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Energy justice is now an established research topic in the field of energy policy. Despite the growing popularity of energy justice research, however, conceptual and analytical frameworks used in the field have remained limited. This paper reviews the prevailing three-tenet framework of energy justice which has shaped the current discourse based on the three dimensions—distributional, procedural, and recognition justice. As an effort to contribute to expanding the research agenda of energy justice problems, we propose a new understanding of the production of energy injustice by characterizing three institutionalized tendencies of dominant modern energy systems: (1) preference for large-scale technical systems and distancing of system designs from local decision-making processes, (2) centralization of energy production and concomitant distancing of supply from users, and (3) widespread ‘risk-taking’ tendencies portrayed by designers and proponents of current energy supply systems as a necessary ‘price to pay’ for technological innovation and social progress. We then connect these three tendencies to political, economic, and technical ideologies of modernism that often provide justifications for energy inequity: (1) top-down political and economic decision-making systems, (2) technical interpretation of sustainability, (3) specialist understanding of fairness, and (4) path dependency in the modern energy paradigm. Finally, we present an illustration of how this new conception of systemic energy injustice can be applied in practice using the case of South Korea's nuclear power system and Seoul's One Less Nuclear Power Plant Initiative.
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INTRODUCTION

The fast growth of energy markets throughout the twentieth century has been widely interpreted as an essential ingredient of economic development (see, for example, the “energy-civilization” equation mapped by Basalla, 1980). Ignoring Basalla's plea for a social discussion of energy sector characteristics, researchers and policymakers have too frequently treated energy as a technical and economic concern (Stern and Aronson, 1984). However, mounting problems traceable to energy operations—including climate change, energy poverty, and widespread use of risky1 energy technologies—have caused the re-emergence of social considerations that reach beyond standard technological or economic analysis. Indeed, many researchers now underscore the importance of analyzing “energy as a social project” (Byrne et al., 2006, 2009; Goldthau and Sovacool, 2012; Sovacool et al., 2016).

Equity challenges in modern energy governance have fostered work on energy justice concepts and studies. But the research has focused mainly on fuel poverty topics. Our aim is to contribute to an expanded research agenda of energy justice studies. The so-called “three-tenet” framework that has anchored the current discourse emphasizes distributional, procedural, and recognition justice issues. It has been widely applied to energy justice analyses (Walker and Day, 2012; McCauley et al., 2013) although there is a growing body of research that recognizes the need to improve it (Forsyth, 2014; Jenkins et al., 2014; Jamal and Hales, 2016). We welcome the contemplated improvements but would offer that additional research on structural and ideological components of energy injustice is needed. In this vein, the paper offers a systemic framework for understanding injustices associated with energy production.2

In order to explain the conceptual challenge, we begin with a discussion of the three-tenet framework and notable points of progress made under its guideline. We then propose a new understanding of energy justice problems as outcomes of tendencies to prefer large-scale and centralized energy system designs, to distance decision-making processes from users, and to regard technological risks as a necessary ‘price to pay.’ To illustrate how the new approach can apply in practice, we present an analysis of South Korea's nuclear power system and differential risks it creates across socioeconomic groups and geographies. Justice conflicts and tensions associated with nuclear plant siting and operations in Korea have been discussed in many studies over the past 20 years (see, for example, Kim and Byrne, 1996; Valentine and Sovacool, 2010; Lee et al., 2018; Park and Sovacool, 2018). We then review the City of Seoul's efforts to contest the differential risks through an energy justice-oriented, low-carbon initiative.

THE THREE-TENET FRAMEWORK OF ENERGY JUSTICE

The conceptual sophistication of environmental justice work over the last 40 years has spawned efforts to apply lessons to a widening scope of concerns (Hobson, 2006; Agyeman et al., 2016). The rise of ‘energy justice’ can be understood as part of this evolution. Since its emergence, energy justice has seen a notable expansion in academic research (Sovacool and Dworkin, 2015), particularly raising important questions on the role of energy institutions to address widening poverty gaps and corresponding difficulties in energy due to mounting unaffordability.

Despite the growing popularity of energy justice research, conceptual and analytical frameworks used in the field have mostly focused on social conditions and processes, with less attention to underlying economic and political structures and institutions. For example, many studies have employed the three-tenet justice framework to characterize and analyze ethical debates about energy (Heffron and McCauley, 2014, 2017; Jenkins et al., 2016). The framework was initially adapted from environmental justice research and is predicated on three principles—distributional, procedural, and recognition justice—which foster analyses of unfair energy policies and projects. Below is a brief review of the three tenets applied to energy (Walker and Day, 2012; Heffron and McCauley, 2014).

Distributional justice concerns unfairness in the process of sharing costs and benefits created by energy development across society. Fuel poverty is one type of distributional injustice which results from the combination of inequalities in income, energy prices, and housing conditions. Procedural justice calls for equitable and democratic involvement of all stakeholders in energy decision-making. Full information disclosure and proper policy mechanisms to encourage public participation are essential to achieving procedural justice. Recognition justice emphasizes the need to understand different types of vulnerability and specific needs associated with energy services among social groups (especially marginalized communities).

While the three-tenet framework provides a conceptual backbone for identifying and analyzing problems with regard to common energy (including fuel poverty), it does not directly address complex political and economic forces that routinely produce energy injustice. The framework tends to shed more light on ‘tailpipe’ problems and fixes like improved accessibility and affordability while leaving the structural and ideological pillars of the problem under-examined.3 For this reason, energy poverty is usually the analytical boundary for discussions of energy justice (Bouzarovski and Simcock, 2017).

While energy justice is rightly tied to energy poverty problems, the language can limit problem identification, the scope of investigations, and the type of analysis pursued regarding energy justice issues. Broader topics involving justice implications of modern energy systems as a whole are needed (Bickerstaff et al., 2013; Jenkins et al., 2014; Joroff, 2018). In the following section, we argue that energy justice frameworks should also recognize external driving forces of injustice beyond the three justice dimensions of the prevailing framework.

THE PRODUCTION OF ENERGY INJUSTICE

Byrne et al. (2002) argued that contemporary environmental problems are a product of our changing nature-society relations. In their work, they highlighted three phases of the commodification of nature—normalization of pollution, technocratic authoritarianism, and a rise of the Anthropocene. Throughout these three evolving and concurring phases, environmental injustice does not randomly ‘occur’ but rather is ‘(re)produced’ habitually. Industrial economies have been busy looking for measures to alleviate what is often called environmental ‘externality’ (see Coase, 1960). But this treatment of the problem presumes that human ability to re-design and replace ecosystems is a step toward the creation of an ‘improved nature.’ In this way of thinking, environmental problems and conflicts are temporary matters awaiting human repair. The implication of the assumed duality of a natural reality and social one is not usually questioned.

Applied to modern energy supply systems, this way of thinking normalizes environmental and social consequences of energy projects that operate on principles of industrialism, technicism, and capitalism (Mumford, 1934; Byrne et al., 2006). Energy injustice, in this view, is an expectable outcome of economic progress and should be addressed rationally by reducing its spread, but only so long as it is economically optimal to do so.

To address energy injustice, it is crucial to grasp how conflicts are institutionalized in the structure of our energy systems (Sareen and Haarstad, 2018). In what follows, we introduce a new view of the ‘production of energy injustice’ based on the idea of the “production of unequal nature” found in Byrne et al. (2002). Our argument is that political, economic, and technical ideologies4, borne out of the three phases of commodification noted above, routinely rationalize energy-sourced justice conflicts as the unfortunate but necessary results of industrial success. Instead, we propose research on risks and harms of energy supply as justice issues that require attention at the system scale.

We focus here on the prevailing forms of modern energy supply that serve industrial societies, including coal and nuclear power plants. These facilities tend to have greater, and possibly irreversible, impacts on nearby communities and the environment. The Environmental Justice Atlas (Temper et al., 2015) reports more than 100 ongoing injustice cases resulting from the use of nuclear energy across the globe. When energy injustice categories are expanded to include fossil fuels and climate issues, the number of cases grows tenfold. Undoing these energy options is needed as much as installing renewables in order to achieve a higher level of energy equity (Byrne et al., 2006; David, 2018).

As depicted in Figure 1, two interlinked ‘pillars’ create systemic energy injustice: (a) key design characteristics of dominant energy systems, which are direct sources of energy inequity (what we term a structural pillar) and (b) political, economic, and technical ideologies5 which provide justifications for energy inequity (an ideological pillar). Below we explore both pillars of energy injustice.
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FIGURE 1. Conceptual framework for understanding the production of systemic energy injustice.



Structural Pillar of Energy Injustice

The first key characteristic of the modern energy system is its preference for large-scale technical systems and distancing of system designs from local decision-making processes (Sovacool et al., 2018). This tendency relates closely to the core value of industrialism—‘efficiency.’ Placing a greater emphasis on efficiency, industrial societies have faithfully equated social progress with economic growth driven by technological breakthroughs. In particular, the energy sector has pursued large-scale development with the aim of realizing higher efficiency in production. Like other industries and sectors, a scale principle is at the center of modern energy economics, resulting in massive production of energy units (kWhs, therms, etc.) with sources such as coal and nuclear energy favored despite their known health and environmental harms (Sovacool et al., 2014). In modern energy's history, the ability to produce much more energy at a lower cost is paramount; the purposes and use of this energy surplus, and more broadly, its value to society, is a secondary concern. A form of Say's Law (Sowell, 1972) in which energy supply will create its own demand is expected to guide thinking. As the scale of energy production and consumption has grown, major energy decisions and management have become the preserve of science, engineering, and macroeconomics. Citizens devolve to passive consumers, deprived of control over their energy choices.6

The second defining characteristic is the centralization of energy production and concomitant distancing of supply from users. Energy production from large power plants is widely assumed to deliver lowest-cost power in the technical sense. The social and governance implications of this design go mostly unexamined (at least until recently). The centralization of energy supply can be conceived as a concomitant outcome of large-scale development. For example, scale-up of energy production tends to force the periphery (e.g., suburban areas, economically and/or politically less privileged communities, etc.) to host energy facilities with a mission to export energy services to privileged communities.7

Regional planners frequently think that placing large-scale systems such as nuclear power plants near users is risky and socially undesired.8 As a result, an enormous amount of energy consumption takes place in urbanized and wealthy areas, as production facilities and distribution networks are sited in rural areas (or, in some cases, ‘depressed’ urban locales), creating a geography of technical efficiency and, at the same time, social and environmental injustice. Research shows a pattern in the modern energy build-out that allocates risks disproportionately to the periphery (UCC, 1987; Touché and Rogers, 2005; Luna, 2008; NAACP, 2012; Ji et al., 2015). As social awareness grows about this pattern, technical solutions such as ‘green growth,’ ‘clean coal,’ and ‘inherently safe nuclear power’ are being found by researchers to actually lead to deepening inequality and unsustainability (Byrne et al., 2006, 2009; Richardson, 2017; Ha and Byrne, 2019).

A third characteristic of the modern energy system is its widespread ‘risk-taking’ tendency, which is portrayed as a necessary ‘price to pay’ for technological innovation and social progress (Byrne et al., 2002). Modern energy systems are distinctive for their acceptance of principles of “necessary risk” and “normal accidents” as highlighted in Beck (1992) and Perrow (1984). Energy systems and services inevitably involve high levels of risk during construction, operation, and maintenance of facilities. However, an under-estimation of risks and an under-valuation of social and environmental costs are hallmarks of energy technologies from nuclear and coal power plants to oil refineries, and natural gas and oil pipelines.

The Fukushima nuclear accident explicitly illustrates this kind of risk-taking. When a record-breaking earthquake struck Japan in 2011, the Tokyo Electric Power Company (the operator of the troubled nuclear reactors) and the Japanese government poorly communicated with the public that it was an inevitable and unpreventable accident and that the radiation releases would not immediately affect health (Faculty of Societal Safety Sciences, 2018). However, it is questionable whether only immediate and visible consequences deserve our concern given that approximately 165,000 people were evacuated from regions and deprived of the right to sustain their normal life (CNIC, 2017).

Ideological Pillar of Energy Injustice

As illustrated in Figure 1, these structural characteristics of the modern energy system are reinforced by political, economic, and technical ideologies that have dominated the reasoning of policy decisions in industrial societies.

An example is top-down, authoritarian decision-making that often serves as a powerful political tool for the technical rationalization of large-scale energy facilities at the expense of their social impacts. Sometimes, large-scale energy projects create energy inequality for particular stakeholders because the physical complexity and massive scale of economic investment have often preempted non-technical and non-economic reasoning and valuations from being involved in decision-making processes [see Hughes (1983) for the classical study on the rise of electric power systems in western society]. This preemption tendency has been observed by researchers studying large-scale and centralized energy projects over the last 40 years (Messing et al., 1979; Stern and Aronson, 1984; Byrne and Hoffman, 1996; Sovacool et al., 2016; Cherp et al., 2018). A consequence of technical and economic authoritarianism is marginalization of social values in energy decisions, leading specifically to the widening of energy injustice, as a recent special issue on the topic discusses (Bridge et al., 2018). For this reason, local communities and underserved populations who usually have less power cannot effectively question, much less resist, technocratic preemption in which specialized knowledge enlisted on behalf of the sector often reduces public hearings to exercises of expert authority determining what is best for ‘uninformed’ citizens.

An additional example is sustainability, which as an ideal is supposed to lift public decision-making above technical and economic recitations of value. But the ideal has often been captured by consultants, modelers, and planners who argue that sustainability requires a technical understanding of our problems and is therefore best left for experts to decipher. For instance, the concept of ‘green growth,’ which was supposed to be rooted in a new discourse of sustainable development, today usually relies heavily on technological solutions to energy problems without taking justice implications seriously (Ha and Byrne, 2019). Advocates of green growth consider technologies like nuclear energy as an ideal option to reduce greenhouse gas emissions and fortify national security without compromising economic growth. Safety issues associated with nuclear power, the presence of high levels of embodied carbon emissions in the life cycle of nuclear plant operations, and the disenfranchisement of citizen governance are treated as the necessary price of comprehensive solutions. In opposition to this ‘technical’ interpretation of sustainability, more advanced and justice-driven discourses such as ‘just sustainabilities’ have emerged (Byrne et al., 1998; Agyeman, 2013). These discourses call for a careful consideration of the justice implications of energy, climate, or environmental decisions.

Third, a specialist understanding of fairness frequently underpins modern thinking (Byrne et al., 2002) in which the question of justice is thought to be largely a debate about the rational and objective level of compensation for victims harmed by energy operations. Closing plants that contribute to risks or planning for systems that can be governed by citizens are thought by some to be naive and, even, reckless ideas. One example is the way in which the problem of energy poverty is portrayed and approached. Many of the existing solutions to energy poverty are focused on fuel payment subsidies that can, at most, temporarily alleviate the problem. Such programs can be sometimes used to justify continued reliance on large-scale and carbon-intensive energy technologies that have imposed serious environmental and social conflicts in people's livelihoods but, on technical grounds, are conceived as as ‘efficient’ and ‘cost-effective.’

Finally, there is a significant level of path dependency in the modern energy paradigm (Bridge et al., 2013). Conventional energy infrastructures demand an enormous amount of investment and need the commitment of policy support in order to ensure their economic legitimacy among investors. Delivering such legitimacy requires forms of decision-making that can convince society there is little choice but to support the continuous build-out of conventional energy infrastructure. Anything less is believed to imperil economic development and social progress. Predictably, constrained decision-making of this kind often leads to institutional lock-ins that intensify the tendency to maintain energy-intensive economies relying on centralized and inherently risky energy technologies (Byrne et al., 2009), while promising more sophisticated management and oversight.

SOUTH KOREA'S NUCLEAR POWER BUILD-OUT AS A CASE OF SYSTEMIC ENERGY INJUSTICE

A systemic analysis of South Korea's commitment to nuclear power and its energy justice implications is performed to offer insights about energy justice that reach beyond those of the three-tenet framework. The case of South Korea is presented as an example of how systemic analysis can be fruitfully deployed.

To realize a fast-growing economy, South Korea's leadership made a commitment to energy-intensive manufacturing beginning in the 1950s. This commitment led to the construction of a highly centralized and large-capacity electricity supply system (Valentine and Sovacool, 2010; Lee et al., 2018). The 11th largest economy in the world is now powered by 61 coal power plants and 24 nuclear reactors. The role of nuclear power is particularly notable in South Korea's commitment to ‘energy giantism’ (Byrne et al., 2006). Nearly 30% of South Korea's electricity demand is met from nuclear power plants located well-outside the boundary of the country's major electricity consumer—metropolitan Seoul (Yun, 2017). The distancing of the nuclear power plant network far from Seoul was planned from the outset (Kim and Byrne, 1996; Park and Sovacool, 2018). The decision shifted a host of risks associated with energy operations generally and nuclear generation specifically to other parts of the country that often are “geographically remote, economically marginal, politically powerless” (Park and Sovacool, 2018, p. 686).

Is this shift an indication of energy injustice? To answer the question, we need to establish the relationship among three variables: proximity to nuclear plants, risk of harm from nuclear plant operations and accidents, and socioeconomic vulnerability of communities near plants compared to those that are not near plants.9 Specifically, is proximity to nuclear plants a key predictor of risk of harm from their operation? And if so, is socioeconomic status a key predictor of who is at greatest risk of harm due to proximity to the plant network?

Regarding the first relationship of proximity and harm, international emergency planning is based on risk of harm from nuclear plants being inversely proportional to plant proximity. For instance, the largest U.S. emergency planning zone standard is an 80 km radius around a plant (U.S. NRC, 2017). The International Atomic Energy Agency (IAEA) has defined an urgent protective action planning zone standard of 30 km in radius for plants in general (IAEA, 2007).10 These standards anticipate evacuation within their defined zones depending on the level of severity of a disaster. Recently, an international effort led by the U.S. National Academies of Science, Engineering, and Medicine (NASEM, 2016; see also Lyman et al., 2017) has sought to understand from the Fukushima nuclear accident the health and safety risks associated with nuclear plant operations. This work has led to the finding that for certain accidents, an extension of the evacuation zone is needed to 110–170 km (NASEM, 2016, 40–41 and 178–183; and Lyman et al., 2017).

Relying on the findings of the U.S. NRC, IAEA, and NASEM on the relationship between risk of harm and plant proximity to guide our case study, we then turned our focus to the second relationship, namely, socioeconomic vulnerability and plant proximity. Socioeconomic vulnerability is measured by county average housing price.11 Data for income per capita or per household are not available at the county level in South Korea.

Results of two regression analyses of the relationship between socioeconomic vulnerability and nuclear plant proximity are reported here. Data were collected from the Korea Appraisal Board's database (http://www.r-one.co.kr/) for all counties reporting average housing prices for the period 2012–2016 (a total of 154 counties).12 We then used the average of the 5 years county average housing prices as the independent variable.13 Proximity to the nearest nuclear power station was calculated using ArcMap 10.4 and was used as the dependent variable.

A regression study of the relationship between average housing value and nuclear plant proximity for 154 counties was prepared in order to understand if socioeconomic vulnerability could predict plant proximity. Statistical robustness of the prediction was measured by a commonly used tool, the coefficient of determination (or R2). Among several regression models that we considered, reported here is the model we believe is best suited for prediction of a general relationship between socioeconomic vulnerability and nuclear plant proximity. The selected model assumes an underlying logistic function among the two variables.14 We employed OriginLab software (https://www.originlab.com/) and KNIME software (https://www.knime.com/knime-software) to partition the 154 counties into clusters based on statistically measured “feature similarity” (Malik and Tuckfield, 2019). We found three clusters could most efficiently represent the data. This model was able to account for 96% of the variation in county proximity to a nuclear plant by knowing county average housing price (see the top regression in Figure 2). The results provide a clear basis for understanding that distance to a nuclear plant is inversely related to a county's extent of socioeconomic vulnerability.
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FIGURE 2. Regressions of county average housing price to predict nuclear plant proximity in South Korea.



A second regression study was then formulated to examine directly the systemic character of energy injustice embodied in the layout and operations of the South Korean nuclear plant network. We identified the counties within 80 km of South Korea's nuclear reactors for which county average housing price data are available (a total of 60 counties).15 We added to the database for the second regression the 25 counties of Seoul, all of whose families live beyond 170 km from a nuclear power plant.16 Our focus on Seoul and the counties in the potential evacuation zone is based on a core energy justice principle: who bears the risks of harm by the operations of an energy plant network and who receives the benefits. Seoul's counties have the highest per capita residential electricity consumption in the country; the counties in the evacuation zone bear the greatest risk of harm from nuclear power operations.

Using OriginLab software, we again tested several regression models to predict nuclear plant proximity by socioeconomic vulnerability and found statistically robust predictability. We report here a sigmoid growth model17 depicting a pronounced inverse relationship between socioeconomic status and risk of harm that can explain 86% of the variation in the variables (see the lower regression panel in Figure 2).

A systemic pattern of energy injustice is evident: those at greatest risk of harm from the nuclear plant network (that is, families living in the internationally defined emergency planning zones of South Korea) have high levels of socioeconomic vulnerability and are mostly in the third or lower decile in electricity consumption per capita; Seoul's families are in the top decile of electricity consumption per capita, reaping significant benefits of the nuclear network's output, but all live beyond even the post-Fukushima definition of evacuation risk.

As well, it is important to consider one feature of the risk that communities near the country's plants face: even when families are fortunate to have been spared cancer and deadly explosions, they are at risk of losing their homes and livelihoods in the event of a plant disaster including the release of radioactive emissions, the migration of radioactive waste, accidents involving the transport of waste, etc. (as families experienced in the wake of the Chernobyl and Fukushima accidents).

Actions to compensate families for the risks they face, greater attention to evacuation planning in the event of accidents, empowering communities to play substantive roles in governing the energy system, and other policy steps should be considered in order to address the energy justice problem. But the energy injustice embedded in the nuclear power plant network itself cannot be solved by these methods alone. Structural and ideological drivers deeply rooted in the modern energy paradigm are ‘engines’ of the problem as depicted in Figure 1.

Only actions aimed at pursuing systemic change can actually meet the challenge. In the next section, we briefly review an action of this kind—the One Less Nuclear Power Plant movement in Seoul.

RESPONDING TO SYSTEMIC ENERGY INJUSTICE: SEOUL'S ENERGY JUSTICE-ORIENTED, LOW-CARBON TRANSITION STRATEGY

In 2012, the Mayor of Seoul launched a transformative energy initiative which he named “One Less Nuclear Power Plant (ONLPP).” A key goal of this initiative is to challenge national and city dependence on nuclear and coal power by using aggressive conservation policies to cut energy consumption and greenhouse gas emissions levels, and also by calling for enhanced self-sufficiency of electricity through solar power development (SMG, 2018). What makes the OLNPP distinctive is its explicit recognition of energy injustice embedded in the country's large-scale and centralized energy supply systems that have placed environmental and health risks on the shoulders of vulnerable populations (Ahn, 2017).

Designed to tackle this path dependency of inequitable and unsustainable energy development, the initiative achieved early success, enabling a reduction in energy demand equal to one nuclear plant in just three years (SMG, 2018). The initiative is currently in its second phase and announced the “Solar City Seoul” project that aims to deploy one gigawatt of distributed solar photovoltaic systems throughout the city by 2022 (Kang, 2018). The OLNPP suggests how the social imaginary of sustainable energy paths can be embodied at a local scale and can be driven by energy justice principles.

In opposition to structural and ideological drivers that create and perpetuate energy injustice, transformative actions like Seoul's OLNPP initiative have received conceptual standing as ‘just sustainabilities’ and ‘energy democracy’ experiments (Burke and Stephens, 2017; Yun, 2017; Teron and Ekoh, 2018; Yun et al., 2018). An increasing number of civil society movements now recognize the importance of treating energy systems as social, political, and ethical questions (Piggot, 2018). An emerging agenda for social science is to support research on energy justice initiatives that address systemic conflicts and problems.

CONCLUSION

Restoring the recognition of energy as a social project is the initial step to challenge and self-criticize institutionalized mechanisms of the production of energy injustice and its path dependency. Byrne et al. (2006) share this viewpoint that “building an inquiry into energy as a social project will require the recovery of a critical voice that can interrogate, rather than concede, the discourse's current moorings in technological politics and capitalist political economy,” and that “a fertile direction in this regard is to investigate an energy-society order in which energy systems evolve in response to social values and goals, and not simply according to the dictates of technique, prices, or capital (p. 23).” Indeed, the role of social sciences in energy research is considered increasingly critical in the shaping of future energy paths (Pasqualetti and Brown, 2014; Ryan et al., 2014; Sovacool et al., 2015).

In this vein, we have proposed a conceptual and analytical framework that can shed light on underlying drivers of energy injustice embedded in the dominant modern energy paradigm. We hope this framework can help researchers reconsider the conventional way of framing energy justice problems. The case of Seoul's justice- and value-centered energy initiative illustrates the potential of energy justice principles as a catalyst for sustainable and low-carbon energy transitions. Such transformative thinking can gain further momentum through the conceptualization of energy justice beyond existing frameworks and operationalization of energy justice evaluation at the system scale.
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FOOTNOTES

1For this paper, the term ‘risk’ refers to social and environmental harms that can result from the siting and operation of energy facilities. Risks can include health concerns, decreased quality of life, economic disadvantages (e.g., decreased property values), exposure to hazards and accidents, etc.

2We are developing a paper to investigate a systemic framework for understanding injustice related to energy consumption and policy's role in addressing the nature and patterns of this form of energy injustice.

3The structural and ideological pillars of modern energy systems are discussed in detail in section The Production of Energy Injustice and are depicted in Figure 1.

4The term ‘ideology’ used in this paper relies on Mannheim (1985)'s definition—ideologies are constellations of ideas that allow our current reality to make sense. For example, during the rise of industrialism and capitalism, societies learned the importance of markets, prices, and regulations in ways that are not the same for a feudal era. Likewise, the ideologies highlighted in our conceptual framework are political, economic, and technical contexts prevalent in the industrialized world that allow modern energy systems to make sense and that lead citizens and policymakers to assume that energy-sourced social problems will be resolved.

5Political, economic, and technical forces are closely interlinked as sources of power and agenda-setting in policy decision-making. Often, it is difficult to draw a clear line between them. In this paper, our focus is on large-scale, centralized, and risky energy technologies. The modern preference for them is often expressed in economic terms (e.g., lower cost and ‘efficient’ choice). But this preference requires significant political and policy support early on in the development of modern energy supply systems (including the creation of regulated markets for utility monopolies with guaranteed rates of return).

6It is important to mention that small-scale energy production can also involve energy justice conflicts. Figure 1 does not intend to rule out this possibility. Rather, the diagram is structured to analyze the tendency to prefer large-scale energy infrastructures that can lead to serious and society-wide conflicts across geographies as well as generations.

7We do not assume intentionality to this process when recognizing the effective social and governance consequences of energy centralization.

8Engineers and scientists who design nuclear power plants agree with this thinking—see section South Korea's Nuclear Power Build-out as a Case of Systemic Energy Injustice.

9These variables are commonly used in environmental justice studies. See Cutter et al. (2003). The U.S. Environmental Protection Agency (EPA)'s EJSCREEN, an environmental justice mapping and screening tool, also includes these indicators for identifying unequal risk of harm (U.S. EPA, 2017).

10South Korea follows the IAEA standard for emergency planning of 30 km (NSSC, 2014).

11In the absence of detailed income data, housing price is recognized by many as a reasonable proxy. For example, the World Bank suggests several proxy measures including housing value (O'Donnell et al., 2008). See also UNDP (2017). Housing prices are affected by a number of factors including physical characteristics of the property (e.g., living area, number of rooms, etc.) and living conditions around the property (e.g., environmental quality, amenities, safety, etc.). Previous studies examined the relationship between power station locations and local property values (Clark and Nieves, 1994; Folland and Hough, 2000; Davis, 2011). It is important to note that apartment prices used for this study are the average value for each county. This average is far less affected by physical or other characteristics of individual properties. Average housing price data by county were available for most but not all counties. Data were missing for some rural areas, located in the southern and eastern parts of the country. If data were available, it is probable that the strength of the statistical finding of energy injustice would increase. Typically, Koreans live in multi-floor, multi-family rather than single-family buildings and own their apartments rather than rent them.

12Jeju province, an island off the southern coast of the mainland of South Korea, was excluded from this case study as the majority of its electricity supply comes from power stations located in the island.

13Average housing prices for a defined spatial area typically do not change greatly over a short period. Still, it is common practice to use short-term averages in order to avoid undue influence of outliers.

14Generally, logistic regression treats the dependent variable (here, nuclear plant proximity) as broadly binary. In this case study, high socioeconomic vulnerability, characterized by persistently well-below average county housing prices, is expected to be statistically different to a state of low socioeconomic vulnerability (represented by communities with statistically well-above average housing prices); and these two clusters are expected to be statistically better predictors of nuclear plant proximity. Vulnerable communities not in the potential evacuation zone but not beyond 170 km from a plant (represented as gray data points in Figure 2) are expected to be less reliably predictive of nuclear plant proximity.

15Housing price data are not available for 35 counties in the U.S. NRC-defined emergency planning zone. Nearly all of these counties are rural in character.

16Only counties of metropolitan Seoul (including Gyeonggi province and Incheon) live beyond the 170 km boundary identified by NASEM (2016) for post-Fukushima evacuation planning. The residents of Gyeonggi and Incheon consume much less residential electricity per capita and are hosts of fossil fuel plants, raising a different energy justice question (which we are studying).

17This model is a classic form of generalized logistic regression expecting an S-shaped (sigmoid) function in the data.
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