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Overview

Until the Fukushima accident in Japan in February 2011, nuclear power was by many seen as an important part of a low-carbon future. The accident sparked security concerns and anti-nuclear sentiments in many European countries causing three EU member states to phase out nuclear power. In Belgium, three reactors are to be phased out by 2015 and the remaining four reactors will be shut down by 2025. In Germany, the seven oldest reactors where shut down very fast and a plan for a complete phase out of nuclear by 2022 was agreed upon. In Switzerland, the parliament agreed not to replace any of the country’s nuclear reactors, which will result in a complete phase-out by 2034. 

For other EU countries, the response to the Fukushima accident was more mixed. For example, in France a European Pressurized Reactor (EPR) is under construction but the President has pledged to reduce the share of nuclear electricity production from 75 percent (2011) to 50 percent by 2025. In some East-European countries, there are plans to either extend the lifetime of current reactors (for example Bulgaria) or build new reactors (for example Romania), but currently plans are on hold because of lack of financing. Hence, the future of nuclear power in Europe is uncertain. 

In this paper we examine the outcome if all EU member states follow the long-run strategy of Belgium, Germany and Switzerland to phase out nuclear power. We focus on two questions. First, to what extent will a phase out of nuclear power be replaced by supply from other electricity technologies? Second, how will a phase out change the composition of electricity technologies? 

Methods

We use the numerical multi-good multi-period model LIBEMOD to analyze impacts of a nuclear phase out. This model covers the entire energy industry in 30 European countries (EU-27 plus Iceland, Norway and Switzerland). In the model, eight energy goods, that is, three types of coal, oil, natural gas, two types of bioenergy and electricity, are extracted, produced, traded and consumed in each of the 30 European countries. In each country, electricity can be produced by a number of technologies; nuclear, fuel based technologies (using either steam coal, lignite, oil, natural gas or biomass as an input), fossil-fuel based CCS (using either steam coal or natural gas), hydro (reservoir hydro, run-of-river hydro and pumped storage hydro), wind power and solar. We make a distinction between plants with pre-existing capacities in the data year of the model (2009) and new plants; the latter are built if such investments are profitable. 

All markets for energy goods are assumed to be competitive in 2030. While steam coal, coking coal and biofuel are traded in global markets in LIBEMOD, natural gas, electricity and biomass are traded in European markets, although there is import of these goods from non-European countries. For the latter group of energy goods, trade takes place between pairs of countries, and such trade requires electricity transmission lines/gas pipelines. These networks have pre-existing capacities in the data year of the model, but through profitable investments capacities can be expanded. 

LIBEMOD determines all prices and quantities in the European energy industry as well as prices and quantities of energy goods traded globally. In addition, the model determines emissions of CO2 by country and sectors (households; services and the public sector; manufacturing; transport; electricity generation).
Results

We make three contributions to to the literature. First, LIBEMOD offers a strategy to model profitable investment in solar power and wind power taking into account that i) the production sites of these technologies differ, that is, the number of solar and wind hours differ between sites, and ii) access to sites is regulated. Both wind power and solar power will in general use surface area that has an opportunity cost; we therefore make assumptions on how much land that may be available for this type of electricity production in each country. The endogenous determination of investment in solar power and wind power is based on a combination of technical factors – the degree to which production sites differ – political factors – the degree to which agents get access to production sites – and economic factors – the profitability of investment given access to a set of production sites. 

Second, we present an overview of costs of producing electricity by comparing total cost of electricity, as well as different cost elements, between different electricity technologies. These cost elements have consistent assumptions about factors like duration of a new plant, rate of interest, operational hours throughout the year, and fossil fuel prices. 

Third, we use the numerical model LIBEMOD to quantify the effects of a nuclear phase out in EU-30 and test the sensitivity of the equilibrium after a complete nuclear phase out by varying factors like i) the GHG emissions target, ii) the policy instruments imposed by the EU, and iii) cost of electricity production, for example, cost of investment in CCS power stations. We find that if the EU policy to reduce GHG emissions by 40 percent in 2030 relative to 1990 is implemented, a complete nuclear phase out in EU-30 by 2030 has a moderate impact on total production of electricity and only a tiny impact on total consumption of energy. A nuclear phase out is to a large extent replaced by more renewable electricity production, in particular wind power and bio power.
Conclusions

This paper examines the impact of an EU-wide nuclear phase out by 2030 under the assumption that GHG emissions in EU-30 are 40 percent lower in 2030 than in 1990, that is, emissions are in line with the EU GHG policy for 2030. To this end we have used the numerical multi-market, multi-period equilibrium model LIBEMOD, which gives a detailed description of the energy markets in EU-30 along with modelling of the global markets for coal, oil and biofuels. This model determines investment, extraction, production, trade and consumption of a number of energy goods in each of 30 European countries, along with consistent equilibrium prices that clear all markets, including tariffs for international transportation of natural gas and electricity. 



In the electricity block of the model producers determine whether to set up a new plant and how much of the production capacity that should be used for electricity production in each time period – the remaining capacity can be sold to a system operator as reserve power capacity. An electricity producer maximizes profits subject to a number of technology constraints, some of these are technology neutral, others are technology specific. For solar and wind power the modeling takes into account that sites differ both within a country and between countries and it is also taken into account that access to sites are regulated. We calibrate the solar and wind parameters using expert information, for example, about amount and quality of land available for future solar and wind power production. 

The model determines profitable investment in each electricity technology in each country that is consistent with the overall equilibrium. For nuclear, however, we assume that the 2030 capacity either a) reflects current approved plans for this technology (the reference scenario), or b) all countries reduce their 2009 capacity by (at least) 50 percent by 2030, or c) nuclear is completely phased out in all EU-30 countries by 2030. We define the effects of a nuclear phase out as the difference between the equilibrium in case c) and the equilibrium in case a). 

In 2009 the market share of nuclear was almost 25 percent. Still, we find that a nuclear phase out by 2030 has minor impact on total production of electricity; total EU-wide electricity production drops by only one percent. A nuclear phase out triggers new production capacity, and nuclear is replaced by renewable production, in particular bio power and wind power. The impact on total energy consumption is also modest, though stronger than the impact on electricity production. We find that the annual cost of a nuclear phase out is almost 50 billion euro, which is somewhat larger than the drop in nuclear profits, see Aune et al. (2015). 
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