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Effects of phasing out nuclear power in 
Europe

• Mixed picture after Fukushima 2011
– Phasing out nuclear vs. on hold vs. plans to increase nuclear capacity
– EU 2030 nuclear capacity about 20 percent below EU 2009 capacity

• Effects of a nuclear phase out by 2030 assuming
– Profitability is the guiding investment principle
– Long-run perspective: no bottlenecks
– Competitive markets
– EU 2030 energy and climate policy is implemented



Nuclear policy in EU member states



The impact of lower nuclear capacity

• Short-run effect of less nuclear capacity
– Higher electricity price; investment incentives

• More RES capacity in the long run
– Maybe very low prices in some periods; undermine investment

incentives?

• Numerical model
– Quantify net effects; how much RES, how much gas power? 
– Investment, production, prices; the entire energy industry



Nuclear phase out: main research questions

• The impact on production of electricity
• The impact on the electricity technology mix



Numerical model



LIBEMOD

• Static equilibrium model for energy markets in Europe and global markets
• Application of standard economic theory
• Long run (2030), competitive, deterministic



LIBEMOD – basic structure
• Energy goods

– Coal (3), gas, oil, bio (2), electricity
• Electricity technologies: coal (CCS), gas (CCS), oil, bio, nuclear, hydro, wind, solar
• Agents

– Producers of energy
– End users of energy
– Traders
– Governments

• Countries – model countries (EU-30) vs. ex. countries/regions
• Markets: World, European
• Determination of ”all” prices and quantites (investment, production, trade and 

consumption) in European and global energy markets. Emissions of CO2 by country 
and sector



LIBEMOD – modeling of electricity supply

• Producer maximizes profits subject to technology constraints
• Can sell electricity or maintained power capacity to system operator 
• Costs

– Fuel, operational, start-up, maintenance, investment, grid connection

• Efficiency of thermal power plants
– Calibrated efficiency distributions for pre-existing plants (country, technology)
– Assume efficiency for new plants (fuel based technologies)

• Technology constraints
– Some are common; constraint on annual production of electricity (downtime)
– Some are technology specific; reservoir hydro





Cost of electricity



Hypothetical costs of new electricity in 2030
with 2009 input prices (€2009/MWh)

Fuel prices: Gas. coal and biomass prices in EU-30 in 2009. uranium prices from OECD (2011) . 
Load hours: 70% for coal. gas. nuclear. CCS and bio. Wind and solar based on good locations in Europe (3500 and 2500 hours)   
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Scenarios - 2030



EU 2030 energy and climate policy

• 40 percent GHG emissions reduction relative to 1990
– GHG emissions in ETS 43 percent lower than in 2005
– GHG emissions in non-ETS 30 percent lower than in 2005

• Transformed these targets to LIBEMOD
– LIBEMOD has only emissions of CO2

• Carbon instruments
– One ETS CO2 tax, and one non-ETS CO2 tax

• Target for renewable energy in final energy demand
– 27 percent

• Renewable instruments
– EU-wide renewable subsidy to reach renewable target



Results for EU-30 in 2030

• Reference: Current plans for nuclear capacity
• 50 % phase out
• 100 % phase out



Power generation in EU-30 in 2030 (TWh)
100 % phase-out: 4 % lower production than in reference
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CO2 price in EU-30 in 2030 (€/tCO2)
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Welfare by scenario relative to reference scenario 
(Million €2009). EU-30

Annual reduction in 100 % phase-out: 0.4 percent of EU-30 GDP 



Electricity producer surplus by technology (except for nuclear 
power) relative to reference scenario (Million €2009). EU-30
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Renewable share in EU 30 in 2030
European Commission proposal: 27 %
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Common Renewable feed in tariff in EU-30 in 2030. 
(€2009/MWh)



Wind data

Sources: Eerens and Visser (2008). EEA (2009). Hoefnagels et al. (2011a)and Storm Weather Centre. 
*In the model only 10 % of the potential from Hoefnagels et al. (2011a) has been used. Potential if 
price of electricity is 70 €/MWh. **According to our data sources these numbers should be somewhat 
lower than 2000 hours. In the LIBEMOD runs we still use 2000 hours to obtain a positive wind power 
production in the calibration equilibrium. 

**
**



Solar data

Source: All data from the NASA Surface meteorology and solar energy database



National subsidies to new power generation 
(2009€/MWh)

Wind power Solar power Biopower
Reservoir hydro 

power
Run-of-river 

power
Austria 20 20 20 4 4
Belgium 20 20 20 20 20
Bulgaria 20 20 20 20 20
Switzerland 0 20 0 20 20
Cyprus 20 20 20 0 0
Czech Republic 20 20 20 20 20
Germany 20 20 20 20 20
Denmark 20 0 20 0 0
Estonia 15 15 15 15 15
Spain 20 20 20 20 20
Finland 20 0 18 0 0
France 20 20 20 15 15
United Kingdom 20 20 20 20 20
Greece 7 20 20 6 6



National subsidies to new power generation (2009€/MWh), 
continued

Wind power Solar power Biopower
Reservoir hydro 

power
Run-of-river 

power
Hungary 20 20 20 16 16
Ireland 11 0 20 20 20
Italy 20 20 20 20 20
Lithuania 20 20 20 20 20
Luxembourg 20 20 20 20 20
The Netherlands 20 20 20 20 20
Norway 20 0 0 20 20
Poland 20 20 20 20 20
Portugal 20 0 20 20 20
Romania 20 20 20 20 20
Sweden 20 20 20 20 20
Slovenia 0 20 0 20 20
Slovakia 20 20 20 20 20


