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Who we are: 

An independent and non-partisan Think Tank & Policy Lab

• currently 25 experts on power system transformation in Germany, Europe and the World

• Financed by the philanthropy (Mercator Foundation and European Climate Foundation)

• Mission: Making the energy transition(s) in Germany, Europe and worldwide a success

• Approach: Combining research and dialogue to provide sound basis for decision makers



The Energiewende in 

the power sector

State of affairs 



Power production, 2000-2016: 

Renewables quintuple; nuclear power falls by half; fossil fuels 

(coal, gas) remain constant
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Power production, 1990-2016

AG Energiebilanzen 2016a



Power mix 2016: Renewables make up largest share; gas wins, 

hard coal & nuclear lose

Lignite: 23.1% (23.9%)

Hard coal: 17.0% 
(18.2%)

Nuclear: 13.1% 
(14.2%)

Gas: 12.1% (9.6%)
Oil and other: 5.1% (5.2%)

Wind onshore: 10.3% (11.0%)

Biomass (incl. biogenic waste): 
8.0% (7.8%)

Photovoltaics: 5.9% (6.0%)

Hydro: 3.3% (2.9%)

Wind offshore: 2.0% 
(1.3%)

Renewables: 
29.5% (29.0%)
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2016 power mix (2015 values in brackets)

AG Energiebilanzen 2016a



The nuclear energy act rules the nuclear phase out until 2022 –

with renewables overcompensating the loss in nuclear power
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Gross electricity generation of nuclear and renewables 1970 - 2025

AGEB (2015a), AGEE (2015), BNetzA (2014), Statistisches Jahrbuch der DDR (1973 - 1988), own calculations
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The Energiewende means fundamentally changing the power 

system

AGEB (2016), BReg (2010), EEG (2014), own calculations           * preliminary
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Gross electricity generation 1990, 2016 and 2050
Phase out of Nuclear Power

Gradual shut down of all nuclear power plants until 

2022

Increase in efficiency

Reduction of power consumption compared to 

2008 levels: - 10% in 2020; - 25% in 2050

Development of renewable energies

Share in power consumption to increase to: 

40 - 45% in 2025; 55 - 60% in 2035; ≥ 80% in 

2050

Reduction of Greenhouse Gas Emissions

Reduction targets below 1990 levels: 

- 40% by 2020; - 55% by 2030; - 70% by 2040; 

- 80% to - 95% by 2050



The Energiewende is based on a broad consensus - public 

discussions is focussing on the concrete implementation

Deutscher Bundestag (2011)
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Voting results in the Bundestag on Energiewende

BDEW (2015a)

Public opinion on Energiewende 2015



Let’s talk about costs



Household power prices in 2016 to exceed 30 €ct/kWh due to 

increased feed-in tariff surcharge and high sales margins
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Average electricity prices for a 4-person household (3500 KWh annual use), 2007-2017 

BNetzA 2016, *own estimates



Energy intensive industries are largely exempt from taxes and 

levies to safeguard their competitiveness
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Average end consumer prices for different consumer groups, 2013

BMWi (2014)



The Key Insight:

It’s all about Wind 

and Solar! 



United States
58.0 €/MWh

United States
42.0 €/MWh

Mexico
31.7 €/MWh

Peru
42.9 €/MWh

Peru
33.1 €/MWh

Chile
26.0 €/MWh

Brazil
43.8 €/MWh

Marocco
26.8 €/MWh

South Africa
58.0 €/MWh

South Africa
45.5 €/MWh

Australia
61.6 €/MWh

Germany/

Denmark
53.8 €/MWh

India
57.7 €/MWh

Jordan
54.5 €/MWh

UAE
26.7 €/MWh

Netherlands
55 €/MWh

Fortum 2016; Sources: announcements by the investing companies and IEA report ”Renewable Energy Medium-Term Market Report 2015” for US, Brazil, South Africa, Australia and Jordan. Values reported in nominal EUR, 1 EUR = 1,12 USD, 1 EUR = 75,3 INR, 1 EUR = 9.48 SEK. United States values 

calculated excluding tax credits. Typical contract lengths are 15-25 years. The prices indicate levels with which investors have been willing to invest, however, they may not describe the actual comparable costs as the bid prices may be reduced by preferential land prices, site exploration cost, targeted low-cost 

loans etc. The price level at which investors can hedge their renewable production for the next 4 years: average of 2017-2020 electricity (LUL) + elcertificate futures with 29.8.2016 closing prices. This low price levels still result in continuation of investments in onshore wind in Sweden.

Wind 

Offshore

Denmark
49.9 €/MWh

Wind 

Onshore

Solar 

Photovoltaics

Global costs for renewables in 2016 show race to the bottom 

for Wind & Solar – hit 2c€/kWh in 2017?



Due to falling module prices, feed-in tariffs for Solar PV 

dropped massively - and it is not the end yet

ZSW et. al (2014), own calculations

14

Average PV feed-in tariff for new installations 2005 - 2015

Fraunhofer ISE (2015)

Expected cost digression for large-scale PV systems 2014 - 2050

latest: 

6 ct/kWh



Today, wind and solar are already cost competitive to all other 

newly built power plants

15

Range* of levelized cost of electricity (LCOE) 2015

Agora Energiewende (2015e) * based on varying utilization, CO2-price and investment cost



How will this impact 

the power system?



The Energiewende implies a new energy world –

characterized by flexibility, decentralized structures 

and a wide variety of actors
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Illustrative visualisation of the old and the new electricity system 

Own illustration

high voltage low voltagemedium voltage



The power system and power markets will need to cope with a 

highly fluctuating power production from wind and solar 

18

Electricity generation* and consumption* in three sample weeks, 2023

Fraunhofer IWES (2013) * Modelling based on 2011 weather and load data

February 2023 August 2023 November 2023



Flexibility is key for any power system with high shares of 

renewables – baseload capacities are not needed any more

Own calculations on basis of Agora Energiewende (2015b)
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Electricity generation and consumption in a sample week with 50% RES share Key flexibility options

Flexible fossil and bioenergy power 

plants (incl. CHP)

Grids and transmission capacities for 

exports/imports

Demand Side Management

Storage technologies (Batteries, Power-

to-Gas)

Integration of the power, heat and 

transport sectors (power-to-heat, 

electric cars)



There is wind available all over the world…
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Average wind speed at 80m

3TIER (2011)



…and almost everywhere there is more sun than in Germany!

21

Global horizontal irradiance

3TIER (2011)



More information and studies available at our website

www.agora-energiewende.org  

22



Thank you for 

your attention!

Questions or Comments? Feel free to contact me: 

Agora Energiewende is a joint initiative of the Mercator 

Foundation and the European Climate Foundation.

www.twitter.com/AgoraEW

Please subscribe to our newsletter via

www.agora-energiewende.de

Agora Energiewende

Anna-Louisa-Karsch-Str.2

10178 Berlin

T +49 (0)30 700 1435 - 000

F +49 (0)30 700 1435 - 129

www.agora-energiewende.de

Daniel.argyropoulos@agora-energiewende.de



Highest and lowest renewable energy shares in 2016:

At 1 pm on 8 May, at 86%; At 5 pm on 21 January, at 11%

Agora Energiewende 2017

24

Power generation and use on 8 May 2016

Agora Energiewende 2017

Power generation and use on 21 January 2016
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Key challenges 

ahead towards 50% 

renewable energies



Challenge 1: Grids

Build more grids to transport wind energy to the south of 

Germany – in 2016 a new grid power plan is expected

30

Wind power will be installed mainly near the coast 

in the north of Germany, but key consumptions 

centres are located in the south 

Additional power lines are necessary to transport 

wind electricity from north to south

In 2016, the government will propose a new 

transmission power plan which will enable to use 

underground cable whenever necessary

Measures to reduce consternation and 

compensation for concerned parties need to be 

considered from the very beginning
Bundesbedarfsplangesetz (2013)

Planned transmission grid extensions 

until 2022

Fraunhofer IWES (2013)

Installed wind capacity (103 GW, 

Scenario „Best Sites“) 2033 



Challenge 2: Climate Targets

Gradual reduction of coal use is needed – in 2017, a “coal 

reserve” is planned, for 2030/2040 we need a “coal consensus”

31

CO2 emissions from electricity generation 1990 - 2014 and climate targets** 2020 - 2040

UBA (2015), own calculations *preliminary, **application of a sectoral 40%-target



Challenge 3: Energy efficiency

Consequently implement the 2014 Energy Efficiency Action 

Plan in order to reach 2020 target

32

Gross electricity consumption 1990 - 2015

AGEB (2016) * preliminary



Challenge 4: Power Market Design

At current wholesale power prices, new power plants cannot  

be financed – be it fossil or renewable 

EEX (2015) * rolling annual futures
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Wholesale electricity prices* 2007 - 2014
Reasons for the decline in power prices

→ CO2 price dropped: CO2 prices in the EU 

Emissions Trading system dropped since 2008 

by around 70% due to high amount of excess 

certificates

→ Falling resource prices: Coal prices 

decreased by a third since 2008

→ Merit-Order-effect: Increasing power 

production of renewables is pushing expensive 

power plants out of the market

→ Decreasing demand: Power demand is 

continuously falling since 2007 (-5% by 2014)

→ Excess capacities: Large quantities of lignite 

and coal power plants are pushing gas power 

plants out of the market



Challenge 4: Power Market Design

The government is planning to propose in 2016 both a new 

power market law and a new renewable energy law

Own illustration
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Schematic diagram of the governments‘ envisaged power market design
Power Market 2.0

Power market is to become highly flexible, so as to  

continuously let fossil power plants, renewables, 

demand and storage interact with each other

EU Emissions Trading

CO2 price is to be restored through ambitious EU 

ETS reform including enhanced market stability 

reserve and higher emission reduction factor

Renewables

Renewables receive 20year-market premium, 

support level for large wind and solar power farms 

is to be determined by auctions as of 2017

Resource Adequacy

Peak prices in times of scarcity are to refinance 

fossil backup power plants; for emergency 

situations, a capacity reserve is installed 

Coordinate 

supply and 

demand

Guarantee 

security of 

supply and 

build up of 

renewables

Reaching 

climate targets

Power Market 2.0
(complemented by flexible markets for balancing energy)

EU Emissions Trading

Resource Adequacy

Capacity reserve

(partly consisting of old 

lignite power plants)

Renewables

Auctions for large wind- and 

solar power plants, feed-in 

tariffs for  small scale RES



Challenge 5: European Cooperation

Further enhance the cooperation between neighbouring 

countries and deepen European power market integration

35

Capacity mechanisms and RES support schemes 2013

Own illustration

RES support schemes

Feed-in tariff

Quota

Feed-in premium

Combination of quota and feed-in tariff

Combination of feed-in premium and feed-in tariff

Planned capacity mechanism

Implemented capacity mechanism

Implemented capacity reserve

No capacity mechanism or discussion on an early stage

Capacity mechanisms



Insights from 

Germany´s 

Energiewende

Backup



The Energiewende is based on fixed targets regarding climate 

protection, nuclear phase-out, renewables and efficiency

37

Key German Energiewende targets (with focus on the electricity sector)

AGEB (2015), BReg (2010), EEG (2014), own calculations

Status 

quo

2020 2025 2030 2035 2040 2050

Greenhouse gas emissions
Reduction of CO2 emissions in all 

sectors compared to 1990 levels

26.4%

(2014)
-40% -55% -70% -80 – 95%

Nuclear phase-out
Gradual shut down of all nuclear 

power plants by 2022

11 units 

shut down 

(2015)

Gradual shut down

of remaining 8 

reactors

Renewable energies

Share in final energy consumption
12.0% 

(2013)
18% 30% 45% min. 60%

Share in gross electricity

consumption

27.3%

(2014)
40 – 45% 55 – 60% min. 80%

Energy efficiency

Reduction of primary energy 

consumption compared to 2008 

levels

-9.1%

(2014)
-20% -50%

Reduction of gross electricity 

consumption compared to 2008 

levels

-4.8%

(2014)
-10% -25%



The Nuclear phase out is stretched over 20 years

38

Agreed shut down of nuclear power plants according to nuclear phase out law 2000 - 2023

Own illustration based on energytransition.org (2014)



Key power trends 2010 – 2014: 

Nuclear, natural gas and consumption decline, 

renewable energies, exports and lignite increase

39

Changes in gross electricity generation, consumption and exchange balance, 2010 – 2014*

AGEB (2015) * preliminary



The Merit-Order-Effect: Decreasing wholesale prices due to 

rising shares of renewable energies

40

Schematic illustration of the Merit-Order-Effect

Own illustration
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The German electricity system is characterized by a high 

system stability

41

System Average Interruption Duration Index (SAIDI)* in Europe 2013 

CEER (2015) * without exceptional events
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Climate policy in the 

electricity sector



Greenhouse gas emissions are currently at - 26% compared to 

1990 levels – with the energy sector being the largest emitter 

44

Greenhouse gas emissions by sector 1990 - 2014 and climate targets 2020 - 2050

AGEB (2015a), UBA (2015), own calculations * preliminary



The CO2 emissions of power production have been declining 

slower than in other sectors – and even increased between 

2009 and 2013

45

CO2 emissions from electricity generation 1990 – 2014 and climate targets** 2020 - 2040

UBA (2015), own calculations *preliminary, **application of a sectoral 40%-target



The key problem: The EU Emissions Trading system is facing 

huge excess certificates, leading to persistent low CO2 prices 

Agora Energiewende (2015c)                                      * preliminary

46

Cumulated excess certificates in the EU ETS 2008 - 2015

DEHSt (2015) * preliminary

Price for CO2 allowances 2008 - 2015



Additionally, diverging fuel prices of coal and gas increased 

the price spread of coal and gas power plants

47

Marginal cost of illustrative power plants, 2008 - 2015

Own calculations based on Agora Energiewende (2015c) * preliminary



As a consequence generation from coal-fired power plants 

kept stable or increased while gas in Germany and in 

neighbouring countries was crowded out

48

Changes in gross electricity generation, consumption and exchange balance, 2010 – 2014*

AGEB (2015) * preliminary



The EU has decided to implement a market stability reserve by 

2019 in order to reduce the oversupply of CO2 certificates

49

Expected surplus development in the EU ETS 2014 - 2025

Agora Energiewende (2015d)



As the ETS reform is coming to late for Germany to meet its 

2020 climate target, from 2017 on 2.7 GW of old lignite power 

plants will be gradually put into a “coal reserve”

50

Expected development of CO2-emissions in the electricity sector according to the German government 1990 - 2020

BMUB (2014), BReg (2015), own calculations
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Development of 

household electricity 

prices



The renewable cost increase was due to high solar PV capacity 

additions between 2009 and 2012 – at times when PV feed-in 

tariffs were still rather high

AGEE (2015)                     *end of the year

53

Installed PV capacity 2009 – 2014*

ZSW (2014)                         *for new plants

Average PV-remuneration 2009 – 2014*

Öko-Institut (2015)

EEG cost 2010 - 2014



The initial investments in the energy transition are paying off 

after 2023 – in 2035 the EEG-surcharge is a lot lower than in 

2015, but the share in renewables is double (around 60%)

54

Expected remunerations to renewable power plants 2010 - 2035

Öko-Institut (2015)



Grid and balancing costs are undisputed and rather low. Experts 

disagree on whether the cost effect of interaction with other power 

plants should be considered as „integration costs“.

55

Overview of components discussed under „integration costs“

Agora Energiewende (2015)
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Development of 

industry electricity 

prices



In the last 15 years Germany increased its export surplus by 

factor four

58

External trade surplus 2000 - 2014

Destatis (2015b), own calculations

x4



For industry as a whole, energy costs account in average for 

about 2% of total production value
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Share of energy cost in gross production value in the industrial sector 2005 - 2012

Destatis (2014)



Energy intensive industries are largely exempt from taxes and 

levies to safeguard their competitiveness

60

Average end consumer prices for different consumer groups, 2013

BMWi (2014)
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Calculation of LCOE



Today, wind and solar are already cost competitive to all other 

newly built power plants

63

Range* of levelized cost of electricity (LCOE) 2015

Agora Energiewende (2015e) * based on varying utilization, CO2-price and investment cost



Levelized cost of electricity (LCOE) are calculated on the basis 

of total generation cost and total electricity generation over 

the technical lifetime of a plant  
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Applied formulas for calculating LCOE

IER Stuttgart (2008)



Levelized cost of electricity (LCOE) are calculated on the basis 

of total generation cost and total electricity generation over 

the technical lifetime of a plant 
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Applied formulas for calculating operation-, fuel- and CO2-cost

IER Stuttgart (2008)



Assumptions (1)

Agora Energiewende (2015e)
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Range of full load hours

Agora Energiewende (2015e)

Range of investment cost



Assumptions (2)

Agora Energiewende (2015e)
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Range of fuel- and CO2-cost

Agora Energiewende (2015e)

Efficiency of fossil power plants

Agora Energiewende (2015e)

Emission factors



Assumptions (3)

68

→ WACC: Wind and PV 7%, Hard Coal und Gas 12%, Nuclear 7% – 12%

→ Technical lifetime: Wind 20 years, PV 30 years, Hard Coal 40 years, Gas 25 years, Nuclear 40 

years 

→ Fixed operation cost: Wind 35 EUR/kW/a, PV 17 EUR/kW/a, Hard Coal 34 EUR/kW/a, Gas 19 

EUR/kW/a, Nuclear 90 EUR/kW/a

→ Variable operation cost: Wind 0 EUR/kW/a, PV 0 EUR/kW/a, Hard Coal 3 EUR/kW/a, Gas 2 

EUR/kW/a, Nuclear 1 EUR/kW/a

Source: Agora Energiewende (2015e)
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The integration cost of wind and solar (5 to 20 EUR/MWh) 

do not change the picture

70

Components of integration costs

Agora Energiewende (2015a) * part of utilization effect

Cost

(EUR/MWh)

5 - 20 

EUR/MWh

Backup 

cost*

Utilization 

effect

Size depending on 

power system and 

perspective chosen

Grid 

cost
Balancing

Additional costs for 

conventional power plants

Generation 

cost
Integration cost

60 – 90 

EUR/

MWh
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