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Germany‘s greenhouse gas emissions – history and targets 
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Optimization of Germany’s future energy system 
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Optimization approach 

Boundary  conditions  
 
CO2 emissions  available 
amount of fossil energy 
sources 
 
 
 
 
 
Other boundary 
conditions (e.g. available 
energy from biomass) 

Optimizer 
 

minimize total 
annual cost 

Results  
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Optimized 
system: 
Electricity 
generation 

Photovoltaics 
 147 GWel 

Medium and large size CHP 
(connected to district heating) 

 60 GWel 

Onshore 
Wind 

 120 GWel 

Offshore Wind 
 32 GWel 

Source: Hans-Martin Henning, 
Andreas Palzer: Energiesystem 
Deutschland 2050. Studie des 
Fraunhofer ISE, November 2013 
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Optimized 
system: Heat 

Solar thermal 
 42 GWth 

Heat pumps 
  22 GWth (el., brine) 
  19 GWth (el., air) 
  15 GWth (gas) 

Solar thermal  
40 GWth 

CHP in heat networks 
  60 GWel installed 

capacity 
  15 GWth centralized 

heat pumps 

decentralized centralized 

Energy retrofit of 
buildings 

  40 % of today‘s space 
heating demand 

Source: Hans-Martin Henning, 
Andreas Palzer: Energiesystem 
Deutschland 2050. Studie des 
Fraunhofer ISE, November 2013 
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Heat buffers in buildings 
Total 320 GWh (e.g. 7 Mio 
units with 800 Litres each) 

Large scale heat storage in 
district heating systems 
Total 350 GWh (e.g. 150 
units with 50.000 m³ each) 

Pumped storage 
power plants 
42 units with a total 
of 60 GWh 

Stationary batteries 
Total 24 GWh (e.g. 
8 Mio units with 3 
kWh each)  

Electrolysers with 
total capacity of  
33 GWel (needed 
for mobility) 

Optimized 
system: 
Storage 

Source: Hans-Martin Henning, 
Andreas Palzer: Energiesystem 
Deutschland 2050. Studie des 
Fraunhofer ISE, November 2013 
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Today‘s system vs. optimized system in 2050 

M&O, invest, taxes, 
fees, profits 

M&O, 
invest 

Taxes, fees, 
profits 

1) 

*Assumed doubling of fossil fuel prices by 2050 

-50% -81% 

  primary energy (TWh)          CO2 emissions (Mt)            total cost (billion €) 
p.a.) 
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Projection of RE development (fluctuating RE electricity) 

development 
until today 

approx. 4 x 
value of today 

approx. 3.5 x 
value of today 

For all technologies far below  
technical potential 
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Investments for RE (wind, solar) and stationary batteries 
bn € p.a. (incl. repowering) 

Total investments (w/o capital cost, incl. re-powering) from 2015 to 2050:  
515 bn €2014 
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Investments vs. saved fuel cost in bn € p.a. 

0 % 

1 % 

2 % 
Annual increase of world 

market price for fossil fuels 
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Investments vs. saved fuel cost in bn € p.a. 

Fuel price increase 2 %  
cumulatively avoided fuel cost 
1072 bn € 

0 %  679 bn € 

1 %  851 bn €  

cumulative investments 515 bn € 
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Phases of the energy system transformation 

Source:   Hans-Martin Henning, Andreas Palzer, Carsten Pape, Frieder Borggrefe, Henning 
Jachmann und Manfred Fischedick: Phasen der Transformation des 
Energiesystems. Energiewirtschaftliche Tagesfragen, Heft 1-2/2015, Februar 2015 
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Summary and outlook 

 Reduction of energy-related CO2 emissions by 80 % and above possible 

 Lower cost on long term (once major transformation completed) 

 Flucutuaing renewable energies (wind, solar PV) become backbone of  
electricity generation and dominate the overall system 

 Intersectorial integration and flexibilization highly important: electricity, 
heat, transportation, industry processes 

 Significant local value and employment creation and investment 
opportunities for many stakeholders 

 Powerful models can help to develop optimized systems and roadmaps 
on different levels: countries, regions, cities 

 Ongoing further model development: optimization of transformation 
pathway (minimizing overall transformation cost) 
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Thank you for your attention… 

Hans-Martin Henning 
 
www.ise.fraunhofer.de 
hans-martin.henning@ise.fraunhofer.de 

Fraunhofer Institute for Solar Energy Systems ISE 


