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Structure of the presentation

• The SRU scenarios

• The potential for renewable electricity generation

• Structure of a 100% renewable electricity generatio n

• Security of supply and the cooperation with Norway and 
Denmark

• Costs of the system in 2050

• The pathway from 2010 to 2050

• Cost comparison: Conventional versus renewable elec tricity

• Conclusions
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100% renewable electricity
The eight SRU scenarios

Scenario 3.b
DE-EUNA-85 % SV-700 

Scenario 3.a
DE-EUNA-85 % SV-500 

15 % Net import 
from EU-North Africa

Scenario 2.2.b
DE-NO/DK-85 % SV-700 

Scenario 2.2.a
DE-NO/DK-85 % SV-500 

15% Net import max. 
from DK/NO

Scenario 2.1.b
DE-NO/DK-100 % SV-700 

Scenario 2.1.a
DE-NO/DK-100 % SV-500 

100% REN production in 
Germany
Exchange with DK/NO  

Scenario 1.b
DE-100 % SV-700 

Scenario 1.a
DE-100 % SV-500

Autonomous Germany

Demand DE 2050: 
700 TWh/a

Demand DE 2050: 
500 TWh/a
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The REMix-Europe model of DLR

REMix-Europe 
(Renewable Energy Mix for Sustainable 

Electricity Supply in Europe)

Inventory of REN-
resources
GIS, C

Linear optimization model
GAMS (General Algebraic Modeling 

System)

Electricity demand
GIS, C

Source: Krewitt 2009
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The analyzed region Europe-North Africa
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The potential for renewable electricity 
production in EU-North Africa (TWh/a)

Demand 2050 5% of the potential

Potential
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Scenario

Structure of Electricity Production in Germany plus  Imports in 2050

Imported Electricity

Overproduction

Compressed Air Storage

Pump Storage

Storage Hydro

Run of River Hydro

Biogas CHP

Biomass CHP

Solid Biomass

Geothermal CHP

Geothermal Electricity

Wind Off Shore

Wind On Shore

PV

100% renewable electricity is possible 
under all scenarios (example Germany)

Demand 700 TWh/a

Demand 509 TWh/a
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Security of the electricity supply is 
guaranteed in every hour of the year 

(Scenario 2.1.a DE/DK/NO)

The cooperation with Norway and Denmark guaranties the necessary storage!
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The Danish situation in 2050 with 100% 
national renewable electricity (2.1.a)

Danish Electricity Production in 2050 (Exports and Imports not shown)
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The Danish situation in 2050 with with
exports and imports shown(2.1.a)

DK, 100% EE, 100% Sve, DE/DK/NO, 509 TWh
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Füllstand der norwegischen Speicherwasserkapazität mit Ein- und Ausspeicherung 
aus Szenario 2.1 für 2050

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Zeit [Woche]

E
ne

rg
ie

m
en

ge
 [T

W
h]

NO real 2008 Minimaler Speicherfüllstand 1990-2007 Maximaler Speicherfüllstand 1990-2008
Szenario 2.1a Szenario 2.1b

Impact on Norwegian hydro storage in 
2050 (Scenario 2.1.a compared to 2008)

Max. level 84 TWh

Min. level 0 TWh

Norway 2008

Scenario 2.1.a
500 TWh/a

Scenario 2.1.b
700 TWh/a

1990-2008 min.

1990-2008 max.
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A typical Norwegian hydro power 
complex (Sira-Kvina: 1760 MW)

5,6 TWh storage capacity

This system allone can be expanded 
to more than 10 GW 
pump storage capacity 
without any new dam 
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The necessary grid capacity 
(Scenario 2.1.a)

DK

NO

Maximale Übertragungskapazität in GW
DE-DK-NO 2050 (Szenario 2.1a)

46 GW

42 GW

DE
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Scenario

Structure of Electricity Production Cost in Germany  2050 (c/kWh)

Electricity Imports

Compressed Air Storage

Pump Storage

Storage Hydro

Run of River Hydro

Biogas CHP

Solid Biomass CHP

Solid Biomass

Geothermal CHP

Geothermal Electricity

Wind Off Shore

Wind On Shore

PV

Electricity costs of less than 7 Cent per 
kWh in 2050 (Germany)

7,0 ct/kWh
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Electricity Production in Germany 2005 to 2050 (Sce nario 2.1.a)
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The German pathway 2010 to 2050
No additional coal plant, phase out of 

nuclear by 2023  (2.1a)

Government target for 2020: 
reduction to 520 TWh/a
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Installed Renewable Energy Capacity 2005 to 2050 (S cenario 2.1.a)
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100% REN is possible by 2030 
(based on scenario 2.1.a for Germany)

Expansion of renewables 
only slows down after 2023 
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conventional power plants
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Development of electricity production cost (Scenario 2.1a)
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long term solution (2.1.a Germany)
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Difference between new average elctricity production cost including renewables and conventional production cost (based 

on scenario 2.1a including storage and national as well as international grid extension)
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Difference in average electricity production cost of scenario 2.1.a to high conventional price path

Difference in average electricity production costs of scenario 2.1.a to low conventional price path

Cost of climate protection 2,7-3,7 €c/kWh 
during the most expensive years 

(The German case)

Cost compared to moderate price increase in convent ional power production (max. 3,7 c/kWh)

Compared to high price increase in conv. (max. 2,7 c/kWh)
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Conclusions

100% renewable electricity:     
the best way of climate protection in all European 
countries

→→→→ Decisions need to be taken today.

Challenges for policy makers:
• We need clear political targets

• We need to speed up the use of renewable energy sou rces

• We need to scale down conventional power generation  

• We need to built a new grid infrastructure (nationa l and 
international)

• We need to develop and built new storage

• We don‘t need new coal fired power plants with or w ithout 
CCS or nuclear energy!
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Thank you very much for your attention


