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1 Introduction: Reducing greenhouse gases in the elec-
tricity sector 

The reduction of greenhouse gas (GHG) emissions, in particular carbon dioxide (CO2), is a major 

objective of the German Energiewende. There has been broad consensus on this goal for many years 

now—in contrast to the continuing discussion over the proposed shutdown of Germany’s nuclear 

power plants,. The German government’s 2010 “energy concept” already aimed at a reduction of GHG 

of 80-95% by 2050 (compared to the base year 1990) (Bundesregierung, 2010). In contrast to other 

sectors such as transport, agriculture, and heating, the electricity sector is capable of reducing CO2 

emissions at relatively moderate cost. This is due to available low-cost alternatives, in particular 

renewable energy sources. Numerous studies have shown a pathway to almost complete 

decarbonization of Germany’s electricity generation by 2050.1 Likewise, modeling results published in 

the European Commission’s European Energy Roadmap (EC, 2011) suggest that the electricity sector 

could be 97% decarbonized by 2050. However, this assumes a major shift in the electricity mix away 

from fossil fuels towards low-carbon generation technologies. In fact, when excluding the option of a 

carbon capture, transport, and storage (CCTS) technology, achieving ambitious climate objectives in 

Germany (and elsewhere) implies phasing out both hard coal and lignite. 

This paper provides an overview of Germany’s GHG emission reduction targets in the electricity sector 

and the progress achieved so far. The electricity sector has the potential to lead the way in 

decarbonization, provided that the appropriate regulatory framework is in place. Introducing “polluter 

pays” policies should counteract the negative effects, eventually reducing the consumption of fossil 

fuels. Such policies, however, face the general problems of a public good, as non-participating actors 

also profit from mitigation policies through a free-rider effect. The literature differentiates between 

supply-side policies targeting the extraction of fossil fuels and demand-side policies that provide 

indirect incentives to reduce fossil fuel consumption. Until now, demand-side policies have received 

more attention and have been most commonly introduced in practice, such as the European 

Emissions Trading System (EU-ETS). Due to insufficient price signals that can be expected to persist 

for the next decade, the ETS will not be able to achieve this objective on its own but will require 

support from appropriate national supply and demand side instruments. A variety of such measures 

                                                      

1 Klaus, T., Vollmer, C., Werner, K., Lehmann, H., Müschen, K. (2010): Energieziel 2050: 100% Strom aus 
erneuerbaren Quellen; Dessau - Roßlau, Germany; Nitsch, J. (2013): „Szenario 2013“ – eine Weiterentwicklung 
des Leitszenarios 2011; Stuttgart, Deutschland; SRU. (2013). Den Strommarkt der Zukunft gestalten 
(Eckpunktepapier). Berlin, Germany: Sachverständigenrat für Umweltfragen. 



Organizing a German Coal Phase-Out 

 

 

2 

are currently being discussed, and some have already been implemented in Germany (Gawel et al., 

2014; Oei, Kemfert, et al., 2014). 

The paper is structured as folllows: The next section gives an overview of Germany’s greenhouse gas 

emission reduction targets and their relation to European targets. Germany has played a leading role 

in European efforts to reduce GHGs so far, and is continuing to work in this direction (-40% by 2030 

and a similar -80-95% target for 2050). Section 2.2 focuses on supply side to reduce coal-fired 

electricity generation and its problematic role in the German energy sector. A special focus is hereby 

put on lignite, which is particularly CO2-intensive and has high external costs but is still competitive in 

Germany. Section 3 discusses the influence of the EU emissions trading system (EU-ETS) as well as 

various additional national instruments. In Section 5, we show that a medium-term coal phase-out is 

compatible with resource adequacy in Germany. The resulting structural change in the affected local 

basins can be handled through additional schemes, thus posing no major obstacle to the phase-out of 

coal. Section 6 concludes with a summary. 

2 GHG emissions targets and recent trends in Germany 

2.1 German GHG emissions targets for 2050 

Combating climate change through GHG emissions reduction has a long tradition in Germany. 

Chancellor Helmut Kohl announced the first CO2 reduction target of 25% by 2005 (base year 1990) at 

the first international climate conference in Berlin in 1995. Two years later, Germany signed the Kyoto 

Protocol, pledging a 21% reduction in GHG emissions from base year 1990 to 2012. This reduction 

target shows Germany’s contribution to the burden-sharing agreement within the European Union as it 

lies significantly above the overall European reduction of 8%. In 2007, Germany announced the target 

of 40% lower GHG emissions in 2020 compared to 1990. The government also strongly supported the 

target of a 20% reduction by 2020 set by the European Union in its 2008 energy and climate package, 

and it tried (unsuccessfully) to increase the overall European target to 30% in the subsequent years 

(Hake et al., 2015). The German “energy concept” of 2010 then set the long-term GHG reduction 

targets that became a fundamental pillar of the Energiewende (base year: 1990): -40% by 2020, -55% 

by 2030, -70% by 2040, and -80-95% by 2050 (Bundesregierung, 2010). 

Generally speaking, GHG emissions are decreasing in Germany, but significant efforts are required to 

maintain this downward trend. Figure 1 shows annual GHG emissions in Germany since 1990, divided 

into sectors governed under the EU-ETS (i.e., electricity, steel, energy-intensive industries) and so-

called “non-ETS” sectors. It further differentiates hard coal and lignite, and indicates the reduction path 

to 2050 (-80-95%). The overall decline in GHG emissions is particularly evident in two major reduction 

periods: i) the economic recession in East Germany after reunification (1990-1994), and ii) the global 

economic and financial crisis (2008-2010). Although these two periods account for a large part of GHG 

reductions, the overall trend shows a clear overall decline in emissions. 
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Figure 1: GHG emissions and emission targets in Germany from 1990 until 2050 

Source: Umweltbundesamt (2014)2. 

 

2.2 Significant CO2 emissions from hard coal and lignite in 
Germany 

As a traditional coal producing and consuming country, the German energy mix before the 

Energiewende was very CO2-intensive and dominated by hard coal and lignite (see Figure 1). In 2012, 

coal–fired electricity generation emitted 265 Mt of CO2, which is equivalent to 84% of the total CO2 

emissions from power generation in Germany.3 Additional pressure for CO2 mitigation will come with 

the planned closure of the remaining nuclear power plants by 2022 (9 GW in 2015), creating the need 

to find subsitutes for this power in the electricity mix. Against this backdrop, Germany is running the 

risk of falling short on its CO2 emissions reduction targets. The Federal Ministry for the Environment, 

Nature Conservation, and Nuclear Safety (BMU, 2012) and the German Advisory Council on the 

                                                      

2 Umweltbundesamt. (2014). Treibhausgasausstoß in Deutschland 2013, vorläufige Ergebnisse aufgrund erster 
Berechnungen und Schätzungen des Umweltbundesamtes. Dessau-Roßlau: Umweltbundesamt. 

3 See AG Energiebilanzen (2014): Bruttostromerzeugung in Deutschland von 1990 bis 2013 nach Energieträgern; 

Umweltbundesamt (2013): Entwicklung der spezifischen Kohlendioxid-Emissionen des deutschen Strommix in 
den Jahren 1990 bis 2012. Climate Change 07. 
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Environment (SRU, 2015) have both stated that for Germany to meet these targets, a coal phase-out 

will have to take place in the 2040s.  

2.3 Low-carbon transformation and the phasing-out of coal 

The low-carbon transformation and the move towards renewables is now a broadly accepted goal in 

most countries of the Western world. The main challenge for national and international climate policies 

lies in the need to continously phase out the remaining global coal-fired power generation.4 Part of the 

difficulty in making this transition from fossil-fuel-based electricity generation to renewables lies in the 

widespread failure to consider the negative externalities of fossil fuels in the costs of power 

generation. The list of externalities ranges from global effects such as global warming to local 

contamination from pollutants such as NOx, SO2, mercury, small particles and noise emissions. It also 

includes groundwater contamination and water pollution (e.g., iron oxides) as well as the relocation of 

towns and villages to make way for mines, resulting in some cases in thousands of people losing their 

homes. The New Climate Economy report (2014) has highlighted the negative externalities of coal, 

and several recent studies have shown that the monetized negative externalities from coal-fired 

electricity generation often exceed electricity prices.5 

In the absence of abatement technologies such as CCTS, decarbonization of the electricity sector 

implies phasing out coal altogether (Hirschhausen et al., 2012). The consensus on the need to phase 

out coal goes beyond the expert energy community and now extends to the political and social 

mainstream, as shown by statements from the Group of Seven (Leader of the G7, 2015)6. Similarly, 

the Intergovernmental Panel on Climate Change (IPCC) stated in its Fifth Assessment Report that it 

sees no long-term prospects for coal-based power generation (IPCC, 2014). 

3 Supply-side policies to reduce coal consumption  

Until now, demand-side policies have received more attention and have been most commonly 

introduced in practice to reduce coal consumption. Examples include market-based mechanisms 

(such as a tax or a cap-and-trade system on emissions) as well as direct regulation to subsidize low-

emissions energy sources, promote energy efficiency, or impose emissions standards. A strand of 

literature, however, criticizes demand-side climate policies for their paradoxical effects (Asheim, 2012; 

Fæhn et al., 2014). Such policies are, in the absence of full participation in a global climate policy, 

susceptible to carbon leakage: Emission-intensive activities shift to non-participating countries, so that 

emissions reductions in the participating countries are partly offset by emissions increases in the non-

participating countries (Hagem, Storrøsten, 2016). Additionally, a “green paradox” is postulated, where 

the expectation of future demand-side policies induces resource producers to increase their present 

rates of extraction in order to maximize profits (Sinn, 2015). This leads to rising emissions and is the 

                                                      

4 This section is based on a comprehensive study by Oei et al. (2014) on phasing out coal, in particular lignite. 
5 These costs are paid by society and are therefore not taken into account by the polluting entity. See Ecofys 
(2014): Subsidies and costs of EU energy. Study for the European Commission; Climate Advisors (2011): The 
Social Cost of Coal: Implications for the World Bank. Washington, USA; and EC (2003): External Costs. Research 
results on socio-environmental damages due to electricity and transport. Brussels, Belgium. 
6 Leader of the G7. (2015). Leadersʼ Declaration G7 Summit, 7– 8 June 2015. Schloss Elmau, Germany. 
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opposite of the original intent of climate policy schemes. Moreover, Coulomb and Henriet’s (2014) 

“grey paradox” states that climate measures, such as carbon taxation, might increase the revenue of 

some fossil fuel owners (e.g. natural gas), if a dirtier abundant resource (e.g. coal) is taxed higher. 

Examing different policies for a German coal phase-out need to differentiate between policies 

addressing lignite or steam coal. Transporting lignite for longer distances is uneconomic due to its low 

energy content. Demand and supply side are therefore closely linked reducing possible leakage 

effects if some countries implement national demand or supply policies targeting lignite power plants 

or mines.  

3.1 The role of steam coal for electricity production in Germany 

In 2013, a total of 122 TWh of electricity was generated by the 25 GW of Germany’s hard-coal-fired 

power plants (cf. 2012: 116 TWh). This is equivalent to 98 Mt of CO2.7 Most of these plants are located 

on rivers in NRW (around 13 GW) and Baden-Württemberg (around 5 GW) or near the coast. The 

majority of hard coal power plants that were still active in 2015 were constructed before 1990, most in 

the 1980s. Only 2.3 GW of new capacities were built from 1990 to 2010. In the 2010s, Germany’s 

major energy utility companies RWE, E.ON, Vattenfall, and Steag again began investing in new hard-

coal-fired units, apparently based on an underestimation of the speed of the Energiewende and an 

overestimation of future demand (see Figure 2) (Kungl, 2015). Increasing shares of renewable energy 

sources (from 9% in 2004 to 26% electricity production in 2014) reduced the residual electricity 

demand. The resulting overcapacities of conventional power plants together with decreasing EU-ETS 

certificate prices and low global coal prices caused lower wholesale prices and reduced the load factor 

of the entire fleet. The average load factor of hard-coal-fired power plants dropped to 40% in 2011 

(from 50% in 2005) compared to an unchanged high load factor of 80% for lignite power plants. As a 

result, operators faced in some cases sizeable impairment losses on hard-coal-fired power plants. In 

addition, stricter environmental regulations, construction problems, and opposition from affected 

residents delayed the construction of some new coal power plants. Rising costs led to some of these 

projects being shelved. Low wholesale electricity prices also resulted in the closure of several older 

units that had become unprofitable due to low efficiency rates. This pattern is very likely to continue in 

the near future: Older, less efficient hard-coal-fired units will be the first ones to be overtaken in the 

merit order by gas-powered units if price of CO2 allowances increases. The overall setting makes 

retrofitting hard coal power plants uneconomical and is therefore leading to a continuous market-

driven phase-out of hard coal electricity in Germany (Oei, Reitz, et al., 2014). 

                                                      

7 AG Energiebilanzen (2014): loc. cit.; Umweltbundesamt (2013): loc. cit. 
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Figure 2: Installation of active hard coal power plants in Germany in 2014 

Source: Own graph based on BNetzA (2014)8 power plant database. 

 

The domestic production of steam coal in Germany fell sharply from 38 Mt in 1990 to 18.5 Mt in 2000. 

Since 2010 steam coal production has declined further, falling to its minimum with 3.5 Mt in 2013. To 

cover the slightly increasing demand, while production declined, Germany’s imports more than 

quadrupled between 1990 and 2014. In 1990, imports were 11.8 Mt, however, in 2000, imports 

climbed to 23.3 Mt already and further grew to 38 Mt in 2010. In 2013, imports reached their all-time 

maximum with 46.5 Mt. Historically, most imports originate from Russia (in 2013: 11 Mt), Colombia 

(7.8 Mt) and the US (7.5 Mt) (IEA, 2015). This also lead to a strong decline of employment in hard coal 

mining, falling from as many as 600,000 direct employees in the 1950s to 30,000 in 2005. In 2013 

there were only 10,000 employed people in this sector, including older employees in semi-retirement. 

The closure of the last deep-cast mines of the RAG Deutsche Steinkohle AG in NRW in 2018, when 

production subsidies will expire in line with EU state aid law, will mark the next step in the German 

coal phase-out.9 

Targeting steam coal therefore would need international supply side policies to reduce leakage 

effects. For steam coal Hoel (2013) shows that a properly designed supply-side policy, e.g. one that 

targets high-cost coal deposits for closure, is able to eliminate the “green paradox”. A modified version 

of Harstad’s (2012) proposal by Collier and Venables (2014) pursues the closure of the entire coal 

industry in sequential groupings of major producing countries (starting with the USA, Australia, and 

Germany), with emphasis on the use of moral pressure to achieve this. Compensation for closure can 

be paid via a ring-fenced cap-and-trade scheme for the extraction of fossil fuels. Eisenack et al. 

                                                      

8 BNetzA. (2014b). Kraftwerksliste, October 2014. Bonn, Germany: Bundesnetzagentur. 

9 Statistik der Kohlenwirtschaft (2015). Datenübersichten zu Steinkohle und Braunkohle in Deutschland 2014. 
Retrieved November 6, 2015, from http://www.kohlenstatistik.de/ 
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(2012), as well as Kalkuhl and Brecha (2013), calculate the effects of compensating owners of oil, gas 

and coal reserves by a carbon permit grandfathering rule. Richter et al. (2015) propose a carbon tax 

imposed on the supply-side. Thereby, a production tax generates better outcomes than an export tax, 

but also impacts domestic consumers. 

3.2 The role of lignite for electricity production in Germany 

In 2015, more than 60 lignite-fired units with an overall capacity of around 20 GW are located mainly in 

the Rhineland (around 10 GW), in central Germany and Helmstedt (around 3 GW), and in Lusatia 

(around 7 GW) (see Figure 3). In 2014, lignite-based power generation increased slightly compared to 

the previous years, totaling around 156 TWh in 2014 (26% of electricity generation).  

A rapid reduction of lignite power generation appears inevitable in Germany in light of the long-term 

climate targets agreed upon at the national, European, and global levels. As a resource that emits 

1,161 g CO2/kWh per unit of electricity produced, lignite is by far the largest producer of greenhouse 

gas emissions in the German energy mix (hard coal: 902 g CO2/kWh; natural gas: 411 g CO2/kWh).10 

With annual emissions of 170 MtCO2, lignite makes up around 50% of the emissions of the German 

power sector and is therefore incompatible with GHG reduction targets of 80-95% by 2050. Analyses 

of power plant and grid capacity for the mid-2020s also show that lignite will become less important in 

Germany’s energy mix in the future (Gerbaulet, Egerer, Oei, Hirschhausen, 2012; Mieth et al., 2015). 

                                                      

10 The average CO2 emission factors refer to power consumption for the year 2010, see UBA (2013): Entwicklung 

der spezifischen Kohlendioxid-Emissionen des deutschen Strommix in den Jahren 1990 bis 2012. Petra Icha, 
Climate Change 07/2013. More modern plants, in contrast, emit around 940 g/kWh for lignite, 735 g/kWh for hard 
coal, and 347 g/kWh for natural gas-based power plants, see UBA (2009): Klimaschutz und Versorgungssicher-
heit. Entwicklung einer nachhaltigen Stromversorgung, Climate Change 13. 
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Figure 3: Remaining lignite basins and power plants in Germany in 2015.  

Source: Own illustration based on BNetzA (2014)11 power plant database. 

 

Given the uncertain future of lignite-based power generation, it is hardly surprising that there is 

controversy surrounding lignite mining districts on issues of employment, reallocation, and 

environmental aspects. In March 2014, the coalition government of North Rhine-Westphalia 

announced its decision to reduce the mining area at Garzweiler II to prevent the relocation of a further 

1,400 residents. This decision was the first of its kind in Germany. In the former East German federal 

states, similar debates are underway over decisions to create new opencast mines (Welzow-Süd TF II 

                                                      

11 BNetzA. (2014b). Kraftwerksliste, October 2014. Bonn, Germany: Bundesnetzagentur. 
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and Jänschwalde Nord in Brandenburg, Nochten II in Saxony) or expand existing ones (Vereinigtes 

Schleenhain in Saxony). A decision by the German Federal Constitutional Court on Garzweiler in 2013 

supported legal action by affected area residents. In the era of Energiewende, fossil fuel mining can 

no longer be seen as a public interest decision that justifies serious infringements on individuals’ 

property rights.12 

In the 1980s, the lignite industry still accounted for more than 350,000 direct and indirect jobs in 

Germany. The transition process after German reunification and continuous industrialization, however, 

led to radical reorganization of this sector. The resulting steep decline in employment to 50,000 jobs in 

the lignite industry in 2002 marked the beginning of a lignite mining phase-out especially in the former 

East Germany. This occurred when the Energiewende was just beginning.13 Overall, while West 

Germany witnessed a gradual decline in employment in the 1990s, East Germany saw a radical cut in 

the early part of that decade but has undergone a continous albeit less steep decrease in employment 

since then. Thus, although the remaining coal phase-out will be challenging, one can conclude that 

structural change in the affected regions has already largely taken place. 

4 Additional instruments to accelerate the coal phase-out 

4.1 European level: Reform of the European Emissions Trading 
System 

The EU-ETS is one of the European Union's main instruments for combating climate change. In the 

medium term, however, emissions trading cannot be expected to provide sufficiently strong price 

signals to drive a shift towards low-carbon energy sources. The marginal costs of lignite energy 

production in Germany lie below those of combined cycle gas turbine (CCGT) power plants as long as 

CO2 prices do not exceed 40-50 €/tCO2. The prices of switching from older hard coal power plants to 

new gas power units are in the range of 20-40 €/tCO2. These switch prices depend primarily on fuel 

costs as well as power plant efficiency and can therefore vary for each unit (see Figure 4) (Oei, 

Kemfert, et al., 2014). 

Thus, while action is needed to stabllize the EU-ETS in the medium term, it has also become clear that 

it cannot be the only instrument to promote decarbonization at the European level. In 2013, the 

structural surplus of certificates exceeded the allowances for more than 2 billion t CO2. The EC 

(2014)14 expects the surplus to remain at the same magnitude at least until the end of the third trading 

period in 2020. Canceling this surplus woud have been an important signal the EU continues to 

maintain its credibility and capacity to steer the EU-ETS. This proposal, however, did not receive 

sufficient political support on the EU level due to opposition from countries including Poland. Possible 

solutions to the surplus problem being discussed by the European Commission will apply to the fourth 

                                                      

12 See Ziehm, “Neue Braunkohlentagebaue und Verfassungsrecht – Konsequenzen aus dem Garzweiler-Urteil 
des Bundesverfassungsgerichts”. Expert report commissioned by Alliance ‘90/The Greens. 
13 Statistik der Kohlenwirtschaft (2015). Datenübersichten zu Steinkohle und Braunkohle in Deutschland 2014. 
Retrieved November 6, 2015, from http://www.kohlenstatistik.de/ 
14 EC. (2014). Questions and answers on the proposed market stability reserve for the EU emissions trading 
system. Brussels, Belgium: European Commission. 
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trading period beginning in 2021. In this phase, a Market Stability Reserve (MSR) will be introduced as 

agreed by the Council in September 2015.15 Nevertheless, the expected certificate surplus leads us to 

believe that the European system will have a limited impact on compliance with short- and medium-

term national emissions targets. For this reason, additional national instruments are under discussion 

that could be introduced in parallel to emissions trading.  

 

Figure 4: Marginal cost of lignite and gas-fired (CCGT) power generation depending on the CO2 

price  

Source: Oei et al. (2014). 

4.2 Towards more specific climate instruments 

It is clear that if the GHG targets set out by the German government are to be met, addiditional action 

will be required in all sectors including electricity. The government’s thinking on this topic has evolved, 

and as the discussion on GHG targets has developed, its approach has become more specific. 

Previously the German government either focused on the overall EU-ETS targets at the European 

level or on national non-ETS targets, but now the discussion also includes specific national targets for 

the electricity sector. The “grand coalition” of Christian Democrats and Social Democrats governing 

the country agreed on a Climate Action Plan (“Aktionsprogramm Klimaschutz 2020”) in 2014 to 

counteract the rise of emissions in 2012-2014. This action plan restricts coal usage to make it possible 

for Germany to reach its CO2 reduction targets. Moreover, according to an analysis by Agora 

Energiewende, by 2030 a reduction of lignite and hard coal-based power generation by 62% and 80% 

is needed to be in line with the climate targets.16 Reducing power sector emissions also plays a major 

                                                      

15 For a surplus of more than 833 million allowances, a mechanism would automatically transfer 100 million 

allowances to the reserve to ensure that emissions certificates are sufficiently scarce on the emissions trading 
market. If the number of permits in circulation dips below the surplus threshold of 400 million, allowances would 
be released from the reserve again. However, the absolute number of certificates issued is not to be changed by 
the MSR mechanism. See also W. Acworth (2014): “Can the Market Stability Reserve Stabilise the EU-ETS: 
Commentators Hedge Their Bets, DIW-Roundup 23, 4. 

16 See Graichen and Redl (2014): Das deutsche Energiewende-Paradox: Ursachen und Herausforderungen; Eine 
Analyse des Stromsystems von 2010 bis 2030 in Bezug auf Erneuerbare Energien, Kohle, Gas, Kernkraft und 
CO2-Emissionen. Agora Energiewende. Berlin. 

0

20

40

60

80

100

120

0 10 20 30 40 50 60 70 80 90

In
cr

e
m

e
n

ta
l c

o
st

 in
cl

. 
C

O
2

[€
/M

W
h

]

ETS CO2-Price [€/t]
Gas CCGT Lignite



Organizing a German Coal Phase-Out 

 

 

11 

role in the national Climate Protection Plan 2050 (“Klimaschutzplan 2050“), which is currently open for 

consultation. 

The German government is therefore using different instruments to combat climate change at different 

levels (e.g., at the national and EU levels) and has developed a variety of different mechanisms to 

complement these. The government aims to contribute to (national) targets being met by pushing for 

an ambitious structural reform of the EU-ETS as well as including options for additional measures in 

the specific German context of the Energiewende. The aim of this polycentric approach is not to 

establish mutually exclusive instruments or mechanisms, but to take action in several areas 

simultaneously. The German government cites three possible courses of action: greater commitment 

outside the framework of the EU-ETS, a focus on an ambitious structural reform of the EU-ETS, and 

flanking measures within the context of the Energiewende (BMUB, 2014). 

As a consequence, several older coal power plants are expected to be shut down to reduce the 

existing overcapacities. Support for such an agreement has been expressed by different players such 

as Energie Baden-Württemberg (EnBW) and 70 municipal utilities.17 These companies would profit 

from higher load factors for their gas utilities and the rise in wholesale electricity prices. The energy-

intensive industries, on the other hand, benefit from low wholesale prices and are therefore opposed 

to any measures that might lead to a price increase. The major argument from these branches of 

industry is a fear of deindustrialization as Germany would no longer be able to compete with lower 

production costs in foreign countries. Various studies, however, have shown that a moderate increase 

in electricity prices would have only limited effects on the competitiveness of German industry.18 

Some countries in the EU and North America have taken the initiative by adopting complementary 

measures: the UK (CO2 emissions performance standards, EPS, and a carbon price floor), the USA 

(EPS and an additional retirement plan for older plants), and Canada (EPS). In the following Table 1, 

we summarize policies designed to reduce German power sector GHG emissions in general and to 

phase out coal in particular. Possible accompanying measures to reduce coal-based power generation 

in Germany include minimum fuel efficiency or greater flexibility requirements, national minimum 

prices for CO2 emissions allowances, capacity mechanisms, a residual emissions cap for coal-fired 

power plants, emissions performance standards, and policies regulating transmission grids. In 

Germany, these could be implemented in parallel to the desired EU-ETS reform.19 

 

                                                      

17 Handelsblatt (2015): Stadtwerke gegen RWE http://www.handelsblatt.com/politik/deutschland/klimaabgabe-
plaene-stadtwerke-gegen-rwe/11677972.html; Süddeutsche Zeitung (2015): Dicke Luft in der Strombranche 
http://www.sueddeutsche.de/wirtschaft/klimaschutz-dicke-luft-in-der-strombranche-1.2502249 . 
18 See Agora Energiewende (2014): Comparing Electricity Prices for Industry. Analysis. An Elusive Task - 
Illustrated by the German Case. Berlin; and Neuhoff et al. (2014): Energie- und Klimapolitik: Europa ist nicht 
allein. (DIW Wochenbericht Nr. 6/2014) DIW Berlin.  
19 This section is based on a comprehensive study by Oei et al. (2014) on phasing out coal, in particular lignite. 

http://www.handelsblatt.com/politik/deutschland/klimaabgabe-plaene-stadtwerke-gegen-rwe/11677972.html
http://www.handelsblatt.com/politik/deutschland/klimaabgabe-plaene-stadtwerke-gegen-rwe/11677972.html
http://www.sueddeutsche.de/wirtschaft/klimaschutz-dicke-luft-in-der-strombranche-1.2502249
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Table 1: Possible instruments for reducing coal-based power generation (in the German context) 

PROPOSED MEASURE EXPECTED EFFECT POSSIBLE ADVANTAGES POSSIBLE SHORTCOMINGS 

Forbidding new lignite mines Terminating current plans for new minings sites in 
Eastern Germany 

No displacements of villagers; no retrofits for lignite 
power plants; investment security for all affected 
people  

No effect for regions with sufficient already granted 
mining rights 

Closing existing lignite mines Reducing mining volumes of active mines in North-
Rhine Westfalia (NRW) 
 

Concentration on one mine (instead of three) 
reduces fixed costs and less displacements; overall 
volumes insufficient for entire lignite fleet leading to 
some clusures  

Does not necessarily hit the oldest inefficient power 
plants first 

EU-ETS reform Price signal through the introduction of market 
stability reserve (MSR); additional measures: 900 
mn EUA from backloading directly in MSR, start of 
MSR in 2017 instead of 2021 

EU-wide instrument; thus, no cross-border leakage 
effects 
targets several sectors besides electricity 

Structural reforms uncertain from today's 
perspective; the extent of the impact is 
unpredictable due to high surplus of certificates 

CO2 floor price  CO2 certificates would become more expensive Investment security for operators  Feasible prices probably too low to result in a 
switch from lignite to natural gas in the short term 

Minimum efficiency Closure of inefficient power plants More efficient utilization of raw materials Open cycle gas turbines (OCGT) could also be 
affected; complex and time-consuming test and 
measurement processes 

Flexibility requirements Closure or singling out of inflexible power plants Better integration of fluctuating renewable energy 
sources 

Combined cycle gas turbines (CCGT) could also be 
affected; complex and time-consuming test and 
measurement processes 

Coal phase-out law Maximum production [TWh] or emissions 
allowances [tCO2] for plants 

Fixed coal phase-out plan & schedule 
investment security 

Outcome of auctioning of allowances would be 
difficult to predict 

Emissions performance standard 
(per unit; for new plants and 
retrofits) 

Restrictions for new plants and retrofits (without 
CO2 capture) 
[< x g/MWh] 

Prevention of CO2-intensive (future stranded) 
investments 

Minor short-term reduction in emissions 

Emissions performance standard 
(emissions cap for existing plants) 

Reduce load factor for depreciated coal-fired power 
plants (e.g., >30y) 
[< x g/MW] 

Preservation of generation capacities Negative impact on economic efficiency of power 
plants might lead to closure of older blocks 

Capacity mechanisms or reserve 
for coal plants 

Incentive for construction of less CO2-intensive 
power plants when including environmental criteria 

Support for gas power plants or moving of coal 
power plants into a reserve to reduce their 
emissions and prevent supply bottlenecks 

Difficult to establish critieria that are in line with EU 
state aid laws if payments should only be given to 
selected units 

Climate contribution fee Additional levy for old CO2-intensive power plants Limiting output of most CO2-intensive generation 
facilities; preserving capacities; compatible with 
EU-ETS 

Older units might become uneconomical if the fee 
is too high 

Reduced transmission grid 
expansion 

Increased congestion might prohibit lignite 
electricity generation in times of high renewable 
energy production  

Redispatch of less CO2-intensive capacities; lower 
investment costs for transmission lines 

Transmission grids might be needed for 
renewables in the long run 

Source: Own depiction based on Oei et al. (2014). 
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5 Effects on coal plant closures and resource adequacy  

A German coal phase-out would have various effects on electricity generation, wholesale and 

consumer prices, as well as revenue streams. These effects depend on the chosen instruments and 

their specifications. Some general findings, however, are very similar across all of the options (Oei, 

Kemfert, et al., 2014; Oei et al., 2015). The following section therefore shows some representative 

modeling results up to 2035. Both runs assume a gradual phase-out of coal generation capacities with 

no retrofits according to the scenario framework of the BNetzA (2014)20 (see Table 2: Generation 

capacities in Germany up to 2035 for capacities in both scenarios). The green scenario resembles a 

faster coal phase-out by additionally restricting the full load hours of coal power plants (e.g. due to 

limited coal reserves or an additional climate levy), while the black scenario is a moderate business-

as-usual (BAU) scenario. 

Table 2: Generation capacities in Germany up to 2035 

in GW 2013 2020 2025 2035 

Nuclear 12.1 8.1 - - 
Lignite 21.2 20.0 12.6 9.1 
Hard coal 25.9 26.0 21.8 11.1 
Gas 26.7 19.2 25.4 32.7 
Hydro 3.9 4.0 4.0 4.2 
Wind onshore 33.8 52.2 63.8 88.8 
Wind offshore 0.5 6.5 10.5 18.5 
Biomas 6.2 7.2 7.4 8.4 
Solar 36.3 48.2 54.9 59.9 
Pumped Hydro 6.4 7.8 8.3 12.5 
Others 4.7 2.2 2.8 2.4 

Total 165.6 201.4 211.5 247.6 

Source: BNetzA (2014)21. 

 

Germany steadily increased its electricity exports in recent years, reaching an all-time high of 35 TWh 

in 2014. This has led to decreased gas electricity production in neighboring countries. Modeling results 

show that this rise in export quantities will continue in the black BAU scenario to figures above 50 

TWh. Such a rise also implies increasing congestion at cross-border interconnectors. A more rapid 

coal phase-out in the green scenario would halt rising exports in 2020 slightly above the level of 2014 

and reduce line congestions. Germany would still remain an exporter of electricity with a volume of 

around 10 TWh in 2035 (see Figure 5). 

The effect of the gradual coal phase-out on wholesale electricity prices is relatively low since Germany 

is integrated into the central European electricity grid. The price increase remains in the range of €2-

3/MWh (0.2-0.3 cents/kWh). The price effect on households and small industry consumers will be 

                                                      

20 BNetzA. (2014). Genehmigung des Szenariorahmens 2025 für die Netzentwicklungsplanung und Offshore-
Netzentwicklungsplanung. Bundesnetzagentur. 
21 BNetzA. (2014). Genehmigung des Szenariorahmens 2025 für die Netzentwicklungsplanung und Offshore-
Netzentwicklungsplanung. Bundesnetzagentur. 
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dampened by a simultaneous reduction of the renewables levy (“EEG-Umlage”); the overall rise is 

likely to be in the range of €1-2/MWh (0.1-0.2 cents/kWh). At under €40/MWh up to 2035, the 

wholesale electricity price lies still below prices from the years 2010-2012. The coal phase-out 

therefore has little effect, contrary to some media coverage, on the competitiveness of German 

energy-intensive firms. Neuhoff et al. (2014)22 show that in any case, electricity prices contribute less 

than 5% of overall production costs for most sectors. Additional factors that have a stronger effect are 

resource prices for hard coal, gas, and oil. Prices in 2015 for all these resources are still below 2008—

that is, pre-crisis—values and therefore favor these firms. The increased wholesale price for the post-

2020 period in the modelling runs also represents a benefit to the majority of utilities, providing 

additional revenues for all remaining generation capacities: The overall annual benefit adds up to 

around €500 million. Mostly newer hard coal plants as well as some natural gas plants benefit from 

this effect (in addition to nuclear power plants in 2020). For older and more CO2-intensive coal plants, 

the reduction of full load hours might overcompensate for the price effect (see Figure 6).  

The low level of wholesale electricity prices up to 2035 is an indicator of the existing overcapacitites in 

the European electricity sector.23 This effect is still visible in 2035 despite the shutdown of all 

remaining German nuclear power plants in 2023 and the assumed gradual coal phase-out (20 GW in 

2035 compared to 46 GW in 2013). Reducing coal usage in the green scenario secures the set CO2 

targets for 2020 and 2035 without endangering the security of supply at any point. Germany even 

remains an electricity exporter in the range of ~10 TWh in 2035. The majority of utilites in Germany but 

also abroad even profit from the limitation of coal-fired electricity generation in the green scenario.  

 

Figure 5: Electricity exports from Germany to its neighboring countries. 

Source: Oei et al. (2015). 

                                                      

22 Neuhoff, K., Acworth, W., Decheziepretre, A., Sartor, O., Sato, M., & Schopp, A. (2014). Energie- und 
Klimapolitik: Europa ist nicht allein (DIW Wochenbericht No. 6/2014). Berlin, Germany: DIW Berlin. 
23 Additional effects are the low EU-ETS CO2 certificate and global coal prices.  
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Figure 6: Revenue from electricity sales in 2020 

Source: Oei et al. (2015). 

 

All modeling results depend on future assumptions and were therefore tested by running sensitivity 

analyses more than 600 times with respect to input parameters such as full load hours of renewables 

or EU-ETS CO2 prices. One major influence, however, that is often not sufficiently included in national 

discussions are developments in neighboring countries and the counter-effects in Germany. The 

ENTSO-E (2014) published four visions that resemble possible European development pathways, and 

these were represented in various modelling runs. The visions vary on the integration of the European 

electricity market as well as to their contribution to the climate targets for 2050.24 The results show that 

the long-term decline of German CO2 emissions (301 Mt in 2014) are influenced to a greater extent by 

developments in neighboring states (difference between visions: 20-26 Mt) than by the presence or 

absence of an additional national instrument (difference between black and green scenario: 3-9 Mt). It 

is therefore in the interest of Germany that other neighboring countries also take action and 

complement the EU-ETS with national instruments to enable a generation portfolio in line with the 

European climate targets (Visions 3 & 4).25 

                                                      

24 Vision 1 “Slow Progress” assumes little European integration and delayed climate action. The second vision, 
“Money Rules,” also does not assume the achievement of climate targets but is based on increased European 
integration. The climate targets of the Roadmap 2050 are reached in the third vision, “Green Transition,” as well 
as in the fourth vision, “Green Revolution”. “Green Transition”, in contrast to “Green Revolution,” assumes little 
European integration. 
25 This is also due to the fact that the visions assume different generation capacities in the other countries. 
Generation capacities for Germany, however, were left constant throughout all runs. 
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Figure 7: German CO2-emissions in 2035 depending on developments in the neighboring 

countries 

Source: Oei et al. (2015). 

6 Conclusion: Options for decarbonizing the German 
electricity sectors and resulting consequences 

Coal-fired power plants are responsible for around a third of the total carbon dioxide emissions in 

Germany. Failure to reduce the persistently high level of coal-based power generation puts Germany's 

climate targets at risk and undermines the potential for a sustainable and successful Energiewende. 

The government is consequently publishing a national Climate Protection Plan 2050 (“Klimaschutzplan 

2050“) in 2016, in which power generation is expected to play a major role. Furthermore, the scenario 

framework proposed by the German regulator (BNetzA) suggests a reduction of CO2-emissions to 187 

Mt (2025) and 134 Mt (2035). This can be achieved through a reduction of most of the lignite power 

plant production and a continuing increase in the share of renewables. The government of the federal 

state NRW was the first to limit the use of the existing mine Garzweiler, preventing the relocation of a 

further 1,400 residents. In eastern Germany, too, there is no need to open up new lignite mines 

(Hirschhausen and Oei, 2013)26. 

Current prices for CO2 emissions allowances in the European Emissions Trading System (EU-ETS) 

make a market-driven transition from coal to less CO2-intensive energy sources such as natural gas 

unlikely in the near future. Missing the 2020 climate targets, however, also puts the long-term targets 

and therefore the entire Energiewende in jeopardy. This is where additional national instruments to 

                                                      

26 Hirschhausen, C. von, & Oei, P.-Y. (2013). Gutachten zur energiepolitischen Notwendigkeit der 
Inanspruchnahme der im Teilfeld II des Tagebau Welzow-Süd lagernden Kohlevorräte unter besonderer 
Berücksichtigung der Zielfunktionen der Energiestrategie 2030 des Landes Bran-denburg (Politikberatung 
kompakt No. 71). Berlin, Germany: Deutsches Institut für Wirt-schaftsforschung (DIW); and Hirschhausen, C. von, 
& Oei, P.-Y. (2013). Gutachten zur energiewirtschaftlichen Notwendigkeit der Fortschreibung des 
Braunkohlenplans “Tagebau Nochten” (Politikberatung kompakt No. 72). Berlin, Germany: Deutsches Institut für 
Wirtschaftsforschung (DIW). 
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accompany the EU-ETS come into play, some of which are already being implemented in various 

countries.  

From a European perspective, interaction between the German and European power sectors will 

intensify in the future. Modelling analysis on the basis of the European Scenario Outlook & Adequacy 

Forecast (SOAF) confirms that aggregate CO2 emissions in the European power sector will only meet 

the climate targets if some of Germany’s neighboring countries take action as well, complementing the 

EU-ETS with national instruments to reduce their CO2 emissions.  

The EU-ETS, however, is and remains a central component of EU policy on combating climate change 

despite its currently limited steering capacity. The agreed introduction of the market stability reserve as 

well as the planned adjustment of the reduction factor are therefore important—but insufficient—

changes to strengthen the EU-ETS. Cancelling the existing surplus of more than 2 billion allowances 

would be an important additional signal to retain the credibility of the EU-ETS and bolster European 

climate policy. A strengthened EU-ETS supplemented by national instruments would provide a 

suitable framework to ensure the continuous reduction of greenhouse gases in line with national and 

European climate targets. 

Limiting German GHGs and meeting the climate target automatically implies a coal phase-out in 

Germany by the 2040s. The coal phase-out in Germany is a process that has already started with the 

country’s continuous industrialization since the 1950s—long before the Energiewende began. A 

further step was German reunification, which led to a radical contraction of the lignite industry in East 

Germany. The analysis here shows that an overall phase-out by the 2040s is possible without 

jeopardizing resource adequacy at any point. The majority of power sector actors, including but not 

limited to renewables and gas operators, even profit from such a trend. It is nevertheless important 

and crucial that all affected parties including politicians, unions, workers, NGOs, and scientists work 

together to enable a smooth transition for the upcoming decades. It is only then that other countries 

such as China and India will be encouraged to follow Germany’s example to combat global warming 

even if this implies a coal phase-out. 
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