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Power System in 2030Rural areas

Industry

Industry will benefit from inexpensive solar and wind 
power, whether generated on-site or procured from 
the power market. An increasing number of 
manufacturers will dynamically steer their energy 
demand based on intermittent power supply levels. 
Wind and solar electricity will also be used to a 
greater extent to cover heat demand. In line with the 
e�ciency first principle, industrial companies will 
become ever more e�cient.

The energy transition will especially benefit the rural 
areas. Wind and solar power plants will generate 
revenues for municipal budgets, local firms will benefit 
by providing operational and maintenance services. 
Half of all buildings will be heat insulated, many 
households will generate and/ or consume solar 
power on-site to power their heat pumps and electric 
vehicles. However, most cars will still run using 
conventional combustion engines. 
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Cities

Regions that used to be dominated by mining of 
lignite coal, will benefit from an encompassing 
transformation. In 2030, Germany will have reduced 
both mining as well as generation of coal-fired 
electricity by 50%. New infrastructure will make such 
regions attractive for investment. At the same time, 
renewable energy, e ciency technologies, cutting- 
edge research and tourism will create jobs and have 
local economic benefits.

Thanks to the transport transformation, city dwellers 
will enjoy quieter and cleaner cities. People will get 
around using bicycles, public transport and electric 
vehicles (either privately owned or shared). By 2030, 
much of the housing stock will be heat insulated and 
supplied renewable heat. Most apartment building 
roofs will be equipped with solar panels.
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Preface

Dear readers,

Germany has been an early adopter and significant 
driver of what has now become a global trend towards 
energy transitions. Today, international competition 
and cooperation have drastically driven down the 
costs of wind turbines, photovoltaics and batteries, 
kick-starting renewable generation worldwide. 

These and other developments are dissolving the 
longstanding antagonism between economic and 
climate interests. In every year since 2013, more 
capacity has been added from renewables than from 
all other energy sources combined, as investors shift 
their focus from fossil fuels to renewable energy. 
 
This report proposes specific steps Germany should 
take to reach its climate target of at least minus 55 % 
greenhouse gas emissions compared to 1990 levels 
by 2030, and it describes the challenges and oppor-

tunities that this transition holds for the 4th largest 
economy in the world. While this report is focused on 
Germany, it also offers insights that stand to benefit 
the rest of the world: among other things, it spotlights 
strategies for integrating the power, transport and 
heating sectors, and illuminates crucial principles 
that should inform energy policy, such as promoting 
energy efficiency and  creating reliability and pre-
dictability through the means of legal frameworks. 

Of course, Germany still has much to learn from other 
countries, too. I therefore encourage you to send 
us your comments and criticisms so that together 
we can usher in renewable, affordable and reliable 
energy systems across the globe.

I wish you an enjoyable read!

Dr. Patrick Graichen
Executive Director of Agora Energiewende 
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2030: – 60 %
from 1990

EUROPE: 
→ Reduce network bottlenecks at national borders. 
→ Ensure environmental sustainability, economic competitiveness and security of supply across Europe.

2030

Environmental sustainability Economic competitiveness Security of supply

Exemptions and special rules for 
 especially energy-intense industries and 

households with low incomes.

Import ratio 
 decreases to 60 %

2015: Import 
ratio of 70 %

Power outages per customer per 
year remains under 20 minutes Energy costs stay under 10 %GHG emissions fall by ≥ 55 % 

 relative to 1990

Heating: 
170–175
mio. t CO2e

Power: 
159–166
mio. t CO2e

Transport: 
95–98
mio. t CO2e

Agora Energiewende, based on BMWi (2017), BMUB (2016), Destatis (2016a) and Expertenkommission zum Monitoringbericht “Energie der Zukunft“ (2016)

Specifying Energiewende targets for 2030: Agora Energiewende’s recommendations
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1.  Effi  ciency: reduce energy 

demand by 30 %

2.  Renewables: Double 
renewables to 30 %

3.  Fossil fuels: Reduce coal and oil use 
by half and natural gas use by 20 %
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3,683 
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–1,060

~820

~240
~220

~510

~590 ~120

~125

~85

~75

424–439

See section 3

Environmental sustainability
Reduce greenhouse gas emissions in the energy 
sectors by 60 % relative to 1990 levels by 2030. 
 Adhere to the principles of nature conservation 
when expanding renewables and repurposing 
 former lignite mines. 

Economic competitiveness
Keep energy costs per unit in the industrial sector and 
energy’s share in private consumer spending under 
10 %. Give special exemptions to energy-intense 
industries and private households with low incomes. 

Security of supply
Reduce import levels for total primary energy use 
(coal, oil, natural gas, renewables) below 60 % by 
2030. Keep average power outage (SAIDI) perma-
nently under 20 minutes per year.

European integration
Eliminate bottlenecks in power, gas and transport 
networks at Germany’s borders. Create close ties 
with Germany’s neighbours when addressing 
security of supply, renewable energy expansion  
and the design of power markets.

1. Decrease in costs 
Wind power, solar power and batteries  
are becoming cheaper

2. Decarbonisation
Climate change requires urgent action

3. Deflation of energy prices
Coal, oil and natural gas prices remain inexpensive,  
but are increasingly volatile 
 
4. Dominance of fixed costs
The energy system of the future will  
have low operating costs

1. The 7 D’s of the Energy Transition: The Trends Shaping Tomorrow’s Energy Systems

2. Specifying Energy Transition Targets for 2030: Agora Energiewende’s recommendations 

3. Strategies for a Cost-Efficient Energy Transition by 2030

5. Decentralisation
The new energy system is becoming  
less centralised

6. Digitalisation 
The energy system is becoming smart  
and better integrated

7. Democratisation 
The new energy system affects  
citizens more 



5

35

30

25

20

15

10

5

0

12

10

8

6

4

2

0

R
em

un
er

at
io

n 
fo

r 
po

w
er

 p
la

nt
 o

pe
ra

to
rs

 
[ B

n.
 e

ur
os

_2
0

17
]

W
ho

le
sa

le
 p

ric
e 

an
d 

EE
G

 s
ur

ch
ar

ge
 [c

t_
20

17
/k

W
h]

2015 2020 2025 2030 2035 2015 2020 2025 2030 2035

32 % 45 % 52 % 62 % 68 % 32 % 45 % 52 % 62 % 68 %

Wholesale price EEG surcharge

Wind off shore

Solar

Biomass

Wind onshore Other

Renewable
share:

3.
7

2.
7 3.

3 4.
0 4.
3 4.
6

6.
4

6.
9

6.
9

6.
3

4.
2

2.
0

Note on left chart: Transparent areas show existing power plants, fi lled areas show new power plants 
Note on right chart: The wholesale price in 2035 has a real value of 4.6 ct/kWh but a nominal value of 6.0 ct/kwh. 
Calculations by Agora, based on Öko-Institut (2017a)

Costs for increasing the capacity of renewables in the power sector will rise 
until 2021–2023 and then fall noticeably through 2035 Figure 17

EWI/Prognos/GWS: Reference forecast 

EWI/Prognos/GWS: Target scenario

Öko-Institut/Fh ISI: Reference scenario

Öko-Institut/Fh ISI: Climate action scenario (KS80)
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The energy transition will have a slightly positive eff ect on the economy; 
rising exports would create additional positive eff ects Figure 16

See section 4

1. An energy transition framework
Create a legal framework to ensure reliability  
and predictability

2. Europe
Support Europe’s energy transition; coordinate 
Germany’s efforts within Europe

3. Efficiency
Make Efficiency First the guiding principle for  
planning processes and investment decisions

4. Renewables
Use wind and solar to increase renewables to 60 % 
of the power sector and 30 % of primary energy 
consumption

5. Fossil fuels
Reduce carbon-intense coal and oil by 50 %,  
and introduce carbon-neutral synthetic fuels

Starting in the early 2020s, costs for expanding 
renewables in the power sector will drop off 
noticeably

The total economic effects of the energy transition are 
slightly positive as decreasing imports of coal, oil and 
natural gas make room for domestic value creation

6. Levies and surcharges
Reform taxes, levies, surcharges and  
network tariffs

7. Networks
Build a network fit for the future, modernise  
heating and gas networks and electrify the  
transport sector

8. Power market 
Organise a flexible, digital power market that 
incentivises investment

9. Industry
Use opportunities, minimise risks: introduce a  
forward-looking industry policy for the  
energy transition

10. Gemeinschaftswerk
Make the energy transition a collective endeavour 

4. If Done Right, the Energy Transition Will Provide Affordable Climate Change Mitigation

5. What to Do Now: A Ten-Point Agenda for the Next Phase of the Energy Transition
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Introduction

The German energy transition – the Energiewende - 
has made major global strides over the past cou-
ple of years. In June 2015 government leaders at the 
G7 summit in Elmau called for the decarbonisation 
of the global economy by the end of the 21st century. 
And at the United Nations Climate Change Confer-
ence in Paris that December, 197 states signed an 
agreement setting out a plan to keep the planet from 
warming well below 2º C above preindustrial levels. 
Ultimately, this will make the energy industry inde-
pendent of coal, oil and natural gas and reorient it 
towards renewable energy and energy efficiency.

When the Trump administration announced in 
May 2017 that the US would withdraw from the 
Paris Agreement, the initial shock was quickly 
supplanted by a global movement confirming the 
necessity of the Paris Agreement, holding that 
decarbonisation is a must, not an option. Cementing 
that conviction are not only the dangers of climate 
change, which are all too real, but also the enor-
mous business opportunities in transitioning to a 
carbon-neutral world. Thanks to falling technol-
ogy costs in renewables, wind and solar power are 
now the most affordable ways to generate electric-
ity in many countries. And the number of renewable 
energy sector jobs in Europe and the US has already 
far exceeded jobs for coal, oil and natural gas. These 
developments signal the beginnings of a seismic 
shift in thinking about climate and the economy. 
Where climate policy was once a debate about who 
should bear the burden of mitigation costs, today it 
is about which region will have the largest share of 
the exploding clean-energy market.

Right now, countries are competing with each 
other to see who can install the most renewa-
ble energy capacity in the shortest period of time. 
 Germany wants to achieve an 80 % share of renew-
ables in its power sector by 2050. California, the 
sixth largest economy in the world, plans to have 
100 % of its power from renewable energy by 2045. 
China installed 65 gigawatts of renewable power 
in 2017 alone, a feat that Germany took eight years 

to achieve. India has announced a plan to increase 
new renewable capacity four-fold by 2022, for a 
total of 175 gigawatts, and a recent draft bill for a 
new national  electricity plan aims to add another 
100 gigawatts by 2027. In Germany’s immedi-
ate vicinity, Denmark is shooting for a 50 % share 
of renewables in the power, heating and transport 
sectors by 2030; Sweden is committed to net zero 
greenhouse gas emissions by 2045; and the UK and 
Portugal stated publicly they would stop burning 
coal for electricity generation by 2025 and 2030, 
respectively. Finally, the European Union is in the 
final rounds of  negotiating a package of legislation 
titled Clean Energy for All Europeans, aimed at ful-
filling the Paris Agreement. The EU’s current 2030 
targets for greenhouse gas reductions, energy effi-
ciency and renewable energy will require renew-
ables to account for more than half of all power 
produced in Europe by 2030. As these examples 
show, Germany is far from alone in transforming its 
energy system.

This report takes a comprehensive look at the Ger-
man energy transition’s second phase, which began 
in 2015 and will end in 2030, the scheduled half-
way point in Germany’s plan to fully decarbonize 
its energy system. In doing so, we propose a set of 
specific targets and measures that would effectively 
increase Germany’s share of renewables in the 
power sector from 30 % to 60 %. During this second 
phase, Germany will also need to expand its energy 
transition beyond the power sector to transport and 
heating. By 2030, renewable electricity will no long 
be something merely added to existing power sup-
ply; it will constitute the backbone of the energy 
system.

The integration of the power, transport and heating 
sectors around renewable electricity from wind and 
solar power will bring fundamental changes to the 
mechanisms of supply and demand. Power mar-
kets will have to become more flexible, more digital-
ised and more oriented towards short-term trading, 
while Germany’s system of energy taxes, sur-
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charges and levies will need to be reformed to create 
the proper incentives for market actors. Moreover, 
energy policy will have to put greater emphasis on 
efficiency as the energy transition extends to the 
heating and transport sectors. Last but not least, the 
scaling up of renewables must be accompanied by 
the phase-out of fossil fuels, especially coal and oil. 
This will require industrial and political stakehold-
ers to engage in open, constructive dialogue about 
the perceived economic trade-offs. 

Although this report focuses on Germany, its 
insights are likely to be pertinent for other coun-
tries as well. For every country that seeks to make 
wind and solar its main source of energy faces the 
same basic challenge: the weather-dependent nature 
of the underlying technologies. As a result, the 
 paradigm of the new energy world is flexibility, be it 
through demand side management, sector coupling, 
increased energy storage or closer cooperation with 
neighbouring countries.

Each phase of the energy transition poses differ-
ent types of questions, and the answers countries 
find will depend on their particular situation. Island 
nations, for example, are likely to approach flexi-
bility differently from Germany, and may choose to 
expand storage options at an earlier stage. Countries 
that are only now embarking on their own energy 
transition could leapfrog the first phase and imple-
ment energy efficiency, digitalisation and sector 
coupling right from the start. Countries with a dif-
ferent market design might need to find alternative 
ways of organising the efficient dispatch of supply 
and demand. Yet there is one task that all countries 
share: efficiently using the renewable, afforda-
ble electricity that wind and solar energy provide. 
Germany’s lessons and challenges can only benefit 
other countries regardless of what stage they are at 
in the energy transition. This, in turn, will aid global 
efforts to create a greenhouse gas-neutral world.
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1 The 7 D’s of the energy transition: The trends 
shaping tomorrow’s energy system 

Energy supply systems are changing around the 
globe. Today, the world’s biggest markets – the US, 
China and Europe – are investing more in renew-
ables than in all other power generation technolo-
gies combined. In 2015, around 60 % of the world’s 
added power capacity came from renewables. Wind 
and solar power have supplanted coal, natural gas 
and nuclear energy as the main energy sources of the 
future. And they have given a new outlook to devel-
oping countries, which have suffered from energy 
poverty. Within the span of just a few years, the 
energy transition has become a global phenomenon.

Some big trends are shaping the development of 
energy systems at the national and international 
level. 

For the most post, these megatrends have emerged 
independently of national energy policies. Rather, 
they take their cue from societal circumstances, eco-
nomic pressures and new technological advances.

But this does not mean that energy policies are for 
naught. As the world’s energy demand increases with 
its growing population, countries must build their 
energy policies on and around these megatrends. 
Indeed, understanding these developments will be 
crucial for designing an energy supply system that 
meets the addresses the energy policy triad of eco-
nomic competitiveness, security of supply and envi-
ronmental sustainability. 

Agora Energiewende has identified seven megatrends 
in the global energy transition, each beginning with 
the letter D:

1. Decrease in costs: Wind power, solar power and 
batteries are becoming cheaper.

2. Decarbonisation: As climate change accelerates, 
urgent action is needed.

3. Deflation of energy prices: Coal, oil and natural gas 
prices remain inexpensive, but are increasingly 
volatile.

4. Dominance of fixed costs: The energy system of 
the future will have low operating costs.

5. Decentralisation: The energy system is becoming 
less centralised.

6. Digitalisation: The energy system is becoming 
smart and better integrated. 

7. Democratisation: The new energy system affects 
citizens more.

In the future, unforeseen trends may join the seven 
D’s. But for the coming years at least, these trends will 
have to be taken into account by any energy policy.
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Since 2008, the costs of key energy transition technologies have fallen signifi cantly, 
making wind and solar power competitive Figure 1
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1.1 Decrease in costs: Wind power, solar power 
and batteries are becoming cheaper

The costs of wind and solar power have drastically 
decreased over the past years. In more and more 
regions of the world, wind and solar power costs less 
than power generated by newly built coal-fired, gas-
fired and nuclear power plants. In 2016, renewable 
energy projects generated power at previously unim-
aginable costs, and have therefore led to lower prices: 
5.0 cents per kilowatt hour for offshore wind in Den-
mark; 2.7 cents per kilowatt hour for onshore wind 
in Morocco; and 2.6 cents per kilowatt hour for solar 
power in Chile. Germany, too, saw record-low prices. 
At the beginning of 2017, competitive bids for onshore 
wind, offshore wind and solar energy resulted in 
prices of only 5 to 6 cents per kilowatt hour.¹ A simi-
lar drop in costs has occurred for batteries. In the past 

six years, the costs of lithium-ion units have fallen by 
over 70 % to 200 euros per kilowatt hour. As a result, 
electric vehicles are now ready for the mass market, 
and solar and wind installations are being combined 
with energy storage systems.

It can already be anticipated today, that further cost 
reductions in these key technologies will occur until 
2030. This even holds true when the integration costs 
for grids and the costs for back-up power plants, 
which come with wind and solar power, are accounted 
for.² An energy system based on wind and solar power 
is imminent.  
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Climate change is real: since 1970 the rate of global warming has accelerated, 
and since 1980 extreme weather events have tripled Figure 2
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1.2 Decarbonisation: As climate change 
accelerates, urgent action is needed

Androgenic climate change is real. 2014, 2015 and 
2016 were the warmest years since modern record-
keeping began. And 16 of the 17 hottest years have 
occurred in the new millennium. The planet is now 
1.1º C degrees warmer than before industrialisation.3 
The chief cause is the rising concentration of CO₂ 
in the atmosphere due to the burning of coal, oil and 
natural gas. 

The effects of climate change can already be 
observed, and are multifaceted: rising ocean levels, 
more extreme weather, droughts, extinction of animal 
and plant species, regional food shortages, and, con-
sequently, growing levels of poverty and migration. 

These observable phenomena require urgent action. 
At the 2015 United Nations Climate Change Confer-
ence in Paris, the global community agreed to limit 
the rise in the planet’s surface temperature to 2º C 
above pre- industrial levels. Irrespective of daily 
 politics, when it comes to the implementation of the 
Paris Agreement, the occurrence of extreme weather 
events and the subsequent financial loss do help in 
pushing climate change up on the agenda. For now 
and for the foreseeable future, energy policy must 
first and foremost address the challenges of decar-
bonisation.



90

60

30

0

Fu
el

 p
ric

es
  [

 $_
20

15
/M

W
h_

th
 ]

2000 2010 2020 20302005 2015 2025

Hard coalCrude oil Natural gas

New policies scenario (NPS)Reference scenario (CPS) Climate action scenario (450ppm)

Commodity Market Price Forecast World Bank:

International Energy Agency:

IEA (2016), World Bank (2017a) and World Bank (2017b)

Though the IEA projects rising prices for fossil fuels, 
the World Bank forecast is more likely Figure 3
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1.3 Deflation of energy prices: Coal, oil and natural 
gas prices remain inexpensive, but are 
increasingly volatile 

For decades, it was assumed that the price of fos-
sil fuels would be rising continuously as the global 
reserve depletes. Since 2014, this pattern could not 
be observed anymore. In 2016, especially oil and gas 
were traded for much less than during the previous 
decade. Three factors speak against the return of ris-
ing prices for coal, oil and natural gas:

 → Today, the de facto upper price limit for oil and 
natural gas is no longer set by expensive deep-
sea drilling but by the costs of shale oil and gas 
extraction, which new fracking technologies have 
reduced considerably. 

 → The continously decreasing costs of for wind tur-
bines and PV installations have also created a kind 
of upper price limit for coal and natural gas, as the 
operators of coal- and gas-fired power plants seek to 
keep costs down to compete with renewable energy. 

 → There is no shortage of fossil fuels, but an abun-
dance of it. This is because large shares of the 
planet’s remaining reserves of coal (80 %), natural 
gas (50 %) and oil (30 %) will have to remain under-
ground to meet Paris climate targets.4

These general developments may be interrupted by 
spikes in fossil fuel prices, but whatever spikes occur 
will be temporary.  
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1.4 Dominance of fixed costs: The energy system 
of the future will have low operating costs

The transition to renewables fundamentally changes 
the cost structure of the energy system.  Electricity 
from sunlight, wind and hydropower have high fixed 
costs but low operating costs.5 The same is true for 
other core elements of the renewable energy system: 
storage batteries, efficiency technologies and power 
grids. These phenomena constitute a profound para-
digm shift.

Before, the high variable operating costs of fossil fuels 
shaped the power system. Coal- and gas-fired power 
plants have variable costs totalling 50 % or more due 
mostly to fuel costs and carbon credit purchases. Up 
until now financing structures and electricity mar-

kets were based on the fact that the most expensive 
power plants, the ones that would kick in last and 
feature very high operating costs, would ensure that 
other power plants could recover their capital and 
investment costs as well as their operation and main-
tenance costs. In the new energy system, the varia-
ble costs of a renewable power plant are close to zero 
after installation. Power prices are determined by the 
availability of sunlight and wind as well as the cost of 
investment and capital. 
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The power system’s “one-way street” is replaced by a decentralised, 
networked structure Figure 5
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1.5 Decentralisation: The energy system is 
becoming less centralised

An energy system based on renewables tends to be 
accompanied by smaller, decentralised structures. 
The reason is that energy from sunlight and wind is 
less concentrated than energy from coal, oil and gas. 
This results in a wider distribution of power gener-
ation.6

The new technologies have changed the traditional 
distribution of roles in the energy system. In the 
old system, a small number of large power plants 
transported electricity to consumers via transmis-
sion and distribution grids. Heating and gas net-
works also relied on relatively few producers. Today, 
millions of renewable energy plants, both large and 

small, generate electricity at every level of the grid, 
and in the case of prosumers generated energy is 
directly consumed again by its producers. This 
decentralised model represents the future of heating 
and gas networks as well.7

The economies of scale created by the old system’s 
large power plant blocks are, are in the new energy 
system replaced by the mass production of renewa-
ble energy plants, energy storage systems and elec-
tric vehicles. This fundamental shift in the energy 
system has produced a variety of new business 
models and players in the power, heating and trans-
port sectors.
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Digital technology will integrate the power, heating and transport sectors  Figure 6
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1.6 Digitalisation: Energy will be smart and better 
integrated

Modern information and communication technologies 
are revolutionising the energy and transport indus-
tries, too. By coordinating energy supply and demand 
in real time, they are enabling the energy system’s 
transition to variable, small-scale energy generation. 
Digitalisation in particular has allowed the construc-
tion of a reliable, forward-looking energy system 
dominated by wind and solar power. The ability of 
digital technology to process massive volumes of data 
makes the use of electricity, heating and transporta-
tion smarter and more flexible. In the future, produc-
ers will be able to trade electricity in real time, people 
will have the option of booking a wide range of trans-
portation services at a moment’s notice and heating 
needs will be flexibly adjusted as required. 

The business models that build on digital technology 
will include the macro-level steerage of numerous 
producers and consumers and the micro-level opti-
misation of single-family homes in the use of roof-
top solar installations, heating systems, battery stor-
age and electric vehicle charging. In the new energy 
system, a large part of value creation will come not, 
as before, from the sale of kilowatt hours or automo-
biles but from smart markets, smart homes and smart 
mobility. The protection of personal energy-related 
data will be an important task in the new system. 
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Citizens increasingly demand political participation  Figure 7

Agora Energiewende | Energiewende 2030: The Big Picture

18

1.7 Democratisation: The new energy system 
affects citizens more

Electricity no longer merely comes out of the socket. 
Technologies such as solar panels, combined heat and 
power (CHP) plants, batteries and heat storage put 
electricity into the socket, turning millions of indi-
viduals into prosumers, people who produce large 
portions of the energy they consume themselves. In 
more and more regions, municipalities are interested 
in producing their own electricity, ensuring that 
added economic value benefits local communities. 

At the same time, the energy transition is a compre-
hensive infrastructure project that affects the lives of 
many people. Wind turbines, solar farms, new power 
lines and the rezoning of agricultural land are bring-
ing the energy system closer to where people live and 

work, especially in rural areas, creating more inter-
action between population and the power infrastruc-
ture.

As a result of the ubiquity of new energy system and 
thanks to increased political self-confidence, many 
people are insisting on having their say in the plan-
ning and execution of new infrastructure projects. 
Public protests have become common, while citizens 
energy companies and local activists are actively 
shaping the energy system. Energy and transport 
policies can no longer exclusively be made top–down.
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2 Ensuring environmental sustainability, economic 
competitivness, energy security and European 
integration: Energy Transition targets 2030

The energy transition is successful when it benefits 
the environment and the economy while safeguard-
ing security of supply. These make up the  classical 
triangle of priorities in German energy  policy. A new, 
added priority is European integration. Due to its 
central location, Germany has more power and gas 
lines connecting it with surrounding countries than 
any other nation in Europe, closely tying it with the 
energy policies of its neighbours. From now until 
2030, therefore, German legislators must adopt poli-
cies for lasting environmental sustainability, eco-

nomic competitiveness and security of supply within 
Germany and with its neighbouring countries. And 
they must do all this with an energy system that is 
increasingly based on energy efficiency, renewables 
and flexibility. 

The energy transition needs specifying to turn an 
abstract idea into concrete policies based (wherever 
possible) on quantifiable indicators. This section pro-
poses specific energy transition targets for 2030. 

Specifying Energy Transition targets for 2030:  
Agora Energiewende’s recommendations

Environmental 
 sustainability

 → Reduce greenhouse gas emissions in the energy sectors by 60 % relative to 
1990 levels by 2030. Emissions should total no more than 166 million metric tons 
in the power sector, 175 million metric tons in the heating sector and 98 million 
metric tons in the transport sector.

 → Hew to the principles of nature conservation when expanding renewables  
and repurposing former lignite mines.

Economic 
 competitiveness

 → Keep per unit energy costs in the industrial sector and energy’s share in private 
consumer spending under 10 %. 

 → Give special exemptions to energy-intense industries and private households  
with low incomes.

Security of  
supply

 → Reduce import levels for total primary energy use (coal, oil, natural gas,  
renewables) below 60 % by 2030. 

 → Average power outage (measured by the SAIDI index) should remain  
under 20 minutes per year. 

European 
 integration

 → Eliminate bottlenecks in power, natural gas and transport networks  
at Germany’s borders.

 → Create close ties with Germany’s neighbours in approaching security  
of supply, renewable energy expansion and power market design.
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An energy transition for 2030 that is 
environmentally sustainable

To specify the target of an environmentally sustaina-
ble energy transition for 2030, the already agreed cli-
mate goals of the German government serve as a basis. 
The German Bundestag and federal government have 
committed themselves to reducing Germany’s green-
house gas emissions by at least 55 % in 2030, by at 
least 70 % in 2040 and by 80-95 % in 2050 compared 
to 1990 levels. To respect the latter range of 80-95 % 
reduction by 2050 when adopting measures for 2030, 
it is useful to operate with the average value of 87.5 %. 
Doing so ensures that based on future needs both the 
upper and the lower end of the range can be aimed for. 

Compared to other sectors, the energy sector’s con-
tribution to reaching the climate goals will be above 
average. This is because the industry and agriculture 
sectors – Germany’s other major sources of GHGs – 
feature large amounts of process emissions. In the 
foreseeable future, there will only be limited technical 
possibilities to avoid these emissions in a cost-effi-
cient way. Based on what is known today, it is ambi-
tious for industry and agriculture to achieve a 60 % 
reduction of GHG emissions by 2050 against a 1990 
baseline.8 Conversely, this means that Germany’s 
energy-related greenhouse gas emissions must fall by 
at least 92 % in 2050, with the remaining emissions 
coming mostly from trash incineration and fugitive 
emissions.

In real terms, pursuing a median reduction path 
of 87.5 % by 2050 will require almost the complete 
decarbonisation of the power, heating and transport 
sectors. Consequently, energy-related emissions 
must decrease by around 60 % in 2030 to serve Ger-
many’s across-the-boards reduction target of 55 %. 
This value corresponds with the 2030 sector targets 
defined in Germany’s Climate Action Plan 2050, 
adopted in November 2016.9

Reaching these targets will require a massive expan-
sion of renewables. But the expansion must adhere 

to the principles of nature conservation if it is to be 
environmentally sustainable while mitigating climate 
change. This applies to the planning of onshore and 
offshore wind farms and especially to the use of bio-
mass, where for biodiversity’s sake alternative plants 
should be cultivated in place of maize monocultures. 

The repurposing of abandoned lignite mines will also 
face environmental challenges. Existing nature con-
servation legislation provides an adequate framework 
for these efforts, though details will need hashing out 
at the local level.  

An energy transition for 2030 that 
ensures economic competitiveness

If the transformation of the energy system is to be 
acceptable for all users – for private households as 
well as for the economic sector – it must first and 
foremost be affordable. And to be affordable, eco-
nomic optimisation must be one of its central goals. 
The share of private household income going to 
energy must remain the same or less, and costs for 
German industry must be low enough to ensure global 
competitiveness. In bringing about the energy tran-
sition, Germany will remain a nation that derives its 
economic strength from a technologically advanced 
industrial sector. 

Therefore, competitive, European energy markets 
are an indispensable element of the energy policy 
triad. Accordingly, Germany’s energy transition must 
focus on expanding affordable renewables (wind and 
solar power), introducing free-market auctions for 
renewables and strengthening the power market. As 
wind and solar power capacity expands, the need for 
flexibility within the energy system will continue to 
rise. In order to achieve flexibility in the most cost- 
efficient way, open competition between all availa-
ble flexibility options is needed: power trading with 
European neighbours, flexible power plants, energy 
storage, demand side management,  power-to-X and 
the integration of energy sectors. Policies favouring a 
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single technology would be unwise; the market must 
be allowed to discover the best solutions on its own. 
The expansion of the power grid, whether nationally 
or cross-border, is another essential element in the 
energy market. However, the size of the expansion 
needs to serve the overall system optimisation and 
needs to be based on a cost-benefit analysis.  

Costs must be minimised gradually over time. 
Stranded assets such as fossil technology invest-
ments, whose amortization periods are incompati-
ble with climate targets (e.g. amortization would be 
reached past 2050), should be avoided to prevent the 
risk of economic losses.

Energy costs are the product of energy price and 
energy use. This is why energy efficiency plays a 
key role in lowering costs. Advances in energy effi-
ciency not only lower the overall costs of the energy 

system. They also strengthen the competitiveness of 
German industry. And with many affordable effi-
ciency options yet to be exploited – especially in the 
industrial sector – there is great potential to make the 
energy transition more cost-efficient while ensuring 
economic competitiveness.

Part of such a transition is to ensure private and 
industrial users do not spend significantly more 
on energy than they did in the past. In 2013, 9 % of 
 private consumer spending went for energy. By 2015, 
the figure had dropped to 7.6 %.10 A measure of energy 
spending in the industrial sector is the energy per 
unit price. This expert index measures the share of 
energy costs in industrial gross value creation. In past 
years, the share was approximately 8 %.11 As a target 
for 2030, we propose that private households and 
industrial sector pay less than 10 % of income (or of 
gross value creation) for energy. 
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Specifying Energiewende targets for 2030: Agora Energiewende’s recommendations  Figure 8
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It is important that this average value be weighed 
against the specific situations of users. In particu-
lar, social policies will be needed in the event of cost 
increases to compensate low-income households, 
which already pay an above-average share of their 
budgets for energy. At the same time, exceptions for 
some parts of the industry will continue to be neces-
sary and useful to ensure international competitive-
ness. But it is also vital that such exemptions do not 
undermine efforts at efficient and flexible energy use 
in the respective sectors.

An energy transition for 2030 that 
ensures security of supply

A secure energy supply is of utmost importance for 
any economy, but especially for a highly industri-
alised country exposed to global competition. The 
 German energy system has been a world leader in 
security of supply for decades. Now, as the energy 
transition moves to its second phase, the task of 
energy policy must be to preserve Germany’s energy 
security and in some respects, such as dependence on 
energy imports from crisis areas, even improve it.

In 2015, Germany drew 70 % of its total primary 
energy from abroad.12 The gradual reduction of 
nuclear energy, coal, oil and gas by means of energy 
efficiency and renewables decreases Germany’s 
dependence on energy imports from existing or 
potential crisis zones.  Moreover, it will lower the 
nation’s energy bill while shifting value creation to 
the domestic market. 

Today’s German power system is characterised by 
high reliability. Its SAIDI score – a measure of average 
unplanned outage times in distribution networks per 
customer 13 – fell during the first phase of the energy 
transition, and by 2015 had reached 12 minutes per 
year, a record low.14 Germany’s goal now must be to 
maintain the same excellent reliability in the future 
as well, especially when measured against other 
industrialised nations.15

Two actors bear responsibility for this task: trans-
mission grid operators and German legislators. The 
former are in charge of system security; the later 
must create legal frameworks that use appropriate 
measures (capacity reserves, capacity markets, etc.) 
to ensure around-the-clock security of supply.16

As for specific targets, we propose that Germany 
reduce its dependence on primary energy imports 
(coal, oil, natural gas, renewables) to below 60 % while 
keeping its SAIDI score under 20 minutes of outage 
per user per year. 

A European energy transition for 2030

The energy policy triad – environmental sustaina-
bility, economic competitiveness, security of sup-
ply – can be better and more easily served if Europe’s 
countries cooperate with one another rather than 
go it alone. A Europe-wide energy transition can 
better balance weather-dependent wind and solar 
power production, and the guaranteed capacity that 
results can be used to ensure energy security across 
Europe. European cooperation will also enable the 
expanded use of affordable flexibility options such 
as pumped-storage plants and demand side man-
agement in neighbouring countries. In this way, 
European cooperation will increase the economic 
competitiveness of the energy transition while also 
guaranteeing ensuring energy security.17

The advantages of such cooperation will accrue to 
Germany as well as its neighbouring countries, for 
by 2030 the energy transition will have become a 
European project. The EU has already adopted its own 
climate and energy targets for 2030: at least a 40 % 
reduction of greenhouse gas emissions by 2030 rel-
ative to 1990 levels; at least a 27 % increase in energy 
efficiency; and at least a 27 % increase in the share 
of renewables in total energy consumption.18 Models 
have projected that these targets will require a 50 % 
share of renewables in Europe’s power market on 
account of their limited potential in the heating and 
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transport sectors.19 At the same time, the EU wants 
to increase Europe’s competitiveness and rely on the 
Energy Union to guarantee a lasting energy security. 
More energy independence is particularly impor-
tant considering the risks associated with natural gas 
imports from Russia. 

An effective European energy transition requires 
an improved integration of energy systems across 
national borders at three levels:
 

 → Better physical integration: The further increase 
in interconnector capacity is crucial to facilitate 
the cross-border flows of energy, people and goods. 
In order to increase economic competitiveness and 
security of supply, any bottlenecks at  Germany’s 
borders within these three networks should be 
significantly reduced. We propose that Germany 
aim for a 25 % increase in the number of electricity 
interconnectors at its borders by 2030.

 → Better market integration: Over the years, the 
power markets in Europe have become inter-
twined, though the rules governing intraday and 
balancing energy markets often vary from place to 
place.20 By 2030, these rules should be harmonised 
to the greatest extent possible. 

 → More political cooperation: More cross-border 
cooperation with renewable energy auctions and 
capacity instruments reduce costs for everyone 
involved. Furthermore, EU members should seek to 
coordinate their medium- and long-term energy 
strategies with their neighbours as part of the 
EU’s 2030 Climate and Energy Policy Framework. 
Cooperation at the regional level, such as in West 
Central Europe or the Baltic Sea region, can prepare 
the way for cooperation between countries. 

This European integration of the energy transition 
does not mean that national policies are no longer 
needed. National targets and policies for climate pro-
tection, economic competitiveness and security of 
supply continue to be very relevant, especially in the 
power sector. This is because, in European law, the 
energy mix falls under the authority of the nation 

state. Climate and energy policies at the EU level like 
the EU Emissions Trading System must aim to sup-
port national measures and regional cooperation. 
Governments should strive to create a smart policy 
mix of mutually reinforcing national and European 
measures.
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3 Energiewende 2030: Redesigning the power, 
heating and transport sectors

The year 2030 is an important milestone in the 
 German Energiewende. It represents the half-way 
mark on the path to Germany’s all-important targets 
for 2050 - in line with a reduction path of medium 
ambition - energy-related emissions must be 92 % 
below their 1990 levels. In 2015, these emissions 
were down by 26 %. By 2030, they must fall another 
34 percentage points. Doing this requires a sweeping 
transformation, nothing less than a total redesign of 
the power, heating and transport sectors. The energy 
system must abandon its previous pillars – nuclear 
energy, coal, petroleum and natural gas – in favour of 
energy efficiency and renewables, first and foremost 
wind and solar power. 
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By 2030 energy-related greenhouse gas emissions must be reduced 
by 60 % relative to 1990 levels Figure 9

In 2030, the energy transition will bring considerable 
changes without loss of convenience. On the contrary, 
green retrofits and digital technology will ensure 
that buildings are warm or cool when they need to 
be; electric cars and shared mobility will make cities 
cleaner and quieter; industrial plants will be more 
efficient and flexible while profiting from low wind 
and solar power prices. This section describes strat-
egies for realising these technological innovations in 
a way that benefits the climate, the economy and the 
consumer.  
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3.1 Strategies for a cost-efficient transformation 
of the energy sectors by 2030

In 2015, Germany consumed roughly 3,700 tera-
watt hours’ worth of energy. Approximately 93 % of 
that energy went to power production; the remain-
ing 7 % went into material use.21 Some 30 % of the 
energy came from petroleum, 27 % from coal and 22 % 
from natural gas. Renewable energies supplied 13 %.22 
Gauging by emissions, a different picture emerges. 
Coal was the main contributor, producing 42 % of 
Germany’s energy-related CO₂ emissions, followed by 
petroleum (33 %) and natural gas (20 %).23

Due to conversion losses, only 72 % of the above 
3.700 TWh can be used as final energy.24 Around one-
half of final energy is used for heating, one-third for 
fuels and one-fifth for electricity.25 Due to the signif-
icant use of coal-fired power generation, the power 
sector remains the energy sector with the highest 
emissions. 

A three-pronged approach: increase 
efficiency, expand renewables and 
initiate the phase-out of coal and oil

Numerous recent studies have investigated the most 
cost-efficient strategies for achieving the 2030 climate 
targets.26 The studies converge on three core findings:

1. Increase energy efficiency
Energy efficiency is the key to success in the power, 
heating and transport sectors. Reaching  Germany’s 
climate targets without massive investment in green 
retrofitting, in more efficient power use and in 
transport system efficiency would not only be more 
expensive; it would run up against the limits of public 
acceptance in view of the additional efforts needed in 
renewables expansion and coal reduction. Between 
2015 and 2030, Germany must cut final energy con-
sumption by around 22 % and primary energy con-
sumption by 29 % (because of conversion losses).27

2. Expand renewables
The expansion of renewables is the second important 
pillar of the energy transition. By 2030, the share of 
renewables in Germany’s total primary energy con-
sumption needs to increase to around 31 %, somewhat 
more than double what it is today. The specific share, 
however, varies by sector. In the power sector, wind 
and solar energy have great potential for affordable 
expansion. By contrast, alternative energy sources 
in the heating sector (solar thermal and geothermal 
energy, biomass) have only limited potential at this 
time, while alternative fuels for the transport sec-
tor have almost none at all. (The production of first- 
generation biofuels has stagnated due to sustaina-
bility problems, and second-generation fuels have 
limited potential.) Therefore, renewable energy will be 
increasingly used in the heating and transport sectors. 

3. Focus on reducing coal and oil
The third strategy is to focus on lowering the most 
carbon-intense energy source in each of the energy 
sectors, as their reduction does the most to cut CO₂ 
per kilowatt hour. Consequently, the use of coal and 
oil in 2030 will be halved compared to 2015 levels. 
The cleanest burning fossil fuel is natural gas; as such, 
it will see only a slight reduction by 2030.



IMPULSE | Energiewende 2030: The Big Picture

27

Integrating the power, heating and 
transport sectors on the road to 2030: 
efficient use of wind and solar power  
is key 

In light of the foregoing strategies, the integration of 
formerly disparate energy sectors, known in  German 
as “sector coupling” (Sektorkopplung), will play an 
important role. In addition to existing combined heat 
and power plants and rail transport, more and more 
renewable energy will be used in the heating and 
transport sector. This could happen either directly in 
the form of heat pumps,  power-to-heat plants, electric 
cars, more electricity in the rail system, or indirectly 
through synthetic fuels produced from renewables 
such as hydrogen, power-to-gas or power-to-liquid. 
Direct power better serves efficiency than indirect 
power does. This is because heat pumps and electric 

engines, undergo little conversion loss when generat-
ing heat and motive power.  
 
But new uses like these will also increase power 
demand and consumption. As a result, the lines sep-
arating the power, heating and transport sectors will 
begin to fade and eventually disappear. The energy 
sectors must be regarded as a single system.

As the energy sectors merge and energy efficiency 
increases and domestic wind and solar power produc-
tion ramps up, new opportunities for energy compa-
nies and energy services providers will emerge on the 
market, creating value for the German economy. As 
for climate action, the new power uses will necessitate 
additional expansion of renewables, because other-
wise emissions would only be shifted from one sector 
to another. 
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3.2 Transforming the power sector for 2030

The year 2015 concluded the first phase of the energy 
transition in the power sector. Between 2000 and 
2015, the renewable energy generation increased 
five-fold, rising to account for a 32 % share of Ger-
many’s power consumption. Over the same time 
span, Germany began its phase-out of nuclear power 
and by 2015 managed to cut power production from 
nuclear plants in half. The increase in renewables 
amounted to twice as much as the decrease in nuclear 
power, with the latter declining 78 terawatt hours 
and the former rising 150 terawatt hours. During 
this process, the security of supply could even be 
improved. In 2006, average power outages per cus-
tomer totalled 21.5 minutes; by 2015, it had fallen to 
12.7 minutes. Nevertheless, the expansion of renew-
ables between 2000 and 2015 caused considera-
ble added costs for customers, especially due to the 
 initially very high subsidies for new technologies.

The power sector challenge: one-third of 
electricity comes from renewables, but 
coal emissions remain high

For all of Germany’s success in expanding renewa-
bles, the carbon footprint of its power sector is still 
large. In 2015, the power sector released 312 million 
tonnes of CO₂, around one-third of Germany’s total 
emissions, and only 4 % less than in 2000. The reason 
is that lignite and hard-coal use has declined only 
slightly since 2000 due to the EU’s ineffective Emis-
sions Trading System. Today, coal continues to cover 
40 % of German power consumption.

In the years leading up to 2030, Germany needs to 
successfully complete the second phase of the energy 
transition: 60 % of power from green electricity, the 
final phase-out of nuclear energy and a 50 % reduc-
tion in power emissions.28 By 2030, wind and solar 
power will be the leading technologies of the power 
sector. Between 2020 and 2030, on- and offshore 
wind farms and ground-mounted PV systems will 

produce  electricity at under 5 cents per kilowatt hour. 
Roof-top PV systems will be common standard not 
only for  single-family homes but for any building 
with a suitable roof. The heating and transport sectors 
will also see increased amounts of renewable power. 
 Moreover, intelligent networks, digitally integrated 
renewable energy installations, demand side man-
agement, energy storage and a stable capacity reserve 
will ensure that the security of supply remains as 
high in 2030 as it is today.

Four strategies for 2030: increase 
efficiency, cut coal use by half, increase 
renewables to 60 % of power supply, 
complete the nuclear power phase-out

A cost-efficient energy transition for 2030 must 
focus on four strategies: 

1.  Efficiency First: keep energy demand stable 
despite sector coupling 

Energy efficiency is an essential part of an afforda-
ble energy transition.29 Traditional energy demand 
in buildings, industry and transport must fall from 
520 tera watt hours today to 470 terawatt hours in 
2030. These efforts are all the more important con-
sidering that the increasing electrifcation of the 
heating and transport sector will create an additional 
70 tera watt hours of demand. Thanks to efficiency 
measures, Germany’s overall power consumption in 
2030 will only be slightly higher than it is today.

2. Reduce coal-fired generation by half
Given the high share of lignite and hard coal in its 
power mix, Germany must cut coal-fired genera-
tion by half if it is to cut energy-related emissions 
by half. Doing so will also reduce the high levels of 
coal-based electricity Germany is currently export-
ing to neighbouring countries. Over the course of the 
2020s, old coal-fired power plants will go offline. 
Those that once produced heat will give way to gas-
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Four strategies to cut power sector emissions by half by 2030 Figure 11
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fired CHP plants, combined with renewable heat 
sources.  Starting in 2025, modular gas-fired motors 
will be used to guarantee security of supply during 
peak demand, since coal-fired plants will no longer be 
around to do the job. 

3. Raise renewable share to 60 % 
Today, the share of renewables in power genera-
tion is 30 %. This share needs to be doubled by 2030 
to completely cover the electrification in the heat-
ing and transport sectors with renewable ener-
gies. In 2015, a total of 42 gigawatts of onshore wind 
power, 40 gigawatts of PV and 3 gigawatts of off-
shore wind were installed in Germany. In 2030, a 
total of  91 gigawatts of onshore wind, 86 gigawatts 
of PV and 20 gigawatts of offshore is expected. Much 
of the capacity added between 2018 and 2030 can be 
achieved with energy costs of under 5 cents per kilo-
watt hour, so that no additional costs will accrue.

4. Complete the nuclear energy phase-out
Between 2017 and 2022, Germany will shut down its 
eight remaining nuclear power plants. The phase-
out of inflexible nuclear power will create more 
room for renewables and reduce incidents of excess 
energy. Since six plants with a capacity of 8 giga-
watts are scheduled to go offline between December 
2021 and December 2022, policymakers and the Fed-
eral Network Agency must act now to ensure secu-
rity of supply. This might entail temporarily keeping 
a higher capacity reserve to be prepared for possible 
power demand peaks in the winters of 2021/22 and 
2022/23.
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3.3 Transforming the heating sector for 2030

The heating (and cooling) sector 30 consumes more 
energy than any other segment of Germany’s energy 
system. In 2015, the sector used 1,373 terawatt hours 
of energy, about as much as the power and transport 
sectors combined.31 During the same year, the heat-
ing sector released around 290 million tons of CO₂, 
putting it in second place among the energy sectors. 
Around 60 % of power went to building heating. The 
other 40 % was used for industrial process heat.

Between 2000 and 2015, energy for building heat-
ing fell 13 % and emissions decreased by 25 %,32 but 
climate change mitigation efforts have made few 
inroads in German industry. Natural gas gener-
ates 43 % of heat, followed by petroleum (15 %) and 
 electricity (13 %). The rest is produced in almost equal 
parts from direct renewables use (10 %),33 district 
heating (9 %) and hard coal (8 %).34 The heating sector 
has the most durable capital stock of all the energy 
sectors, with the average German residential build-
ings being 50 years old.
 

The heating sector challenge: the largest 
energy sector also has the most durable 
capital stocks

In 2030, the heating (and cooling) sector will be 
cleaner and much more efficient than it is today. 
Almost half of all buildings are either new construc-
tions or old buildings that have been modernised to 
meet today’s high energy standards. These buildings 
are good at trapping heat, they use sunlight for indi-
rect heating and they provide comfortable tempera-
tures in winter throughout the whole building. 

By 2030, low-emission heating systems such as gas-
fired boilers or heat pumps will have mostly replaced 
oil-fired boilers. In the meantime, many unmodern-
ised or partly modernised buildings will use biva-
lent heating systems, which combine heat pumps 
with oil- or gas-fired boilers. These systems will use 

electricity when the power price is low and oil and 
gas when it is high, substantially lowering emissions. 
District heating networks will draw their heat from a 
variety of sources: gas-fired CHP plants, solar ther-
mal and geothermal energy, biomass, large-scale heat 
pumps and waste heat. Coal use for district heating 
and industrial process heat will be cut in half. German 
industry will rely on efficiency technologies, while 
renewables or hydrogen produced by renewables will 
gradually replace natural gas.

Four strategies for 2030: Modernise 
buildings, cut coal and oil use by half, 
increase the share of renewables, 
electrify the heating sector

By 2030, the heating sector must have significantly 
reduced greenhouse gas emissions from housing and 
industry – namely, by 40 % over a 2015 baseline.35 
The following four strategies will make this possible:

1.  Efficiency First: Lower power for building heat-
ing by 25 % and for industrial heat by 10 %

To transform the heating sector in a cost-effi-
cient way, energy efficiency must be significantly 
increased. Specifically, final energy use in buildings 
must fall 25 % by 2030. To achieve this, 2 % of German 
buildings must be retrofitted every year. Within the 
industrial sector, unused potentials need to be tapped 
to increase efficiency and lower power use by 10 % 
relative to 2015 levels. All in all, these measures would 
reduce total power consumption in the heating sec-
tor to around 1,100 terawatt hours, roughly half for 
buildings and half for industrial process heat. 

2. Cut coal and oil use by half 
Coal and oil are the most carbon-intense forms of 
energy, hence the need for their dramatic reduc-
tion by 2030. Natural gas use will continue and the 
respective gas infrastructure will be kept for later use 
with synthetic fuels produced from renewable power.
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This means that hybrid heat pump systems or other 
technologies must replace simple oil-fired boilers in 
buildings, and that coal use for district heating and 
industrial process heat will be reduced by half. 

3. Expand the renewable heat supply
There are many options for using renewable heat in 
buildings, in district heating networks and in indus-
try: solar thermal and geothermal energy, environ-
mental heat and waste biomass. These need rapid 
implementation so that by 2030 around 200 tera-
watt hours come directly from renewable heat. This 
includes the reconfiguring of district heating net-
works for low-temperature operation. 

4. Use heat pumps to electrify the heating sector 
Using wind and solar power for power-to-heat and 
heat pumps is an efficient form of climate charge 
mitigation in the heating sector. By 2030, 5 to 6 mil-

lion heat pumps will be installed in Germany, half 
of which will have back-up gas- or oil-fired boil-
ers. During this time, inefficient electricity-powered 
night storage heating systems, widely used today, 
should be replaced, limiting added power demand to 
around 20 terawatt hours.

If these strategies are not successful, considerable 
quantities of power-to-gas will be needed to reach 
sector targets.
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3.4 Transforming the transport sector for 2030

Of all Germany’s energy sectors, the energy transition 
is least advanced in the transport sector. Renewables 
cover only 5 % of its final energy consumption. Some 
93 % of the 727 terawatt hours used in 2015 came 
from petroleum-based fuels.36 And rising emissions 
from roads, rails, ships and air traffic over the past 
few years has nullified Germany’s successes in cli-
mate protection in the first decade of the new millen-
nium. With 166 million tons of CO₂ emissions in 2016, 
transport is the only sector in the German economy to 
release more carbon today than it did in 1990.37

Transport: The only sector with rising CO₂ 
emissions

Two trends are responsible for this situation:

 → More traffic on the roads: Between 2000 and 2015, 
transport of goods increased 25 % to 650 billion 
tonne-kilometres, and passenger transport by 
13 % to 1.180 billion passenger-kilometres. Trucks 
covered around 80 % of the growth in commercial 
transport, and cars covered 70 % of the growth in 
passenger transport.38

 → Levels of CO₂ emissions from cars are falling only 
on paper: Based on the EU regulation addressing 
passenger cars’ emissions, fossil fuel consumption 
of cars should be steadily decreasing. Furthermore, 
the vehicle tax is supposed to benefit low-carbon 
vehicles. Nevertheless, fuel consumption has barely 
fallen. One reason is the increasing discrepancy 
between the fuel economy data car manufacturers 
publish and the real values. In 2000, the differ-
ence for new cars was 9 %; within 15 years, it had 
climbed to 42 %.39

In 2030, CO₂ emissions in the transport sector will 
have fallen by 95 to 98 million tonnes.40 In the mean-
time, the transport sector must undergo a rapid trans-
formation, which Germans call the  Verkehrswende. The 
beginnings of this transformation can already be seen 

today. In urban areas, bicycle use has been increasing, 
while the number of cars on the roads has remained 
constant. Moreover, increased digitalisation has given 
rise to mobile carsharing and attractive public trans-
port services, and the prices of batteries and, by exten-
sion, electric cars, have been steadily declining.

The transformation of the transport sector consists of 
two parts: 41 reducing traffic volume while ensuring 
mobility (known as the Mobilitätswende, or “mobil-
ity transition”) and bringing an ever-rising share of 
renewables to the transport sector (the actual energy 
transition within the transport sector). This trans-
formation will improve the quality of people’s lives. 
Electric cars and new mobility options will make 
cities quieter and cleaner, reducing noise along with 
other forms of pollution such as fine particulate mat-
ter and nitrogen oxide.

Transforming the transport sector is also crucial for 
German’s automobile industry. As China and Califor-
nia lead a massive global shift towards electric vehi-
cles and mobility services, it is of crucial importance 
for Germany as an industrialised nation, to keep 
 fostering innovation. 

Three strategies for 2030: increase 
efficiency, advance electric vehicle use, 
improve rail and bus networks

The following strategies will lead to a 40 % reduction 
(against a 2015 baseline) of petrol and diesel consump-
tion, along with the emissions they produce, by 2030:

1.  Efficiency First: reduce energy demand by 30 % 
Avoided kilometres are the most cost-efficient way 
to mitigate climate change. Better urban planning 
can preserve individual mobility while reducing the 
distance between work and home. Digital technology 
can be used to organise transport more efficiently and 
better integrate private and public forms of transport. 
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New designs for cars and trucks will ensure that 
they are truly more fuel efficient than past models. 
All together, these measures will reduce power con-
sumption in the transport sector by around 30 %. 

2.  Strengthening the use of railways, busses  
and shared mobility 

Using railways to transport more goods and pas-
sengers will reduce road traffic. To achieve this goal, 
Germany needs a rapid and significant expansion of 
its rail network. In addition, public transport could 
win more customers through convenient services, 
new routes and technological innovation (e.g. shared 
autonomously driving cabs). This will ensure that 
most of the increases in goods and passenger trans-
port projected by 2030 can be absorbed by the rail-
ways and public transport systems. 

3. Introduce renewable-powered electric cars 
With biofuel production stagnating, increases in 
renewables will have to come from wind and solar 
power. By 2030, there should be 10 to 12 million 
electric- and fuel cell-powered vehicles on  German 
streets. Moreover, electrification must spread to 80 % 
of the rail system, up from 60 % today. To further 
reduce pollution, overhead lines should be placed 
along Germany’s central motorways to provide hybrid 
trucks with power for long-haul routes. All in all, 
these measures will increase power demand in the 
transport sector by around 50 terawatt hours. 

If these strategies fall short of 2030 targets, consid-
erable quantities of power-to-X fuels will be needed. 
Petrol and diesel would soon have to be mixed with 
increasing shares of power-to-liquid fuels to reach 
transport sector targets.
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3.5 Alternative paths are possible, but more 
research and development is needed 

The measures described so far in this section aim at 
a cost-efficient transformation of the energy system 
by 2030. They focus on the most affordable technol-
ogies available today for implementing the energy 
transition. But under certain circumstances, policy-
makers might consider alternative paths for achiev-
ing the energy transition. Here are three such cases:

 → Insufficient energy efficiency: Increased energy 
efficiency is a central pillar of the energy tran-
sition. Recent experience has shown that green 
retrofits, reducing traffic volume and increasing 
power efficiency face a number of hurdles, whose 
elimination the federal government has yet to pri-
oritise. Should the hurdles remain in place, other 
measures must be taken to reach Germany’s cli-
mate targets.

 → Insufficient electrification: Ideally, Germany 
should have between 5 to 6 million heat pumps and 
10 to 12 million electric vehicles by 2030. But if a 
lack of incentives or public acceptance prevents 
these targets from being realised, other options will 
have to be considered, even though direct power 
for heating and transport is the most cost-efficient 
strategy known today. 

 → New technological breakthroughs: On the way to 
2030, breakthroughs in other technologies might 
occur. These breakthroughs could complement the 
most cost-efficient climate technologies under 
consideration today (e.g. efficiency measures, wind 
and solar power, battery storage and heat pumps). 
Two areas where breakthroughs are most likely are 
fuel cells and  power-based synthetic fuels, both of 
which have been well researched, and have already 
found their first fields of application.42 Though they 
are still expensive, each has significant potential 
for reducing costs.43

Without energy efficiency or electrifica-
tion, much more wind and solar power 
will be needed 

Whatever alternative paths are pursued, they can-
not get around the central climate goal of the energy 
transition, namely restricting the use of coal, petro-
leum and natural gas. Since biomass’s potential is 
extremely limited, all three sets of circumstances 
would require installing a great deal more wind and 
solar power by 2030. For instance, if efficiency 
efforts in the heating and transport sectors miss their 
targets by 50 %, power-based synthetic fuels will 
need to make up the difference – in this case, around 
470 terawatt hours.44

Generating more power from renewables also gener-
ates more costs, for building additional wind and solar 
power installations and for creating added back-up 
power plants and power grids. These additional wind 
and solar power plants are likely to encounter public 
resistance as they could be avoided if e.g. efficiency 
goals in the transport sector were reached, or electric 
vehicles were used instead of energy-intensive pow-
er-to-liquid fuels. This extra electricity will probably 
have to be produced abroad, some possible candidates 
being the North Sea region, North Africa and the 
Middle East. The need for power-to-liquid technol-
ogy is likely to be greater for the period post-2030 
- and the corresponding climate protection goals - 
than for the period leading up to 2030. At this point, 
however, power-to-gas and power-to- liquid tech-
nologies are not expected to play a central role in the 
energy transition before 2030.



2,000

1,800

1,600

1,400

1,200

1,000

800

600

400

200

0

En
er

gy
 re

se
ar

ch
 e

xp
en

di
tu

re
s 

 [
M

io
. e

ur
os

_2
0

10
]

1991 1995 2000 2005 2010 2015

Private-sector expenditures* Federal government expenditures

* selected key branches, estimates (see original source)
BMWi (2017), Destatis (2017)

In 1991, expenditures for energy research were almost twice as high as today, 
with the private-sector’s share declining considerably Figure 14

IMPULSE | Energiewende 2030: The Big Picture

35

Power-to-X will be key to the energy 
transition after 2030, and needs to 
 become market-ready

Nevertheless, power-to-gas and power-to- liquid – 
as well as other power-to-X technologies – will con-
tribute to the long-term success of climate change 
mitigation and the energy transition.  Power-to-heat 
is already a proven technology, but open-minded 
research and testing is required if other impor-
tant power-to-x options are to become viable. 
For instance, power-to-liquid, power-to-gas and 
 power-to-chemicals can serve as long-term  storage 
mediums for wind and solar power and are the key 
for reducing carbon emissions in air traffic, ship 
transport and trucking. They can also supply carbon- 
neutral power for energy-intense processes in the 
industrial sectors and climate-friendly  precursors for 
the chemicals industry.  

It is therefore crucial that power-to-x technologies, 
including carbon capture, quickly become market-
ready for the period after 2030. While the corner-
stones have already been laid for many technologies, 
R&D is still needed for others. Countries must devise a 
joint international strategy for producing and trans-
porting power-based synthetic fuels and chemi-
cals. To these ends, the German federal government 
and Germany’s industries ought to concentrate their 
energy research efforts in a “Future Pact for Energy 
Transition and Industrial Policy” pact, agree on a 
research and testing agenda and combine this agenda 
with a market-launch programme, most usefully with 
a focus on grid bottlenecks where renewable power 
would otherwise be curtailed.  
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3.6 Grid infrastructure in 2030

Energy transition is not only about fundamentally 
changing how energy is generated and consumed. 
It is also about adapting the power, heating, gas and 
transport infrastructure to the changes in the system. 
The longevity of this infrastructure requires long-
term planning. Indeed, we need to train our sights 
on 2050, when infrastructure will need to support a 
nearly carbon-free energy system.

Defining grid targets and advancing 
innovation for 2030

The advances of the energy transition have neces-
sitated major expansion and restructuring of Ger-
many’s transmission and distribution grids. But this 
work, especially transmission line expansion, has 
encountered strong resistance from local residents, 
with the result that only 850 of the planned 7,700 
kilometres of additional power lines have been built.  

The energy transition relies on the expansion of wind 
and solar power. In Germany, the latter is available 
in plentiful quantities primarily in the summer; the 
former, in the winter. Ideally, wind and solar power 
installation would be distributed evenly through-
out Germany. But the reality is that more than 75 % of 
wind power capacity is located in northern Germany 
and offshore. This has resulted in a considerable 
transmission demand for moving power south. If the 
transmission network expansion does not take place, 
then around 75 % of new wind turbines will need to 
be built in central and southern Germany. But so far, 
there’s been no sign that Germany’s states have the 
political will to tackle such an undertaking.

This is why it’s important that the planned expan-
sions to the transmission lines provided for in the 
2016 Power Line Development Act (EnLAG) and the 
Federal Requirement Plan Act (BBPG) get underway 
quickly. In 2030, when renewables make up 60 % of 
the power sector, these lines will be responsible for 

balancing power generation and consumption across 
regions in Germany. Even if the grid expansion is 
one of the more affordable measures for integrating 
renewables, it still carries a hefty price tag: by 2030, 
the investment will total some 50 billion euros, which 
translates into an annual grid-fee increase of 3.5 bil-
lion euros.45

Yet in view of the costs, the future need for techno-
logical innovation and the question of public accept-
ance, further grid expansions need a fundamental 
re-examination. We propose the planning of a target 
grid for 2050 based on power lines that the govern-
ment has already planned. After 2030, additional 
transmission demand should primarily be covered by 
expanding capacity of existing power lines, new dig-
ital technologies in grid management, and regulatory 
changes. For instance, smart markets will send price 
signal for regional power use and thereby reduce 
transmission demand. The distribution networks 
also require major investment to link up with new 
wind and solar farms and to integrate heat pumps and 
electric vehicles. Here, too, the need for grid expan-
sion can be reduced by introducing intelligent man-
agement systems, integrating new users into smart 
markets and bundling new generation facilities with 
existing ones, such as the construction of PV installa-
tions in existing wind farms so they can use the same 
grid connection. 

Modernising heating and gas networks 
for 2030

District and local heating systems are central features 
of climate action in the heating sector. In cities large 
and small, they enable a low-carbon heat supply. To 
reach 2030 targets, existing heating networks must 
be reconfigured for falling heat demand. As it stands 
now, networks are geared towards transporting heat 
from central generation facilities to poorly heat-in-
sulated buildings.
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In the future, numerous low-carbon heat sources  – 
biomass plants, geothermal and solar thermal energy, 
large-scale heat pumps, power-to-heat plants, 
industrial waste heat – will be incorporated into 
heating networks. This will gradually reduce the 
share of fossil fuels in the heating sector. At the same 
time, improved heat insulation of buildings will 
reduce heat demand. Existing networks, in addition 
to being reconfigured for low temperatures, must be 
equipped with hydraulic mechanisms that allow the 
feed-in of various, decentralised heat sources.

The significance of gas networks for the energy tran-
sition remains unclear at this time. By 2030, natural 
gas use will have dropped only slightly, the primary 
focus being on reducing coal and petroleum, far more 
carbon-intense energy sources. Only after 2030 will 
natural gas use decline; by 2050 it will have vanished 
almost entirely. 

The central question for the future of gas networks is 
the extent of power-to-gas deployment. Synthetic, 
carbon-neutral gases such as hydrogen or methane 
can be used for heating, as fuels, as industrial precur-
sors and as long-term storage mediums for wind and 
solar power. The downside is the cost of their produc-
tion. Based on what is known today, direct power and 
energy efficiency will remain more affordable meas-
ures than synthetic gases. It is likely, therefore, that 
gas networks in 2050 will be smaller than they are 
today, while distribution networks in rural areas will 
become less and less profitable. By contrast, gas net-
works in industrial regions and as supply systems for 
back-up power plants are likely to remain important. 

Which heating and gas networks are deployed in the 
long run, and where, are questions that can only be 
answered case by case depending on local potentials 
for carbon-free heat generation and the availability 
of heat sinks. Therefore, it is of crucial importance 
to firstly, develop municipal heating concepts until 
2030. Those concepts should map out how a car-
bon-neutral heat supply system could look like and 

predict the needed infrastructure. Secondly, those 
concepts need to be implemented.

Transport networks in 2030: furthering 
the electrification of traffic routes

As a central strategy for decarbonising the trans-
port sector, we need electrification in addition to 
increased efficiency. But the transport sector is far 
from being prepared for across-the-boards electri-
fication. Massive investment is necessary, and must 
focus on three areas:

 → Expanding and further electrifying the rail 
 system: A rapid rail expansion is needed to shift 
more transport from roads to rails and a rapid elec-
trification is needed for the parts of the railway 
system that continue to use diesel locomotives, so 
that by 2030 as many as 80 % of trains are electric.

 → Creating a charging infrastructure for electric 
vehicles: The 10 to 12 million electric vehicles on 
German roads in 2030 requires a charging infra-
structure, both for highways and rural roads as well 
as in cities and at commercial properties. 

 → Overhead lines along the autobahns: Overhead 
power lines for trucks is one way to electrify 
nationwide goods transport. With them, hybrid 
trucks can complete part of their routes powered 
by electricity. After the current pilot project is over, 
Germany should proceed with the installation of 
overhead power lines along its central motorways. 

The current Federal Transport Plan was decided 
before the Climate Action Plan 2050 and thus does 
not mention these necessary investments. The 
 Federal Transport Plan must be thoroughly revised as 
soon as Germany devises a strategy to transform the 
transport sector for 2030. 
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4 What will the energy transition cost?

The price tag of the energy transition has been a con-
tentious issue. On the one side, detractors claim that 
it will be prohibitively expensive and a danger for the 
Germany economy; on the other, supporters praise it a 
cost-efficient investment in the future. 

The true price of the energy transition 
results from a comparison with the costs 
of not having an energy transition

Any serious attempt to calculate the cost of the energy 
transition must take into account two essential con-
siderations. First, there is a difference between the 
costs that have accrued so far and those still to come. 
For while costs for renewables were at times quite 
high during the first 15 years of the EEG, especially for 
PV and biogas installations, this is no longer the case 
for new investments in renewables. The problem is 
that previous commitments for existing installations 
have packed quite a financial wallop. With terms of 
20 years, the financial commitments won’t begin to 
dry up until 2023 and won’t disappear entirely until 
2033. But these past outlays shouldn’t warp our view 
of the future investment trajectory. 

The second important point to consider when figuring 
out the cost of the energy transition is that expendi-
tures don’t reveal the whole picture. For even without 
the energy transition, new power plants would have to 
be built; buildings modernised; fuels purchased; cars 
ordered; and power grids renewed. Not the total costs 
of the energy transition are decisive, but the differ-
ence between this scenario and the counterfactual 
of not pursuing the energy transition. It is further-
more important how investments in each scenario – 
one with the energy transition, one without – affect 
growth, employment and the overall economy. This can 
only be calculated using theoretical models. The chosen 
underlying assumptions will determine whether and 
when the energy transition will deliver additional costs 
or additional benefits for the economy and for society. 

Currents costs and benefits of the 
 energy transition

In 2015, the total energy costs for end consumers 
in Germany (including taxes, levies and surcharges 
but excluding VAT) amounted to around 193 billion 
euros.46 Of that amount, 72 billion was spent on fuels, 
69 billion on electricity and 52 billion on heating. 
Energy spending has remained fairly constant over 
the past few years, and, if anything, has fallen some-
what, totalling 204 billion euros in 2011 and 219 bil-
lion euros in 2013. What has changed is where the 
money is being spent. Expenditures for fuels and 
heating energy have decreased, while those for elec-
tricity have increased. The reasons for these changes 
are falling global prices for oil and natural gas and ris-
ing costs for the expansion of renewables in the power 
sector.

In 2015, Germany’s households bore 60 % of total 
energy costs, or around 117 billion euros. This is 
roughly the same as the 115 billion euros spent in 
2010 and is significantly lower than the 132 billion 
euros spent in 2013.47 The share of household energy 
expenditures in overall consumer spending has 
remained remarkably constant over the past decades. 
In 1991, the money spent on power, heating and fuels 
totalled 7.3 % of consumer spending. In 2015, the total 
was 7.6 %.48

The remaining 40 % of expenditures for energy in 
2015, roughly 75 billion euros, were borne by industry 
and commerce. The energy per unit costs in Germany 
industry – the share of energy costs in gross value 
added – are slightly below the  European average and 
amounted to 7 % in 2015.49 Since 2008, the share 
has fallen 10 %, most strongly in  energy-intensive 
industries. Price declines in wholesale markets and 
wide-ranging tax, levy and surcharge exemptions for 
energy-intensive industries are responsible for this 
trend. These developments have helped to ensure 
the global competitiveness of German industry: 
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Between 2000-2015, Germany’s gross domestic 
product increased by 43 % and industrial production 
rose by 25 %. 

Of the 193 billion euros spent on energy in 2015, 
roughly 20 billion was used for the energy tran-
sition in the power sector.50 A large portion of this 
money went to fund previous financial commitments, 
described above. The remunerations for renewable 
energy installations would amount to 10 billion euros 
instead of 24 billion euros if those 32 % of renewable 
energy were financed under today’s conditions for 
wind and solar tariffs.51 Expenditures in 2015 for the 
energy transition also included 2 billion euros’ worth52 
of state subsidy programmes in the heating and trans-
port sectors, for a grand total of 22 billion euros.

The extra costs of the energy transition have also 
brought extra benefits, bringing economic stimulus to 
the areas of construction, skilled labour and techni-
cal services. To measure those benefits, EWI, Prognos 
& GWS have created several models that compare the 
total economic effects of investments in the energy 
transition from 2010 to 2013 with the counterfactual 
of not pursuing the energy transition.53 Their mod-
els come to a number of important findings. In 2013, 
inflation was 0.25 % higher than it would have been 
without the energy transition on account of higher 
power costs. At the same time, the additional invest-
ment boosted economic growth, leading to a 0.4 % 
increase in Germany’s gross domestic product in the 
period 2010–2013, creating an average of 70,000 new 
jobs each year.
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The costs and benefits of the energy 
transition in 2030 and 2050 

So far, five comprehensive studies have been pub-
lished on the added costs of the energy transition.54 
Each has compared the costs of the business-as-usual 
scenario (i.e. without the energy transition) with the 
costs of the energy transition. Some have also tried to 
quantify the total economic effects for each scenario. 

These studies draw different conclusions about 
whether the energy transition will bring added costs 
or added benefits for the economy and for Germany 
society in general. Indeed, some come to completely 
opposing views. According to our analysis, the find-
ings of these studies crucially depend on two sets of 
assumptions: 

 → Cost assumptions for fuels, technologies and 
 capital: The energy transition uses new technology 
to reduce the consumption of coal, oil and natural 
gas. Hence, price assumptions for fossil fuels and 
for future renewable-energy technologies such 
as wind and solar power, energy storage, electric-
ity networks and synthetic, power-based fuels are 
key. The expected capital costs for financing new 
investment also play an important role.

 → Cost assumptions for CO₂: What is the value of 
each avoided tonne of CO₂? This assumption is 
decisive in determining whether the energy tran-
sition is estimated to produce added costs, and if 
so, how much. The lower the value assigned to an 
avoided tonne of CO₂, the better the business-as-
usual scenario looks. 

Despite the different assumptions made in these stud-
ies, six common positions emerge when comparing 
them:  

1.  The energy transition will require considerable 
added investment, but the costs will be 
manageable

The total added annual investment required by the 
energy transition varies between the studies, rang-

ing from 15 to 40 billion euros. To put this in con-
text: Germany’s gross fixed capital formation in 2015 
amounted to 600 billion euros. The average projected 
annual investment in the energy transition would 
require a 5 % increase over the status quo. 

2.  If climate-related damage is valued at 50 to 
60 euros per ton of CO₂ or if the price of raw 
materials for fossil fuels increases, then the 
energy transition will be the cheaper option

In scenarios where prices for coal, oil and natural gas 
are high, the additional investments required do not 
produce added costs, but added benefits, as expen-
sive fuel imports are avoided. In the scenarios where 
they remain the same, the question comes down to 
CO₂ price. Fraunhofer ISE estimates that, were the 
CO₂ price set to zero, the energy transition would cost 
30 billion euros in added expenses per year. If the CO₂ 
price is set between 50 to 60 euros per tonne, how-
ever, most scenarios project that the energy transition 
will produce no added costs, only added benefits.55 

These costs seem manageable.

3.  Overall, the energy transition has a slightly 
positive effect on the economy, mainly thanks 
to efficiency measures decreasing the import 
of coal, oil and gas  

The analysed scenarios reflect a slightly positive effect 
on the gross domestic product stimulated by the addi-
tional investments of the energy transition. The main 
driver for this is the value provided by green build-
ing retrofits, which reduce fossil fuel imports and the 
associated costs. The effect on growth is larger in sce-
narios that project rising prices for coal, oil and nat-
ural gas. For instance, EWI, Prognos & GWS estimate 
that if fossil fuels prices remain constant, the energy 
transition will lead to a 0.1 % increase of Germany’s 
gross national product by 2030 and a 1.0 % increase 
by 2050.56 The Öko-Institut & Fraunhofer ISI, which 
expect fossil fuels prices to increase, project a 2.5 % 
growth in GDP by 2030 and a 4.4 % growth by 2050 
(figure 16).57
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4.  None of the studies considers the additional 
effects caused by rising exports of energy 
technologies 

Curiously, the studies make no allowance for the 
possibility that the energy transition will improve 
Germany’s export position as a pioneer in technolo-
gies for mitigating climate change. If this happened 
and Germany were to become a major player on the 
emerging markets embarking on their own energy 
transition, there would be additional effects to be 
considered (figure 16). 

5.  Capital costs have a massive effect on the 
total expense of the energy transition

The financing conditions of the energy transition 
play a central role in the total added costs of the tran-
sition. The scenarios projected by Fraunhofer ISE and 
Fraunhofer IWES clearly indicate that the rate of return 
decides whether the energy transition will be more 

expensive or less expensive than the business-as-
usual approach. The reason: technologies used in the 
energy transition have low operating costs but high 
investment costs. (For more on this difference, see 
Megatrend 6.)

6.  Previous financial commitments from 
launching renewables will put a strain on 
consumers until 2021–2023 

The market launch of PV, biogas and wind offshore 
installations brought with it a period of high costs, 
and the 20-year financial commitments that made 
the launch possible will only gradually run their 
course, reaching their peak somewhere between 
2021 and 2023. Afterward, renewable energy costs 
will begin to sink and by 2030 the sum of the whole-
sale price and the EEG surcharge will fall below 2015 
levels even though the share of renewables in every 
kilowatt hour of electricity will have doubled by then 

EWI/Prognos/GWS: Reference forecast 

EWI/Prognos/GWS: Target scenario

Öko-Institut/Fh ISI: Reference scenario

Öko-Institut/Fh ISI: Climate action scenario (KS80)
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The energy transition will have a slightly positive eff ect on the economy; 
rising exports would create additional positive eff ects Figure 16
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(figure 17). Prices will continue to fall through 2035, 
as EEG subsidies for PV installations run out in the 
period 2030-2034.

Summary: the energy transition will 
bring affordable climate change mitiga-
tion, if it’s approached the right way 

The following six conclusions can be drawn from the 
above analysis and that of the previous section: 

1.  Neither doom nor salvation: the total eco-
nomic effects of the energy  transition in 
 Germany are limited 

If energy prices remain stable (see Megatrend 3), 
the energy transition will lead to some minor added 
costs or some minor added benefits, depending on 
the estimated CO₂ price. Either way, the macroeco-
nomic effects for the German economy are likely to be 
positive, since the energy transition will reduce the 
need for imported coal, petroleum and natural gas and 
improve national value creation. But in all the studies, 
the effects are not projected to be very large because 
the percentage of energy transition investment in 
Germany’s gross fixed capital formation is in the sin-
gle digits. Ultimately, the energy transition can be 
seen as insurance for the event that the prices of fossil 
fuels increase significantly.

2.  Safeguard Germany’s strong position on global 
clean-energy markets

Germany can benefit from additional economic effects 
if it secures and expands its position as a technologi-
cal pioneer on global clean-energy markets. By 2025, 
the value of this market will roughly double, increas-
ing by 6 to 7.5 billion euros. To benefit from this devel-
opment, however, Germany needs a targeted energy 
transition industry policy.

3. CO₂ requires adequate pricing
As soon as the climate-related damage caused by 
burning coal, natural gas and oil is at least partially 
internalized, the energy transition pays off finan-

cially. The most efficient measure for climate change 
mitigation would be the quick introduction of ade-
quate CO₂ pricing. The current price per tonne of CO₂ 
in the EU Emissions Trading System – 5 euros – by no 
means reflects the true cost of climate change. In the 
non-ETS sectors, the effects of the 1999–2003 eco-
tax reforms have fizzled out. Falling fossil fuel prices 
have made adequate CO₂ pricing all the more urgent, 
but the conditions are favourable considering the sig-
nificant drop in consumer spending in energy over 
the past few years.
 
4.  Power costs and previous financial commit-

ments must be untangled 
The past costs of the EEG continue to be a considera-
ble strain on power consumers, and the EEG surcharge 
will rise through 2023 before starting to decline (fig-
ure 17). Moreover, these costs have produced high 
power prices, while the prices for heating oil, natu-
ral gas, petrol and diesel have fallen to 2005 levels on 
account of persistently low fossil fuel prices. Since the 
electrification of the heating and transport sectors are 
important climate change mitigation strategies (sec-
tion 3), the current price structure sends the wrong 
signals. A reform of the taxes on power, heating and 
fuels is needed to correct these skewed prices.
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Costs for increasing the capacity of renewables in the power sector will rise 
until 2021–2023 and then fall noticeably through 2035 Figure 17
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5.  Exemptions are needed for energy-intense 
industries and low-income households

The energy costs for power, heating and transport 
are, on average, at acceptable levels for industry and 
households. This is set to continue in the coming 
years on account of the low additional costs needed 
for renewables. Nevertheless, price breaks are needed 
for two particular groups: energy-intense industries 
trying to compete globally and whose energy per unit 
costs are significantly more than 10 %; and low-in-
come households, where the share of energy costs 
in private consumer spending is also significantly 
more than 10 %. The EEG exemptions already pro-
vide price breaks to the industrial sector, but low-in-
come households have yet to see any similar types of 
exemptions. 

6.  The implementation of the energy transition 
must be strictly geared towards cost-
efficiency

All the studies we reviewed assume that the energy 
transition will be guided in a cost-efficient manner. 
This means that the energy transition will continue to 
develop along the lines described in section 3, with a 
clear focus on the most affordable technologies: effi-
ciency, wind and solar power, heat pumps and electric 
vehicles. If the government deviates from this strat-
egy, the energy transition stands to become consider-
ably more expensive. To ensure that the energy tran-
sition brings added benefits and not added costs to 
the Germany economy, policy must be strictly geared 
towards cost-efficiency. Moreover, clear and relia-
ble frameworks must ensure that capitals costs for 
investments remain low. 
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5 What to Do Now: A ten-point agenda for the 
next phase of the energy transition 

The complete transformation of Germany’s energy 
system will not happen overnight but over many 
years. The decisions taken in the next couple of years 
will set the course for the state of the energy tran-
sition in 2030. The following suggests a ten-point 
agenda for achieving the 2030 goals.

The megatrends discussed in section 1 will shape the 
energy world of tomorrow, which is why they mark 
the starting point of our agenda. Let us recall the 7 D’s: 
decreasing costs of wind turbines, photovoltaics and 
batteries; decarbonisation; deflating fossil fuel prices; 
the dominance of fixed costs; decentralisation; digi-
talisation; and democratisation.

Against the backdrop of these megatrends, policy 
needs to address the energy policy triad of environ-
mental sustainability, economic competitiveness 
and security of supply. Our ten-point agenda brings 
together the Energiewende targets for 2030 specified 
in section 2: reduce emissions in the energy sec-
tors by some 60 % below 1990 levels by 2030; limit 
energy costs for industries and private households to 
below 10 %; reduce energy imports to under 60 %; and 
restrict average power outage per customer to under 
20 minutes a year. 

Germany can best reach these targets if it coordinates 
its efforts with those of neighbouring countries and 
the EU in general (section 2). In addition, Germany 
needs a cost-efficient energy strategy based on the 
core elements spelled out in section 3: 
 

 → Substantially increase efficiency: Each energy sec-
tor (power, heating, transport) holds great potential 
for low-cost energy savings. Energy efficiency will 
thus play a key role in the targeted 30 % reduction 
of  Germany’s primary energy consumption tar-
geted for 2030.

 → Expand renewable energies: The expansion of 
renewables is the second important pillar of the 
energy transition. By 2030, the share of renew-
ables in primary energy consumption should be 
at least 30 %, more than double of what it is today. 
The focus should be on expanding wind and solar 
power – the least expensive renewables by far – 
and on boosting their deployment in the heating 
and transport sectors.

 → Phase out coal and oil: For the greatest reduction 
of CO₂ emissions per kilowatt hour,  policymakers 
should begin by eliminating the most carbon- 
intense energy source in each energy sector. Con-
sumption of coal and oil must therefore be cut by 
half in 2030, while natural gas consumption should 
decline by 20 %.

Our 10-point agenda defines the steps for a energy 
transition that maximises economic benefits and 
minimises economic costs (section 4). Each agenda 
item will include specific policy recommendations to 
make the transition a success. 
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5.1 Energiewende Framework 2030:  
Reliability and predictability 

Where we are today

The energy transition involves nothing less than 
the complete re-engineering of a complex, energy- 
independent industrial society towards sustain-
ability within the span of a generation. But there 
is a blatant disparity between the enormity of this 
 undertaking and its legislative foundations, which 
consist of an energy plan introduced by the federal 
government in 2010 and a renewed commitment to 
the phase-out of nuclear power in the wake of the 
2011  Fukushima disaster. Though the federal govern-
ment and the Bundes tag have reaffirmed the  climate 
and energy targets contained in this legislation 
multiple times – most recently in the 2050 Climate 
Action Plan – their efforts are far from enough. In the 
absence of a proper legal framework, companies and 
households have so far failed to make the invest-
ments needed for  transforming the power, heating 

1) Provide reliability and predictability by creating a legal framework 

Where  
we are  
today

 → Germany’s energy transition continues to be based on the federal government’s 2010 
Energy Concept and several other pieces of legislation.

 → Unlike many German states, the federal level lacks an institutional and procedural 
framework to achieve the three central goals of the energy transition: environmental 
sustainability, economic competitiveness and security of supply.

Where  
we want  
to be  
in 2030

 → The energy transition, as a task that is shared by generations to come, is based on 
a legally binding framework that ensures steady goals while providing flexibility in 
implementation.

 → Adequate reliability and investment security is provided to stakeholders of the power, 
heating and transport sector transformation. 

 → The framework includes regular monitoring and revision of single measures and laws 
and provides for active participation of stakeholders.

How  
we get  
there

 →  Adopt a legal framework for the energy transition with broad parliamentary support. 
 → The framework must define quantitative targets for 2030, 2040 and 2050 relating to 
the environment, economic competitiveness and security of supply. Moreover, it should 
specify processes for adopting new climate actions plans and revising existing ones 
with input from stakeholders, and it should convene an independent commission for 
monitoring and evaluating the energy transition. 

and transport  sector. Given these conditions, missing 
the targets is inevitable.

Where we want to be in 2030

We need a cross-party legal framework in proportion 
to the size of the challenge posed by the energy tran-
sition. Such a framework will ensure that Germany 
reaches its targets in environmental sustainability, 
economic competitiveness and security of sup-
ply while furnishing it with enduring management 
structures and processes. Importantly, the frame-
work needs to provide enough flexibility to take into 
account technological and societal developments. 
The strategies for implementing the energy transi-
tion must be as flexible as its targets must be robust. 
A legal framework that preserves both will provide 
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predictability and reliability for everyone affected in 
society and economy. 

How we get there

Germany needs a national legal framework for climate 
action and the energy transition much like the one 
that already exists in the U.K. or the one that will come 
into effect in Sweden next year. Many German fed-
eral states have or are planning similar frameworks or 
laws. This national legal framework would not contain 
specific measures. Based on a broad parliamentary 
consensus, it would define an institutional structure 
that would persist beyond any single legislative period. 

At the core of the framework would be the quantified 
goals of the energy policy triad (environmental sus-
tainability, economic competitiveness and security 

of supply) and the European integration thereof. The 
framework would oblige government administration 
to meet these targets, and define the responsibilities, 
management procedures and monitoring processes 
needed to achieve them. At the beginning of every 
legislative period the government should specify the 
measures to be enacted over the next four years. It is 
also important that suitable forms of participation are 
in place so that all stakeholders, in the economy and in 
society at large, can provide input before measures are 
passed. Germany would be well advised to introduce a 
national forum for each sector affected by the energy 
transition – power, heating and transport – that brings 
together all the central players to discuss medium- and 
long-term goals and options for action. 

Federal states without 
climate protection or energy 
transition laws 

Federal states with climate 
protection or energy 
transition laws in force

Federal states with climate 
protection or energy transition 
laws in preparation

Agora Energiewende

Half of the federal German states have legal frameworks for climate protection 
or energy transition either already in force or in preparation Figure 18
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5.2 Europe 2030: A European energy transition 

Where we are today

Germany is not the only country that is undertak-
ing an energy transition. Greenhouse gas emissions, 
energy efficiency and renewables have followed 
similar trends throughout Europe. Between 2005 and 
2015, the share of renewables in EU power consump-
tion rose from 15 % to 29 %, analogous to development 
in  Germany. At the same time, emissions have been 
rising in the European transport sector.

German’s energy system is already closely tied with 
the energy systems of its neighbours thanks to their 
highly interconnected power and natural gas markets. 
This has produced a flourishing energy trade. In 2014, 
the EU set itself three targets for the energy union 
2030: better integrated energy systems between 

member states, increased energy efficiency and a 
greater share of  renewables. All three serve the goal of 
strengthening climate change mitigation, security of 
supply and economic competitiveness in Europe. The 
package of laws proposed in November 2016 under 
the name Clean Energy for All Europeans is slated for 
adoption by the end of 2018.  

Where we want to be in 2030

By 2030, Europe must reduce its greenhouse gas 
emissions 50 % relative to 1990 levels. This will 
require a 3-percentage point increase in its 2030 
efficiency and renewable targets, from 27 % to 30 %.58 
In view of the drastically falling prices for renewables 
(section 1) and the value of energy efficiency (sec-

2) Support Europe’s energy transition; coordinate German efforts within Europe

Where  
we are  
today

 → In 2015, the EU’s greenhouse gas emissions were 24 % less than in 1990, and in the 
past few years security of supply remained fairly constant. Competitiveness varies 
greatly between member states. 

 → In 2014, the EU set itself new climate targets, to be achieved by 2030: at least a 40 % 
reduction of greenhouse gas emissions by 2030 relative to 1990 levels, at least a 
27 % increase in energy efficiency relative to 1990s levels and at least a share of 27 % 
renewables covering power demand and better integration of Europe’s energy markets.

 → But so far Europe lacks a clear legal framework to support member states in reaching 
the 2030 targets.

Where  
we want  
to be  
in 2030

 → A 50 % reduction of Europe’s greenhouse gases relative to 1990 levels, coupled with 
a 30 % increase in energy efficiency and a 30 % share of renewables in final energy 
consumption.

 → A Europe with improved competitiveness and security of supply and a Europe in 
which member states lend one another mutual support for better energy security.

 → Integrated power and natural gas markets in Europe, and a significant expansion of 
trans-European networks for power, natural gas and rail

How  
we get  
there

 → Enact a stable EU 2030 framework for renewables, energy efficiency, market design, 
emissions trading and a socially responsible transition in coal-mining regions. 

 → Set a Europe-wide CO₂ price, both within the Emission Trading Scheme and outside of 
it, to steer emissions trading and shape government policy.

 → Implement a low-emissions mobility strategy for reaching the 2030 climate targets in 
the transport sector. The strategy must include the reform of CO₂ regulation for cars 
and trucks. 
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The energy transition is not only happening in Germany: by 2030, renewables will 
make up at least 50 % of Europe’s power consumption. Figure 19
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tion 3), these targets will also serve economic com-
petitiveness and security of supply. The EU transport 
sector must drastically increase energy efficiency by 
2030, and around one-fourth of the vehicles on the 
road must be electric. Moreover, an effective energy 
transition in Europe demands better integration of 
its member states’ energy systems on three levels:  
physically, through the further expansion of Europe’s 
infrastructure, particularly its power grid and rail-
ways; economically, through the improved integra-
tion of its power and gas markets; politically, through 
the coordination of each member state’s 2030 energy 
and climate strategies with its neighbours.

How we get there

The measures proposed in the EU Commission’s Clean 
Energy for All Europeans package are supposed to be 

adopted by the end of 2018. But these alone will not 
suffice. Especially in the area of renewables, clear 
targets and reliable frameworks must be introduced. 
Other important measures include the institution of 
an effective minimum CO₂ price across Europe and 
further efforts to incentivise efficient climate action 
in the transport, building and agricultural sectors. 
The introduction of an effective CO₂ price within or 
in addition to the Emission Trading Scheme would 
be a suitable instrument. Moreover, amendments to 
Europe’s CO₂ directives for cars and trucks are cru-
cial for mitigating climate change and increasing 
energy efficiency in the transport sector. Revised CO₂ 
directives can create a domestic market that makes 
Europe’s electric car manufacturers globally com-
petitive. Finally, structural assistance is needed for 
Europe’s coal-mining regions as they prepare for 
structural changes to their local economies. 
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5.3 Efficiency 2030: Efficiency First as the guiding 
principle 

Where we are today

Energy efficiency is crucial for the success of the 
energy transition. All the targets of the transition – 
environmental sustainability, economic competi-
tiveness, security of supply – will be aided by more 
energy  efficiency. This also applies to a world dom-
inated by high shares of renewables. For efficiency 
means more than doing without coal, oil and natu-
ral gas; energy efficiency also has a system value. 
Every kilowatt hour that’s not needed saves around 
11 to 15 euro cents thanks to the avoided use of fuel, 
renewable energy, back-up power plants, storage and 
power grids.59 As land becomes sparser and pub-
lic support for new power grid infrastructure and 
wind turbines wanes, energy efficiency will become 
increasingly important. 

Despite the general recognition of energy efficiency’s 
value, it’s yet to inspire the kind of effective legis-

lation that exists for renewables and cogeneration 
plants. In the absence of such legislation, Germany 
will probably fall short of its efficiency targets for 
2020, nowhere more so than in the transport sector. 

Where we want to be in 2030

A central element in the successful energy transition 
is the establishment of Efficiency First as a guiding 
principle, which will help minimise the costs of the 
energy transition in the power, heating and transport 
sectors. By 2030, the goal is to decrease power con-
sumption in heating by around 18 % and power con-
sumption in transport by around 30 % relative to 2015 
levels (section 3). Another goal is to keep power con-
sumption roughly the same through 2030. Doing so 
will require that conventional power use be decreased 
by around 15 % relative to 2008 levels. The saved 
energy can then be used to cover additional demand 

3) Make Efficiency First the guiding principle for planning and investment decisions

Where  
we are  
today

 → In 2010, Germany set the following efficiency targets for 2020: -10 % power 
consumption (relative to 2008), -20 % heat consumption in housing (relative to 2008) 
and -10 % final energy use in transport (relative to 2005). 

 → The situation as of 2015: gross power consumption -4 %, heat consumption in housing 
-11 %, final energy use in transport +1 %. The cars on the road today are not reaching 
efficiency targets set for them, and trucks have yet to receive any.

Where  
we want  
to be  
in 2030

 → Power consumption is at around 2015 levels, with increased energy efficiency 
offsetting additional power demand in heating and transport. 

 → An 18 % reduction in total heat consumption relative to 2015 levels (-25 % in the 
building sector and -10 % in the industrial sector).

 → A reduction of one-third in the transport sector’s final energy use relative to 2015 levels.
 → Energy efficiency and flexibility are merged to flex-efficiency.

How  
we get  
there

 →  Make Efficiency First the guiding principle in all energy-related regulation.
 →  Pass energy efficiency regulation that a) legally enshrines Efficiency First as a guiding 
principle; b) specifies targets for the power, heating and transport sectors; c) combines 
multiple pivotal measures (write-offs, auctions, standards, etc.); and d) provides secure, 
long-term funding of these measures totalling 5 billion euros a year. 
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Rigorous application of the Effi  ciency First principle will signifi cantly decrease 
fi nal energy use in all sectors by 2030 Figure 20
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from heat pumps, power-to-heat plants, electric cars 
and carbon-neutral synthetic fuels. 
 
In 2030, efficiency will be combines with flexibility 
to what is known as flex-efficiency. For in a renew-
ables-based power system, there’s a time element 
to efficiency: it’s most valuable when the supply of 
wind and solar power are low. Especially additional 
demand in transport and heating will have to be man-
aged flexibly. Thereby, consumers benefit from low 
prices when wind and solar power are plentiful while 
the system as a whole becomes more affordable.

How we get there

To reach these goals, active efficiency policy is 
needed. Especially so as the the moderate prices for 

 fossil fuels currently being projected will deincen-
tivise investment in efficiency (section 1). Putting 
 Efficiency First into practice requires three major 
steps: 

 → Privilege energy efficiency (flex-efficiency 
respectively) in all planning and investment deci-
sions when doing so leads to lower overall costs 
than those achieved by other CO₂ avoidance strate-
gies (thereby applying the economic imperative).

 → Legally enshrine 2030 energy efficiency targets 
for all three sectors and institute effective support 
measures such as tax write-offs, auctions, guar-
antee schemes, support programmes and standards. 

 → Secure long-term financial support for energy effi-
ciency measures. We propose that 5 billion euros 
per year be set aside for this purpose. 
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5.4 Renewables 2030: Use wind and solar power 
to double the share of renewables by 2030

Where we are today

Today renewables are a permanent part of the power 
mix. Between 2000 and 2025 their share in primary 
energy consumption rose from 3 to 13 %.60 Neverthe-
less, their presence varies greatly across the energy 
system: renewables have a 32 % share in the power 
sector, a 13 % share in the heating and cooling sector 
and a 5 % share in the transport sector.61

Wind and solar power are the most  affordable, 
 carbon-neutral energy sources available and have 
the greatest potential for expansion. All other 
alternative technologies – nuclear energy, carbon 
capture and storage, additional renewable power 
sources – are either too expensive or have lim-
ited availability, or both. In Germany’s most recent 

 auctions for wind power (onshore and offshore) and 
solar power, the winning bids were between 5 and 
6 cents per kilowatt hour. 

Where we want to be in 2030

By 2030, renewables need to be the leading technolo-
gies in the energy system. Their share in total primary 
energy consumption must be at least 30 %, their share 
in power consumption 60 %, their share in heat con-
sumption 30 %, and their share in transport 15 %. 

In this future, the generation costs of wind and solar 
power will be 3 to 5 cents per kilowatt hour, mak-
ing them extremely affordable and competitive on the 
power market, given adequate CO₂ pricing. Combined 

4)  Use wind and solar power to increase the share of renewables to 60 % of the 
power sector and 30 % of primary energy consumption

Where  
we are  
today

 → Between 2000 and 2015, the share of renewables in Germany increased fourfold, 
nevertheless by 2015 their share in primary energy use was only 13 %.

 → Wind and solar power have established themselves as the leading renewable 
technologies – they are affordable and have the greatest potential. 

 → As of 2015, the share of renewables in the energy system varied greatly: 32 % in the 
power sector, 13 % in the heating and cooling sector and 5 % in the transport sector. 

Where  
we want  
to be  
in 2030

 → An energy system with renewables at its core, making up 60 % of power consumption 
and 30 % of primary energy use.

 → Wind and solar are leading technologies not only for power but also for heating and 
transport. In addition, CO₂ pricing must be sufficient to ensure that wind and solar are 
competitive, provide system services and contribute to the stability of the power grid. 

 → Rising shares of wind and solar power-based synthetic fuels in petrol, diesel, heating 
oil and natural gas. 

How  
we get  
there

 → Adjust 2030 targets in the EEG to 60 % so that new power demand in the heating and 
transport sectors can be covered with carbon-neutral energy.

 → Set new targets for added capacity in the EEG:  
2.5 GW net annually for wind onshore; 20 GW by 2030 for wind offshore;  
2.5 GW net annual for PV.

 → Add power-to-gas and power-to-liquid to natural gas, heating oil, petrol and diesel. 
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With wind and solar leading the way, the share of renewables in the power sector 
can roughly be doubled by 2030 Figure 21
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with battery storage, renewables will increasingly be 
responsible for system services. By 2030, wind and 
solar power will make up 50 % of power generation and 
will supply energy to the heating and transport sectors 
by means of heat pumps, power-to-heat plants and 
electric vehicles. Wind and solar power will be sup-
plemented by added capacities of solar heat and geo-
thermal energy. In areas where wind and solar power 
cannot be used directly (aviation, ship traffic, parts 
of truck transport, high temperature processes in the 
industrial sector and CHP plants), carbon-neutral syn-
thetic fuels from renewable electricity will play a cen-
tral, and successively larger, role. 

How we get there

The renewables target in the EEG must be increased to 
60 % so that additional power demand in the heating 

and transport sectors can be covered with carbon- 
neutral energy. This means raising the annual net 
added capacity to 2.5 GW for both onshore wind 
and PV. By 2030, offshore wind farms should have a 
capacity of 20 GW.62

To increase the share of renewables in the heating sec-
tor, Germany needs to launch a nationwide program 
that converts its heating networks to low-tempera-
ture grids with gradually rising levels of renewables. 
Moreover, a nationwide rollout of electric cars and 
heat pumps (either in pure form or as hybrid systems 
with fossil fuel-fired boilers). To further reduce carbon 
emissions, conventional fuels must be gradually com-
bined with PtG and PtL energy. These carbon-neutral 
synthetic fuels must either be produced in Germany or 
imported from abroad.
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5.5 Fossil Fuels 2030: Halving coal and oil use, 
introducing power-to-gas and power-to-liquid 

Where we are today

Burning fossil fuels produces greenhouse gas emis-
sions. Lignite and hard coal are the most carbon emit-
ting energy sources, followed by petroleum. In 2015, 
coal was responsible for 82 % of greenhouse gas emis-
sions in the power sector; coal and petroleum produced 
51 % of emissions in the heating sector; and 99 % of 
emissions in the transport sector were attributable to 
petroleum.63 Of these energy sources, only lignite plays 
a significant role in Germany’s domestic economy.64

Where we want to be in 2030

Dramatically reducing the most carbon-intense 
forms of energy is a logical step for any climate policy 

that is sensitive to costs considering that carbon cap-
ture and storage is far more expensive than efficiency 
and renewable energy. The goal for 2030 is there-
fore to reduce coal and petroleum use by 50 % rela-
tive to 2015 levels. This would be halfway towards the 
elimination of coal in the power sector, two-thirds 
towards the elimination of petroleum in the heating 
sector and 40 % towards the elimination of petroleum 
in the transport sector. Due to natural gas’s impor-
tance as a bridge technology until 2030, it will con-
tinue to play a substantial role in the power and heat-
ing sector and will therefore be reduced less.

Achieving this will require massive increases in 
energy efficiency and the electrification of much of 
the heating and transport sectors using wind and 
solar power. By 2030, there should be 10 to 12 million 

5) Cut carbon-intense coal and oil, and introduce carbon-neutral synthetic fuels 

Where  
we are  
today

 → Over 80 % of emissions in the power sector are attributable to lignite- and hard coal-fired 
power plants. 

 → Emissions in the heating sector are as follows: 23 % from coal, 28 % from oil and 44 % from 
natural gas. 

 → The transport sector is almost completely dependent on petroleum. 99 % of the sector’s 
emissions come from petrol and diesel. 

Where  
we want  
to be  
in 2030

 → A 60 % reduction of energy-related greenhouse gas emissions relative to 1990 levels, 
which translates into a 50 % reduction of coal and oil use relative to 2015 levels.  

 → A more efficient energy system with a greater share of wind and solar and a lower share 
of coal and petroleum thanks to, amongst other things, green retrofits of 50 % of buildings, 
fewer cars running on diesel and petrol, 10 to 12 million electric vehicles on the roads and 
5 to 6 million heat pumps. 

 → Larger market shares of carbon-neutral synthetic fuels (power-to-liquid and  
power-to-gas), which compete alongside petrol, diesel, heating oil and natural gas. 

How  
we get  
there

 → Deploy an intelligent mix of instruments – CO₂ pricing, standards, subsidies and quotas.
 → On the basis of a broad political consensus, adopt policies in 2018 that (a) reduce coal use 
by 50 % by 2030, (b) provide a regulatory roadmap for shutting down fossil-fired power 
plants (3 GW per year) and open-pit mining and (c) that extend aid to regions affected by 
the coal phase-out.

 → On the basis of a broad political consensus, adopt policies in 2020 that reduce oil use by 
50 % by 2030, that launch electric vehicle and heat pump initiatives and that devise a 
market strategy for synthetic fuels produced from renewable power.
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If 2030 is to see a 60 % reduction of energy-related 
greenhouse gas emissions from 1990 levels, today’s coal and 
oil use must be cut in half  Figure 22

IMPULSE | Energiewende 2030: The Big Picture

55

electric vehicles on German roads and 5 to 6 million 
heat pumps in its private households (only half of 
which will use hybrid systems with gas- or oil-fired 
back-up boilers). 

By 2030, synthetic fuels produced from renewable 
power must be a significant source of energy in the 
power system. Their main applications will include 
high-temperature processes in the industrial sector, 
in aviation and in parts of the truck transport sector. 
Synthetic fuels will either be produced by specially 
built offshore wind farms or imported from abroad. 

How we get there

A reform of CO₂ pricing is an essential part of an effi-
cient 2030 strategy. (For more on this topic, see the 

next point on the agenda.) The reform needs to be 
accompanied by renewable energy and energy effi-
ciency auctions, tax write-offs, regulations (e.g. on 
energy in buildings or CO₂ emissions of passenger cars 
and trucks) and quotas for adding synthetic fuels (e.g. to 
heating oil, natural gas, diesel and kerosene). 

Moreover, the German government should hold a 
round table discussion in 2018 on phasing out coal. 
Together with all impacted stakeholders, they must 
reach a consensus on a gradual and socially respon-
sible closure of lignite mines and coal-fired power 
plants. A similar consensus must be reached in 2020 
for oil and natural gas in the heating and transport 
sectors. Among other things, the German government 
must send clear signals to the automobile and heating 
industries about future strategies for electrification 
and the introduction of carbon-neutral synthetic fuels.
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5.6 Energy prices 2030: Reforming energy price 
components to achieve adequate CO₂ pricing

Where we are today

Germany’s historically developed system of energy 
taxes, levies and surcharges is a crucial obstacle for a 
cost-efficient energy transition. The taxes, levies and 
surcharges on power consumption are high, while 
those on petrol and diesel are moderate and those on 
heating oil are minimal. Consequently, Germany has 
the second -highest electricity prices in Europe, aver-
age prices for diesel, petrol and natural gas and prices 
in the lower tertile for heating oil. 

The most economically effective strategy for  climate 
action - uniform CO₂ pricing - is therefore not  realized. 
This leads to very high prices for household wind and 
solar power, while fossil fuels remain barely taxed 
and therefore inexpensive. Moreover, Germany’s 

 current system of levies, surcharges and network 
tariffs prevents power consumers from respond-
ing flexibly to the amount of wind and solar power 
in the grid. Instead, rooftop PV systems are increas-
ingly financed through exemptions of state-imposed 
energy taxes. And network tariffs in areas where the 
power grid is undergoing expansion are the  highest, 
since network costs can only be passed on within 
regions.

Where we want to be in 2030

The goal for 2030 is to have a uniform CO₂ price 
across all sectors. Price competition will determine 
the most efficient technology for mitigating climate 
change in each sector. Consequently, energy demand 

6) Reform taxes, levies, surcharges and network tariffs

Where  
we are  
today

 → Germany’s historical development of levies and surcharges, have left Germany with 
the second-highest electricity prices in Europe. 

 → Its heating oil is relatively inexpensive compared to the rest of Europe, while its 
natural gas, petrol and diesel prices are about average.

 → These price distortions have prevented effective climate action across the power, 
heating and transport sectors.

 → Network tariffs in Germany vary greatly from region to region.

Where  
we want  
to be  
in 2030

 → CO₂ is adequately priced in the power, heating and transport sectors, making 
electricity consumption more affordable and fossil fuels more expensive.

 → Taxes, levies, surcharges and tariffs have been completely restructured, allowing for 
the most affordable climate action option to be considered in each sector.

How  
we get  
there

 → Introduce a minimum CO₂ price in the EU Emissions Trading System.
 → Harmonise climate-related levies (EEG/CHP surcharges, as well as environmental 
taxes on electricity, heating oil, natural gas, petrol and diesel) across sectors to  
reflect their CO₂ content.

 → Restructure network tariffs to attribute network costs according to their root cause.
 → Implement a revenue-neutral reform of taxes relevant to the transport and heating 
sectors (vehicle tax, company car tax, property tax, land transfer tax) based on carbon 
emissions.
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Taxes, levies, surcharges and tariff s in the energy sector are distributed 
very unevenly, with the majority falling on power consumption Figure 23
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will increasingly be covered by renewables while 
electricity will become more affordable and fossil 
fuels more expensive. 

Energy levies, surcharges and tariffs should be 
designed in ways which distort the price signals of 
the spot price of electricity. This will reward flexibil-
ity in power consumption so that demand increases 
in times of high wind and solar power production and 
decreases when it is low.

How we get there

A fundamental reform of Germany’s energy taxes, 
levies and surcharges is urgently needed. As long as 
the energy price structure is lopsided, the energy 
transition is very unlikely to succeed. The most sen-
sible approach would be to base energy taxes, levies 

and surcharges on carbon emissions. The core steps 
in such a reform would be as follows:65

 → Introduce a minimum CO₂ price in the  
EU Emissions Trading System.

 → Readjust environmental taxes on power, heating 
oil, natural gas, petrol and diesel (including EEG and 
CHP surcharges) based on uniform CO₂ pricing. 

 → Restructure network tariffs to attribute network 
costs according to their root cause.

Changes are also needed to other tax regulations in 
the heating and transport sectors, such as the power 
vehicle tax, the company car tax, the land transfer tax 
and the property tax. These taxes must be subject to 
a revenue-neutral reform based on carbon emissions 
that will help transform the heating and transport 
sectors towards sustainability.
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5.7 Networks 2030: Expand and modernise 
power, heating and transport networks

Where we are today

Germany’s power system follows the “copper plate” 
principle. This principle assumes a uniform  domestic 
power market and ignores regional bottlenecks. 
It’s meant to minimise power system costs. But the 
assumption of a uniform domestic market, coupled with 
the fact that almost all of Germany’s new wind power 
capacity is in the North, requires an expanded trans-
mission network. The problem is that network expan-
sion projects have encountered public resistance – of 
the planned 7,700 kilometres of new transmission lines, 
only 850 kilometres have been built. Similar contro-
versies have yet to arise for heating and gas networks, 
which continue to be based on fossil-fired power plants 
and imported natural gas, with low shares of renew-
ables. Likewise, policy-makers have devoted scarce 

thought to what infrastructure will be needed for trans-
forming the transport system towards sustainability.

Where we want to be in 2030

By 2030, the planned expansions of the transmis-
sion grid must be completed. In addition, a power 
grid design must be developed for 2050 that elimi-
nates new overhead power lines and abandons the 
“copper plate” principle. The new system will include 
innovative network management, increased capacity 
for existing power lines and regional smart markets 
for handling electricity transmission of renewables 
(whose share will have increased from 60 to 90 %).66 
In designing a decarbonised heating infrastruc-
ture, the heating system must have low-temperature 

7)  Build new power grids, modernise heating and gas networks and electrify the 
transport sector

Where  
we are  
today

 → The German electricity grid and the power market follow the “copper plate” principle and 
are organized in a single bidding-zone. Electricity prices are the same throughout Germany 
and don’t take into account bottleknecks in the grid.

 → The expansion of the power grid has encountered much local resistance, slowing its 
progress. Of the planned 7,700 kilometres of new transmission lines, only 1,400 kilometres 
have been approved and only 850 kilometres have been built. 

 → Gas and heating networks have yet to be significantly impacted by the energy transition 
and continue to largely be planned with fossil fuels in mind.

 → The transport system has yet to receive adequate electrical infrastructure.

Where  
we want  
to be  
in 2030

 → A target network for 2050 is being developed that builds on the already decided network 
expansion, but without adding new overhead power lines.

 → Low temperature heating networks absorb the ever-rising shares of renewable heat.Lower 
demand for heating and rising shares of power-to-gas are reflected in gas network planning.

 → The infrastructure for more rail transport and electric vehicles has been built.

How  
we get  
there

 → Amend legislation on the expansion of the power grid to reflect the 2050 target network, the 
introduction of innovative grid management and the establishment of regional smart markets.

 → Implement municipal heating strategies for 2050 across Germany that prepare heating and 
gas networks for falling heating demand and the introduction of low-carbon technologies.

 → Expand the electrification of the rail system, construct a nationwide charging infrastructure 
for electric vehicles and install overhead lines for hybrid trucks along central motorways.



 Planned underground power lines Planned overhead power lines Existing grid

Existing transmission grid Planned expansion by 2025

Figures based on BNetzA (2016), Tennet (2017), Tennet (2017) and TransnetBW (2017)

Around 7,700 km of new power lines are to be built by 2025 –
yet progress has been sluggish Figure 24
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networks that incorporate many low-carbon heat 
sources (solar, geothermal, large-scale heating pumps, 
electrode boilers, biomass facilities, waste heat). Gas 
networks must be redesigned for declining heating 
demand and increasing power-to-gas shares.   

In 2030, the transport system should have a high and 
ever-increasing level of electrification. Railways will 
be expanded and electrified, infrastructure will exist 
for 10 to 12 million electric vehicles and overhead 
power lines for hybrid trucks along  Germany’s main 
motorways will frequently be used.

How we get there

The current process of designing expansion plans for 
transmission lines every two years must be aban-
doned in favour of planning and working towards 

a target grid 2050. In addition, automated system 
management needs to be established as a standard by 
2030, and power market design must include regional 
smart markets. 

Moreover, municipalities, with the financial support 
of the federal government, should develop heating 
strategies for 2050. These strategies will plan heat-
ing and gas networks for a future of declining heat 
demand and ever-rising shares of renewables.  

Germany’s 2030 Plan for Federal Traffic Routes must 
be revised to reflect a sustainable transport strategy. 
This new strategy should prioritise investment for 
the expansion and electrification of the rail system, 
the construction of a charging infrastructure for elec-
tric cars and the installation of overhead power lines 
for hybrid trucks.
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5.8 Power market 2030: Digitalisation, flexibility 
and a reliable investment framework 

Where we are today

Today’s power market is shaped by a liquid electric-
ity exchange. Consumers can choose from a variety 
of electricity providers. But in its essential respects, 
the power market is outdated. Flexibility is provided 
almost exclusively by coal- and gas-fired power 
plants, renewable energy installations receive fixed 
tariffs, and most power consumers are unable to 
respond flexibly to price fluctuations on the power 
exchange.   

The redesign of the power market in 2016 was a 
response to this situation.67 The new regulation 
introduced auctions to promote renewable installa-
tions. Power traders are now subject to high penalties 
(20,000 euros per megawatt hour) if they are unable 
to cover electricity demand. The redesign also pro-

vided a capacity reserve to eliminate risks to security 
of supply. And starting in 2017, all households will 
gradually receive smart meters. 

Where we want to be in 2030

By 2030, 50 % of power production will come from 
wind and solar sources. In this scenario, the power 
market must be able to balance fluctuating levels of 
supply and demand by the minute. And precise bill-
ing and price models will be needed linking pro-
viders, consumers and storage batteries. Proactive 
electricity providers will offer customers individual 
solutions that, depending on the situation (rooftop 
solar, electric car, heat pumps, battery storage), opti-
mise price, residential power generation levels and 
comfort. In this flexible power market, renewables, 

8) Organise a flexible, digital power market that incentivises investment

Where  
we are  
today

 → Today’s power market 2.0 is characterised by a liquid electricity exchange and a 
competition between many providers and products. However, balancing energy and 
flexibility are mostly supplied by fossil fuel-fired power plants.

 → Renewables are financed by means of auctions as specified in the EEG; back-up 
power plants are to be refinanced on the power market through peak prices.

 → Security of supply is very high.

Where  
we want  
to be  
in 2030

 → The power market is digitalised and can adapt to changes in supply or demand at a 
moment’s notice. All energy providers and consumers are networked, delivering both 
flexibility and balancing energy.

 → Renewable energy, back-up power plants, electricity storage and demand side 
management are primarily financed by means of the power market.

 → The power supply is as secure as it is today.

How  
we get  
there

 → Fully digitalise the German power sector, including through the introduction of smart 
meters and variable electricity tariffs.

 → Reform the system of levies, surcharges and balancing energy so that demand and 
storage can flexibly respond to the market. 

 → Ensure that the CO₂ price is at least 30–50 EUR/t to create a market-driven expansion 
of renewable energy.

 → Introduce capacity auctions to safeguard renewable expansion targets.
 → Security of supply is guaranteed by a capacity reserve, which is only replaced by a 
capacity market if it becomes too large (>15 GW).
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The cost-effi  cient power market of 2030 is digital and fl exible and 
provides a high degree of security of supply Figure 25
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back-up power plants, battery storage and demand 
side management will mostly be financed by the 
 market.  Government interventions will be reduced to 
a minimum to ensure that CO₂ targets are reached and 
security of supply is kept stable. 

How we get there

The following steps must be taken so that power sup-
ply and demand can be balanced by the minute and 
investments can flow into new power plants:  

 → Introduce smart meters and variable electricity tar-
iffs across Germany. By 2030, all consumers with 
variable demand (industrial operations and private 
households with heat pumps, PV storage systems, 
electric cars) will have to respond flexibly to the 
market with minute-by-minute power pricing. It is 

also crucial that levies and surcharges do not distort 
the flexibility signals sent by the power network.  

 → Introduce adequate CO₂ pricing to support a 50 % 
reduction of coal consumption in the power sector by 
2030 and to enable renewable installations to com-
pete with existing coal- and gas-fired power plants 
when prices for fossil fuels drop.68 The compensation 
paid to owners of renewable energy plants should no 
longer be based on kilowatt hours, but on kilowatt 
premiums to optimise the deployment of renewables 
in the power and balancing energy markets. 

 → If the power system does not regularly produce 
peak prices for refinancing back-up power plants 
and battery storage, then those power plants should 
be shut down and placed in the capacity reserve. If 
the capacity reserve becomes too large (>15 giga-
watt, say), then it makes sense to replace the 
capacity reserve by a capacity market, unless doing 
so undermines the coal phase-out. 
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5.9 Industry 2030: The energy transition as a 
programme of industrial modernisation

Where we are today

In the past 15 years, the share of renewables in 
 Germany’s power supply rose from 6 % to over 30 % as 
industrial output grew by 25 %. Thus, energy transi-
tion and industrial development have generally fol-
lowed the same upward trajectory. This is due to com-
petitive German wholesale prices and thanks to the 
fact that sufficient exemptions have been made for 
industries from energy taxes, levies and surcharges.

Some of Germany’s industrial sector is sceptical about 
the energy transition. The main cause is uncertainty 
about whether the exemptions will survive multi-
ple legislative periods. This uncertainty can impede 
investment and delay the energy transition.

The risk is that the German industry might not be able 
to keep up with the continually growing market for 
products aiding the energy and the transport transi-
tion. In 2015, the worldwide investment in renewables 
totalled 260 billion U.S. dollars – double as much as in 
new fossil-fired power plants. A similar development 
is imminent in the electric vehicles sector. 

Where we want to be in 2030

The 2030 goal is to ensure that the German industrial 
sector remains competitive – low energy costs, stable 
security of supply – despite a 60 % share of renewa-
bles in the power sector. In this scenario, the indus-
trial sector will have modern production plants based 

9)  Use opportunities, minimise risks: introduce a forward-looking industry policy 
for the energy transition

Where  
we are  
today

 → German industry is internationally competitive. The same applies to its energy costs 
thanks to industrial exemptions. 

 → Much of the industrial sector is uncertain about what the energy transition will bring 
and the continued existence of the exemptions.

 → The automobile industry faces strong global competition on the emerging electric 
vehicle market.

 → Worldwide, twice as much is being invested in renewables as in fossil energies.

Where  
we want  
to be  
in 2030

 → German industry is internationally competitive – especially with regard to energy costs 
and security of supply – despite a 60 % share of renewables in the power sector.

 → Modern production processes use flex-efficiency.
 → German industry uses the growth opportunities offered by the energy and transport 
transition and the global transformation of energy and automobile markets. 

How  
we get  
there

 → The federal government and the private sector agree on a “Future Pact for Energy 
Transition and Industrial Policy”. The pact will obligate the industrial sector to 
acknowledge Germany’s climate targets and support its climate policy. In return, the 
German government will ensure that energy costs in Germany remain competitive.

 → Institute targeted incentives to make production processes more efficient and flexible; 
create a joint research agenda to ensure the necessary innovation and investments in 
the German industrial sector.

 → “Energy Transition Made in Germany” becomes the brand essence of an export 
promotion offensive.



 
 

The energy transition: opportunities and risks for Germany’s industry

Minimise risks Use opportunities

1. “Future Pact for Energy Transition and Industrial Policy”

2. The crux of the pact:
The government creates policies 

to guarantee internationally 
competitive energy costs for 

the industrial sector; in return, 
the industrial sector supports 

the pursuit of national and 
international climate targets

3.  Secure investment through 
competitive energy costs for 
the industrial sector

4.  Gear the energy transition 
to cost effi  ciency and market 
proximity

5.  Thoroughly revise system 
of energy taxes, levies and 
surcharges

6.  Optimise industrial processes 
and production facilities for 
effi  ciency and fl exibility

7.  Target export markets 
using energy transition 
 industrial policy 

8.  Targeted support for research 
and innovation for carbon 
neutrality

Agora Energiewende/Roland Berger (2017)

A charter to make energy transition industrial policy a success Figure 26
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on flex-efficiency – a combination of low energy use 
and flexible operation.69 Moreover, the German econ-
omy will take advantage of the many growth opportu-
nities afforded by the energy and transport transition. 
The automobile industry in particular will have mas-
tered the challenges associated with transport trans-
formation and offer globally successful low- carbon 
vehicles and mobility services.

How we get there

The federal government and the private sector must 
agree on a “Future Pact for Energy Transition and 
Industrial Policy” that uses the chances of the energy 
transition and avoids its risks.70 This requires the 
federal government to guarantee competitive energy 
prices for German industry, especially the energy- 
intensive branches, during the energy transition. It 

also requires German industry to embrace the Paris 
Agreement and support the 2030, 2040 and 2050 
 climate targets identified by the  German federal gov-
ernment and approved by the Bundestag. 

The federal government and the private sector must 
also come up with a plan to secure the Germany 
economy a strong position in the world’s growing 
clean-energy market. Among other things, this plan 
should identify the basic elements of “Future Pact 
Energy Transition and Industrial Policy”, push for 
more efficiency and flexibility in new production 
facilities, develop a research agenda for low-carbon 
technologies in the industrial sector and launch an 
export offensive under the slogan “Energy Transition 
Made in Germany.”
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5.10 Using the Energiewende to strengthen 
 communities

Where we are today

A vast majority of Germans support the energy tran-
sition. Since 2012, 90 % of the respondents to annual 
surveys have rated the energy transition as “impor-
tant” or “very important.” Notably, many individuals 
participate in the energy transition through rooftop 
PV systems, through citizen energy company or indi-
rectly through municipal utility companies.

At the same time, the new power lines and wind 
farms that have been cropping up in the countryside 
trigger regular local protests. Moreover, the energy 
transition is often exclusively associated with the 
transition in the power sector. The awareness that 

changes are also necessary in the heating and trans-
port sectors has yet to catch on.

Where we want to be in 2030

By 2030, the energy transition must be a joint effort of 
the entire society and encompass the power, heating 
and transport sectors. Proximity of the new energy 
system to people will be used to boost local econ-
omies. Rooftop PV systems should be standard on 
single-family homes and apartment buildings. New 
mobility concepts that use intelligent technology to 
combine public and private forms of transportation will 
make urban transport quieter and more comfortable. 

10) Make the energy transition a collective endeavour 

Where  
we are  
today

 → The energy transition in the power sector enjoys wide public support in Germany.  
But similar transitions in the heating and transport sectors have yet to generate  
the same level of consensus.

 → The diversity of actors participating in the energy transition and number of innovative 
concepts in the power, heating and transport sectors have increased significantly.

 → After rising for years, energy costs for private households have been falling again  
since 2013. 

 → The numerous wind turbines and solar parks dotting Germany’s landscape are 
impossible to miss and have become a thorn in the side of many. 

Where  
we want  
to be  
in 2030

 → The energy transition, and therefore the transition in the power, heating and transport 
sectors, has wide support and helps to create value for the local economy.

 → A wide diversity of actors is maintained, while municipal utility companies become 
service providers in a cross-sectoral energy transition at the communal level.

 → Energy costs remain affordable for private households, particularly for those  
with lower incomes. 

 → Local conflict related to the impact of transmission lines and wind turbines on  
the landscape is held to a minimal level.

How  
we get  
there

 → Place more value on participant diversity, prosumer solutions and local power 
generation and use.

 → Reform energy levies and surcharges; increase efficiency with a focus on  
low-income households.

 → Public participation in the development of network infrastructure and wind farms 
is ensured in clever ways; municipalities share in the financial benefits of the 
Energiewende through concession revenues from new wind farms.



 

0 % 50 % 100 %

very important

important

less important

not important at all

2016

2012

Public support for green power: The energy transition is…       

2015

2014

Energy providers: 
9 GW

Nationwide utilities 
with citizens as minority 
shareholders: 8 GW

Citizen energy 
companies: 
7 GW

Private 
owners: 
18 GW

Total: 
73 GW (2012)

Institutional 
and strategic 
investors:
30 GW

2013

BDEW (2016), trend:research & Leuphana Universität Lüneburg (2013)

The energy transition continues to enjoy broad support among Germans –
many of whom participate directly with their own power plants Figure 27
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In 2030, there will be a variety of participants  – 
 private citizens, innovative start-ups, municipal 
utility companies – that contribute to a networked 
and cross-sector energy supply and add local eco-
nomic value in doing so. Energy costs continue to 
make up less than 10 % of consumer spending. And 
low- income households will pay no more than 
10 % of their income on power and heating. Public 
 participation in the development of network infra-
structure and wind farms is ensured in clever ways.

How we get there

Three measures are necessary to ensure that the 
energy transition is a joint effort of the entire society: 

 → Place more importance on participant diversity and 
on-site generation when developing energy and 

transport legislation. Therefore, a clear  regulatory 
framework needs to be introduced to encour-
age rooftop PV systems, tenant electricity models 
and shared-mobility concepts. Municipal utili-
ties should serve as local energy transition service 
providers for power networks, district heating and 
public transport.

 → Reform the energy levies and surcharges to lower 
energy costs for consumers, and finance some 
of the cost elements from state budgets. In addi-
tion, introduce special efficiency programmes to 
decrease energy demand in low-income house-
holds. 

 → Reform public participation in new wind farms and 
power networks to allow local municipalities to 
actively participate in planning and approval pro-
cesses. In addition, introduce concession fees for 
wind farms that boosts municipal economies. 
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Conclusion

Today, the transition away from coal, petroleum 
and natural gas and towards renewable energy and 
energy efficiency has become a global trend that 
continues to gather momentum. Around 60 % of 
the world’s newly installed power capacity is now 
renewable energy (figure 28). There is almost monthly 
news of wind and solar projects across the globe being 
realised at record-low prices (figure 29). 

Germany sees itself as a pioneer in energy transition 
and climate protection. Having already completed 
the first phase of the energy transition, it does indeed 
have a leg up on many other countries as it embarks 
on the second phase of the energy transition. But some 
nations are quickly closing the gap in new renewable 
capacity. When it comes to electric vehicles, Germany 
is rather a laggard than a leader. This is why it’s all the 
more important that Germany make the most of its 
current lead, both for the sake of its own energy tran-

sition and for the sake of the global energy transition.
The second phase of the energy transition, which 
extends through 2030, will be both easier and harder 
than the first phase (2000 to 2015). It will be easier 
because the megatrends of the energy transitions – 
the seven D’s described in section 1 – make the tech-
nological and economic framework for energy policy 
relatively predictable. Wind and solar power have 
emerged as the leading renewable energy technolo-
gies. They are the most affordable carbon-free energy 
sources, and in many regions of the world they are 
less expensive than coal, oil and natural gas. Hence, 
wind and solar power must become the primary 
sources of energy not just for the power sector but 
also for heating and transport – either directly in real 
time or indirectly via battery storage and  power-to-X 
technologies. Decentralisation, digitalisation and 
democratisation will be other central factors in the 
energy economy of the future.
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The second phase of the energy transition is also 
more difficult because it entails the transformation of 
the energy system. While in past years the increases 
of renewables could be integrated into the existing 
energy system with fairly little effort, in the period 
until 2030 wind and solar power will become the 
leading technologies of the energy system, covering 
more than half of supply in the power system. More-
over, energy efficiency, which previously played a 
secondary role in energy policy, must come to the 
fore of the energy transition in accordance with the 
 Efficiency First principle. 

Given these difficulties, it is important to have a 
clear compass for navigating the coming phase of the 
energy transition. Agora Energiewende has provided 
such a compass with its specific target recommenda-
tions in environmental sustainability, economic com-
petitiveness and security of supply for 2030: reduce 
energy-related emissions by 60 % below 1990 levels; 
ensure energy costs remain below 10 % of spending in 
the industrial sector and in private households; keep 
power outages to under 20 minutes per customer 
per year; and lower the share of primary energy 
from imports to below 60 % (section 2). We also sug-
gested three strategies for reaching these targets in 
a cost-efficient manner: increase energy efficiency 
to lower energy consumption by around 30 % rela-
tive to 2015; nearly double use of renewables rela-
tive to 2015 (60 % for power, 30 % for primary energy 
consumption); and cut coal and petroleum use in half 
relative to 2015 levels (section 3). 

Based on the technology available today, alternative 
measures such as increased use of synthetic fuels 
will be much more expensive than the measures we 
suggest. To ensure that its benefits for the German 
economy outweighs its costs, the energy transition 
must focus on efficient technology, wind and solar 
power expansion and the increased electrification 
of the heating and transport sectors through 2030 
(section 4). Finally, research and market launch pro-
grammes should soon be introduced to lower the costs 
of power-to-gas and power-to-liquid technologies, 

which will play a significant role in the third phase of 
the energy transition.

These aims and strategies will implement them-
selves on their own. The energy transition agenda 
for 2030 (section 5) describes 10 specific fields of 
activity in energy policy to make the energy transi-
tion a success. They include new and revised legisla-
tion (on energy targets, on the expansion of renew-
ables, on energy efficiency), the construction of new 
infrastructure, reform taxes, levies and surcharges, 
and create broad-based consensus with impacted 
regions and industries on the gradual phase-out of 
coal, petroleum and natural gas. Last but not least, the 
agenda proposes the creation of green industry policy 
together with stakeholders from the private sector 
and from German society, ensuring that the energy 
transition is a  collective endeavour. 

The energy transition is not merely a matter of 
energy policy. It is a vast undertaking that will 
change people’s everyday lives. For instance, wind 
turbines and new overhead powerlines will alter the 
appearance of the countryside, often to the chagrin 
of local residents. New concepts are therefore needed 
to minimise these incursions and, when they can’t be 
avoided, limit their negative effects by involving the 
public in decision-making. But the energy transition 
will also contribute significantly to improving peo-
ple’s quality of life. Electric cars and shared mobility 
will deliver noticeable improvements to air qual-
ity and noise levels, especially in cities. Smart home 
technologies will optimally manage rooftop PV sys-
tems, power and heating supply, heat pump use and 
the charging of electric cars, supplying residents with 
a great deal of comfort.

Germans are not known to be particularly optimis-
tic about the future. But when it comes the energy 
transition, optimism is very much warranted. All 
the technologies and concepts needed for the second 
phase of the energy transition are available today. 
And it is possible to pursue the energy transition 
through 2030 in a way that benefits industries and 
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individuals as well as the climate. Progress, at any 
rate, is of utmost importance. The climate contin-
ues to change – in 2016 the earth’s temperature had 
already climbed to 1.1º C above preindustrial levels – 
and German industry faces strong competition in 
technologies aiding the energy transition. 
 
Though Germany contributes just over 2 % of the 
world’s greenhouse gas emissions, its energy transi-
tion remains a yardstick by which many around the 
world measure their own. For this reason, too,  success 
is not only in Germany’s interest. It is also in the 
interest of other countries, and that of future gener-
ations.



Agora Energiewende | Energiewende 2030: The Big Picture

70



71

Appendix

Overview  

2015* Target value by 2030**

TWh TWh

Primary energy consumption 3,683 ~ 2,600

Energy consumption 3,418 ~ 2400

Hard coal 479 ~ 240

Lignite 431 ~ 220

Oil 1,018 ~ 510

Natural gas 742 ~ 590

Nuclear energy 278 0

Renewables 457 ~ 820

Other 61 ~ 40

Electricity –48 0

Non-energy consumption 265 ~ 200

Power sector TWh TWh

Gross power generation 647 ~ 610

Renewables 187 ~ 370

Nuclear energy 92 0

Lignite 155 ~ 80

Hard coal 118 ~ 60

Natural gas 62 ~ 70

Other 34 ~ 30

Power consumption 647 ~ 610

Final energy consumption for electricity (traditional) 520 ~ 470

Final energy consumption for electricity (new) 0 ~ 70

Losses/pumped storage 38 ~ 40

Internal power consumption of power plants 36 ~ 30

Exports 54 0

Heating sector TWh TWh

Final energy consumption 1,373 ~ 1,100
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Coal 126 ~ 60

Mineral 205 ~ 90

Natural gas 588 ~ 450

District heating 115 ~ 100

Renewables 139 ~ 200

Other 21 ~ 20

Electricity 178 ~ 200

Transport sector TWh TWh

Final energy consumption 727 ~ 500

Fossil fuels (including natural gas) 685 ~ 410

Biofuels 30 ~ 30

Electricity 12 ~ 60

Greenhouse gas emissions Million tons of CO2e Million tons of CO2e

Energy-related emissions from combustion 762
435  

(424–439)

By energy source Hard coal (CO₂ only) 149 ~ 75

Lignite (CO₂ only) 172 ~ 85

Oil (CO₂ only) 246 ~ 125

Natural gas (CO₂ only) 151 ~ 120

Other 46 ~ 30

By sector
Power 312 ~ 165

(159–166)***

Heating 289 ~ 170 
(170–175)***

Transport 161 ~ 95 
(95–98)***

Non-energy-related emissions 140 ~ 130 
(119–123)***

Total 902 ~ 560 
(543–562)

* AGEB (2016a), AGEB (2017a), UBA (2016), UBA (2017a) and UBA (2017b); calculations by Agora based on BMUB (2016), UBA (2017c)
**   Calculations based on Agora Energiewende (2016), BMUB (2016), EWI, Prognos & GWS (2014a), Fraunhofer IWES & IBP (2017), UBA (2017a) 

and UBA (2017c)
***   Values in parentheses represent sector target ranges for electricity, heating and transport that accord with the 2050 Climate Action Plan; 

calculations by Agora based on BMUB (2016), Öko-Institut & Fraunhofer ISI (2015), UBA (2017a) and UBA (2017c)
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Notes

1. Even the zero-cent bids in the offshore wind 
farm tenders from early 2017 assumed wholesale 
prices of 5 to 6 cents per kilowatt hour. 

2. See Agora Energiewende (2015).
3. See WMO (2017).
4. See McGlade and Ekins (2015).
5. Fixed costs include investment and capital costs 

as well as operation costs.
6. See Agora Energiewende (2017c).
7. This does not mean that the new energy 

system will be decentralised in its entirety. 
Central elements will continue to play a role in 
generation (e.g. offshore wind farms) and system 
management (e.g. control rooms).

8. See Öko-Institut & Fraunhofer ISI (2015).
9. Calculations are based on BMUB (2016) and 

Öko-Institut & Fraunhofer ISI (2015). They 
factor in the sector targets for power, buildings, 
and transport as well as the energy share of the 
industry sector target.

10. See Statistisches Bundesamt (2016a).
11. See Expertenkommission zum Monitoring-

Prozess “Energie der Zukunft” (2016).
12. See BMWi (2017).
13. SAIDI stands for “System Average Interruption 

Duration Index”.
14. See BNetzA (2017).
15. There is debate among experts whether SAIDI is 

an adequate measure of security of supply. We 
reference this value here because unplanned 
power outages are a central problem of supply 
security, and because other power quality values 
are likely to correlate positively with SAIDI. 

16. For all intents and purposes, power supply 
security is a common good. A complete 
privatisation would mean that, in the event of a 
supply shortage, power would have to be shifted 
from customers whose utility companies had 
failed to secure adequate supply – and this is 
neither technologically feasible nor socially 
desirable. 

17. See consentec & r2b (2015).
18. See Europäischer Rat (2014). As part of its 

legislative package Clean Energy for All 

Europeans, the EU Commission proposed in 
November 2016 that the efficiency target be 
raised by 30 %.

19. See Knopf et. al (2015) and Europäische 
Komission (2014).

20. See CE Delft & Microeconomix (2016).
21. Around 7 % of primary energy goes towards 

materials, mostly as petroleum for the chemical 
industry.

22. This figure refers to the share of primary energy 
used for secondary energy. See AGEB (2017a).

23. See UBA (2017a).
24. This figure refers to the share of primary energy 

used for secondary energy. See AGEB (2017a).
25. Due to the existing interconnections between 

them, the power, heating and transport sectors 
cannot be clearly delineated. For instance, a 
portion of electricity is eventually used for 
heating and cooling (cooking, warm water, air 
conditioning, etc.). Data on the size of individual 
sectors is meant only as a rough estimate.

26. Cf. EWI, Prognos & GWS (2014a), Fraunhofer ISE 
(2013), Fraunhofer IWES et. al (2015) and Öko-
Institut & Fraunhofer ISI (2015).

27. This decreases primary energy use for energy 
carriers by 29 % and primary energy use for 
materials around 24 %.

28. Calculations are based on BMUB (2016), Öko-
Institut & Fraunhofer ISI (2015) and UBA (2017c). 

29. See Prognos & IAEW (2015).
30. The heating sector covers all final energy used 

for households, for business, trade and services, 
for industry and transport, for space heating, 
for process heat and refrigeration, for air 
conditioning and for district heating.

31. See AGEB (2016a). Of this, electricity supplies 
178 terawatt hours.

32. Alongside heating facility modernisation, 
the expansion of district heating and the 
accompanying shift of emissions from the 
housing to the energy sector also play a role here.

33. Following AGEE-Stat (2017), the renewable share 
of electricity and electricity use is not factored 
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into the calculation of renewable’s share in the 
heating and cooling sector. 

34. See AGEB (2016a).
35. Calculations based on BMUB (2016) and Öko-

Institut & Fraunhofer ISI (2015).
36. See AGEB (2016a). Energy consumption in the 

transport sector also includes kerosene use for 
international aviation. Air traffic emissions were 
not included in the 2015 figures and were not 
considered in the 2030 climate targets.

37. See UBA (2017b).
38. See Destatis (2016b).
39. See TNO & ICCT (2016).
40. See BMUB (2016). This translates into a reduction 

of 40 to 42 % relative to 1990 levels. 
41. See Agora Verkehrswende (2017).
42. Since other technologies – nuclear fusion, 

osmotic power, tidal power, second-generation 
biofuels – are still in early development, it is 
unlikely that their costs can be sufficiently 
reduced to compete with wind and solar energies 
by 2030.

43. See Frontier Economics (2017).
44. If only half the targeted reduction is achieved in 

the heating and transport sectors (approx. 240 
TWh), additional volumes of renewables totalling 
some 480 TWh (with a PtL/PtG total efficiency of 
50 %) will be needed.

45. Because of today’s low equity yield rate, lower 
network charges were projected. See BNetzA 
(2015).

46. See Expertenkommission zum Monitoring-
Prozess “Energie der Zukunft” (2016).

47. See Destatis (2016a). The largest portion of 2015’s 
private energy expenditures falls on fuels (43 %, 
or 51 billion euros), power (31 %, or 36 billion 
euros) and heating (26 %, or 31 billion euros).

48. See Destatis (2016a). Since 1991 the mean has 
been 7.6 %, though the share of energy costs in 
total expenditures fluctuated greatly, with a 
maximum of 9 % in 2013 and a minimum of 6.5 % 
in 1998.

49. See the Expertenkommission zum Monitoring-
Prozess “Energie der Zukunft” (2016).

50. The rough calculation is as follows: EEG 
differential costs of 22 billion euros plus 
0.6 billion euros for the CHP Act minus the merit-
order effect (1.0 ct/kWH, or 4.5 billion euros) plus 
renewables-related grid costs of 2 billion euros. 

51. Calculations are based on BMWi (2016a), BMWi 
(2016b) and Öko-Institut (2017c).

52. For 2017 and beyond, Germany’s budgetary plans 
provide for yearly rises of approx. 3 billion euros 
a year.

53. See EWI, Prognos & GWS (2014b).
54. See EWI, Prognos & GWS (2014b), Fraunhofer ISE 

(2015a), Fraunhofer IWES (2015), Öko-Institut & 
Fraunhofer ISI (2015) and Öko-Institut (2017a).

55. The external costs of CO₂ are far higher than 
the economic avoidance costs of 50–60 EUR/t 
CO₂. Germany’s Federal Environment Agency 
recommends a mean price of 80 EUR/t CO₂ for 
the time being and 145 EUR/t CO₂ for 2030. See 
Umweltbundesamt (2013).

56. See EWI, Prognos & GWS (2014b).
57. See Öko-Institut & Fraunhofer ISI (2015). The 

investment multiplier effects of the Fraunhofer-
ISI model are generally greater than those of the 
GWS model. The differences result from varying 
fuel assumptions and model mechanisms.

58. The present EU climate target of a 40 % reduction 
in emissions by 2030 (relative to 1990 levels) is 
an insufficient interim goal for reaching the -80 
to 95 % reduction targeted by the EU for 2050. For 
this requires annual emission reductions of only 
one percentage point between 2015 and 2030 but 
a rapid doubling of annual reductions to between 
2.0 to 2.75 percentage points for the subsequent 
two decades.

59. See Prognos & IAEW (2015).
60. See AGEB (2017a).
61. See AGEE-Stat (2017).
62. Alternative distributions of added capacity 

among wind onshore, wind offshore and 
photovoltaics are also imaginable. What is 
decisive is that total added power generation 
from these renewable sources must amount to 
around 12 terawatt hours per year.
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63. Calculations are based on AGEB (2017a), BMUB 
(2016), UBA (2016) and UBA (2017a).

64. See Öko-Institut (2017b).
65. See Agora Energiewende (2017a).
66. See Ecofys & Fraunhofer IWES (2017).
67. See Agora Energiewende (2016b).
68. This is also the assumption of those who placed 

bids for zero-market premiums. The bidders 
expect governments to settle on an adequately 
high CO₂ price by the time the projects are to 
be realized (2025). This price will enable the 
refinancing of renewables based on market 
prices. 

69. See Ecofys (2016).
70.  See Agora Energiewende & Roland Berger (2017).
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About Agora Energiewende 
Agora Energiewende develops evidence-
based and politically viable strategies for 
ensuring the success of the clean energy 
transition in Germany, Europe and the rest 
of the world. As a think tank and policy 
laboratory we aim to share knowledge 
with stakeholders in the worlds of politics, 
business and academia while enabling 
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scientifically rigorous research highlights 
practical policy solutions while eschewing 
an ideological agenda. As a non-profit 
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