used for steam generation (power-to-heat).

Figure 3: Electricity requirement in a 100% renewable energy scenario (power-heating-transport) without non-energetic consumption

The success of electricity generation from renewables also
depends on considerable eficiencies being made, such as
reduction of traditional electricity consumption by 25%, as
speciied in the energy scenario [2]. Measures such as insulating

high differential costs (e.g. REA surcharge) – but this argument

buildings, eficiency increases for industrial process heat and in

is too short-sighted.

the transport sector, more eficient heating technologies, and
substantial utilization of waste heat (see [3]) will allow the pri-

In the future, wind energy and solar energy will be the primary

mary energy consumption of ca. 3900 TWh (ca. 2400 TWh end

energy sources and electricity for heating and transport must

energy) to be reduced to 1500 TWh end energy. The residual

also be generated from renewable sources (Figure 2).

requirement for chemical energy sources will be covered by
power-to-gas (electricity, heating, transport) and by mineral oil

Holistic consideration of all sectors is hence vital in order to

(non-energetic consumption).

determine the beneicial macro-economic effects of expansion
of the necessary infrastructure.

Scenario for 100% renewable energy in all sectors
Based on the electricity requirement and the available renew-

In order to realize these macro-economic beneits, there must

able energies, a renewable energy mix was identiied which

be eficient electricity usage for transport and heating in order

minimized the luctuations in the residual load and which was

to replace the high-cost primary energy sources and reduce the

able to cover the requirements. A viable energy mix under

differential costs for the power sector. In order to meet the elec-

these conditions was found to be 50 GW offshore wind energy,

tricity requirements of all sectors, the preliminary investment

180 GW onshore wind energy, and 200 GW photovoltaic

must focus on dynamic expansion of the power sector. Only by

energy. Hydroelectric power is already almost fully utilized and

considering all these aspects is it possible to perform a detailed

only makes a small overall contribution to electricity generation.

cross-sector cost-beneit analysis.

Biomass utilization is already at a high level. It is assumed here
that this remains constant in the power-heating-transport
sectors. Based on the quantity of energy, the energy generation
from luctuating renewable sources comprises 22% PV, 26%
offshore wind, and 52% onshore wind (Figure 4).
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The required energy system infrastructure for the energy con-

Others
12

Water
24

sumption and energy generation mix was then determined. The
integration of the renewable energy utilized the lexibility of

Biomass
50

thermal power stations, grids, energy storage systems, pow-

Electricity
production
[TWh/a]

er-to-heat converters, and electricity-to-material converters.
Depending on the electricity requirement (Figure 3), this also

5,2
2,9

includes E-cars, overhead line trucks, electric heat pumps, pow-

50
PV
190

er-to-heat systems, local battery storage, and the utilization of

Installed
power [GW]

power-to-gas.

Wind onshore
486

180

Required investment

200

For this scenario, Fraunhofer IWES used literature surveys and

50

its own experience of the power generating sector to determine
the differential costs, namely additional costs, compared with
Wind offshore
240

continuing the status quo (reference scenario). Summing these
costs, taking into account the increase in the number of wind
turbines and the repowering necessary up to 2050, indicates
that an investment of 1500 billion euros (Figure 5) is required,
excluding capital costs.

Figure 4: Selected mix of renewables for 100% renewable energy
generation (with consideration of partial downpowering of renewa-

Industrial-political implications

ble energy installations)

In order to meet the 2°C target, 100% renewable energy
generation must be achieved by 2050. In order to ensure there
400

is also a continuous transition between the construction of new

350

the construction must be largely complete by 2040. Otherwise

300

considerable generating capacity would have to be built to

250

meet the 2050 target which, in the phase after 2050, would no
longer require repowering and would lead to unnecessary costs.
This situation is clearly shown in Figure 6 for the expansion of

Costs [Bn. €]

WTs and the repowering of existing WTs, including after 2050,

PV
Wind onshore
Wind offshore
Modernising insulation of buildings
Cost of infrastructure
Electric mobility
Power-to-Gas and other accumulator
Heat pump

200
150
100

onshore wind energy.
50

In order to operate a 180 GW wind farm continually, assuming

0

a WT service life of 20 years, repowering of 9 GW per year
will be necessary in the future (today ca. 3 GW/year). Only

Figure 5: Required investment from 2011 to 2050

be expanding the generating capacity by ca. 2030 to the
future requirement of 9 GW/year will a continuous transition
between new WT construction and repowering be possible.
Likewise, for the expansion of offshore wind energy (service
life of 20 years) and photovoltaic installations (service life of
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Annual installed capacity [GW/a]

8
7

180

30 years), new additional generating capacity of 2.5 GW/year

150

and 6.7 GW/year respectively is necessary.

120

6
5
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Total installed capacity [GW]
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Repowering
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Figure 6: Required new wind turbines and repowering of onshore
wind turbines up to 2050

The numbers also suggest that more than 90% of the renewable energy infrastructure must be constructed by 2040. This
demonstrates furthermore how little lexibility there is with
regard to expansion of renewable energy generation if the 2°C
is to be met.

Modeling the cost of the switchover to renewables
Based on the assumptions for the end energy requirement in
2050, a holistic scenario can be derived to describe the energy
requirements, generating costs, and investment costs for the

100
80

Investment and revenue [Bn. €]

60

40

new infrastructure for the whole period from 2011 to 2050. To
Credit note by fuel savings
PV
Wind onshore
Wind offshore
Costs of infastructure
Electric mobility
Power-to-Gas and other accumulator
Heat pump
Modernising insulation of buildings
Contribution margin (without capital cost)

evaluate the economic viability of the overall project, the residual value of the investments in 2050 must also be considered.
For this, solely the residual values of the wind turbines and PV
installations were considered. This is therefore a conservative
assumption.

20

The expansion of renewable energy generation initially largely
replaces fossil fuel based energy generation, which only makes

0

up a small fraction of the primary energy costs. In addition,

-20

being relatively new, these technologies still have high investment costs. This means that initially the differential costs are

-40

high. In order to realize the macro-economic beneits, there
-60
2010

2015

2020

2025

2030
2035
Szenariojahr

2040

2045

2050

must be eficient electricity usage for transport and heating in
order to replace the high-cost primary energy sources and re-

Figure 7: Costs, excluding capital costs, and revenues assuming a

duce the differential costs for the power sector. There is hence

constant primary energy price

a need to use renewable energy for transport and heating at
an early stage. Therefore, the expansion of renewable energy
generation for power usage must only be viewed as the initial
inancing step. Figure 7 compares the annual investment costs
for expansion of renewable energy generation (downward bars)
and the saved primary energy costs (green, upward bars). The
calculated investment costs for the 100% electricity generation
from renewables scenario over a period of 40 years indicate
that from 2030 (namely after ca. 20 years) there are positive
contributions to proit, if interest rates and capital costs are not
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considered. The required initial inancing is 383 billion euros. In

Literature

2050 there is signiicant inancial gain because the savings for
fossil fuels are many time greater than the ongoing investment
for wind turbine repowering.

[1]: Gerhardt, N.; Sandau, F.; Zimmermann, B.; Pape, C.;
Boinger, S.; Hoffmann, C. (2014): Geschäftsmodell Energiewende – Eine Antwort auf das „Die-Kosten-der-En-

On taking account of an interest rate on borrowed capital,

ergiewende“-Argument. Studie des Fraunhofer IWES.

there is a delay in achieving a positive contribution to proit.

http://www.iwes.fraunhofer.de/content/dam/iwes/de/

Assuming this interest rate is 2%, a positive contribution to
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proit can be achieved from 2035 onwards (namely after ca.

wende_IWES_20140131_inal.pdf

25 years). The required initial inancing is 501 billion euros.

[2]: Das Energiekonzept der Bundesregierung 2010.
(25% Stromverbrauchsminderung)

The economic viability of the overall project becomes even
more evident if increasing primary energy costs are assumed in
the climate protection model of the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU) [4].

[3]: Langfristszenarien und Strategien für den Ausbau der erneuerbaren Energien in Deutschland bei Berücksichtigung
der Entwicklung in Europa und global; BMU, 03.2012
[4]: Klimaschutzszenario 2050, Rahmendaten. Öko-Institut

This scenario attains proitability sooner. Positive contributions

und Fraunhofer ISI. BMU-gefördertes Projekt, unveröffen-

to proit occur after just 15 years (without considering interest)

tlicht.

or 18 years (with consideration of interest on borrowed capital). The required initial inancing is 295 billion euros. without
considering interest and 356 billion euros taking interest into
account.

Results
The conclusion that can be drawn from these initial considerations is that inancing the 100% renewable energy project is
feasible, even with very conservative assumptions (no increase
in fossil fuel prices, no costs for CO2 emissions). Assuming a
constant price for primary energy at 2011 levels and constant
residual values, there are interest payments of 2.3% for the
full investment (inlation-adjusted). If price increases for oil and
natural gas are taken into account, the proitability is enhanced
and reaches values of 6.7% (inlation-adjusted) for the price
increases speciied in the climate protection model.
Even very ambitious climate change goals (requiring 100%
energy generation from renewables) are economically feasible,
and particularly so if increases in primary energy costs and costs
for CO2 emissions are expected. The “cost of renewable energy
generation“ should therefore not be the sole factor for political
decisions on climate change.
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