
Comparing the Cost of Low- 
Carbon Technologies: What 
is the Cheapest Option?
 
An analysis of new wind, solar, nuclear and CCS based 
on current support schemes in the UK and Germany

Analysis

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Generation from gas
(in GW, balancing residual load)

Generation from PV
(in GW, installed capacity 1.25 GW)

Generation from nuclear
(in GW, installed capacity 0.58 GW)

Generation from wind onshore
(in GW, installed capacity 1.25 GW)

G
W

Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su



Comparing the Cost of Low-
Carbon Technologies: What 
is the Cheapest Option?

iMPRinT

ANALYSIS
Comparing the Cost of Low-Carbon Technologies: 
What is the Cheapest Option? 

An analysis of new wind, solar, nuclear and CCS based 
on current support schemes in the UK and Germany

COMMISSIONED BY  
Agora Energiewende
Rosenstrasse 2 | 10178 Berlin | Germany

Project lead:
Daniel Fürstenwerth
daniel.fuerstenwerth@agora-energiewende.de

STUDY BY 
Prognos AG 
Goethestrasse 85 | 10623 Berlin | Germany
Matthias Deutsch
Leonard Krampe
Frank Peter 
Silvan Rosser

Typesetting:
Maren Rabe, www.marenrabe.com

Proof reading:
Genial Translations, Berlin

Cover:
Own illustration

037/03-A-2014/En

Published April 2014



1

Dear reader,

Two decades of technological development have led to a 
strong reduction in the cost to produce power from wind 
and solar energy. The roughly 80 percent reduction in the 
feed-in tariff  for solar power in Germany witnessed over 
the past fi ve years demonstrates this fact. But how competi-
tive are wind and solar power today in comparison to other 
low-carbon technologies? In view of Europe’s ambition to 
achieve the cost-eff ective decarbonization of the power 
sector, we believe this question is highly relevant. 

We have therefore asked Prognos AG to compare the current 
cost of diff erent low-carbon technologies, based on current 

technology specifi c support schemes, and taking into full 
account the reliability of the power system. 

The comparison of costs presented here is only a snapshot 
of the current situation. Policy choices and technological 
developments will infl uence future cost trends for all tech-
nologies. With this snapshot we hope to contribute to a fact-
based debate on diff erent policy options. 

Yours,
Patrick Graichen
Executive Director of Agora Energiewende

Preface

-

Korrektur der Standortbewertung: Minderertrag durch Abregelungen und Parkwirkungsgrad berück-
sichtigen. Durch kleine Korrekturen im Verfahren zur Standortbewertung kann einer möglichen 
Fehleinstufung zum Beispiel durch verzögerten Netzausbau vorgebeugt sowie ein Anreiz zum Bau 
von übermäßig dichten Windparks mit Parkwirkungsgraden unter 90 Prozent vermieden werden.

Absicherung gegen mögliche Gefahr von Manipulation.
Ein relevanter Anreiz zu einer Manipulation der Standortbewertung besteht nur in wenigen Fällen 
an sehr guten Standorten. Geeignete Maßnahmen mit wenig Zusatzaufwand sind daher zu 
ergreifen, wie zum Beispiel die Möglichkeit einer fallspezifischen zusätzlichen Kontrolle.

1.

2.

3.

4.

New wind and solar can provide carbon-free power at up to 50 percent lower generation costs than new 
nuclear and Carbon Capture and Storage. This is the result of a conservative comparison of current feed-in 
tari­s in Germany with the agreed strike price for new nuclear in the UK (Hinkley Point C) and current cost 
estimates for CCS, neglecting future technology cost reductions in any of the four technologies.

A reliable power system based on wind, solar and gas backup is 20 percent cheaper than a system of new 
nuclear power plants combined with gas. A meaningful comparison of the costs of di­erent energy techno-
logies should take into account the need for backup capacities and peak load plants. Such a comparison 
shows that while additional costs arise for backup gas capacity in a system based on wind and solar PV, 
these costs are small compared to the higher power generation cost of nuclear.

Key fi ndings at a glance
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clear power due to technological advancements and asso-
ciated cost reductions, even if nuclear can make up some 
ground through cost reductions.

→→ Some EU Member States are considering the construc-
tion of new nuclear power plants, whereas others favour 
the expansion of renewable energy or Carbon Capture and 
Storage (CCS). All claim to bring down costs and enhance 
energy security.  

→→ Of the three low-carbon technologies under discussion 
– renewables, nuclear, and CCS – we find that currently 
the cheapest technologies are wind and solar photovolta-
ics (PV). Today’s feed-in tariffs for wind and PV in Ger-
many are up to 50 percent lower than those offered for 
new nuclear in the UK according to the Hinkley Point C 
agreement. This comparison does not consider future cost 
reductions.  

→→ For CCS, currently no real cost figures are available, since 
this technology is still in its demonstration phase, and the 
first commercial plants are not expected to be operational 
before 2020. The latest studies estimate CCS to cost about 
as much as new nuclear power or more.  

→→ Simple cost measures for individual technologies such as 
the levelized cost of electricity (LCOE) fail to consider the 
higher-priority requirement of power system stability.  
A comparison of renewables and nuclear power must take 
the needed backup capacity for renewable energy sources 
into account in order to arrive at more meaningful cost 
estimations for the power generation system. Moreover, 
nuclear power plants are never used to cover full demand 
but are always accompanied by flexible peak load plants. 
Therefore, a low-carbon system cost comparison needs to 
contrast a mix of wind, solar and gas with nuclear and gas. 

→→ Cost estimates for power generation systems show that 
even today and under conservative assumptions, a gen-
eration mix consisting of PV, onshore wind and gas is 
approximately 20 percent less expensive than a mix con-
sisting of new nuclear power (based on the Hinkley Point 
C agreement) and gas. In the future, renewables are likely 
to become even more competitive in comparison to nu-

1	 Overview



Agora Energiewende | Comparing the Cost of Low-Carbon Technologies: What is the Cheapest Option?

6



ANALYSIS | Comparing the Cost of Low-Carbon Technologies: What is the Cheapest Option?

7

Mandatory renewable energy targets have been set for EU 
Member States for the period until 2020. After 2020, how-
ever, things are less clear (EC 2014). Member States’ prefer-
ences and perceptions on how to best pursue greenhouse 
gas emission reductions in the power sector vary consider-
ably. Many emphasize the importance of renewable energy 
sources, whereas others see a significant role for new nu-
clear power stations or Carbon Capture and Storage (CCS). 
For example, the UK government recently concluded an 
agreement with a group of companies on the key conditions 
for a proposed investment contract for the Hinkley Point C 
nuclear station (“HPC agreement”).1 This planned project is 
supposed to start the process of replacing the existing fleet 
of nuclear power stations in the UK. Furthermore, the UK 
government issued funding contracts for the next phases of 
two CCS demonstration projects (“White Rose” and “Peter-
head”). Final government funding decisions in this connec-
tion are expected in 2015 (UK Government 2013a, b). 

Apart from questions related to externalities and the risks 
associated with different power generation technologies, 
the arguments revolve around cost and energy security. 
While wind and solar energy installation costs are becom-
ing more and more competitive, the power from these tech-
nologies is variable in nature and cannot be easily compared 
to the firm capacity secured by dispatchable power plants. 
Simple cost measures for individual technologies such as 
the levelized cost of electricity (LCOE) do not take into ac-
count the fact that variable PV and wind depend on backup 
capacities, as they are not capable of supplying the market 
at any given time. Therefore, a meaningful comparison must 
take this needed backup capacity for renewable energy 
sources into account.

For CCS, no cost figures based on actual experience are 
available since there is currently no commercial power plant 
with CCS in operation (IEA 2013). Of the 12 CCS demonstra-

1	 In what follows, the HPC agreement is also  
referred to as “new nuclear power”.

tion plants in Europe that the EU Commission envisaged in 
2008, two projects in the UK are still being actively pursued: 
White Rose, a coal-CCS plant, and Peterhead, a gas-CCS 
plant. Both have won the latest tender of the UK government 
to receive funding for the next planning phase. In 2015, the 
UK government is expected to make its final decision on 
the financing of these projects. Both projects are supposed 
to contribute to the objective of achieving cost-competitive 
CCS technology in the 2020s (UK Government 2013b). The 
comparisons conducted in this analysis rely on the latest 
available CSS cost estimates from studies commissioned by 
the UK Department of Energy and Climate Change.

Against this background, the present analysis aims to con-
duct a fair comparison of low-carbon technologies for 
power generation. It seeks to answer two questions:

→→ Which of the key low-carbon technologies – new wind, 
new solar PV, new nuclear and new CCS – produce elec-
tricity at the lowest cost?  

→→ What is the cheapest low-carbon technology mix when 
accounting for the variability of wind and PV by includ-
ing the cost of adequate backup capacity? 

To answer these questions, this paper 

1.  compares publicly stated remuneration levels for new PV, 
wind (in Germany) and nuclear power (in the UK),  

2. contrasts the remuneration paid for renewable energy 
sources with the levelized cost of electricity from fossil-
based power generation technologies with CCS, and  

3. estimates system cost for different portfolios of power 
generation technologies, namely a mix with variable re-
newable energy sources and gas versus a mix with nuclear 
power and gas. 

2	 Background and approach
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point in time, more backup capacity is needed to provide the 
same security of supply. Combined-cycle gas power plants 
are used for intermediate loads and open-cycle gas turbine 
plants for peak loads. Our analysis of system costs does not 
include an option with CCS because commercial experience 
with CCS in Europe will not exist before 2020. 

The comparison of remuneration levels includes onshore 
wind, offshore wind, PV and new nuclear power. Remu-
neration levels for PV, onshore wind and offshore wind are 
drawn from the current German feed-in tariff, whereas 
levels for new nuclear power are taken from the contractual 
conditions of the HPC agreement. The two types of remu-
neration differ substantially. While the German feed-in tar-
iff involves nominal payments that lose real value over time, 
remuneration for new nuclear power is indexed to inflation 
so that the real value of payments remains stable. 

The levelized cost of electricity (LCOE) for fossil-based 
power generation technologies is drawn from the litera-
ture to supplement the remuneration levels described above. 
LCOE is a simple and widely used indicator of energy gen-
eration cost that calculates the unit electricity production 
cost of different technologies over their economic lifetime 
(OECD 2012). The LCOE depends on annual full-load hours 
and a given technology’s capital and operating costs. Cus-
tomarily, the LCOE of a given technology is covered by sup-
port scheme payments such as feed-in tariffs. In this way, 
remuneration levels can be seen as proxies for the LCOE. 
For the cost estimates provided in this paper it is therefore 
adequate to compare the remuneration levels for nuclear 
power and renewable energy with the LCOE of other power 
generation technologies. But since the LCOE for individual 
technologies provides only limited information, the scope of 
the analysis needs to be enlarged to encompass the power 
generation system. 

Estimating the system cost of different generation portfo-
lios answers the question whether an energy mix consist-
ing of nuclear power and gas or, alternatively, of renewable 
energy sources and gas results in lower total cost. To obtain 
such estimates, we analyse a German load profile. Covering 
the fluctuating load requires the supply of sufficient en-
ergy (MWh) as well as sufficient power generation capac-
ity (MW) at every point in time. The first option (with nu-
clear power and gas) features two dispatchable generation 
technologies, in which gas is needed for intermediate and 
peak loads. By contrast, the second option needs to address 
variable power generation from wind and PV. Since these 
plants cannot ensure sufficient power generation at every 
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This section presents two different kinds of cost figures. 
For new PV, wind and nuclear power, we draw on public 
figures for remuneration levels in Germany and the UK. For 
CCS, on the other hand, no such official figures exist. Since a 
commercial power plant with CCS has yet to go online (IEA 
2013), the estimates from the UK presented here are likely 
to mark the lower bound of CCS costs that will be realized in 
the future.2

2	 Since there is no commercial CCS experience in the UK, the CCS 
figures presented here represent “First of a kind” estimates for 
a commercial plant that assume experience has been gained 
from international and demonstration projects (DECC 2013).

3	 Comparing the cost of individual  
	 power generation technologies
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3.1	 Remuneration levels for PV and wind in 
	 Germany and new nuclear power in the UK 

Our comparison of remuneration levels for renewable energy 
sources and new nuclear power is based on the HPC agree-
ment. According to this agreement, a new nuclear power 
station will be constructed in the UK and generate electri-
city from 2023 onward. Once the reactor goes online, the 
firms carrying out the construction will receive payments 
of 92.50 GBP2012/MWh (about 112 euros2013/MWh), indexed to 
inflation, for 35 years (UK Government 2013a; ECB 2014a)3. 
Those 35 years serve as the reference time horizon for the 
comparison below. Given the long-term character of these 

3	 The HPC agreement refers to 2012 prices. Taking into account in-
flation (as expressed in the consumer price index), 92.50 GBP2012/
MWh equals 94.8 GBP2013/MWh (ONS 2014). Note that the remu-
neration for HPC may be reduced to 89.5 GBP2012/MWh if the group 
of companies takes the final investment decision on another new 
nuclear power station at the Sizewell C site (UK Government 2013).

payments in the framework of a “contract for difference”, they 
can be compared to the feed-in tariff payments for wind and 
solar energy in Germany, which span a time horizon of 20 
years.

Figure 1 illustrates the constant value of payments for nuclear 
power in the UK during the reference time frame, assuming a 
fixed exchange rate of 0.85 GBP/euros. By contrast, the value 
of payments for PV and onshore wind in Germany dimin-
ishes continuously. Under current German law, a new wind or 
PV plant receives a fixed feed-in tariff for 20 years, without 
any adjustment for inflation. Therefore, over time, the value 
of payments decreases in real terms. The inflation rate is as-
sumed to be 2 percent, which is consistent with the European 
Central Bank’s target for maintaining price stability (ECB 
2014b). To be compatible with the reference time horizon of 
35 years, a new wind or PV installation is assumed to be built 
after the first 20 years. For the second installation, the same 
level of feed-in tariff is assumed as for the first installation, 
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without any reductions in feed-in tariffs. This conservative 
assumption differs from current German law, which foresees 
a reduction of several per cent in nominal terms per year, de-
pending on the capacity installed.

New nuclear power is remunerated with a constant payment 
of 112 euros2013/MWh for 35 years. In contrast, large PV in 
Germany receives 96 euros2013/MWh at the beginning, which 
declines to 57 euros2013/MWh in the last year of operation. 
Similarly, onshore wind in Germany starts at 73 euros2013/
MWh and decreases to 44 euros2013/MWh. 

Overall, Figure 1 shows that PV and onshore wind remunera-
tion in Germany is considerably lower than the remuneration 
paid for new nuclear power in the UK, even without taking 
into account further cost reductions for PV and wind that are 
likely to occur due to future technological learning effects.

The development of remuneration over time can also be ex-
pressed as averages. Figure 2 depicts average remuneration 
in real euros2013/MWh over 35 years for new nuclear power in 
the UK, and PV, onshore wind and offshore wind in Germany. 
Payment ranges reflect different plant sizes (in the case of PV) 
and resource potentials within Germany (onshore wind). 

New nuclear power in the UK (as per the HPC agreement) will 
be remunerated with real 112 euros2013/MWh. In contrast, re-
muneration for utility-scale PV in Germany is 73 euros2013/
MWh, and for wind at high-quality sites 56 euros2013/MWh. 
Even the still very young technology of offshore wind, of 
which only 520 MW were installed in Germany as of January 
2014, receives a remuneration of 95 euros2013/MWh – that is, 
15 percent below the remuneration for new nuclear power. 

Overall, onshore wind at sites with a good resource potential 
and utility-scale PV cost substantially less than new nuclear 
power. 
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3.2	 LCOE for different fossil-based power  
	 generation technologies with CCS

For new fossil-based technologies, no official remunera-
tion payments by governments exist. Instead, different stu-
dies have estimated the costs of these technologies. Such 
individual cost are best expressed as the levelized cost of 
electricity (LCOE), and do not include any further cost com-
ponents relevant to the entire energy system, such as grid 
costs or costs of providing sufficient backup capacity.

Figure 3 presents the LCOE estimates of the UK Department 
of Energy and Climate Change for 2019. The LCOE for gas 
power plants with CCS amount to 112 euros2013/MWh. For 
power plants with coal CCS, the LCOE is estimated to reach 
126 euros2013/MWh (ASC with oxy combustion) or more (coal 
IGCC with CCS) (DECC 2013). Adding CCS to fossil-based 

plants will increase the cost of those power generation tech-
nologies.4 

4	 Gas CCGT, for example, is 10–25 percent cheaper with-
out CCS, as indicated in Table 2 in the appendix, 

	 depending on full-load hours and net efficiency.

Comparison of levelized cost of electricity for gas and coal power plants with CCS   � Figure 3
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3.3	 Summary: Remuneration and LCOE for  
	 individual low-carbon technologies

Figure 4 brings together the remuneration and LCOE figures 
from the two preceding sections. It shows average remune-
ration in euros2013  per MWh over 35 years for new nuclear 
power in the UK; for PV, onshore wind, and offshore wind in 
Germany; as well as the LCOE of gas/coal CCS. When pay-
ment ranges are given, they reflect different plant sizes (in 
the case of PV), resource potentials within Germany (on-
shore wind) or specific CCS technologies (for coal CCS).5 

New nuclear power in the UK will be remunerated with real 
112 euros2013/MWh, according to the HPC agreement. By 
contrast, remuneration for utility-scale PV in Germany is 
about 34 percent lower, and for wind at high-quality sites it 
is about 50 percent lower. Offshore wind receives 15 percent 

5	 Coal – IGCC with CCS and ASC with oxy combus-
	 tion CCS. Note that the CCS figures refer to an un-

derlying time horizon of 25 years (DECC 2013).

lower remuneration than new nuclear power. Gas CCS is 
estimated to cost about as much as new nuclear power, and 
coal CCS is estimated to cost 126 euros2013/MWh or more.

Overall, onshore wind at sites with a good resource potential 
and utility-scale PV represent the low-carbon technologies 
with the lowest cost. Power from nuclear as well as gas and 
coal power plants with CCS represent the low-carbon tech-
nologies with the highest cost.

Comparison of average remuneration for new nuclear power, PV, wind and the levelized  
cost of electricity for gas/coal CCS   � Figure 4
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The analysis here is limited to power generation cost and 
backup capacity. While the cost of grid expansion is not 
considered because it very much depends on the existing 
infrastructure in each particular case, its likely impact on 
the results is discussed in the final section of this paper.

Figure 5 shows samples for hourly energy production dur-
ing one week for the two alternative energy systems. In both 
systems, gas power plants cover the residual load that is not 
covered by variable renewables or nuclear power. In the left 
panel, gas power plants balance the variation of residual 
load, whereas in the right panel, gas power plants compen-
sate for the variation in power demand.

Our analysis is based on a historical load profile for Ger-
many and the detailed modelling of power generation from 
onshore wind and PV performed by Fraunhofer IWES (Con-
sentec et al. 2013)27. The system design ensures that hours of 
curtailment are scarce. Accordingly, this assessment does 
not consider storage technologies.  

4.2	 Installed capacity and 
	 annual power generation

The two systems under consideration use different power 
plants to securely cover electricity demand. The first system 
consists of installed capacities for onshore wind and PV of 
1.25 GW each. With an average of 2,497 full load hours for 
wind and 1,016 for PV, total electricity production from re-
newables equals 4,391 GWh, of which 69 GWh needs to be 
curtailed (see below). In the second system, the installed ca-
pacity for nuclear is supposed to be 0.5 GW, which is slightly 
below the minimum load of the reference year. Due to regu-
lar maintenance, the nuclear plant only operates 7,500 hours 
per year. As a consequence, the actually installed capacity 

7	 8760 hours a year based on the weather year 2011. Further 
detailed modelling assumptions and figures can be found 
here: http://www.agora-energiewende.de/themen/op-
timierung/detailansicht/article/das-stromsystem-in-
deutschland-2033-richtet-sich-nach-wind-und-sonne/ 

Simple cost comparisons of individual technologies, such 
as the ones presented above, fail to account for the larger 
requirements of the power generation system as a whole. 
For example, renewables need backup capacity to compen-
sate for their inherent variability; and nuclear power plants 
need to be accompanied by flexible peak load plants to reach 
a capacity utilization that makes them economically viable. 
Therefore, comparing low-carbon system costs involves 
analyzing different generation technology portfolios.

4.1	 Systems under consideration

To understand whether an energy mix with nuclear power 
and gas or with renewables and gas is less costly requires 
an assessment of the annual costs of two different energy 
systems. Such an assessment needs to include the cost of 
providing both sufficient energy (MWh) as well as sufficient 
power generation capacity (MW) at any given time. 
Each system considered here is therefore designed to cover 
a real German load profile standardized to 1 GW, with 1 GW 
of average load, a minimum load of 0.6 GW and a peak load 
of 1.4 GW. The first system combines renewables (onshore 
wind, PV) and gas (combined-cycle gas turbine [CCGT] and 
open-cycle gas turbine [OCGT]). The second features nuclear 
power and gas (CCGT). 

Both systems are designed in such a way that 50 percent 
of electricity is generated by renewables or, respectively, 
by nuclear power. The remaining 50 percent in each case 
is supplied by gas power plants. Since the same amount of 
electricity is produced from gas in both systems, the as-
sociated CO2 emissions from electricity generation are ap-
proximately identical.16 Consequently, changes in assump-
tions concerning the future cost of gas and CO2 prices have 
the same impact on estimates for both systems. That is, the 
assessments are not sensitive to these price developments. 

6	 The uncertainties surrounding greenhouse gas emis-
sions over the entire lifecycles of nuclear and renewable 

	 energy power generation are discussed in IPCC (2011).

4	 Analysis of power generation system costs
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and gas energy system is more than 2.5 times higher than 
the nuclear and gas energy system. 

Figure 6 (right panel) compares the annual energy produc-
tion of the two systems. Both systems produce a total of 
8,760 GWh per year, of which 50 percent is provided by gas 
power plants. 

In the renewables and gas system, wind accounts for about 
35 percent of annual energy production, while PV accounts 
for about 14 percent. Approximately 49 percent of power is 
produced by gas CCGT, and 1 percent by OCGT.38 The utili-
zation of OCGT is only 289 hours a year. The total amount 
of variable power that exceeds the load and needs to be 
curtailed is 69 GWh – that is, 0.8 percent of total genera-

8	 Wind 35.2 percent, PV 14.1 percent, gas CCGT 
49.4 percent, gas OCGT 1.3 percent.

must exceed 0.5 GW, and amounts to 0.584 GW. This leads 
to 4,380 GWh of nuclear power generated per year. 

To balance the residual load, both energy systems use gas 
power. The gas capacity required for balancing is calculated 
from the maximum hourly residual load in both systems.  
As shown in Figure 6 (left panel) the derived installed gas 
capacity is 1.48 GW in the renewable energy system – 
enough to cover the entire peak load – and 0.9 GW in the 
nuclear system. 

The total installed capacity of the renewable and gas energy 
system amounts to 3.98 GW. The total capacity installed in 
the nuclear and gas system amounts to 1.48 GW. Both en-
ergy systems have the same level of dispatchable generation 
capacity (1.48 GW) in order to ensure a balance between 
the generation and consumption of electrical energy at any 
given time. Overall, the installed capacity of the renewable 

Sample comparison of hourly energy production during one week in the system with renewables  
and gas (left) versus the system with nuclear power and gas (right)   � Figure 5

Own illustration, Fraunhofer IWES
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CCGT and OCGT, LCOE figures49 are adjusted for the full-load 
hours used in each system (see appendix). 

As shown in Figure 7, in the renewable and gas energy sys-
tem, onshore wind (175 million euros2013) and PV (93 million 
euros2013) represent about 40 percent of total annual system 
costs, while they account for almost 50 percent of annual 
electricity production, as illustrated in Figure 6. This in-
cludes feed-in payments for the curtailed amount of renew-
able energy (69 GWh), consistent with current German law. 
Together with gas CCGT (383 million euros2013) and OCGT (28 
million euros2013) the renewable and gas energy system pro-
duces costs of 679 million euros2013 per year. 

Annual system costs for nuclear power and gas are esti-
mated at 491 million euros2013 for nuclear power and 366 

9	 Based on Prognos AG (2013).

tion. The nuclear and gas energy system obtains 50 percent 
of annual energy production from nuclear, and 50 percent 
from gas CCGT.  

When added together, wind and PV energy production in 
the first system is equal to nuclear energy production in the 
second system. The energy production from gas is the same 
in both energy systems.

4.3	 Annual power generation system costs

The final step in our analysis involves estimating the annual 
system costs for both systems, including the costs for en-
ergy production and security of supply. Costs are calculated 
based on the remuneration levels depicted in Figure 4. For 

Comparison between installed capacity (in GW) and yearly energy production (in GWh) � Figure 6
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million euros2013 for combined cycle gas turbine (CCGT), and 
thus total 857 million euros2013 annually. 

A closer look at the cost of power generated by gas power 
plants highlights the additional costs for backup capacity 
in a system that relies heavily on renewables. The cost to 
produce the same amount of power from gas is 45 million 
euros2013 higher than in the system with nuclear power. This 
cost difference reflects the need for additional secure power 
generation capacity from gas. However, the 50 percent of 
low-carbon power production is considerably cheaper with 
renewables than with nuclear. Producing this low-carbon 
power is 223 million euros2013 cheaper in the system that 
relies on renewables – thus more than compensating for the 
additional 45 million euros2013 in costs incurred for addi-
tional gas capacity required as backup.

Overall, based on today’s cost for renewables, the energy 
system with renewables and gas is about 20 percent less 
expensive than the nuclear energy system.

Comparison of annual system costs  � Figure 7

ECB 2014a; EEG 2012; Prognos AG 2013; UK Government 2013a; calculations by Prognos AG.
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In the future, PV and wind are expected to produce elec-
tricity at even lower cost, given the further cost reductions 
that are expected to result from technological advance-
ments. Such cost reductions have not been factored into this 
analysis, which makes our estimates of the cost advantage 
of a system that relies on renewables rather conservative. 
Similarly, we have not included potential cost reductions for 
new nuclear power plants, which, however, seem to be less 
imminent, given historical trends in nuclear power costs. 
Ten years from now – when the Hinkley Point C nuclear 
power station is supposed to  to go online, according to the 
HPC agreement – renewables will very likely be even more 
competitive in comparison to new nuclear power than they 
are today.

Our analysis has shown that a power system based on vari-
able PV, onshore wind and dispatchable gas backup is asso-
ciated with significantly lower costs than a system based on 
nuclear power and gas. 

The two systems we have considered are roughly similar in 
the carbon intensity of generation, as a similar amount of 
gas is used for power generation. The cost estimates pre-
sented here leave out grid costs, potential additional system 
costs (e.g. voltage and frequency control) as well as pos-
sible cost differences related to how gas power plants are 
operated (e.g. higher ramping rates). In light of existing re-
search on how such cost components impact the total cost 
of power systems (IEA 2014), we assume that if these costs 
were included, our findings would not change fundamen-
tally. Moreover, we have left out any consideration of the 
externalities and risks associated with the power genera-
tion technologies used in each system. Similarly, the analy-
sis does not address additional necessary infrastructure, for 
example, the availability of gas grids.

Clearly, contrasting PV and onshore wind in different Eu-
ropean regions would require a comparison of different re-
source potentials and corresponding differences in LCOE. 
For example, while PV potential in the UK is mostly below 
the average potential for Germany, the opposite is true for 
wind. Moreover, LCOE may vary depending on local differ-
ences in the cost components of power generation technolo-
gies, such as the cost of financing. Still, this analysis pro-
vides a good indication of the current competitiveness of PV 
and onshore wind vis-à-vis nuclear power, which should be 
valid for many other European regions. 

A system with high shares of generation from coal or gas 
CCS was not included in our analysis of power generation 
system costs. Yet the preceding comparison of LCOE clearly 
shows that this technology costs about as much as new nu-
clear power or is even less competitive in comparison to PV 
and onshore wind.

5	 Discussion and conclusion
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Brennstoff 2013 2018 2023 2028 2033 2038 2043 2048

Gas price, 
in euros2013/MWh

26.5 26.2 29.1 32.0 34.2 37.4 41.1 44.0

CO2 price, 
in euros2013/Tonne

5.0 14.8 23.0 28.6 34.0 39.6 45.0 49.4

Price assumptions for gas and CO2� Table 1

Prognos AG 2013

Overnight construction costs, in euros2013/kW 1,000

Annual fixed O&M, in euros2013/MW 20,000

Net efficiency, in percent 58.0%

Variable O&M, in euros2013/MWh 1.0

Specific CO2 factor primary fuel, in g/kWh 202

WACC in percent, real 7.5%

LCOE with 3,933 full-load hours, in the system with renewables, in euros2013/MWh 88.6

LCOE with 5,009 full-load hours, in the system with nuclear power, in euros2013/MWh 83.6

Assumptions and LCOE for gas CCGT � Table 2

Prognos AG 2013, adjusted for the full-load hours in the two systems considered here. Note that LCOE may also vary by regions or countries,  
depending on specific financing conditions (DECC 2013).

7	 Appendix: Assumptions and LCOE  
	 for gas CCGT and OCGT
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Overnight construction costs, in euros2013/kW 450

Annual fixed O&M, in euros2013/MW 9,000

Net efficiency, in percent 38.0%

Variable O&M, in euros2013/MWh 1.0

Specific CO2 factor primary fuel, in g/kWh 202

WACC in percent, real 7.5%

LCOE with 289 full-load hours, in the system with renewables, in euros2013/MWh 252.6

Assumptions and LCOE for gas OCGT � Table 3

Prognos AG 2013, adjusted for the full-load hours in the system considered here. Note that LCOE may also vary by regions or countries,  
depending on specific financing conditions (DECC 2013).

7	 Appendix: Assumptions and LCOE  
	 for gas CCGT and OCGT



25



26



27



28

Publications of Agora Energiewende

IN English

12 Insights on Germany’s Energiewende
An Discussion Paper Exploring Key Challenges for the Power Sector

A radically simplified EEG 2.0 in 2014
Concept for a two-step process 2014-2017

Cost Optimal Expansion of Renewables in Germany
A comparison of strategies for expanding wind and solar power in Germany

Load Management as a Way of Covering Peak Demand in Southern Germany
Summary of intermediate findings from a study conducted by Fraunhofer ISI and Forschungsgesellschaft
für Energiewirtschaft

Report on the Polish power system
Version 1.0

in german

12 Thesen zur Energiewende 
Ein Diskussionsbeitrag zu den wichtigsten Herausforderungen im Strommarkt (Lang- und Kurzfassung) 

Brauchen wir einen Kapazitätsmarkt?
Dokumentation der Stellungnahmen der Referenten der Diskussionsveranstaltung am 24. August 2012 in Berlin 

Die Zukunft des EEG – Evolution oder Systemwechsel?
Dokumentation der Stellungnahmen der Referenten der Diskussionsveranstaltung am 13. Februar 2013 in Berlin

Ein radikal vereinfachtes EEG 2.0 und ein umfassender Marktdesign-Prozess
Konzept für ein zweistufiges Verfahren 2014-2017

Ein robustes Stromnetz für die Zukunft
Methodenvorschlag zur Planung – Kurzfassung einer Studie von BET Aachen

Entwicklung der Windenergie in Deutschland
Eine Beschreibung von aktuellen und zukünftigen Trends und Charakteristika der Einspeisung von Windenergieanlagen

Erneuerbare Energien und Stromnachfrage im Jahr 2022
Illustration der anstehenden Herausforderungen der Energiewende in Deutschland. Analyse auf Basis von Berechnungen 
von Fraunhofer IWES



29

Publications of Agora Energiewende

Kapazitätsmarkt oder Strategische Reserve: Was ist der nächste Schritt?
Eine Übersicht über die in der Diskussion befindlichen Modelle zur Gewährleistung der Versorgungssicherheit in Deutschland

Kostenoptimaler Ausbau der Erneuerbaren Energien in Deutschland
Ein Vergleich möglicher Strategien für den Ausbau von Wind- und Solarenergie in Deutschland bis 2033

Lastmanagement als Beitrag zur Deckung des Spitzenlastbedarfs in Süddeutschland
Endbericht einer Studie von Fraunhofer ISI und der Forschungsgesellschaft für Energiewirtschaft

Positive Effekte von Energieeffizienz auf den deutschen Stromsektor
Endbericht einer Studie von der Prognos AG und dem Institut für Elektrische Anlagen und Energiewirtschaft (IAEW)

Kritische Würdigung des Netzentwicklungsplanes 2012
Kurzstudie des Büros für Energiewirtschaft und technische Planung (BET)

Reform des Konzessionsabgabenrechts
Gutachten vorgelegt von Raue LLP

Steigende EEG-Umlage: Unerwünschte Verteilungseffekte können vermindert werden
Analyse des Deutschen Instituts für Wirtschaftsforschung (DIW)

Strommarktdesign im Vergleich: Ausgestaltungsoptionen eines Kapazitätsmarkts
Dokumentation der Stellungnahmen der Referenten für die Diskussionsveranstaltung am 10. Juni 2013 in Berlin 

Stromverteilnetze für die Energiewende
Empfehlungen des Stakeholder-Dialogs Verteilnetze für die Bundesrepublik – Schlussbericht

Vergütung von Windenergieanlagen an Land über das Referenzertragsmodell
Vorschlag für eine Weiterentwicklung des Referenzertragsmodells und eine Anpassung der Vergütungshöhe

Vorschlag für eine Reform der Umlage-Mechanismen im Erneuerbare Energien Gesetz (EEG)
Studie des Öko-Instituts im Auftrag von Agora Energiewende

Wie wird sich die Windenergie in Deutschland weiterentwickeln?
Dokumentation der Diskussion zur Kurzstudie Entwicklung der Windenergie in Deutschland am 5. Juli 2013

Zusammenhang von Strombörsen und Endkundenpreisen
Studie von Energy Brainpool

All publications may be downloaded at www.agora-energiewende.de



Agora Energiewende is a joint initiative of the Mercator Foundation and the European Climate Foundation.

Agora Energiewende 

Rosenstrasse 2 | 10178 Berlin | Germany  

T +49 (0)30 284 49 01-00 

F +49 (0)30 284 49 01-29 

www.agora-energiewende.de

info@agora-energiewende.de

How do we accomplish the 
Energiewende? Which legislation, 
initiatives, and measures do we 
need to make it a success? Agora 
Energiewende helps to prepare the 
ground to ensure that Germany 
sets the course towards a fully 
decarbonised power sector. As a 
think-&-do-tank, we work with 
key stakeholders to enhance the 
knowledge basis and facilitate 
convergence of views.

037/03-A-2014/EN


