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What investments are needed?
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• Electrification of transport, heat, and 
hydrogen increases the electricity demand.

• Needed annual growth of solar PV: 
55 GW/a by 2030 and 127 GW/a by 2050.

(growth in 2022 was 44 GW/a)
17 times the installed capacity by 2050

• More than 900 GW of offshore/onshore 
wind integrated into the energy system by 
2050.
(5 times the capacity we have today)

• Also need for ca. 300 GW flexible capacity 
(storage and thermal power plants)

Src: Energy System 2050: Towards a decarbonised Europe, TransnetBW (2022),
www.energysystem2050.net
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Challenges of the EU power system
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1. Large amount of dispatchabel capacities will be taken out of the EU 
power market

2. Increasing demand for electricity due to electrification (EU) and 
hydrogen for green fuels:

from ca. 2500 TWh (in 2020) to probably 6000 TWh in 2050  

Nuclear power capacity in France and shutdowns after lifespan of 50 ys.

Src: Zimmermann and Keles, 2022

Announced coal phase-out in the EU:

 Missing capacities (also flexible ones)
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Cross-border effect of Market Design

Capacity Remuneration 
Mechanisms (CRMs) 
remunerate provision of 
capacity

Impact on neighbouring 
markets without CRMs?

Src: Bublitz, Keles, Fraunholz (2019)

Capacity
market
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What Market Design? Security of electricity supply

European EOM National CRM policies Coordinated CRM

Electricity market
design

Yearly hours
without market
clearing

0 h/a
1–3 h/a
4–10 h/a
11–15 h/a
>15 h/a

No CRM
Strategic reserve
Central buyer
De-central
obligation

Src.: Fraunholz, Keles, Fichtner (2020)

• Capacity remuneration
mechanisms (CRM) help to
increase security of supply
(less market failures)

• Coordinated mechanisms in 
the EU would be even more
effective and less costly
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European market coupling – example of PICASSO 
collaboration

Total Costs PICASSO -
reference

PICASSO -
IGCC

∆ Consumer Surplus +1,634 +1,342
∆ Producer Surplus - 1,140 -949
∆ Congestion Rent +53 n\a
Total Econ. 
Surplus

547 393

*values in million €

• Cost reductions in Germany, without large effect on activation costs in Netherlands + Belgium 
• Producer rent declines in Germany, producers in Netherlands + Belgium win, consumers benefit

Src.: Backer, Keles, Kraft (2023)
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THANK YOU!
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How large investments: The case of hydrogen

10

• 500GW of electrolysis capacity needed by 2050
• Hydrogen network composed of new and 

repurposed nat. gas pipelines (255 TWkm), 
• Large share of renewables for green hydrogen

Source: Kountouris, Langer, Bramstoft, Münster, Keles (2023)
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Energy trading and consumption
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