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Foreword

A commonly asked question is what contribution can nuclear energy make to improve the security of energy supply. This study, which examines a selection of OECD member countries, validates the often intuitive assumption that, as a largely domestic source of electricity with stable costs and no greenhouse gas emissions during production, nuclear energy is well-placed to make a significant, positive contribution. With the help of a series of transparent and policy-relevant indicators, the study shows in particular that nuclear energy has indeed contributed to improving energy supply security in OECD countries in a significant manner during the past 40 years. It achieved this result by diversifying the energy mix, and in particular the electricity mix, as well as by reducing the overall share of fossil fuels imported from outside the OECD area.

The study first discusses the notion of energy supply security and presents the various definitions and approaches that experts have formulated in order to examine this issue, considering both an “internal dimension” concentrating on the features of the electricity sector, and an “external dimension” focused on geopolitical issues. Consistent with the mandate of the Ad hoc Expert Group on Nuclear Energy and Security of Supply —to identify a relevant quantitative approach to measuring the contribution of nuclear energy to security of supply‖, the study then presents a broad range of indicators and models that quantitatively assess a country’s level of security of energy supply. It subsequently develops a specific composite indicator that allows the measurement of the level of security of energy supply as well as the contribution of nuclear energy over the past 40 years, for those OECD countries for which a consistent data set was available.

Finally, the study seeks to identify the implications of these findings for broader processes of public opinion formation and attitudes towards nuclear energy and security of supply in OECD countries. It shows that nuclear energy is viewed more dispassionately when seen as a solution to the combined issues of supply security, cost stability and greenhouse gas emissions.
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Executive Summary

THE SECURITY OF ENERGY SUPPLY AND THE CONTRIBUTION OF NUCLEAR ENERGY

E.1 Security of energy supply in the OECD area

The continuous availability and affordability of energy and, in particular, electricity supply is an indispensable condition for the working of a well-functioning modern society. This is especially true for advanced industrial or post-industrial societies, where electricity provides the services essential for production, communication and exchange. Unsurprisingly, governments of OECD countries are thus concerned with understanding the factors influencing the security of energy and electricity supplies and seek to develop policy frameworks and strategies to enhance them.

As a domestically produced, largely carbon-free source of electricity nuclear energy is, in principle, well-placed to play a constructive role in this context. However, before proceeding towards the demonstration of the contribution of nuclear energy, the complex concept of —security of energy supply‖ must itself be defined and made amenable both to the formulation of concrete policy objectives and numerical verification. A general starting point is the following consensus definition:


Security of energy supply is the resilience of the energy system to unique and unforeseeable events that threaten the physical integrity of energy flows or that lead to discontinuous energy price rises, independent of economic fundamentals.


Further analysis shows that “import dependency and diversification‖, ”resource and carbon intensity‖ as well as “infrastructure adequacy‖ are three key verifiable parameters that can be derived from this general definition. It is important, however, to keep in mind that these three parameters are not identical with energy supply security but continue to demand qualification and contextualisation in each individual case.


E.2 The importance of electricity and the two key dimensions of energy supply security

The sector in which security of supply issues pose themselves with the greatest insistence is the power sector. The need to balance supply and demand in power markets where electricity is non-storable and demand inelastic has always demanded close coordination between suppliers and the operators of electricity transmission grids.

Energy supply security is a classic example of an externality, i.e. of an issue that affects the well-being of individuals and society but which markets alone are not providing at adequate levels. Being a negative externality, energy supply risk constitutes a policy issue. This means private individuals cannot cover themselves for such risks due to their informational complexity and unquantifiable nature. This is where governments need to step in.

This study focuses on energy supply risks in two dimensions, the external or geopolitical dimension and the internal dimension that includes technical, financial and economic issues as illustrated in Figure E.1.

Figure E.1: Dimensions of energy supply security and the potential contributions of nuclear energy
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E.3 The external dimension: import dependence, resource exhaustion and carbon policy

Geopolitical risk refers almost always to primary energy carriers (oil, gas, coal, uranium or renewables) since their location depends on the vagaries of geology and climate. Production and consumption are thus often physically far apart and take place in countries and regions with different histories, cultures and values. Apart from exploration and production, all other steps of the energy chain such as refinement or enrichment, conversion and distribution can be moved physically closer to the final customer or are, like consumption, directly under the latter’s control.

Geopolitical energy supply risks are thus a function of relations between producer and consumer countries for which both of them share responsibilities. However, even in the best of cases these relations are very difficult to predict. The issue is further complicated by the fact that the majority of the easily accessible stocks of hydrocarbons are located in potentially unstable regions.1 There is thus only so much that can be done about the sources of geopolitical supply risk. On the demand side, the best-known strategy is the diversification of supply sources and of transport routes.

Given that the fundamental condition for geopolitical supply risks is the physical separation of the centres of production of primary energy and their consumption, it is tempting to address the issue by striving to bring production home (—energy independence‖). Whether this is a good approach depends on a country’s geographical position, its own energy endowment, the state of its physical infrastructures for transport and storage, the diversification of its supplies, the willingness of its population to accept higher average long-term prices for lower volatility and a host of other issues.

In an ideal world, security of energy supply would not equate to energy independence or self-sufficiency. Free and global energy trade through smoothly functioning competitive markets would guarantee timely delivery of all necessary energy resources. Most countries are relying at least partially on the international trade of energy and will continue to do so. What is important in this case is not so much the security of the single shipment but rather the security of the system in which both producers and consumers have a stake.

The issue of self-sufficiency does assume though a particular significance in electricity markets, since due to the high costs of storage, electricity can be economically transported only over relatively short distances. In island countries such as Japan and Australia or de facto isolated countries such as the Republic of Korea, national electricity generation must be able to cover national demand.


E.4 The internal dimension: economic, financial and technical conditions for energy security

Energy security begins at home. The most important responsibility for OECD governments is setting appropriate framework conditions providing incentives for private actors to install domestically an adequate level of facilities for the production, transport, conversion and consumption of energy. Important elements in this strategy are regulatory stability, market organisation, fiscal coherence and predictability of environmental policy.

The challenge in the electricity sector is the creation of framework conditions that:



	do not discriminate against domestically producing, low-carbon energy sources such as nuclear and renewable energies; and

	allows for the construction of adequate transport, production and conversion capacity with appropriate long-term financial arrangements.


OECD governments thus have a responsibility to create market conditions that allow low-carbon technologies with lower supply risks to compete on a level playing field. Governments also have a role to play with regard to the provision of adequate levels of transport, distribution and conversion capacity. Partly, such capacity can be provided by markets themselves, but in other cases, it requires regulation and supervision. First, regulation must provide sufficiently attractive financial conditions for investment in transport and conversion infrastructure. Second, political backing must support projects that are necessary at the national level against blockage by repeated legal appeals, through appropriate technical regulations and zoning laws as well as adequate mechanisms of consultation, mediation and compensation.


E.5 Different approaches towards designing security of supply indicators

Approaches to assign numeric values to aspects of security of supply risks can be broadly categorised as follows:



	import dependency and diversification of fuel and energy supply;

	resource and carbon intensity; and

	system adequacy.


The first category of security of supply indicators covers primarily the external security of supply dimension, whilst the second and third ones broadly refer to the internal security of supply dimension.

One indicator in particular seems to have substantial merits for the analysis in this report, capturing aspects of all three categories mentioned above. The generalised Simplified Supply and Demand Index (SSDI) is a composite security of supply indicator for a defined region in the medium and long run that includes major underlying supply-side and demand-side factors. This index is normalised to range from 0 (extremely low security) to 100 (extremely high security). It is based on the generalised SSDI but adapted here to be able to work with the only available consistent data set available for the past 40 years, the IEA Energy Statistics.

The SSDI is composed of three weighted contributions: demand, infrastructure and supply. These contributions take into account the degree of diversity and supply origin of different energy carriers, the efficiency of energy consumption by the main economic sectors, and the state of the electricity generation infrastructure.

The evolution of the SSDI through time (1970-2007) was analysed for several OECD countries: Australia, Austria, Canada, Finland, France, Italy, Japan, Korea, the Netherlands, Sweden, the United Kingdom and the United States (see Figure E.2). This allows one to track changes in the SSDI and provides an illustration of the security of energy supply of the selected countries for the last 40 years. It enables the identification of changes in the trend when important policy changes have been implemented, such as the United Kingdom’s switch from coal to gas or the introduction of nuclear programmes in France and the United States.

One can see that the value of the SSDI has considerably increased between 1970 and 2007 in the case of most economies under study: Australia, Canada, Finland, France, Japan, the Netherlands, Sweden, the United Kingdom and the United States. On the contrary, the value of the SSDI is low or not increasing between 1970 and 2007 for Austria, Italy and Korea. Also, the gap among different countries has decreased. The improvement in the SSDI of a number of these countries coincides with the introduction of nuclear power, while decreases often relate to increases in imports.

Figure E.2: Evolution of the SSDI for selected OECD countries


[image: e9789264096349_i0003.jpg]


In the United States, the value of the SSDI is generally high because of large domestic resources of fossil energy suppliers and an important share of reliable imports from Canada. An important increase in the SSDI may be noted in the second part of the 1970s because the energy intensity of the United States economy decreased, and nuclear power plants started to be widely deployed.


E.6 The role of nuclear energy in reducing security of supply risk

Nuclear energy has some distinct advantages in strengthening the external dimension of energy supply security. These include:



	Nuclear power plants produce electricity domestically. Their capital and labour inputs are also provided domestically. With more than 90% of its inputs in terms of value sourced domestically, it can be considered a largely domestic source of energy and electricity.

	Of course, a majority of OECD countries import part or all of their requirements of uranium. However, these imports frequently come from other OECD countries. Even where imports come from non-OECD countries, such supplies are well-distributed globally and have never given rise to security of supply issues in the past.

	Nuclear energy is capable of providing large amounts of baseload power at stable costs and would be unaffected by a sudden tightening of restrictions on the emission of greenhouse gases. Unsurprisingly, the great majority of long-term scenarios interested in the question of sustainable concentrations of greenhouse gas emissions include a large expansion of nuclear power.2


For uranium, the majority of supplies are coming from politically stable OECD countries such as Australia and Canada. The only major geopolitical change in the supply of uranium is rapid mining development in Kazakhstan. According to Uranium 2009: Resources, Production and Demand, (NEA/IAEA, 2010), in 2008 Kazakhstan became the second world largest uranium producer (8 512 tU), between Canada (9 000 tU) and Australia (8 433 tU). Nevertheless, one can state that the uranium supplies used in nuclear energy production do not pose any major risk to energy security.

Overall, in the face of geopolitical supply risks, whether due to import dependence, resource exhaustion or changes in the global carbon regime, nuclear energy holds advantages that other fuels such as oil, coal and gas do not enjoy: wide availability of resources for a long time to come, modest impacts of increases in resource prices and resilience against carbon policy shifts.

In terms of internal risks, one needs to consider the investment costs and the functioning of the grid systems. With the first issue, the point is whether nuclear energy has specific characteristics which make it intrinsically a more attractive investment option than other generation technologies, in particular in liberalised power markets with uncertain prices. The joint IEA/NEA study on the Projected Costs of Generating Electricity: 2010 Edition provides some general information on the levelised cost of electricity (LCOE) per MWh for different technologies.3 The report shows that nuclear energy is a very attractive option at real interest rates that are below or only slightly above 5%.

The attractiveness of an investment in power generation, however, is not only defined by its LCOE that corresponds to the average discounted revenue, i.e. the price of a MWh of electricity that would allow the investment in question to break even. One key element is the uncertainty to which investors are exposed. The advantage of nuclear energy in this context is that its average cost remains very stable in the light of changes in the fuel or in the carbon price. In particular, it is protected against fuel price changes by the low proportion of fuel costs in the total lifetime costs of nuclear power generation.

Investors in fossil fuel plants and, in particular, coal-fired power plants are also exposed to carbon price risk: the variation in the price of CO2 permits, which constitutes a major source of uncertainty for coal-fired power production. Doubling the carbon price, for instance, from USD 30 per tonne of CO2 to USD 60 per tonne would increase the total average cost of coal-produced power by 30%, more than doubling its variable cost in the process. This is not an unrealistic number. Given current commitments to reduce global carbon emissions by 2050 by 50% in order to limit the rise of global mean temperatures to 2°C, modelling results imply marginal costs for carbon abatement of at least USD 100 per tonne of CO2 and perhaps much higher.4

Some countries in the world are currently showing interest in developing nuclear power to strengthen their level of security of supply. Particular examples are the countries that have decided to phase out nuclear power in the past: Belgium, Italy and Sweden. For countries like Finland, France, Japan and Korea, the increase of the SSDI is partly due to the introduction of nuclear power plants (Figure E.3).

Figure E.3: The contribution of nuclear power to progress in the SSDI
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In the case of France, the contribution of nuclear power to the SSDI was more than 12 points in 2007 (about 30% of the SSDI score), followed by Sweden with 11 points (21%), Finland with 9 points (26%), and Japan and Korea with approximately 6 points (about 17% of the total SSDI score).


E.7 Public concerns over security of supply and the role of nuclear

It is of interest to know how the perceptions of consumers regarding security of energy supply correlate with the indicators of such security. To investigate this idea, Eurobarometer opinion polls, issued in 2007 and 2010, were analysed to see the correlation between public concerns and two main indicators:



	import dependency; and

	volatility of energy prices.


Citizens of the European Union (EU) are generally aware of the fact that energy dependency is one of today’s most challenging energy questions. Overall, 61% of respondents believe that their country is entirely or very much dependent on energy coming from abroad. EU countries face different situations of energy dependency: Denmark is the only country where energy exports exceed energy imports, while the energy dependence rate is highest in small countries such as Cyprus, Luxembourg, Malta and Portugal. However, the level of awareness is not consistently high. For example, for Ireland, the energy dependency rate is approximately 90%, but only 64% of its citizens are aware of that.

When comparing the respondents’ opinions and indicators, one finds that the results of the survey show better correlation between the values of the SSDI discussed previously than with the simple import dependency ratio. For example, the values of the SSDI for the United Kingdom are approximately at the same level as the perceived concern over energy dependency in public opinion polls. This suggests that the public implicitly has quite a good understanding of the complexity of the issue.

This is important for public acceptance of nuclear energy. A study of the correlation between the change in public support for nuclear energy between 2005 and 2008 with the respondents’ answers to other questions in the Eurobarometer questionnaire in the same years suggests some insights into the factors that influence public acceptance. In particular, it becomes clear that the benefits of nuclear power in terms of diversification of the energy mix and alleviation of oil dependence were duly appreciated, and progressively more so by Europeans from 2005 to 2008. This in turn has contributed to greater overall support for nuclear power generation.

In Europe, the highest proportions of citizens who say that the share of nuclear energy should be maintained or increased are found in Bulgaria (90%) and Poland (88%), where the possibility of building a first nuclear power plant was recently discussed. Moreover, several countries that in the past shut down or put on hold their nuclear power programmes, but have recently changed their policy, like Italy or the United Kingdom, also display high shares of public support for nuclear energy with 73% and 75% respectively.

The main conclusion is that nuclear’s political and social acceptability depends on a good understanding of its benefits to diversification, energy supply security and reductions in greenhouse gas emissions.


E.8 Conclusions

Due to its complexity and the dynamic evolution of the many parameters involved, as well as the public perception of —secure‖ supply, energy security remains an uninternalised externality or a public good that markets are unable to provide for at the appropriate level. Even in the presence of a globalised marketplace for most energy commodities, energy supply security thus remains a policy issue for which governments need to assume responsibility.

An external and an internal dimension of energy supply security are of importance, in both of which nuclear energy can play a constructive role. The external dimension is mainly defined by concerns about import dependence from potentially unstable countries. The internal dimension instead is about creating appropriate incentive mechanisms and frameworks to allow public and private actors to invest in adequate levels of production and transport capacity that provide continuous access to energy services at stable prices.

As an essentially carbon-free, largely domestic source of energy, nuclear power does indeed possess a number of attractive characteristics for improving the security of energy supply. It is a competitive power generation source with high energetic density and low sensitivity to the variations of the price of uranium, unlike fossil fuel technologies. Uranium resources are also well-distributed, with OECD countries such as Australia, Canada or the United States holding important shares.

This study shows empirically that nuclear energy has in effect contributed to improving energy supply security in OECD countries in a significant manner. It achieved this result by diversifying the energy mix, as well as by decreasing the overall share of fossil fuels, in particular natural gas imported from outside the OECD. The SSDI has been used to analyse energy supply security based on both supply and demand data. This shows that the security of supply situation in OECD countries has unequivocally improved since the early 1970s. This was due to three different factors:



	the introduction of nuclear power for electricity generation;

	a decrease in the energy intensity of OECD countries; and

	greater diversification of primary energy sources.


Quite naturally, the public at large remains unconcerned by the development of complex synthetic indicators. However, individual parameters such as import dependence and price volatility are consistently highlighted as issues of public concern, in particular in the regularly published Eurobarometer opinion polls. This suggests that nuclear is viewed more favourably if it is not pushed as an autonomous issue for its own sake but integrated into the context of broader policy objectives such as ensuring the security of energy supply or the reduction of greenhouse gas emissions. Nuclear energy is no longer a quasi-ideological —yes‖ or —no‖ issue. This insight holds both promises and challenges for nuclear energy. The promise is to become accepted as an essential element of broad energy policy strategies. The challenge is to bring about an evolution in its features and decision-making mechanisms to engage in real public debate on issues of concern to the general public as well as to energy investors.

Due to its large fixed costs (not only at the level of the individual plant but also at the level of education, regulatory infrastructures, fuel cycle strategies, etc.), nuclear energy will never be wholly an ordinary industry. Nevertheless, as a concrete response to real problems, nuclear is now being viewed more dispassionately and judged on its merits as a solution to questions of security of supply, cost stability and reductions in greenhouse gas emissions.
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Chapter 3

EVOLUTION OF THE SECURITY OF ENERGY SUPPLY IN OECD COUNTRIES

In the first chapter of this report, security of energy supply was defined and discussed from the economic and geopolitical viewpoints, and the contribution of nuclear energy was analysed. The second chapter reviewed indices and models aimed at quantifying various aspects of the security of energy supply.

In the present chapter, a model is developed to evaluate the level of security of energy supply over time, and to analyse the role played by nuclear energy in improving the security of electricity generation. It is built on the S/D Index presented in Section 2.5. The different indicators for this chapter have been developed by the NEA on the basis of the most recent data available from a selection of International Energy Agency (IEA) publications (see references for details).


3.1 Time-dependent quantification of the security of energy supply

In order to compare the evolution of the level of the security of energy supply in given countries, a time-dependent quantitative criterion is needed. The most relevant approach should include all major technical, economic and political aspects.

For the technical operational strength of power supply systems, a reliability analysis is usually performed. Based on the historical failure frequencies for elementary parts, the time-dependent probability that the whole system will perform its intended function can be calculated. Although this kind of reliability assessment is well-established for technical systems, it is difficult to use it for estimating the level of the security of energy supply. The reason for this is that no probability distribution could be built to describe risks related to strong changes in the energy producers’ prices, politics or technological knowledge. This refers to the issue discussed above in Section 1.2 that energy supply security must remain an issue for public policy making.

The alternative approach consists in analysing the degree of diversification of the primary energy sources of supply, redundancy of conversion and transportation infrastructure and the efficiency of the final energy use (see Figure 3.1). These are the main components determining the security of energy supply.


Figure 3.1: General scheme of energy flows in an economy
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Simplified Supply and Demand Index

The Simplified Supply and Demand Index (SSDI) is based on the Supply/Demand Index (S/D) developed by the Energy Research Centre for the Netherlands (ECN), and described in Scheepers (2007). However, the SSDI is slightly simpler than the S/D Index and the underlying construction changes in a number of points.


Figure 3.2: Shares and weights used in the Simplified Supply and Demand Index
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The SSDI is composed of three weighted contributions: demand, infrastructure and supply (see Figure 3.2). These contributions take in account the degree of diversity and supply origin of different energy carriers, the efficiency of energy consumption by main the economic sectors, and the state of the electricity generation infrastructure. The values of weights determining the relative contribution of the demand, infrastructure and supply branches are close to those used in the original S/D model, where they were adjusted to reflect the percieved vulnerability of the branches. A higher weight indicates increased vulnerability.

The SSDI takes its values from 0 to 100 describing, respectively, poor and perfect state of the security of energy supply. As described below, a maximal score 100 refers to a country with low energy intensity, developed electricity generation infrastructure, perfectly diversified primary energy sources, with the latter all domestically produced or imported from trustworthy sources. On the contrary, a score 0 corresponds to a country with low energy efficiency, an electricity capacity unable to satisfy the peak load, and importing the totality of the energy carriers from unreliable sources.

The demand part of the SSDI indicates the efficiency of the energy consumption in the industrial, residential, tertiary and transport sectors (see Table 3.1). The reference values are the average of the three lowest energy intensities among all OECD countries considered and over the whole time period considered (from 1970 to 2007). The score for the demand contribution to the SSDI is proportional to the ratio of the energy intensity of an economy sector in a country to a corresponding reference value. The weight of the demand part in the final SSDI is 0.3 (see Figure 3.2).

The supply part of the SSDI reflects the degree of diversity of types and the origin of primary energy sources supply (see Figure 3.3). The domestic and OECD-origin import shares of oil, gas, coal, nuclear and hydro sources are scored at the...
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