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This dissertation proposes a new assessment framework that can characterize 

and analyze energy injustice on a systemic level. Different forms of injustice found in 

modern energy systems share a common root cause: a strong preference for efficiency 

over equity. To examine and address this underlying premise of modern energy 

systems, we need a new perspective from which we can assess the structural and 

ideological drivers of ‘systemic energy injustice.’ Based on this new system-scale 

conception of energy justice, I introduce an area-based assessment framework that 

utilizes two analytical strategies: statistical and energy justice indicator analyses. Both 

strategies employ geographically grouped energy and socioeconomic data for 

investigating the spatial dimension of systemic energy injustice.  

I analyzed South Korea’s nuclear power landscape to demonstrate the utility of 

the new assessment framework. The results show that socioeconomically vulnerable 

regions are burdened by the most risk of harm created by Korea’s nuclear power. On 

the other hand, the most affluent areas are free of risk and benefit the most from 

falsely characterized ‘cheap and safe’ nuclear energy that often threatens the safety 

and well-being of other regions in the country. This systemic condition of energy 

injustice observed in Korea’s nuclear power network is not a random incident—it is a 

result of political and economic decisions that have prioritized efficiency over equity 

in national energy development. Finally, I review three energy-society transformation 

experiments designed to address the root cause of systemic energy injustice and 

conclude by suggesting ideas for future research on just energy transitions.

ABSTRACT 
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INTRODUCTION 

1.1 Thesis 

For the most part, the concept of energy justice has been primarily framed 

through the existing lenses of environmental and social justice theories. However, 

understanding energy injustice requires a systemic characterization of the issue. In this 

dissertation, I argue that energy injustice does not occur in a vacuum: it is created and 

perpetuated throughout the life cycle of mass production and consumption of energy 

and fueled by the modernist definition of social progress as material growth. 

Therefore, energy injustice is not a random incident; rather, it is the consequence of 

large-scale, centralized, and risk-taking energy systems favored by industrial societies. 

Addressing the core of energy injustice issues requires a conceptual basis that can shed 

light on the underlying conditions of systemic injustices embedded in modern energy 

landscapes. Approaching this issue also requires analytical strategies that can provide 

useful evidence and benchmarks for justice-driven policymaking. I argue that 

expanding conceptual and analytical frameworks used in energy justice research can 

add momentum to efforts to drive just and sustainable energy transitions. For 

illustrative purposes, I apply these new frameworks to the case of South Korea’s 

nuclear power network. I discuss how the risk of potential harm is disproportionately 

placed across Korean society and why such spatial energy injustice cannot be 

addressed without systemic solutions. Advocates of technocratic and business-as-usual 

solutions to energy-sourced challenges—such as nuclear power—continue to pursue 

Chapter 1 
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energy sustainability in the hard energy path. I doubt the efficacy of this premise based 

on the findings of this study. 

1.2 Statement of the Problem 

1.2.1 The Fukushima Daiichi Nuclear Power Plant Disaster: Is It a Technical 

Failure? 

On March 11, 2011, a magnitude 9.0 earthquake caused severe damage to the 

electric cooling system of a nuclear power plant located in the prefecture of 

Fukushima, Japan. Four of its six reactors had a series of explosions and meltdowns, 

which released a significant quantity of radioactive substances into the air. The 

severity of the accident was categorized as Level 7 on the International Nuclear Event 

Scale, the same as the Chernobyl nuclear disaster in 1986. This nuclear disaster, 

followed by the record-breaking earthquake, led to a massive evacuation of residents 

from Fukushima and neighboring areas (about 165,000 people)—the global 

community was deeply shocked by the fact that Japan, one of the most technologically 

advanced countries and one that is well-prepared for earthquakes and tsunamis, was 

not able to avoid this tragedy.  

Even though the Fukushima accident saw its decennial anniversary in March 

2021, the shock of the disaster continues to resonate as an example of the possible 

ramifications of using nuclear energy. Indeed, the Fukushima nuclear disaster has left 

serious sociotechnical challenges for the global community to ponder. Whenever an 

unprecedented catastrophe like Fukushima occurs, questions of “Who is responsible?” 

and “What should have been done to avoid it?” emerge in hopes of preventing similar 

accidents in the future. When it comes to answering these questions, governing 

institutions and energy industries are often considered the responsible parties. 



 3 

However, these incumbent actors often choose token solutions rather than ones that 

would fundamentally address the problem. They are even less likely to address ethical 

considerations of the problem, such as why residents of Fukushima and its 

neighboring areas were left to deal with this life-altering disaster when the troubled 

nuclear reactors were intended for use by customers living 250 km away in the Tokyo 

metropolitan area. 

Examples of token and stereotypical approaches include stringent management 

of high-risk components of the energy infrastructure and technical improvements to 

the hardware of energy facilities. For instance, the Fukushima accident immediately 

provoked countries with nuclear plants (including Japan) to start conducting routine 

emergent system safety checks and introduce stricter safety standards. While these 

mechanical solutions may seem comprehensive and solid enough, human history tells 

us that such fixes will not be able to prevent the next nuclear accident from happening. 

In actuality, large systems—like nuclear plants—with complex and interactive 

mechanical designs cannot be fully controlled, especially under unprecedented 

conditions. 

Though large-scale system changes are rare after such accidents, a few 

countries relied on Japan’s painful experience as a motivation to rethink the use and 

expansion of this energy technology. Germany decided to phase out nuclear power 

from its energy mix by 2022. In 2017, the South Korean government led by President 

Moon announced a national plan to gradually transition to a low-carbon, nuclear-free 

energy future.1 But countries like France and the U.K. have remained keen on nuclear 

 

 
1 However, the Moon administration’s nuclear phase-out plan immediately met severe 

criticism and resistance from the opposite party and failed to make the systemic 

change needed for creation of a long-term non-nuclear energy future. Newly elected 
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energy as a baseload source of electricity generation. Why are many countries still 

placing hope in large-scale energy systems like nuclear power plants, even after 

witnessing the Chernobyl and Fukushima disasters? 

1.2.2 Sacrifice Zones and Sacrifice Populations in the Modern Energy 

Landscape 

Modern society operates on an enormous amount of energy every day for a 

wide range of purposes, from cooking a meal to running a factory. In this heavily 

energy-dependent world, fair access to the minimum level of energy services is a basic 

right and, therefore, a matter of equity. Energy is essential for individuals to achieve 

an adequate standard of living and the kind of lives they want to pursue (Pachauri & 

Rao, 2014). Indeed, many empirical analyses have found positive correlations between 

energy consumption, economic growth, and human development (Ahmad, Mathai, & 

Parayil, 2014; Martinez & Ebenhack, 2008; Hannesson, 2009; Chontanawat, Hunt, & 

Pierse, 2008; Belke, Dobnik, & Dreger, 2011). The relationship between energy and 

our socioeconomic well-being is partly why energy security has long been at the 

center of policy agendas in both developed and developing countries. 

The forms of energy on which modern society has heavily relied—including 

electricity and fuels for heating and transportation—cannot be acquired directly from 

nature. Primary sources of energy products need to go through a series of processes—

including mining, refining, conversions, transmission, and distribution—before they 

are consumed by end users. Many of these modern energy facilities have been 

 

 

President Yoon and his administration have de facto abandoned the plan and declared 

to return to a pro-nuclear energy path. 
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established in a large-scale and centralized fashion to maximize cost efficiency and 

convenience in technical management (Goldthau & Sovacool, 2012). This tends to 

distance energy production sites from the centers of energy consumption where most 

end users are living, e.g., urban areas (Byrne & Toly, 2006; Supersberger, 2006). 

While this conventional energy model contributed to rapid industrialization and 

modernization in the developed world, the undesirable social and environmental 

ramifications of this energy paradigm have escalated in parallel and at a rate that 

jeopardizes human society. 

Many studies have found that the social and environmental burdens of 

modernized energy systems have been placed on the shoulders of underserved 

populations and non-urban areas (Bouvier, 2014; Luna, 2008; Su, Jerrett, Morello-

Frosch, Jesdale, & Kyle, 2012). The lengthy distance between production and 

consumption is one of several sources of environmental burden shifting. Sacrificing 

peripheral populations and regions for the sake of the core is a recognizable trait of 

industrialized societies, and the process of modern energy development is an example 

of this tendency (Byrne & Hoffman, 2002; Sovacool, Sidortsov, & Jones, 2014; 

Hernández, 2015).  

Large-scale and high-risk energy paradigms often regard this sacrifice of 

underprivileged people and areas as an unfortunate but necessary precondition for 

economic success. Compelling examples are found in the pursuit and promotion of 

pro-nuclear energy paths as every stage of nuclear power development—from uranium 

mining to waste disposal processes—requires necessary sacrifices. For example, 

Byrne and Hoffman (2002) critically reviewed the long-lived injustices with the 

technological invasion of Indigenous lands associated with uranium mining and high-
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level nuclear waste storage in the U.S. Compensations for these injustices, regardless 

of the amount, are just not enough to match the cultural, ecological, and 

socioeconomic damage made in these Indigenous communities: the loss of their 

historical and non-material values cannot be fully measured in monetary terms and, 

therefore, cannot be undone. Industrialist energy thinking, which equates societal 

progress with the technological ability to possess endless megapower supplies, 

downplays the gravity of these issues as an inevitable, compensable, and phenomenal 

reality. To this point, Byrne and Rich (1986) characterized nuclear power as an 

ultimate form of technocratic aspirations for abundant energy. Nuclear power was 

introduced not necessarily because we need more energy to thrive but because we as a 

modern society need to constantly reconfirm our ability to achieve endless materialist 

expansions even at the cost of social and cultural values we must prioritize: 

The promotion of nuclear power can only be explained in the context of 

technocratic norms and aspirations. Nuclear power exemplifies the 

modern vision of human progress. Nuclear power was and to a 

significant extent continues to be seen as the natural and inevitable 

fulfillment of the technological promise; by dreams of reason, 

humanity discovers the secret of energy by which all technological 

invention is possible and upon which human progress fundamentally 

depends. Through nuclear power, we would have the endless energy to 

create. (Byrne & Rich, 1986, pp. 153-154) 

In this conventional energy paradigm, equity and justice are not issues of 

primary concern to decision-makers. Rather, sacrificing ‘disposable’ people and 

regions is thought to be a reasonable and economical way to achieve modernist 

aspirations for unlimited growth despite its socioenvironmental consequences 

(Hopkins, 2020). As witnessed in the Fukushima nuclear accident and other energy-

sourced disasters, the result of underestimating the underlying principles of social 
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justice and ethics in energy paradigms can unfairly and unevenly affect vulnerable 

populations’ lives and well-being.  

Energy governance, whether domestic or international, needs to focus not just 

on matching an ever-growing energy demand with mass production and technological 

advancement but also on minimizing the negative impacts of energy development and 

sharing their social costs more equitably. Nevertheless, efforts to identify and address 

this sort of energy inequity have been moving slowly until recent years. Regrettably, 

the mainstream energy paradigm is heavily based on economic principles, which 

under-value the potential impact of energy decisions on social equity. In this way, the 

conventional energy model gradually evolved to favor unsustainable energy options 

and found itself locked in conflict with the primary principles of democracy. In 

opposition to this hard energy path, there is a growing body of studies and movements 

that criticize the injustices and unsustainability embedded in the conventional energy 

development model (Byrne, Kurdgelashvili, & Hughes, 2008; Sovacool, Sidortsov, & 

Jones, 2014; Wu, Maslyuk, & Clulow, 2012). As such, energy justice continues to 

receive more attention from researchers and decision-makers in the field of energy 

social science (Sovacool B. K., 2014). 

Compared to other social justice issues, energy injustice has been 

underrecognized by society. Oftentimes, those most affected by energy injustice do 

not realize the problem at hand due to the invisibility of immediate consequences and 

a lack of evaluative means (Pachauri & Rao, 2014; Nixon, 2011). Although 

measurability of social injustice may not provide instant solutions, developing a solid 

metric can help identify the current scope of the problem and guide policymakers to 

choose a more sustainable and equitable energy path (Brown & Sovacool, 2007). In 
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fact, some researchers have made meaningful efforts to develop quantitative tools for 

measuring energy inequity. However, the depth of inquiry on these issues within 

existing approaches is relatively limited. For instance, the current evaluation 

framework for energy equity policy simply relies on energy accessibility and 

affordability statistics. While it is true that energy poverty is one of the most pressing 

energy justice issues, expanding the analytical framework to embrace inequities 

relating to energy production can uncover deeper layers of energy equity conflicts 

(Heffron & McCauley, 2014). 

1.3 Research Questions 

This dissertation aims to develop new conceptual and analytical frameworks to 

evaluate the nature and severity of energy injustices at the system level, especially 

those related to the siting and operation of large-scale and centralized energy 

production systems. To that end, I explore two primary research questions: (a) how 

can we conceptualize the systemic characteristics of energy injustice? and (b) what 

analytical approaches can be used to measure systemic energy injustice? 

To explore the first question (the left column of Figure 1.1), I review 

philosophical and theoretical foundations of energy justice and identify the conceptual 

evolution of environmentalist and sustainability narratives that shape the discourse of 

energy justice. In a later section, I define three structural characteristics of the 

conventional energy development model and three ideological forces behind modern 

energy paradigms to conceptualize the production of systemic energy injustice.  

I address the second question (the right column of Figure 1.1) by developing a 

new analytical approach to measuring systemic energy injustice. I first map out 

standard quantitative methodologies in wide use in energy justice research and group 
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them into three categories—statistical, geospatial, and index analysis methods. To 

bridge the identified conceptual and analytical gaps in the literature, I propose an area-

based assessment framework that uses two analytical strategies, and I demonstrate the 

benefits of the new framework by examining the justice implications of South Korea’s 

nuclear power landscape. 
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Figure 1.1 Research Design: An Overview 
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1.4 Chapter Outline 

This dissertation is composed of six chapters, described here.  

As this introduction has discussed, energy injustice is increasingly perceived as 

a chronic problem in modern energy landscapes. In response, I explore the 

characteristics of conventional energy systems driving energy injustice and examine 

how we can assess the nature and severity of energy injustices to address them 

systemically.  

To achieve these goals, Chapter 2 reviews underlying discourses and narratives 

that form the foundation of energy justice dialogues and discusses how the idea of 

energy justice has been embodied as a social movement, research topic, and policy 

agenda.  

In Chapter 3, I delve into the prevailing three-tenet framework of energy 

justice and discuss the limitations of framing energy justice challenges as only 

distributional, procedural, and recognitional issues. A new approach is proposed to 

expand the conceptual basis of energy justice research. The new framework introduces 

two conceptual pillars—structural and ideological—contributing to the systemic 

condition of energy justice challenges.  

Chapter 4 focuses on an in-depth review of three standard quantitative 

methods—statistical, geospatial, and index analyses—widely used in energy justice 

studies and identifies room for improvement. I then introduce a new analytical 

framework that can capture the spatial dimension of systemic energy injustice using 

two analytical lenses: statistical and energy justice indicator analyses.  

Using the new conceptual and analytical basis proposed in Chapters 3 and 4, 

Chapter 5 examines the justice implications of South Korea’s nuclear power network 

as a case study. For the first part of the analysis, I use a logistic curve-fitting exercise 
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to understand the relationship between county-level socioeconomic status (represented 

by housing prices) and proximity to the nearest nuclear power plant. I then investigate 

how disproportionately proximity risk associated with nuclear power generation is 

distributed in Korean society. The dual lens analysis suggests that the energy justice 

challenge found in Korea’s nuclear power landscape results from political and 

economic decisions prioritizing efficiency over equity in national energy development, 

even at the cost of well-being and safety in certain regions.  

This dissertation closes by reviewing compelling examples of social 

movements designed to address the systemic root of energy injustice. I highlight three 

innovative cases in different geographies and contexts—Seoul’s One Less Nuclear 

Power Plant initiative, the Sustainable Energy Utility model, and the Keep It in the 

Ground movement—that show social movements at the polycentric layer as examples 

of social movements as a common agent of systemic change. Finally, I conclude by 

suggesting future research ideas—(a) social movements and energy justice, (b) 

capability approach and energy justice, and (c) a carbon-neutral society and energy 

justice—for continued innovations and improvements in energy justice research. 
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2.1 Primer on the Discourse of Energy Justice 

To fully grasp the purpose of energy justice as a concept and as a policy goal, 

it is essential to comprehend the key philosophies and narratives behind it. This 

section reviews these pivotal backbone narratives from two different angles: 

foundational narratives and alternative narratives. Foundational and alternative 

narratives are deeply connected to the spirit of energy justice in the sense that both 

pursue innovative values with goals of reconciling the imbalance between nature and 

human society. But I argue that it is alternative narratives that have more significantly 

influenced the core idea of energy justice and shaped its image as a driver for societal 

change, change that can go beyond simple consideration of energy as natural resources 

but to regarding energy as a socio-environmental commons for all. Indeed, energy 

justice requires a type of socio-technical transformation that is possible only when we 

reconstruct the current modernist relationship between human society and nature and 

redress the socio-spatial asymmetry in the geography of modern energy. 

2.1.1 Foundational Narratives 

2.1.1.1 Environmentalism  

Historically, nature has been of central interest to us. Human society has 

developed different viewpoints toward nature and gradually restructured the society-

ecology relationship to be more human-oriented. The impact of human activities on 

nature has reached a point that could severely disturb and even alter the natural 

mechanism of ecosystems; this typifies the Anthropocene Era (Crutzen & Stoermer, 

2000). Such human-made impacts on nature have jeopardized the fate of human 

society through climate change, reduced biodiversity, and depleted natural resources. 

By equating social progress with economic development, traditional political economy 
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perspectives have failed to shed meaningful light on the environmental and social 

costs of the anthropocentric understanding and use of nature. 

Environmentalism arose from a movement that opposed the exploitation of the 

environment beyond its carrying capacity for the sake of human prosperity. Beginning 

around the 1890s, this early form of environmentalism was led by the higher 

socioeconomic strata. Therefore, the focal points of the mainstream environmental 

movement were chiefly topics relating to the interests of the higher class even though 

the lower class was not necessarily indifferent to environment matters. These early 

environmentalists were committed to preserving pristine nature, wilderness, and 

wildlife for recreational purposes rather than to perceiving the environment as a 

commons for all members of society (Shrader-Frechette, 2002). Environmental 

activities during this era were based on ‘biocentrism,’ a counterpoint to 

‘anthropocentrism.’ For this reason, the focus of these environmentalists was not on 

‘people (including vulnerable populations)’ but on the non-human side of ‘nature.’ 

Therefore, the socio-ecological implications of environmental problems and conflicts 

were of less interest to early environmentalists. 

This defining feature of traditional environmentalism gave rise to concerns 

about so-called environmental elitism. Environmental elitism is the accusation that 

early mainstream environmentalism was dominated by the wealthy and educated class 

and failed to engross the full spectrum of social classes and their interests. Table 2.1 

summarizes three types of environmental elitism in terms of who leads the movement, 

how it works, and what impacts it creates. 
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Table 2.1 Patterns of Environmental Elitism  

Category Description 

Compositional elitism Environmentalists come from privileged class strata. 

Ideological elitism 

Environmental reforms are a subterfuge for distributing the 

benefits to environmentalists and costs to non-

environmentalists. 

Impact elitism 
Environmental improvements have regressive 

distributional impacts. 

Source: Summarized using direct quotes from (Morrison & Dunlap, 1986, p. 581) 

Although the presence of elitism in environmental reforms has changed over 

time, Morrison & Dunlap (1986) found that traditional environmentalism did not pay 

attention to the social implications of environmental problems. Indeed, early 

environmentalism sometimes operated as “a disguise for oppression and as another 

elitist movement” against poor and minority communities (Bullard, 1990, p. 11). Even 

in more recent years, some environmentalists have argued it is inevitable that the poor 

suffer uncompensated losses to achieve environmental preservation (Wenz, 2007). 

While it is undeniable that early environmentalists contributed to creating a 

discussion about environmentally conscious interactions between human society and 

nature, this was environmentalism for those with power, rather than for all. When 

environmentalism functions only to protect the quality of the wealthy’s lives, it 

burdens the less privileged by increasing their exposure to environmental harms while 

enabling a higher quality of life for the privileged. A stark example of 

environmentalism serving the higher social class is the Sierra Club, the largest U.S. 

environmental organization, which has nearly 130 years of history. One of the co-

founders of this organization, John Muir, was a renowned ecological philosopher and 

activist who devoted his life to the preservation of pristine wilderness and forests. 
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Despite his meaningful achievements and contributions, the organization has officially 

acknowledged and expressed their critical position on Muir’s racism and the Sierra 

Club’s past discriminatory policies (Brune, 2020). This propensity to discriminate 

against minorities in early environmental movements was not limited to the Sierra 

Club. Many naturalist and conservationist groups in those days excluded non-White 

populations from their membership. The racist legacy in U.S. environmentalism 

continued at least until the 1960s. It influenced the identity of environmental 

movements and oriented them to ignore rural and indigenous communities who lived 

closely with nature (Kashwan, 2020). 

In recent years, the image of environmentalists as romantic naturalists and 

conservationists has faded as the movement evolved into diverse forms and expanded 

its meanings. As Dryzek (1997) typologized, contemporary environmental discourses 

can be grouped into four—survivalism, environmental problem solving, sustainability 

and, green radicalism—which shows how environmentalism has taken different paths 

and pursued distinctive ideals under the same banner of ecological protection. The 

next subsection will look into the concept of sustainability, one of the advanced forms 

of environmentalism that concerns more than just preservation of nature. Then, section 

2.1.2.1 will discuss the concept of environmental justice, which I argue is a 

culmination of transformative environmentalism and an important backbone of energy 

justice discourses.  

2.1.1.2 Sustainable Development   

The concept of sustainable development emerged as a new global agenda to 

respond to the intractable evidence of environmental degradation that accumulated 

since the late 19th centuries because of excessive industrialization and urbanization. 
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Unlike biocentric environmentalism, sustainable development places its primary focus 

on the human world and discusses what it will take to continue modern society’s 

prosperity without sacrificing environmental conditions for present and future 

generations. 

In 1987, the United Nations World Commission on Environment and 

Development (WCED) published a milestone report, Our Common Future, also 

known as the Brundtland Report (WCED, 1987). This report strongly called for global 

collective action on poverty and environmental degradation, which had grown to a 

level that threatened the future of the planet (Waas, Hugé, Verbruggen, & Wright, 

2011). In response to the foreseen societal and environmental crises, the UN 

Commission proposed the need to adopt the idea of sustainable development, which it 

defined as “development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs” (WCED, 1987, p. 43). 

The WCED’s approach to sustainability stresses the premise that humanity can 

continue to be prosperous while keeping its footprint on nature light. Humanity in this 

context refers not to human morality or ethics but rather to human intelligence and 

technological optimism that the modern world can overcome the limits to growth 

defined by nature’s carrying capacity and achieve social progress. For instance, 

advocates of sustainable development stress the importance of continued economic 

growth as an essential condition for poverty eradication. From their perspective, 

society running on sustainable development principles should seek an optimal (a 

synonym for sustainable) balance in terms of the use of natural resources, economic 

investments, technological advancement, and institutional change. The Brundtland 
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Report’s viewpoint on sustainability has influenced and shaped most of the existing 

global and national environmental governance regimes, such as green growth.  

The emergence of sustainable development as an alternative economic 

paradigm about 30 years ago opened a new debate around environmentalism and 

served as a pivot point for rethinking the growth-focused social progress of traditional 

political economy. Sustainable development emphasized the inseparability of 

development and environmental sustainability and envisioned a new paradigm of 

alternative paths for human thriving. From this sustainable development perspective, 

modernist approaches to development and the environment cannot achieve social and 

ecological stability. It criticizes the socio-environmental consequences of industrialist 

economies and proposes a new formulation of development by attempting to place 

environmental sustainability at the same level as economic sustainability. It also 

underlines the necessity of sustainability on a global level and differentiates the 

responsibilities of developed and developing nations for global environmental issues. 

In this regard, sustainable development as a type of contemporary environmentalism 

rang the alarm that natural resources and environmental quality should be protected in 

order to pursue continued economic prosperity and human well-being. However, this 

kind of approach has failed to go beyond technological optimism in dealing with most 

serious environmental challenges like global warming (Nordhaus & Shellenberger, 

2004). I review these alternative discussions in the next subsection. 

2.1.2 Alternative Narratives 

Compared to environmental justice, energy justice has a shorter history as a 

research and policy agenda. Nevertheless, the discourse of energy justice has quickly 

become a main topic of energy social science over the past decade because its primary 
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theoretical and philosophical basis is in the long-standing framework of environmental 

justice and social movements. Other transformative thoughts like just sustainabilities 

have also significantly influenced the evolution of energy justice as a research topic 

and policy agenda.  

This section delves into two ground-breaking justice-related narratives in the 

context of energy and environmental studies: environmental justice and just 

sustainabilities. These new viewpoints critically question the deep-rooted norms of 

modern society that lead to recurring systemic energy injustice and provide clues for 

how to deal with ethical and moral questions related to low-carbon energy transitions.  

2.1.2.1 Environmental Justice 

As section 2.1.1.1 briefly reviewed, environmentalism has evolved into 

different movements conceptually and practically. One stark example of the evolution 

of traditional environmentalism can be found in environmental justice movements. 

While early environmentalism and environmental justice movements share the 

common goal of protecting the environment, their philosophical roots and practical 

focuses are different and, sometimes are even at odds. Traditional environmentalism 

and environmental justice were inspired by different philosophies and, therefore, have 

established discrete notions of the desirable relationship between human society and 

nature (Bullard, 1990; Sandler & Pezzullo, 2007; Byrne, Glover, & Martinez, 2002; 

Sze & London, 2008). 

It was only after the 1970s that attention was paid to minority communities to 

live in a suitable environment and to be treated equally in environmental policy 

(Bullard, 1990). This structural shift in modern environmental movements was 

significantly influenced by other social movements like the antiwar and civil rights 
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movements of the late 1960s (Byrne, Glover, & Martinez, 2002). Against the long 

tradition of burdening necessary pollution on the shoulders of vulnerable communities, 

advocates of environmental justice emphasized that the principle of justice should be 

at the heart of environmental movements and that environmentalism cannot be 

complete without considering the equity dimension (Byrne, Glover, & Martinez, 2002; 

Jamieson, 2007). 

Influenced by social justice movements, this new branch of environmentalism 

has shed light on procedural and distributional inequities associated with 

environmental conflicts. It was especially championed by marginalized citizens, 

whose livelihoods were often at risk because of unfair decisions about where to site 

and operate polluting facilities. Shrader-Frechette (2002) characterized the issue of 

environmental injustice as follows: 

Environmental injustice occurs whenever some individual or group 

bears disproportionate environmental risks, like those of hazardous 

waste dumps, or has unequal access to environmental goods, like clean 

air, or has less opportunity to participate in environmental decision-

making. (p. 3) 

On this point, Martinez-Alier (2003; 2014) argued that the power of environmental 

justice movements comes from the ‘environmentalism of the poor,’ which is a bottom-

up approach to addressing modern environmental crises from the standpoint of the 

least privileged: 

The thesis of the “environmentalism of the poor” does not assert that as 

a rule poor people feel, think and behave as environmentalists. This is 

not so. The thesis is that in the many resource extraction and waste 

disposal conflicts in history and today, the poor are often on the side of 

the preservation of nature against business firms and the state. This 

behavior is consistent with their interests and with their values. 

(Martinez-Alier, 2014, p. 240) 
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Grassroots environmental movements were reinforced by a series of powerful 

empirical studies that investigated evidence of the unequal sharing of environmental 

ills across society. For instance, a 1983 study conducted by the U.S. General 

Accounting Office found a geographical correlation between hazardous waste landfill 

locations and large Black populations living below the poverty level near those sites 

(U.S. General Accounting Office, 1983). Another historical empirical study that 

contributed to early environmental justice was published by the United Church of 

Christ (UCC), which documented a correlation between proximity to toxic waste 

facilities and the percentage of racial and ethnic minorities in the population (UCC, 

1987). Bullard (1990) found the uneven geography of industrial facilities that pose 

potential health and environmental risk is deeply interlinked with the socioeconomic 

status of nearby communities. These classic studies showed that socioeconomic 

factors played a significant role in explaining who bears the risk of unfair 

environmental decisions, revealing the existence of environmental racism. 

Beyond these three pioneering studies, many other studies conducted in the 

1980s and early 1990s exposed and criticized different patterns of environmental 

racism issues. They focused on inequities related to locally unwanted placement of 

environmentally damaging facilities such as landfills, incinerators, and polluting 

industrial plants (Northridge & Shepard, 1997; Bullard, 1993; Godsil, 1991; Hunold & 

Young, 1998). The sources of pollution in these early environmental justice studies 

were often stationary and local. For instance, industries using heavy metals without 

proper treatment would quickly contaminate nearby bodies of water and affect people 

who relied on the water sources. Likewise, toxic substances released from incinerators 

would be inhaled by people working on-site and living in the neighborhood. 
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However, not all pollution effects are stationary or local. It can cross borders 

and affect those living on the other side of the globe. Even worse, these harmful 

impacts on people and ecosystems are not the same across geographies and population 

groups. For example, the abuse of chlorofluorocarbons in the northern hemisphere 

placed unpredicted stress in the upper atmosphere of the southern hemisphere. This 

concentrated pollution resulted in serious damage in the stratosphere and allowed a 

harmful amount of ultraviolet radiation to reach the southern hemisphere. This 

mismatch of the origin and destination of pollutants has become a typical pattern of 

environmental injustices especially at the global scale. 

Environmental justice concerns have also rapidly developed at the international 

level over the course of globalization. Evidence of modern environmental colonialism 

resides in the uneven sharing of pollution that is not captured by the conventional 

political economy approach.2 Consider the case of pollution leakage. In a world where 

environmental concerns have increasing influence on a wide range of economic and 

political decisions, multinational corporations, especially those in pollution-intensive 

industries, tend to move to where environmental regulations are looser in order to stay 

cost-competitive in the market. Environmental inequity occurs from this uneven 

geography of industries because the pollution created in the process of production 

activities stays with the people and ecosystems where those activities take place while 

 

 
2 In response to the failure of political economy, the theory of political ecology 

emerged to fill loopholes in the economy-oriented understanding of nature. Through 

the internalization of the environmental and social externalities of economic activities, 

advocates of political ecology argue that human society’s progress should be 

determined not only by economic growth but also by advances in ecological and social 

values. In other words, economic development at the expense of environmental 

degradation and social injustice cannot take full credit, as it used to.  
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the ultimate benefits of the separation of production from consumption go to 

companies and end-users.  

To summarize, contemporary environmental justice problems are made of two 

distinct but interconnected phenomena. One is the injustice arising from the 

geographic distance between the cause of pollution and the destination of the 

pollution, which is attributable to the systemic structure of the capitalist and neoliberal 

economic model itself. The other injustice lies in the fact that it is often underserved 

populations who live in the most affected regions, which has more to do with the 

absence of just policies and regulations. These two types of injustice are equally 

important and often co-exist. 

 
 

Source: Adapted by author from (Pellow, 2000; Sze & London, 2008) 

Figure 2.1 A Conceptual Framework for Environmental Justice  
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In an effort to solidify and expand the theory of environmental justice, Pellow 

(2000) proposed a theoretical framework (Figure 2.1), the environmental inequality 

formation, which synthesizes multi-level environmental inequality problems. The 

environmental inequality formation emphasizes the inclusion of procedural equality, 

the relationship of multiple stakeholders, and a life-cycle approach in the discourse of 

environmental justice (Pellow, 2000). In this context, environmental inequity is a more 

encompassing term, than environmental racism, because it takes into account more 

than race as an explanatory factor of environmental injustices. For instance, 

socioeconomic characteristics, gender, and immigration status are used as powerful 

variables in understanding different types of environmental injustices (Sze & London, 

2008). Understanding environmental issues, not merely from a conservationist 

perspective but from a social justice perspective, is the biggest difference between 

environmental justice and traditional environmentalism. Table 2.2 summarizes this 

comparison. 

Table 2.2 Conceptual Differences between Early Environmentalism and 

Environmental Justice 

 Early environmentalism  Environmental justice 

Focus Protection of nature as a 

recreational object and 

resource for economic 

development 

Fair distribution of environmental 

benefits and burdens across society 

through a participatory decision-

making process 

Underlying 

philosophy 

Conservationist ecocriticism Social equality 

Participatory democracy 

Primary goal Preservation of the 

environment and wildlife 

Wilderness-centered 

environmentalism 

  

Achievement of the equal right to 

have a clean and healthy 

environmental regardless of 

demography or socioeconomic 

classes 
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Core 

participant 

Upper middle class The poor and marginalized 

Grassroots 

Civil society 

Source: Summarized by author based on (Shrader-Frechette, 2002, pp. 3-18) 

Environmental justice as a transformative narrative in environmental 

discourses has affected a wide variety of fields and topics beyond environmental 

issues. For example, the issue of public health often relies on the rich literature of 

environmental justice to frame public health challenges as a socio-environmental 

justice problem (Brulle & Pellow, 2006; Taylor, Floyd, Whitt-Glover, & Brooks, 

2007). Energy justice has also been influenced by environmental justice scholarship. 

Through the lens of justice, energy transitions are considered not only the domain of 

engineers or politicians but, more importantly, also are on the agenda of activists and 

citizens who seek fairness and justice in processes as well as in outcomes.  

2.1.2.2 Just Sustainabilities 

Despite its contribution to jump-starting global political dialogue around the 

sustainable development paradigm, the WCED’s framing of sustainability as a path to 

sustained human thriving has attracted a great deal of criticism (Mebratu, 1998; Jacob, 

1994; Redclift, 2005; Martínez-Alier, Pascual, Vivien, & Edwin, 2010). The Ecologist 

(1994), for example, pointed out that in the WCED’s conception of sustainability, the 

value of the environment was portrayed as a commodity rather than as a commons, 

which reinforced the continuation of pro-growth economics with minimal 

consideration of environmental sustainability. Indeed, the overall tone and direction of 

the Brundtland Report limited the meaning and scope of environmental sustainability 

to a ‘well-managed state of the environment’ so it can serve human society’s needs for 



 27 

present and future generations (Howarth, 1997; Agyeman, Bullard, & Evans, 2003; 

Waas, Hugé, Verbruggen, & Wright, 2011).  

Critics view pursuing ‘business-as-usual’ economic growth and consumption 

with a goal of sustainability as an oxymoron, both conceptually and empirically 

(Redclift, 2005; Spaiser, Ranganathan, Swain, & Sumpter, 2017). Redclift (1987) 

argued that the idea of sustainable development can be an alternative to unsustainable 

development only when it can contribute to breaking the conventional relationship 

between the linear model of growth and environmental degradation.  

The vagueness of the sustainable development paradigm envisioned by the 

WCED is another critical issue pointed out by critics. While the terms ‘growth’ and 

‘development’ are often viewed as synonyms and mixed in discussions of sustainable 

development, the two concepts are distinguished. On this point, Daly (1990) simply 

but rightly pointed out that “when something grows it gets bigger. When something 

develops it gets different” (p. 45). Identifying sustainable development as a form of 

continual growth makes the new paradigm a self-contradictory oxymoron. For the 

concept of sustainable development to work more sensibly, the ‘development’ part 

should come from qualitative progress in social systems, rather than from quantitative 

growth. It should keep the physical scale of economy in a steady state and restore 

balance to the nature-society relationship (Daly, 1990). The WCED did not explicitly 

address what it meant by development in the idea of ‘sustainable development,’ 

leaving room for continual unsustainable material growth in the guise of 

sustainability.3 Banerjee (2003) claimed that the Brundtland conception of 

 

 
3 Both the WCED and Daly insist that the traditional economic model of growth be 

reformed to a sustainable model that can promote social progress without harming 

environmental integrity in the pursuit of development. However, there are distinct 
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sustainability should be considered a slogan, not a definition, emphasizing that this 

overly broad and vague definition could create many controversies and confusions in 

conceptualizing the concept. Norgaard (1994) also raised the critical question of 

whether the present generation would be allowed to consume beyond its needs as long 

as future generations’ needs were guaranteed. The WCED’s sustainable development 

paradigm fails to answer this kind of questions. 

Despite the ambiguity of sustainable development defined by the WCED, one 

cannot completely deny the value of the sustainable development paradigm. While the 

concept of sustainable development is vague and lacks innovation, its historic 

implications in global environmental governance should not be underestimated (Daly, 

1996). Just like the other foundational philosophies and values of many modern 

societies (e.g., democracy, justice, and equality), sustainability is another important 

agenda for humanity to constantly review, improve, and expand. A good example of 

the evolving discussion of sustainability is found in the comparison of weak and 

strong sustainability. As Table 2.3 shows, weak sustainability can be achieved by 

technological advancement and human-made capitals because its goal is to optimize 

the use of nature for human thriving, whereas strong sustainability can be met only 

 

 

differences between them. While the WCED believes limits to economic growth will 

be overcome with the help of technological breakthroughs, Daly clearly takes the 

position that there is an absolute limit of quantitative growth no matter how far society 

technologically advances, and this should not be exceeded. That is because the 

economy is a subsystem of the earth ecosystem, which cannot quantitatively grow but 

only qualitatively evolves. Therefore, it can be said that Daly’s discussion of the 

difference between growth and development has refined the core of sustainable 

development. 
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when people realize and control the human impact on the environment and seek 

alternative lifestyles to prevent the irreversible consequences of human activities.  

Table 2.3 Comparison of Weak Sustainability and Strong Sustainability 

 Weak sustainability Strong sustainability 

Key idea Natural capital and other types 

of capital (e.g., manufactured) 

are perfectly substitutable 

The substitutability of natural 

capital by other types of capital 

is severely limited 

Consequence Technological innovation and 

monetary compensation for 

environmental degradation 

Certain human actions can 

entail irreversible 

consequences 

Sustainability 

issue 

The total value of the aggregate 

stock of capital should be at 

least maintained and ideally 

increased for future generations 

Conserving the irreplaceable 

stocks of critical natural capital 

for the sake of future 

generations 

Key concept Optimal allocation of scarce 

resources 

Critical natural capital 

Definition of 

thresholds and 

environmental 

norms 

Technical/scientific approach 

for determining thresholds and 

norms (instrumental 

rationality) 

Scientific knowledge as input 

for public deliberation 

(procedural rationality) 

Source: Adapted by author from (Pelenc, Ballet, & Dedeurwaerdere, 2015, p. 3) 

Another expansion of the concept often happens in the dimension of social 

sustainability. The WCED’s framing of sustainability has had a dominant impact on 

the mainstream discourse of sustainability with its emphasis on the economic and 

environmental dimensions (Colantonio, 2011). On this point, Popovic & Kraslawski 

(2015) rightly argued that “the social pillar is one of the least addressed elements of 

sustainability” and, therefore, “social sustainability requires further development in 

order to be assimilated with environmental and economic sustainability” (p. 606). 

Agyeman (2005) called this phenomenon an “equity deficit” because traditional 
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sustainability theories, rhetoric, and practice have habitually overlooked the social 

component of sustainability. The convenient use of the term is observed even in 

national energy plans and strategies: for example, they rely on traditional technologies 

like nuclear power that are controversial in terms of sustainability (Gralla, et al., 

2016). Figure 2.2 depicts the imbalance between the environmental, economic, and 

social dimensions that has been prevalent in the discourse of sustainability on the left 

side and a more balanced framework on the right side.4 

 

Source: Adapted by author from (Popovic & Kraslawski, 2015, p. 606) 

Figure 2.2 A Comparison of the Conventional and More Balanced Narratives of the 

Three Pillars of Sustainability 

 

 
4 The concept of sustainability has been diversified and advanced over the years. 

While the three-pillar framework of sustainability is still considered a useful 

conceptualization of the idea, a growing number of researchers suggest different ways 

to frame and apply sustainability principles. The reasoning behind this change is that 

sustainability should not be defined on a single basis but rather can be understood and 

contextualized in multiple ways according to problems’ geographic, demographic, and 

cultural characteristics. For this reason, some use the plural form of the term, 

sustainabilities. 
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To address the issue of equity deficit in sustainability discourses, the term just 

sustainabilities has been coined to refer to “the need to ensure a better quality of life 

for all, now and into the future, in a just and equitable manner, whilst living within the 

limits of supporting ecosystems” (Agyeman, Bullard, & Evans, 2003, p. 5). Energy 

justice discussions also follow this justice-focused direction of sustainability because 

contemporary energy problems have long been considered technical and economic 

issues (or environmental issues to some extent) but rarely framed as ethical issues. 

The same conceptual expansion is happening in the context of energy issues. 

Devine-Wright (2007) suggested four ways of representing and framing energy for 

human use (Table 2.4). Energy is perceived as a commodity, an ecological resource, a 

social necessity, and a strategic material. Within this classification, the WCED-style 

framing of energy would fall under the categories of commodity and ecological 

resource, but energy should be equally understood equally as a social necessity based 

on the principles of just sustainabilites. Influenced by innovative thinking from 

environmental justice movements and just sustainabilities, the core of energy justice is 

in paying greater attention to the social and moral consequences of energy decisions 

and raising the unconventional question of why energy should be treated as a 

commons rather than as a commodity. 

Table 2.4 Four Ways of Representing Energy 

Energy as: Important 

properties 

Central values Interest groups 

Commodity Supply, demand, 

price 

Choice, 

individualism, 

private sector of 

energy services 

Energy producers, 

consumers with 

sufficient 

resources (fuel 

rich) 
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Ecological 

resource 

Resource 

depletion, 

environmental 

impacts 

Sustainability, 

frugality, choice 

for future 

generations, 

preference for 

renewables 

Future generations, 

green movement 

Social necessity Availability to 

social groups, 

meeting essential 

needs 

Equity, justice The poor (fuel 

poverty) and other 

vulnerable social 

groups 

Strategic material Geopolitics, 

availability of 

domestic 

substitutes 

National military 

and economic 

security 

Military, energy 

suppliers 

Source: Adapted by author from (Devine-Wright, 2007, p. 67) 

As I end this subsection, I want to emphasize the importance of thinking 

critically about existing narratives and developing them to the next level. Both 

environmentalism and sustainability were once ‘alternative’ and ‘innovative’ ideas 

that paved new paths for a better world. Environmental justice and just sustainabilities 

inherit the same task; they were created to address issues that could not be covered by 

their precedent narratives. I pursue this spirit of critical thinking in this dissertation.  

2.2 The Emergence of Energy Justice Discussions 

Before looking into the theoretical and conceptual frameworks of energy 

justice in Chapter 3, I briefly document in this section the emergence and rise of 

energy justice in two forums: academia and practice (policymaking and civil society 

activities). While some early discussions of energy justice (or similar terms like 

energy equity, energy equality, and energy ethics) were found in the literature before 

the 2010s, more comprehensive and structured forms of energy justice discussion 

emerged in the early 2010s. The idea of global climate justice, which was embodied in 
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the ‘common but differentiated responsibilities’ principle in the 1990s and 2000s, 

served as a springboard for discussion and debate around justice issues in a broader 

spectrum of environmental issues like carbon and energy. When the energy sector 

began to be considered the single most important emission source of human-induced 

climate change, energy justice quickly became a new agenda-setting concept in 

discourses about low-carbon energy transitions and climate–energy sustainability 

(McCauley, 2017). Table 2.5 depicts how energy justice has been influenced by and 

evolved from environmental justice and climate justice movements. 

Table 2.5 Movements for Environmental Justice, Climate Justice, and Energy Justice 

 Environmental justice Climate justice Energy justice 

Year 

emerged 

1970s and 1980s 1990s and 2000s 2010s 

Key 

claims 

- Access to 

environmental 

decision-making 

 

- Redistribution of 

harms of 

development 

- Access to 

decision-making 

on climate change 

mitigation 

(reducing fossil-

fuel consumption 

in the global 

economy) 

 

- Shaping policy 

efforts to avert 

disproportionate 

climate harms 

faced by low-

income 

communities and 

communities of 

color. 

- Access to 

economic benefits 

of new energy 

system 

 

- Right to make 

decisions 

regarding energy 

 

- Access to clean 

and affordable 

energy 

Source: Adapted by author from (Baker, DeVar, & Prakash, 2019, p. 13) 
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The concept of energy justice has been defined and shaped by many different 

contexts. As reviewed in Section 2.1.2.1, environmental and climate justice 

discussions were jump-started by activists and pioneering scholars who created a new 

framing of environmental problems as not only ecological challenges but also 

sociopolitical ones. Policy-level and academic understandings of environmental and 

climate justice followed the activist-led characterization of the issues (Jenkins K. , 

2018). Unlike environmental and climate justice movements, energy justice gained 

attention from diverse stakeholders and decision-makers in a relatively short period of 

time. This attention is partly because the idea of energy justice was already present in 

the fertile soil of environmental justice and sustainability literature, and energy was 

acknowledged as affecting not only certain groups of people but also a wide spectrum 

of the general public.  

Environmental justice literature from the 1970s was designed to bring 

attention to particular groups such as the socially deprived or ethnic 

minorities. It is essential that energy justice takes a wider perspective. 

This does not mean that we should overlook patterns of poverty or 

racial driven infrastructure developments. It simply means that we 

should institutionalize a broader perspective on who can be 

disadvantaged by the logics of energy systems (McCauley, et al., 2019, 

p. 917).  

Interests in energy justice issues are also common across economies in different 

conditions. Heinberg and Fridley (2016) differentiated energy-equity challenges to 

countries by their economic status (Table 2.6). Each group of countries has its own 

energy justice issues and continues to have previous-stage problems. For example, 

while energy poverty is more prominently observed in less developed countries, low- 

and moderate-income populations in highly industrialized countries also experience 
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energy deprivation. Therefore, energy justice challenges are common issues that are 

experienced in both the developing and developed worlds. 

Table 2.6 Differentiated Energy Equity Challenges by Economic Status 

Economic status Least 

industrialized 

countries 

Rapidly 

industrializing 

countries 

Highly 

industrialized 

countries 

Example nations Sub-Saharan 

Africa and Central 

America 

China, India, and 

parts of Southeast 

Asia 

United States, 

Canada, Australia, 

the countries of 

western Europe 

Energy equity 

challenges 

Lacking access to 

energy and other 

essential services 

for living 

Increased energy-

sourced pollution 

and concomitant 

inequalities in 

quality of life 

Continued high-

level of per capita 

energy 

consumption and 

deepening gap 

between income 

groups resulting in 

uneven access to 

clean energy 

services 

Source: Summarized by author using direct quotes from (Heinberg & Fridley, 2016, 

pp. 148-155) 

It is also crucial to comprehend the unique nature of energy justice problems 

that separates them from typical forms of environmental injustice. Unlike ecosystems, 

modern energy systems are essentially a social construct created in response to human 

society’s need to generate useful forms of energy in an efficient and systematic way. 

While primary energy resources like fossil fuels, uranium, and solar radiation are 

inherently interlinked with ecosystems, how and to what extent we want to utilize 

them is not only a technical question but, more importantly, a social question. 
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Dominant forces in the modern world, including industrialism, technicism, and 

capitalism have shaped energy infrastructure and led society as a whole to believe that 

non-political or non-technical aspects of energy problems are secondary (Stern & 

Aronson, 1984). However, contemporary energy problems require social inquiry that 

can answer not only how much energy to produce and consume but also how energy 

decisions affect the quality of people’s lives and, importantly, where the problems are 

derived from. Therefore, restoring the recognition of energy as a social construct is an 

initial step to tackle energy injustice. Byrne, Toly, and Glover (2006) highlighted this 

viewpoint as follows: 

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. 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) 

Similar to the case of environmental justice, definitions and concepts of energy 

justice are diverse and unlikely to settle into a universal version (Joroff, 2018). In the 

early stages of the field, energy justice was largely tied to energy poverty problems 

(McCauley, et al., 2019; Heffron & McCauley, 2017). However, the language of 

energy justice is increasingly used in a broader sense, encompassing social and 

environmental impacts throughout the life cycle of energy technologies, from mining 

to waste disposal (Heffron & McCauley, 2014; Bickerstaff, Walker, & Bulkeley, 

2013; Joroff, 2018). This way of thinking seeks justice in ‘energy systems as a whole’ 

rather than focusing only on a single dimension of the problem and missing other 

dimensions in problem solving (Jenkins, McCauley, Heffron, & Stephan, 2014). Such 
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a holistic perspective is increasingly found in the recent literature on the 

conceptualization of energy justice. 

In the rest of this section, I review energy justice concepts that have emerged 

and developed in two different contexts: academics and practice. Each definition and 

conceptual framework reviewed here emphasizes explaining the meaning and purpose 

of energy justice in accordance with each sector’s interest. 

2.2.1 Energy Justice in Academia 

Energy has long been an important long-discussed topic in academia, 

specifically in the fields of physical science and engineering. The human dimension of 

the energy system was not fully recognized until recently. The social dimension is 

embedded in all energy systems because they are essentially human-made constructs. 

Along with climate change emergencies, energy systems are increasingly perceived as 

a socio-technical subject. Indeed, it was only around the 2010s that energy justice 

emerged as an independent research field and gained attention from energy 

researchers. This recent wave of energy justice research was possible thanks to 

previous research that established founding philosophies and narratives for 

understanding the human dimension of energy issues (Illich, 1974; Jacmart, Arditi, & 

Arditi, 1979; Messing, Friesema, & Morell, 1979; Hughes T. , 1983; Byrne, Wang, 

Lee, & Kim, 1998).  

At first, the term energy injustice was almost exclusively used to refer to 

energy poverty, which indicates vulnerability challenges related to the under-

consumption of energy services and has been categorized into energy accessibility and 

energy affordability challenges (also known as fuel poverty). Energy accessibility is 

defined as the capability of using modern energy services and consume energy 



 38 

required for living without experiencing environmental and health issues, such as 

indoor air pollution or excessively laboring to collect traditional and low-quality 

energy sources. According to the International Energy Agency (IEA), as of 2019, 

nearly 770 million people (10% of the world population) lack access to power, and 2.6 

billion people (35% of the world population) have no access to clean cooking facilities 

(IEA, n.d.). Launched by the United Nations Secretary-General in 2011, the 

Sustainable Energy for All (SE4All) initiative was built on the recognition of 

prevailing energy accessibility challenges in the least developed world. The SE4All 

initiative set three interlinked goals for 2030: (a) ensuring universal access to energy 

services, (b) doubling the share of renewables in the global energy mix, and (c) 

doubling the global rate of energy efficiency improvement (SE4All, n.d.). This 

initiative is also part of the 2030 Sustainable Development Goals (SDGs) that were 

launched by the United Nations in 2015. While the number of populations without 

access to energy services (living predominantly in sub-Saharan Africa, Asia, and 

South America) dropped significantly over the past several years thanks to these 

global efforts, data show that the COVID-19 pandemic is reversing this multi-year 

progress and may prevent the world from achieving SDG7 goals (IEA, n.d.). 

However, energy poverty is not a problem exclusive to developing countries: it 

is a pressing social challenge in developed countries as well. While lack of energy 

access is more frequently observed in developing countries, energy affordability 

challenges are commonly found in both developing and developed worlds. Energy 

affordability refers to one’s ability to purchase the minimum amount of energy 

required for living without sacrificing expenditures for other essential goods and 

services, such as expenses for food and health. The ability to afford energy services is 
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affected by many variables like the unit price of energy, level of energy efficiency of 

the residence or appliances, and level of household income. Therefore, the complexity 

of this problem is attributable to: (a) the projection of high growth in worldwide 

energy demand, (b) increased worldwide reliance on energy, and (c) uncertainties in 

energy security. All of these issues have directly and indirectly led both developed and 

developing economies to be locked in the conventional energy model, delaying low-

carbon and renewable energy transitions. 

In addition to such conceptual expansion, efforts to reveal the disproportionate 

sharing of environmental burdens have expanded to cover broader topics, 

perspectives, and scales as modern environmental problems became more global and 

complex (Sze & London, 2008; Schlosberg, 2013; Jenkins, McCauley, Heffron, & 

Stephan, 2014). This extension of the field led to sub-fields like energy justice, climate 

justice, and food justice (Agyeman, Schlosberg, Craven, & Matthews, 2016). While 

each of these fields falls under the umbrella of environmental justice, they require a 

nuanced understanding of the unique contexts and factors hidden in their core 

problems.  

Goldthau and Sovacool (2012) perceived energy as a combination of unique 

socio-technical systems that not only involve physical conversion and technical 

production of energy services, but also consist of numerous social and political 

elements throughout the fuel cycle. Based on this systemic nature, Goldthau and 

Sovacool (2012) identified characteristics of energy issues that distinguish them from 

other policy fields. They argued that energy problems typically show four structural 

features—strong vertical complexity, pronounced horizontal complexity, high costs, 
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and strong path dependency—that signal the multilayered condition of energy justice 

issues (Table 2.7). 

Table 2.7 Four Structural Features of Energy Problems 

Dimension Description 

Stronger vertical complexity Energy is a nest or mesh of other global systems 

layered on top of each other. 

More pronounced horizontal 

complexity 

Energy involves many states and actors across 

geographic scales. 

Higher entailed costs Energy entails higher costs than other sectors 

due to (a) a strong link between growth and 

energy use; (b) the high capital intensity of 

energy infrastructure; and (c) related 

externalities stemming from energy production, 

consumption, and use. 

Stronger path dependency and 

inertia 

The final dimension in which energy stands out 

compared to other policy fields requiring global 

governance is path dependency and inertia. A 

comparably stronger ‘stickiness’ arises along 

two main fronts: a ‘lock-in’ effect characterizing 

complex and large-scale socio-technical 

systems; and a stronger mutual feedback loop 

between individual energy choices and the 

system’s organizational principles and 

characteristics. 

Source: Summarized by author using direct quotes from (Goldthau & Sovacool, 2012, 

pp. 233-235) 

Like environmental justice or sustainability, energy justice has no definition 

that is widely adopted and used. One early attempt to define energy justice is 

Guruswamy (2010): 

Energy Justice (“EJ”) conjugates justice with energy. Justice is the first 

virtue of social institutions; energy is a fundamental need and the 

driving determinant of human progress. Energy justice seeks to apply 

basic principles of justice as fairness to the injustice evident among 
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people devoid of life sustainable energy, hereinafter called the energy 

oppressed poor (“EOP”). EJ is an integral and inseparable dimension of 

the universally accepted foundational principle, or grundnorm, of 

international law and policy: Sustainable Development (“SD”). (p. 233) 

Guruswamy (2010) positions energy poverty as a type of energy injustice that must be 

addressed in the context of sustainable development. While it was a meaningful 

attempt to frame the concept of energy justice academically, this version failed to 

capture the full spectrum of energy justice challenges that occur throughout the life 

cycle of energy systems (Heffron & McCauley, 2017). 

Sovacool and Dworkin (2014) attempted to remedy the issues of this early 

approach and suggested a more general definition of energy justice. They defined an 

energy-just world as “one that equitably shares both the benefits and burdens involved 

in the production and consumption of energy services, as well as one that is fair in 

how it treats people and communities in energy decision-making” (Sovacool & 

Dworkin, 2014, p. 5). This version clearly points out that energy justice should 

concern the entire spectrum of impacts, positive or negative, of energy systems on 

people. It also emphasizes that involving and respecting citizens’ opinions in the 

decision-making process is essential. In both parts of their definition, fair treatment of 

all citizens is underscored, although the exact meaning of being fair is not articulated. 

This definition offers a philosopher’s answer to the question of how a state of energy 

justice should look like; however, it is unclear in their description how the political 

and economic powers and structures that delay and sabotage an energy-just society 

should change. 

McCauley, Heffron, and Stephan (2013) crafted another definition of energy 

justice. Instead of providing a formal definition, they attempted to conceptualize 

energy justice by articulating an objective of energy justice as follows: 
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In contrast, energy justice carries the same basic philosophy, however, 

it aims to provide all individuals, across all areas, with safe, affordable 

and sustainable energy. […] It is argued here that energy policy needs 

to address the “the unequal distribution of ills” from decisions on 

infrastructure siting, (e.g. wind farms, nuclear waste facilities, etc.), 

subsidies (e.g. renewables, nuclear energy), pricing (e.g. fuel poverty) 

and consumption indicators (e.g. smart meters) within the context of 

global and local pressures. Energy policy increasingly requires a 

nuanced understanding of social justice concerns within energy 

systems, from production to consumption. (McCauley, Heffron, 

Stephan, & Jenkins, 2013, p. 2) 

This version provides a more inclusive description of an energy-just world, embracing 

both consumption-related and production-related energy justice issues and the 

geographic dimension of the issue. In particular, their approach highlights the need for 

understanding energy justice within the global and local contexts and suggests the role 

of energy justice as an important decision-making criterion. However, it is questioned 

if energy justice challenges can be resolved just through fixing the unequal 

distribution of ills associated energy development. 

The perception that energy justice needs to be at the heart of energy decision-

making processes is broadly advocated in other literature. For example, Joroff (2018) 

suggested a definition that concerns energy equity issues beyond energy poverty 

concerns. However, this approach also fails to capture the political and economic 

elements required to understand energy injustice. 

Building on the tenets of environmental justice, which provide that all 

people have a right to be protected from environmental pollution and to 

live in and enjoy a clean and healthful environment, energy justice is 

based on the principle that all people should have a reliable, safe, and 

affordable source of energy; protection from a disproportionate share of 

costs or negative impacts or externalities associated with building, 

operating, and maintaining electric power generation, transmission, and 

distribution systems; and equitable distribution of and access to 

benefits from such systems. (p. 10927) 
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Day, Walker, and Simcock (2016) challenged the boundary of conventional 

energy justice literature by proposing a definition of energy injustice in language of 

the capability approach. They defined energy poverty not just as a state of material 

deprivation but as “an inability to realise essential capabilities as a direct or indirect 

result of insufficient access to affordable, reliable and safe energy services, and taking 

into account available reasonable alternative means of realising these capabilities” (p. 

260). This new approach demonstrates the possibilities of further expanding and 

contextualizing the meaning of energy justice and its conceptual elements. 

All in all, these academic definitions agree that energy justice challenges are 

not limited to energy burdens related to the accessibility or affordability of energy 

services. Energy justice research should be able to evaluate multiple layers of relevant 

problems since a one-dimensional approach can unintentionally worsen other 

dimensions of the problem. In this vein, a recent trend of the available literature is to 

adopt whole systems approaches to energy justice issues. Figure 2.3 captures the 

varying spatial and temporal scales of energy justice challenges, ranging from limited 

access to daily energy services to the under-recognition of energy-sourced 

vulnerabilities and the risks experienced by regions and countries due to the excessive 

use of energy in certain areas of the world. In this way, energy justice scholarship is 

expected to continue developing and expanding. 

However, as Jenkins et al. (2021) found in their in-depth review of 12 years of 

energy justice contributions (2008-2019), energy justice scholarship has so far been 

predominantly based in Europe, North America, and the Asia-Pacific regions; 

therefore, this scholarship has not yet sufficiently documenting energy injustices in 

other parts of the globe. Jenkins et al. (2021) concluded that the energy justice 
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literature could benefit from strengthening the spectrum and rigor of research designs 

and going beyond the routine use of conventional conceptual and analytical 

frameworks for various energy injustices. To this point, Van Veelen et al. (2019) 

suggested that energy scholarship should be able to contribute to developing new 

conceptual understandings of the ever-changing impacts of energy decisions on human 

society and ecosystems.  

 

Source: Adapted by author from (Sovacool, Hook, Martiskainen, & Baker, 2019, p. 3) 

Figure 2.3 Whole Systems-Energy Justice Conceptual Framework 

All in all, energy justice as a research topic is expected to evolve beyond the 

traditional framing of social justice through continued conceptual and analytical 

experiments. For that to happen, the establishment of interdisciplinary collaborations 
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and efforts with a wide variety of disciplines and theories is essential. One possible 

suggestion—the capability approach and energy justice—is offered in Chapter 6. 

2.2.2 Energy Justice in Practice 

The actual practice of energy justice is distinctly different from a purely 

academic approach to the topic. For example, civil society organizations often 

combine climate and energy justice issues while seeking equitable and sustainable 

energy transitions (Baker, DeVar, & Prakash, 2019; NAACP, 2017). As Figure 2.4 

depicts, energy justice in the social movement context is often understood as a sub-

topic of just transitions that can be achieved when democratic and social welfare-

focused energy decisions are possible.  

 

Source: (Baker, DeVar, & Prakash, 2019, p. 11) 

Figure 2.4 Four Goals of Energy Justice: From a Social Movement Perspective 
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Another notable point is that diversity and plurality are strongly emphasized in 

civil society’s energy justice discussions, for example, as reflected in the definition of 

energy justice by the National Association for the Advancement of Colored People 

(NAACP) (2017): “initiatives that provide everyone, regardless of race, gender 

identity, sexual orientation, ability, income, citizen status, etc. with safe, affordable, 

and sustainable energy” (p. 4). This robust focus on the comprehensive elements of 

recognitional justice is not easily encountered in academic work or public policies. In 

this vein, Schlosberg and Collins (2014) aptly commented, “ultimately, neither 

academics nor policymakers can comprehend the meaning of climate justice without 

understanding the long and pluralistic history of the social movements that have 

developed the concept over the past decades” (p. 370). In other words, academic 

research on energy and climate justice should stay current and connected with on-the-

ground challenges and strategies discussed by civil groups and citizens. 

In the public sector, the recognition of energy justice as a policy agenda has 

also grown in recent years. The U.S. Department of Energy (DOE) acknowledges 

energy justice as a sub-concept or part of the federal government’s environmental 

justice principle, based on Executive Order 12898 enacted by President Bill Clinton in 

1994. The official definition of environmental justice provided by the U.S. 

Environmental Protection Agency (EPA) is “the fair treatment and meaningful 

involvement of all people regardless of race, color, national origin, or income with 

respect to the development, implementation, and enforcement of environmental laws, 

regulations, and policies,” which emphasizes (a) “the same degree of protection from 

environmental and health hazards” and (b) “equal access to the decision-making 

process to have a healthy environment in which to live, learn, and work” (U.S. EPA, 



 47 

n.d.a). Building upon these principles, the U.S. DOE delineates its environmental 

justice mission as follows: 

DOE environmental justice programs are designed to build and sustain 

community capacity for meaningful participation for all stakeholders in 

DOE host communities. DOE provides leadership in addressing 

disproportionately high and adverse human health and environmental 

effects of programs, policies, and activities on minority and low-

income communities. (U.S. DOE, n.d.) 

Under this mission statement, the DOE has established three environmental justice 

strategic goals: (a) to fully implement Executive Order 12898, Federal Actions to 

Address Environmental Justice in Minority Populations and Low-Income Populations; 

(b) to integrate Environmental Justice into the National Environmental Policy Act 

Process; and (c) to comply with Title VI of the Civil Rights Act of 1964 (see Table 

2.8). Detailed strategies for achieving these goals are suggested in DOE’s 2019 

Environmental Justice Second Five-Year Implementation Plan. One of the core 

principles of this plan is public empowerment—engaging local communities to stay 

aware of energy issues that can affect their quality of life and empower them to make 

the right energy decisions for themselves and benefit from clean and safe energy 

services. For this reason, DOE’s energy justice programs focus on capacity-building 

activities for socio-politically and economically vulnerable populations, including 

minority, low-income, and indigenous communities. 
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Table 2.8 U.S. DOE Environmental Justice Strategic Goals 

Goal 1: Fully 

implement Executive 

Order 12898, Federal 

Actions to Address 

Environmental Justice 

in Minority Populations 

and Low-income 

Populations 

• Objective 1: Increase capacity within our 

communities to ensure their early and meaningful 

involvement  

• Objective 2: Increase capacity within the Department 

of Energy to address environmental justice  

• Objective 3: Continue integrating the efforts of 

federal agencies to achieve environmental justice  

• Objective 4: Sustain a vibrant national dialogue on 

environmental justice 

Goal 2: Integrate 

Environmental Justice 

into the National 

Environmental Policy 

Act Process 

• Objective 1: Continue to update the National 

Environmental Policy Act guidance to enhance 

relevant environmental justice guidance and 

principles, as appropriate 

• Objective 2: Strengthen federal efforts to integrate 

environmental justice and the National 

Environmental Policy Act 

Goal 3: Comply with 

Title VI of the Civil 

Rights Act of 1964 

• Objective 1: Ensure Department of Energy and 

financial assistance recipients comply with Title VI 

of the Civil Rights Act of 1964 

• Objective 2: Develop and disseminate information 

and resources that highlight the relationship between 

Title VI and environmental justice  

• Objective 3: Develop a Title VI Technical Assistance 

Compliance Program for Department of Energy staff 

and financial assistance recipients, to ensure they 

have the necessary knowledge on the relationship 

between Title VI and environmental justice  

• Objective 4: Conduct educational outreach for 

communities and stakeholders 

Source: Adapted by author from (U.S. DOE, 2019, p. 3) 

The U.S. federal government has also actively intervened in the issue of energy 

burden, or energy poverty, that is often experienced by low-income households. The 

Weatherization Assistance Program (WAP) and Low Income Home Energy 

Assistance Program (LIHEAP) are two major U.S. federal programs that address 



 49 

energy poverty. Established between the late 1970s and the early 1980s, these 

programs were designed to assist low- and moderate-income households on energy 

bills (usually through LIHEAP) and renovate at-risk family’s housing to be more 

energy efficient and thus lower their energy expenses (primarily through WAP). While 

the current structure of these assistance programs has room for improvement in terms 

of refocusing their goals from simple provision of financial assistance to enhancement 

of the target group’s energy capabilities (Lee, Kim, & Byrne, 2021), the U.S. energy 

poverty relief programs clearly show how energy justice principles can be embodied 

in public policies. 

Furthermore, the growing momentum of the practice of energy justice by 

various stakeholders has had a positive influence on academic work on energy justice. 

Empirical cases of energy injustice provide useful insights and evidence to researchers 

so they can document and analyze real-world experiments with justice-driven energy 

transitions (Byrne, et al., 2021; Hanke, Guyet, & Feenstra, 2021; Taminiau, Banks, 

Bleviss, & Byrne, 2019; Poruschi & Ambrey, 2019; Teron & Ekoh, 2018; Broto, 

Baptista, Kirshner, Smith, & Alves, 2018). However, academics often fall behind civil 

society or grassroots movements in terms of aggressively and critically perceiving the 

status quo and suggesting alternatives to conventional energy thinking. This 

dissertation aims to advance the conceptualization of energy justice issues to match 

the innovative thinking often found in civil society and develop practical analytical 

strategies for understanding the issues more holistically. 

2.3 Elevating Energy Justice Thinking to the Next Level 

As discussed in this chapter, energy justice thinking is regarded as the 

collective culmination of environmental and social justice scholarship and grassroots 
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climate–energy movements. Both foundational and alternative narratives found in the 

literature have contributed to the formation of the current discourse about energy 

justice and created momentum for just energy transitions in academia and practice. 

While increased attention to energy justice is a welcome and significant 

achievement of the energy social science field, I argue that the scholarship on energy 

justice can and should go even further. As seen in the early environmentalist and 

growth-centered sustainable development narratives, if energy justice research stays 

within the boundaries of the existing concepts and texts, there is a possibility that the 

idea of energy justice will only be used as a rhetorical device in practice or even 

exploited as a mere political slogan (Johnson, 2021; Jenkins, Stephens, Reames, & 

Hernandez, 2020). Rather, energy justice scholarship needs to substantiate conceptual 

and analytical approaches to the recurring and persistent inequalities caused by current 

energy systems by emphasizing the structural and ideological characteristics of 

industrial and technocratic society (Lee & Byrne, 2019). Finley-Brook and Holloman 

(2016) highlight a list of future research agendas for energy justice scholarship, which 

includes: a) advancement of multidisciplinary and mixed methods in the study of 

energy justice; b) expansion of geospatial analysis to address our analysis of patterns 

and correlations in unjust energy systems; c) improvement in data collection and 

modeling to support the field’s analytical needs; d) continued studies of policy 

responses to injustices and their root causes; e) assessment of the political economy of 

a just transition within specific contexts; f) investigation of cross-border, cross-

cultural, and cross-movement activism and operationalization of energy justice 

research; and g) identification of justice problems in the relationship between 
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consumption and production of energy and broader utilization of whole systems 

approaches for research and analysis (Finley-Brook & Holloman, 2016, pp. 942-943). 

Energy justice scholarship can learn from similar efforts that have been made 

in environmental studies. For example, Langemeyer and Connolly (2020) suggest 

expanding the analytical basis for justice elements considered in urban ecosystem 

service assessments by looking beyond the classic three-way characterization of social 

justice: distributive, procedural, and recognitional justice. The authors rightly points 

out that relying solely on simplified, one-size-fits-all approaches can lead the 

researcher to treat justice questions only mechanistically and vaguely, thereby 

reducing the complexity of environmental justice issues inadvertently into “too narrow 

and non-specific” problems (Langemeyer & Connolly, 2020, p. 11). Instead, the study 

emphasizes the importance of factoring human-social elements (e.g., institutions, 

infrastructure, and perceptions) and spatio-temporal variabilities into urban land use 

planning for a more comprehensive treatment of justice challenges. Furthermore, 

Svarstad and Benjaminsen (2020) argue that the notions and elements of social justice 

frequently used in environmental research need to be substantiated with more radical 

and critical perspectives. For example, they call for us to reconsider the one-

dimensional understanding of local communities in environmental justice discussions. 

Communities and citizens are often portrayed as ideal units of agency that can 

effectively stand against the industrialist and capitalist framing of nature and its 

consequent environmental injustices; however, the systemized power imbalance 

between the high-level decision-making entities and communities or citizens should be 

more realistically captured and addressed. To that end, the study suggests integrating 
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political ecology and environmental justice scholarship as a way to better emphasize 

the underlying sociopolitical dynamics behind environmental justice challenges. 

As I will argue in the next chapter, the prevailing conceptual framework 

reviewed above can broadly be grouped into three intersecting domains of social 

justice: distributive, procedural, and recognitional. I argue that this conceptual reach is 

useful for detecting energy justice issues that happen or are expected to happen in real 

time, but it is less useful for describing the root causes of energy injustice as a social 

system. Therefore, I propose a new conception for energy justice problems at the 

system level and provide an expanded conceptual framework that can capture the 

systemized drivers of continued energy injustices. 
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Figure 3.1 The Purpose and Content Flow of Chapter 3 
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3.1 The Three-Tenet Framework of Energy Justice 

The three-tenet framework is rooted in theories of social and environmental 

justice and consists of three key dimensions: distributional, procedural, and 

recognition justice (Fraser, 1998; Schlosberg, 2009). Many studies on the topic of 

energy justice have employed this three-pronged approach to characterize and 

examine issues at the nexus of energy and justice (Heffron & McCauley, 2014; 

Heffron & McCauley, 2017; Jenkins, McCauley, Heffron, Stephan, & Rehner, 2016; 

Zhou & Noonan, 2019). Indeed, the three-tenet framework has anchored the current 

discourse of energy justice in both theoretical and practical terms. This section delves 

into each of the three dimensions of justice and discusses how previous studies 

integrated the three distinctive notions in their analyses. 

3.1.1 The Triumvirate of Tenets 

3.1.1.1 Distributional Justice 

Distributional justice (also called ‘distributive justice’) is a dimension of 

justice that concerns uneven sharing of the beneficial and detrimental consequences of 

a decision across members of society. This tenet has been widely adopted in 

environmental and social justice studies and was once considered the most central 

element of justice (Shrader-Frechette, 2002). Early social justice scholarship, 

including John Rawls’ classic work (1971), viewed the concept of justice almost 

entirely as a matter of morally proper sharing of material and non-material goods 

among people. 

In the context of energy policy and planning, distributional justice assesses 

how fairly the benefits and costs of energy decisions are shared within a society as 

well as across societies (McCauley, 2017; Heffron & McCauley, 2014; Walker G. , 
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2009; Sovacool & Dworkin, 2014). A prominent example of this category of injustice 

is the unequal placement and operation of energy facilities that can negatively affect 

nearby communities, especially the most vulnerable (Heffron & McCauley, 2014). 

Energy poverty is another form of inequality that violates principles of distributional 

justice because it occurs when access to energy services is not even. Populations with 

low socioeconomic status tend to have no access to energy services or must spend a 

larger portion of their incomes on energy use. This is a justice issue because lacking 

access to energy services can limit individuals’ opportunities to achieve their life 

goals.6 Therefore, distributional justice challenges whether the energy system as a 

whole, from production to consumption, operates in a way that evenly and fairly 

allocates benefits and burdens. 

Many empirical studies, including field studies of civil society, have 

documented diverse energy-sourced conflicts that affect socially and economically 

marginalized populations in an unfair manner. Wilson (2012), Haynes (2016), and 

Keating and Davis (2002) revealed the high concentration of coal power plants and 

waste sites in the neighborhoods of people of color in the U.S. Communities in these 

areas are exposed to higher risk of harm from air pollution and water contamination as 

well as a higher rate of poverty, doubling the impact of hazards. These cases show that 

the unequal distribution of risks pointed out in landmark environmental justice studies 

(Bullard, 1990; UCC, 1987) persists in the energy sector. 

 

 
6 Modern energy services are not necessary goods required to achieve life goals for 

everyone. Modern energy services are also not superior to traditional energy sources. 

The point made here is to emphasize that energy can be essential for human 

development, especially in industrialized societies. 
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3.1.1.2 Procedural Justice 

Procedural justice provides ethical grounds for ensuring impartiality in 

decision-making, promoting public participation, and the full disclosure of information 

(Heffron & McCauley, 2014). This dimension of justice is closely connected to 

participative justice, which is essential to the democratic process of decision-making. 

While distributional justice sheds light on the unfair consequences of a social decision, 

procedural justice concerns the morality of a decision-making process that can lead to 

unfair outcomes (Walker & Day, 2012). Failing to meet principles of procedural 

justice can result in the institutionalization of distributional or other forms of injustice. 

When understood in the context of energy policy, procedural justice calls for 

fair and democratic involvement of citizens in the energy decision-making process. 

Involving all stakeholders can be challenging since most energy decisions in the 

modern world inevitably affect all members of society both directly and indirectly. For 

this reason, establishing multiple channels and policy measures that provide the public 

with an opportunity to exercise their ‘right to fair process’ is crucial (McCauley, 

2017).  

Walker and Day (2012) saw procedural injustice essentially as an access 

problem with three aspects: a lack of access to information, decision-making 

processes, and legal processes. All of which are required to effectively challenge 

existing decision-making mechanisms. Shrader-Frechette (2002) also emphasized the 

importance of scientific proceduralism, which promotes “methodological, legal and 

procedural reforms that encourage rational public debate, full negotiation about 

environmental controversies, stakeholder funding, alternative experts, adversary 

assessment and reform of existing toxic-tort law” (p. 28). 
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Practicing procedural justice requires a wide spectrum of institutional reforms 

and enhancements to the current top-down structure of energy governance. For 

example, detailed information about energy decisions needs to be clearly 

communicated to the public so people have a comprehensive understanding of energy-

related problems. Heffron and McCauley (2014) applied this point to the case of 

energy industry subsidies. Some may think that subsidies for renewables and more 

stringent penalties on carbon-intensive energy projects treat the fossil fuel industry 

unfairly. However, the fact that the fossil fuel industry benefited from major 

governmental subsidies as it obtained its current central position in the energy sector is 

not well-understood by the public. Unpacking the full history and ecosystem of the 

energy sector in a full range therefore can help the public reconsider the conventional 

energy path and their energy choices. 

Procedural justice can highlight ethical challenges embedded in the planning 

and implementation of energy development. Renewable projects are no exception in 

procedural justice studies (Yenneti & Day, 2015; Yenneti, Day, & Gloubchikov, 

2016). Ottinger, Hargrave, and Hopson (2014) examined local perceptions of 

procedural justice in state-led wind power projects. They found that collaborative 

governance that involves local-level deliberations in making decisions could facilitate 

wind energy developments, especially in the long run. Simcock (2016), on the other 

hand, presented evidence that opportunities for public engagement were lacking even 

in community-scale energy projects. This called into question the general notion that 

community-based projects tend to have a higher level of participative justice than 
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authority-led projects (Walker & Baxter, 2017).7 The procedural justice criterion can 

also be applied to energy infrastructures that have received relatively less attention in 

terms of distributional justice. For example, Knudsen et al. (2015) studied justice 

issues with electricity transmission line projects in procedural terms. Insufficient 

information and the public’s unsatisfactory leverage on the planning process were 

found in all four projects that the paper investigated. In two cases of city-level low-

carbon energy transitions, Mundaca et al. (2018) showed that the successful practice 

of procedural justice is a pre-condition for distributional justice. This study finding 

emphasizes the interconnectedness between the two dimensions. 

3.1.1.3 Recognitional Justice 

Interlinked with the two other dimensions, recognition justice (also known as 

justice as recognition) focuses on a fundamental understanding of and respect toward 

human rights in a social decision.8 Originating from Nancy Fraser’s theorization of 

social justice (Fraser, 1998), recognition justice advocates fair representation of 

individuals and equal political rights for all regardless of social, cultural, ethnic, racial, 

 

 
7 The results of Simcock’s 2016 study show that community energy projects are not 

always locally fair or procedurally just. This is because varying interpretations and 

expectations of procedural justice coexist, leaving conflicts among community 

members unsolved throughout the project planning and implementation processes. 

8 Conceptualization of environmental justice began with two core dimensions: unequal 

consumption of environmental resources and unequal influence on decision-making by 

those with political power (Sovacool & Dworkin, 2015; Walker G. , 2012). In 

practical terms, these correspond to distributional justice and procedural justice. 

Recognition justice was added as a dimension to the framework to emphasize the need 

for inclusiveness and egalitarianism in energy governance; therefore, it holds a 

different and more philosophical position in the framework. 
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and gender differences (Jenkins, Heffron, & McCauley, 2016; Schlosberg, 2003; 

Schlosberg, 2009). It also demands an understanding of the differential vulnerability 

experienced by populations with varying backgrounds and socioeconomic conditions. 

Recognition justice is, therefore, an essential and critical tenet of justice especially for 

multicultural and globalized societies (Agyeman, 2013).  

In terms of this post-distributive framing of justice, redistribution alone is not 

sufficient to address non-recognition or misrecognition injustice (Fraser, 1997; Fraser, 

1998; Schlosberg, 2009). Typically, policy planners and developers consider monetary 

compensation for degradations in environmental quality or living conditions to be a 

practical way to redeem the damage of distributional injustice on affected populations. 

However, without an effort to fully comprehend the environmental and social 

consequences of development and, more importantly, how it will impact people in 

different situations, re-distribution can provide short-sighted solutions at best. In terms 

of energy policy and planning, recognition justice can be applied to a wide range of 

justice issues because it often overlaps with distributional and procedural aspects of 

the problems. The notion of recognitional justice allows the energy problems faced by 

marginalized communities to be grasped with more nuance and challenges 

policymakers to think beyond conventional one-size-fits-all solutions. 

Consideration of recognitional justice has been found to be critical in planning 

and implementing energy policies. For example, Catney et al. (2013) suggested a 

community knowledge networks approach as a new way of promoting carbon 

emissions reductions in the residential energy sector. Unlike top-down provision of 

information on how to reduce energy use (termed a ‘deficit or individualist model’ in 

their paper), recognizing the need for energy conservation and sharing ideas for 
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achieving a collective reduction goal as a community can be a better strategy for 

mobilizing people to take action. Key players in the community knowledge networks 

model include “the media, local groups, organizations, and businesses, with events and 

other information sources as ‘nodes’ (Catney, et al., 2013, p. 510). Multiple ways of 

communication help people know learn about the opportunities and challenges related 

to the climate change problem and enable them to transfer ‘knowledge’ (rather than 

‘information’) from one to another. Bulkeley et al. (2013; 2014) also found 

recognition to be important for comprehending issues of climate justice. The 

dimension of recognition justice serves as a useful entry point to the planning of 

climate and energy policies because it allows policymakers to pre-analyze policy 

opportunities and limitations within specific contexts. One of their case cities was 

Berlin whose solar initiative was found to have issues because of non-recognition. 

While the intent and ambition of the solar initiative were thoroughly evaluated, 

recognition that most of the city’s residents rent their homes and, therefore, would not 

be able to participate in the program as actively as expected was absent when the 

policy was planned (Bulkeley, Edwards, & Fuller, 2014). Recognition justice, 

therefore, is a fundamental element of just and successful energy decisions. 

3.1.2 Integration of the Three Dimensions of Energy Justice 

In terms of the prevailing three-tenet framework, a higher level of justice can 

be achieved in energy governance through (a) fair allocation of the benefits and risks 

associated with energy production and use (distributional justice); (b) open access to 

information that can affect energy decisions and the inclusion of all stakeholders in the 

decision-making process (procedural justice); and (c) respect for all peoples and their 

rights to be fairly represented in energy decisions (recognitional justice). As Figure 3.2 
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depicts, these three domains are interconnected and complementary. There is not 

necessarily a hierarchical relationship between the three tenets; however, I argue that 

the notion of recognition justice requires the highest ethical standards in energy 

development and governance. As the most philosophical dimension of justice, 

recognition justice provides a useful lens for perceiving the risks and vulnerabilities 

associated with energy systems in multi-cultural contexts (Bulkeley, Edwards, & 

Fuller, 2014). In comparison, distributional and procedural justice, which are the most 

widely studied dimensions of energy justice, form a foundation for how energy justice 

principles need to be practiced and realized in order to achieve the highest level of 

energy justice (Sovacool, Martiskainen, Hook, & Baker, 2019). Figure 3.2 positions 

recognition justice above distributional and procedural justice not because it is more 

crucial than the other two but because it can serve as an overarching, umbrella 

dimension. 

 

Figure 3.2 The Three-Tenet Framework of Energy Justice 
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Energy justice scholarship has employed the three-tenet framework in varying 

forms depending on the nature, extent, and severity of energy justice issues. Some 

have employed one of the three dimensions to focus on a certain context of energy 

injustice, while others have adopted the entire framework to reveal multifaceted 

characteristics of the problem. The merit of the three-tenet framework comes from its 

integrability and flexibility in application. 

Walker and Day’s 2012 study on fuel poverty in the U.K. provides a good 

example of how all three dimensions can be collectively applied to energy justice 

analysis. According to their work, fuel poverty is essentially attributed to multi-

layered distributional inequalities. A combination of disparities in income, energy 

prices, and residential energy performance leads to energy poverty. Fuel poverty can 

also be defined as a matter of lacking access from the perspective of procedural 

justice. Limited information about fuel poverty, energy prices, and the existence of aid 

is a typical access challenge. A lack of opportunities to participate in the decision-

making process and an inability to change the energy-related legal system also 

indicate procedural injustice. In the U.K., these access problems have been alleviated 

through the development of energy poverty statistics and the leadership of advocacy 

groups that have raised awareness of the issues, although the paper points out that 

continued efforts are much needed. The perspective of recognition justice reveals an 

important aspect of the problem: the impacts of fuel poverty can significantly vary 

across socioeconomic and demographic groups. Older people, for instance, were found 

to experience more difficulty from fuel deprivation because they usually spend more 

time at home and need more heating or cooling than other age groups. Recognizing the 
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differential risks and needs associated with energy services is therefore essential to the 

process of formulating interventions to address energy poverty.  

Figure 3.3 is an illustration of fuel poverty, discussed in Walker and Day 

(2012), based on the three-tenet framework. The diagram underscores the 

interconnectedness of the three aspects of injustice using the intertwined arrows across 

them. Their paper saw distribution injustice as the core concern but also found 

elements of procedural and recognitional injustice that perpetuate or exacerbate the 

disparities in energy consumption. Based on this multi-level analysis, the paper 

concluded that solutions to fuel poverty should be sought not only at the end-user level 

but, more importantly, at the energy policy and planning level. 

 

Source: Adapted by author (Walker & Day, 2012, p. 74) 

Figure 3.3 Three Forms of Injustice in Fuel Poverty 
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Sovacool et al. (2019) examined different types of energy injustice found in 

low-carbon energy transitions using an expanded version of the three-tenet 

framework.9 Decarbonization energy projects tend to be automatically taken as just 

and equitable because of the image of reducing carbon emissions. However, the paper 

questioned this assumption based on evidence of energy injustice in low-carbon 

energy projects in European countries. One of the four cases is France’s continued 

reliance on nuclear power. Based on expert interviews, focus groups, and online 

forums, the study identified elements of energy injustice in the use of nuclear energy, 

as summarized in Table 3.1. 

Table 3.1 Dimensions, Definitions, and Examples of Injustice Associated with the Use 

of Nuclear Power  

Dimension Definition Illustrative example of 

injustice associated with 

nuclear power 

Distributive justice Equitable distribution of 

social and economic 

benefits and costs, fair 

and open access 

Uneven concentration of 

jobs, negative impacts on 

property prices near 

nuclear infrastructure 

Procedural justice Adherence to due process, 

fair and adequate public 

participation, inclusion 

and consent 

Centralized, authoritarian 

and secretive decision-

making, without broad 

public consultation or 

participation 

 

 
9 The study added the dimension of cosmopolitan justice to the three traditional 

dimensions of the framework to explore the implications of energy development on 

international as well as domestical justice. Cosmopolitan justice also draws attention 

to the inter-generational impact of energy inequity. See section 3.2.1 for more 

discussion. 
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Cosmopolitan justice Protection of global 

human rights, mitigation 

of global externalities 

Uranium mining and 

exports of nuclear 

equipment to countries 

with poor social, political, 

and environmental 

safeguards 

Justice as recognition Appreciation for the 

vulnerable, marginalized, 

poor, or otherwise 

underrepresented groups 

Creation of poor housing 

segment dependent on 

inefficient and highly 

priced electrical heating 

Source: Adapted by author from (Sovacool, Martiskainen, Hook, & Baker, 2019, p. 

591) 

The paper also analyzed non-traditional energy technologies including smart 

meters in the U.K., electric vehicles in Norway, and solar power in Germany. All four 

cases of low-carbon energy development were found guilty of long-lived or new types 

of energy injustice such as: potential disadvantages to vulnerable groups (including 

future generations), externalities (such as accidents and waste), unemployment, 

unfairness to taxpayers, higher energy prices, and elitism. The three-tenet framework 

provided a useful way to classify different forms of energy injustice and analyze them 

more holistically by connecting the implications of each justice dimension. Regarding 

the French nuclear power case, for example, the paper pointed out that the tendency to 

mute nuclear critics is a case of procedural injustice, but it also results in an issue of 

recognition injustice because nuclear critics often represent the voice of communities 

at risk of harm from nuclear plants. 

Despite its popularity, however, a major shortcoming of the three-tenet 

framework is the fact that the three justice dimensions were not designed to question 

the ethics of energy governance at a systemic scale. Rather, it serves mainly as a post 

hoc tool for diagnosing unfairness in energy decisions. The framework tends to 
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provide tail-pipe solutions, leaving the system-level injustice factors intact (Lee & 

Byrne, 2019). For instance, policies to address fuel poverty often aim to pay energy 

bills on behalf of populations in need. This approach often results in subsidizing large 

utility companies, without empowering at-risk households to overcome the physical 

and environmental conditions of energy poverty (Byrne & Yun, 2017). While it is 

important to increase awareness of fuel poverty and improve the decision-making 

process, such discussions often seek solutions within the conventional energy path 

rather than outside the box. Unconventional experiments like greater deployment of 

distributed, smaller-scale, and community-owned energy systems are more directly 

linked to the core philosophy of energy justice (Lee, Kim, & Byrne, 2021). The next 

section discusses two major limitations of the three-tenet framework along with how 

energy justice scholarship has responded so far. 

 

3.2 Beyond the Three-Tenet Framework of Energy Justice 

The three-tenet framework of justice has contributed to the substantial growth 

of energy justice scholarship and established an analytical basis for the field. 

Nevertheless, the three-tenet approach has room for improvement. Many have 

criticized the framework’s limitations in terms of (a) focusing mainly on end-of-pipe 

problems such as fuel poverty and (b) keeping the gap open between theories and 

practice. In response, some researchers have introduced new concepts and 

perspectives that can help redefine the scope of energy justice research. Others have 

proposed applied principles of energy justice that can be used to operationalize 

theories of justice in the context of the real-world energy dilemma. This section 
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discusses major critiques of the three-tenet framework and then reviews recent efforts 

to improve the framing of energy justice. 

3.2.1 Limited Attention to the Systemic Character of Energy Injustice 

Under the traditional three-tenet framework, energy justice scholarship 

considered ‘energy injustice’ to be a synonym for ‘fuel poverty’ (Jenkins, McCauley, 

Heffron, & Stephan, 2014). Because of this tendency, energy accessibility and 

affordability have been the conceptual and analytical boundary for energy justice 

discourses (Bouzarovski & Simcock, 2017). For instance, McCauley (2017) suggested 

three central focuses of energy injustice: energy poverty (termed as an accessibility 

issue), energy security (availability), and energy-sourced carbon (sustainability). 

However, recent studies have found evidence of energy injustice beyond these 

categories. 

While fuel poverty is a critically important part of energy justice discussions, 

understanding energy injustice solely through the window of fuel poverty can 

constrain “problem identification, the scope of investigations, and the type of analysis 

pursued regarding energy justice issues” (Lee & Byrne, 2019, p. 2). In addition, the 

need to diversify justice perspectives beyond the dichotomies of distributional and 

procedural justice or intra- and inter-generational justice has been correctly raised by 

many (Forsyth T. , 2014; Schlosberg, 2009). Perceiving energy-sourced injustices 

through various prisms can help the field of energy justice develop as a better-

established, functioning discipline (LaBelle, 2017).  

In response to this critique, energy and environmental justice scholarship has 

proposed new justice dimensions and conceptions. Cosmopolitan justice is a good 

example. While it is similar to recognitional justice, the notion of cosmopolitanism 
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places more focus on the universality of justice (Sovacool, Sidortsov, & Jones, 2014; 

McCauley, et al., 2019). Principles of justice need to be applied at all possible scales:  

from local to global, from present to future generations, and from humans to all 

components of nature (Moellendorf, 2002). Because cosmopolitan justice requires 

adherence to principles beyond spatial or temporal boundaries, this perspective argues 

that international or inter-generational inequalities in energy development deserve 

more attention than they receive now (Sovacool B. K., 2016).  

Some studies have employed the notion of outcome justice as a tool to evaluate 

the acceptability of energy decisions (Simpson & Clifton, 2016; Visschers & Siegrist, 

2012). Outcome fairness can complement the shortcomings of procedural justice 

dimensions. For instance, a society-wide referendum on an energy proposal can 

improve procedural justice. However, conducting a survey does not necessarily mean 

that a decision based on survey results will be free of inequity problems. Likewise, 

policies to address an unfair distribution of the benefits and costs of an energy 

development may need follow-up evaluations because the implementation of policy 

measures to cure the inequality may provoke a different kind of injustice for a new 

group of people. From this outcome-oriented perspective, certain types of unfairness 

(e.g., progressive or regressive taxes) may not be perceived as unjust if stakeholders 

find the outcome of an energy proposal to be environmentally and socially beneficial 

(Simpson & Clifton, 2016). The notion of outcome justice provides a basis for 

evaluating an energy decision from multiple angles. 

Restorative justice is another emerging perspective in the field. Often 

appearing in criminal justice studies, restorative justice calls for repairing trust and 

relationships between members of society, especially communities affected by unjust 
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energy systems (Heffron & McCauley, 2017). This process can help recognize similar 

patterns of injustice embedded in energy systems because it allows processing and 

reflecting on the problem, not only in legal terms but also in psychological and social 

terms. Restorative justice can in this sense encourage researchers and policy planners 

to consider potential restorative costs when making energy decisions, not just after 

injustice occurs (Heffron & McCauley, 2017; McCauley & Heffron, 2018).  

In the context of environmental justice, Hobson (2006) and Jamal and Hales 

(2016) have paid attention to the usefulness of a new dimension, performative justice. 

The dimension of performativity takes the conventional, abstract notion of justice to 

the next level by questioning what ought to be done to challenge structural injustices. 

LaBelle (2017) proposed another way to frame energy justice: universal and particular 

justice. While universal energy justice provides philosophical groundings that align 

with the three-tenet approach, particular energy justice is a performance-based and 

activist perspective that focuses on a “nuanced accounting of localized issues and 

interpretations of social, political and economic actions affecting access to energy 

resources and services” (p. 616). A more revolutionary term, transformative justice, 

was coined by Bakers (2019), who argued the current scale and intensity of discussion 

about energy transitions is not enough to replace our deep-rooted view of energy as a 

commodity and the consequences of that view. As the language implies, 

transformative justice refrains from temporary and superficial fixations on the end-of-

the-pipe problems that have prevailed under the banner of resilience. According to this 

critique, the resilience-oriented approach has hardened the conventional energy 

regime. It thus calls for a fundamental paradigm shift that can challenge the current 

energy path:  
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Transition thinking, saturated with the rhetoric of “resilience,” freezes 

in place old concepts of energy and suggests a system that will remain 

largely intact, merely with new constituent parts. (Baker S. H., 2019, p. 

46) 

These new dimensions can help reconceptualize problems and contexts that 

have not been sufficiently captured by the three-tenet framework. In particular, 

broader topics that involve the justice implications of modern energy systems as a 

whole are much needed (Bickerstaff, Walker, & Bulkeley, 2013; Joroff, 2018; Jenkins, 

McCauley, Heffron, & Stephan, 2014). To that end, Jenkins et al. (2014) proposed a 

whole systems approach that recognizes the entire energy chain, from mining to waste 

disposal, as a potential source of energy injustice. When a systems perspective is 

applied, fuel poverty is not just a matter of distributional, procedural, or recognition 

injustice. It is also profoundly interlinked with the supply system of energy services. 

Causes of energy poverty can exist on the production side of the equation (e.g., high 

pricing), which means that fixing the consumption side of the problem alone is 

insufficient. The traditional structure of the three-tenet framework primarily focuses 

on end-of-pipe problems and solutions while under-examining the structural and 

institutional factors behind them. 

3.2.2 Under-recognition of the Spatial Dimension of Energy Injustice 

Another limitation of the current approach exists is the gap between theoretical 

constructs and practical applications (Heffron & McCauley, 2017; Hernández, 2015). 

While the three perspectives of justice are helpful for identifying and analyzing unfair 

consequences of energy development, their principles and implications usually stop at 

the analytical level and are rarely enacted in practice. To overcome the lack of 

practicality and applicability in the three-tenet framework, some researchers suggested 

two foundational principles of energy justice and a set of applied sub-principles of 
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energy justice (Sovacool, Sidortsov, & Jones, 2014; Sovacool & Dworkin, 2015; 

Sovacool, Burke, Baker, Kotikalapudi, & Wlokas, 2017; Sovacool B. K., 2016). Their 

principle-based conceptualization of energy justice provides a set of guiding values 

and goals needed to address real-world problems in order to “operationalize the 

somewhat lofty moral elements of energy justice” (Sovacool, Heffron, McCauley, & 

Goldthau, 2016, p. 4). The two primary principles of energy justice are defined as 

follows (Sovacool, Sidortsov, & Jones, 2014; Jones, Sovacool, & Sidortsov, 2015): 

• Prohibitive principle: “Energy systems must be designed and constructed 

in such a way that they do not unduly interfere with the ability of people to 

acquire those basic goods to which they are justly entitled.” (Jones, 

Sovacool, & Sidortsov, 2015, p. 162) 

• Affirmative principle: “If any of the basic goods to which people are justly 

entitled can only be secured by means of energy services, then in that case 

there is also a derivative entitlement to the energy services.” (Jones, 

Sovacool, & Sidortsov, 2015, p. 165) 

The language of these underlying principles is more specific and targeted than the 

three tenets of justice and is also well-contextualized for energy issues. However, their 

tone still places more weight on the consumption aspect of energy justice issues. To 

broaden the scope of principles and increase their applicability, Sovacool and his 

colleagues have created 10 applied sub-principles of energy justice (Table 3.2) that 

can be useful for addressing real-world problems. 

Table 3.2 Applied Principles of Energy Justice 

Principle Description Contemporary applications 

Availability 

People deserve sufficient 

energy resources of high 

quality (suitable to meet 

their end uses). 

Investments in energy supply 

and energy efficiency; 

upgrades to infrastructure. 
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Affordability 

All people, including the 

poor, should pay no more 

than 10% of their income for 

energy services. 

Fuel poverty eradication 

efforts; low-income assistance 

for weatherization efficiency 

improvements; retrofits to 

older buildings. 

Due process 

Countries should respect due 

process and human rights in 

their production and use of 

energy. 

Social and environmental 

impact assessments; free, prior 

and informed consent. 

Transparency & 

accountability 

All people should have 

access to high quality 

information about energy 

and the environment and 

fair, transparent, and 

accountable forms of energy 

decision-making. 

The Extractive Industries 

Transparency Initiative; 

independent accountability 

mechanisms; international 

accounting and standards for 

energy subsidies. 

Sustainability 

Energy resources should be 

depleted with consideration 

for savings, community 

development, and 

precaution. 

Natural resource funds 

designed to save for future 

generations; system benefits 

charges. 

Intra-generational 

equity 

All people have a right to 

fairly access energy services. 

The UN’s Sustainable Energy 

for All Initiative; Sustainable 

Development Goal 7. 

Inter-generational 

equity 

Future generations have a 

right enjoy a good life 

undisturbed by the damage 

our energy systems inflict on 

the world today. 

Promoting environmentally 

friendly forms of low-carbon 

energy such as renewables or 

efficiency that can minimize 

externalities or prolong 

resource efficacy; 

implementing environmental 

bonds. 

Responsibility 

All actors have a 

responsibility to protect the 

natural environment and 

minimize energy-related 

environmental threats. 

UN Framework Convention on 

Climate Change; the Green 

Climate Fund. 

Resistance 

Energy injustices must be 

actively, deliberately 

opposed. 

Fossil fuel divestment; the 

Keep It in the Ground 

movement  
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Intersectionality 

The idea of recognitional 

justice should be expanded 

to encapsulate new and 

evolving identities in modern 

societies, and should also 

acknowledge how the 

realization of energy justice 

in linked to other forms of 

justice. 

Integration of different types 

of justice concerns (e.g., socio-

economic, political, and 

environmental); an expansion 

of the scope of energy justice 

research to include impacts on 

non-humans  

Source: Adapted by author from (Sovacool, Heffron, McCauley, & Goldthau, 2016, p. 

5; Sovacool, Burke, Baker, Kotikalapudi, & Wlokas, 2017, p. 687) 

A number of studies have applied all or some of these applied principles to 

empirical cases (Islar, Brogaard, & Lemberg-Pedersen, 2017; Lappe-Osthege & Jan-

Justus, 2017; Jenkins, McCauley, & Warren, 2017; Siciliano, Urban, Tan-Mullins, & 

Mohan, 2018). While the useful forms of energy justice principles provide specific 

focuses and topics for an advanced energy justice evaluation, the approach is still 

criticized for being too theoretical to be articulated in practice especially at the local 

level. Rasch and Köhne (2017), for instance, argued that the framework is a 

“philosophical approach where cases are primarily analyzed to build a normative-

ethical framework, rather than an analysis of what energy justice might mean locally” 

(p. 608). They also noted that some of these principles are too specifically defined 

(e.g., affordability), whereas others (e.g., responsibility) are too broadly described. 

Recognizing these limitations in the three-tenet framework, Heffron and 

McCauley (2017) expanded it to embrace some of the new ideas and concepts 

proposed in recent studies. Figure 3.4 illustrates their new framework for just energy 

decisions. They stressed the need to utilize principles of restorative justice throughout 

the decision-making process while keeping the three-tenet framework as the 

philosophical basis of energy justice. This new framing captures a wide range of 
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discussions that have appeared in the energy justice literature. It provides researchers 

and energy planners with a more advanced basis for energy justice evaluation by 

incorporating distinctive features of energy justice problems that are less prominent in 

environmental or climate justice issues. For example, the life-cycle impact assessment 

is well-segmented to bring equal attention to each stage of energy production and 

consumption. 

 

Source: Adapted by author from (Heffron & McCauley, 2017, p. 660) 

Figure 3.4 A Revised Conceptual Framework of Energy Justice 

Compared to the original three-tenet framework, this version places more 

emphasis on (a) diversification of justice theories and research topics to address equity 

problems throughout the life cycle of energy development and (b) increased 

applicability of energy justice principles in practice (Jenkins, McCauley, Heffron, & 

Stephan, 2014; Sovacool, Heffron, McCauley, & Goldthau, 2016). While the scope of 
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energy justice research is wider in these new versions, it is still arguable whether they 

can challenge the root causes of systemic energy injustice. 

Also, energy justice scholarship based on the three-tenet or similar frameworks 

has paid little attention to the socio-spatial dimension of energy injustices. While 

distributive justice can be connected to spatial aspects of environmental injustice 

(Lejano, Piazza, & Houston, 2002; Walker G. , 2009), efforts to analyze the spatial 

dimension of energy injustice and reflect it in the conceptualization have lagged. An 

energy system is a social construct that needs to be politically, economically, 

technically, and geographically defined and organized. By their nature, typical energy 

facilities remain in the same sites for a considerable time. In an energy context, 

therefore, spatial issues are not merely about selecting the best land for facility 

construction but also about reshaping natural and socio-geographical conditions 

around the facility sites. As Bouzarovski and Simcock (2017) argued, therefore, 

addressing spatial elements in energy justice problems can rectify individual cases and 

fix “the underlying causes of these injustices” (p. 646). 

For this reason, energy social scientists are increasingly creating and exploring 

placed-based concepts like energy periphery (Golubchikov & O'Sullivan, 2020; 

Yenneti, Day, & Gloubchikov, 2016), energy sacrifice zone (Hernández, 2015; Scott 

& Smith, 2017; Holifield & Day, 2017), and energy riskscapes (Müller-Mahn & 

Everts, 2013; Müller-Mahn, Everts, & Stephan, 2018; Everts & Müller, 2020) that 

result from spatially inequitable energy decision-making and development. With this 

growing interest, socio-spatial expression of uneven energy geography is recognized 

as an indispensable factor in the measure and evaluation of system-scale energy 

injustices (Bouzarovski & Simcock, 2017; Pearse, 2020; Joshi & Agrawal, 2021). 
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Adding a spatial dimension to the conceptual framework of systemic energy injustice 

is crucial for operationalizing energy justice principles in both analysis and practice. 

To summarize, energy inequity does not occur in a vacuum. Conceptual 

frameworks need to be able to capture the driving forces of modernity that have 

shaped contemporary energy regimes and legitimized energy injustice on a regular 

basis. In addition, it is imperative to identify and connect philosophies and forces that 

support the spirit of energy justice in opposition to dominant forces of modernization. 

In the following section, I propose a systemic way of conceptualizing energy injustice 

by introducing two pillars of inequality into the existing frameworks. The primary 

goal of this work is to redirect the conceptual and analytical focus of energy justice 

research from end-of-pipe problems to the underlying causes of the problems. 

3.3 Expanding the Conceptual Foundation for Energy Justice Research 

The three-tenet framework of energy justice has raised awareness of the 

inequitable ramifications of modern energy development. In particular, the framework 

has provided a foundational layer for perceiving energy justice problems as social 

questions. However, I argue that the prevailing framework does not fully reflect the 

complex social and political forces that create and perpetuate energy justice challenges 

at the system level. System-scale transformations based on energy justice principles 

cannot be achieved without addressing the underlying structural and ideological forces 

that compulsively produce energy injustice. This section emphasizes the importance of 

a systemic understanding of energy justice dynamics, and calls attention to the 

structural and ideological elements that make everyday energy injustice possible. 

Inspired by transformative discourses, including environmental justice and just 

sustainabilities, the core idea of energy justice emphasizes energy as a commons and 
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that energy is a social project. Figure 3.5 contrasts these foundational philosophies 

with traditional modernist thinking of energy as a commodity. This new conceptual 

framing explicitly recognizes the structural and ideological pressures that provoke and 

normalize energy injustice. More importantly, the focus of the new framework is 

identifying these physical and institutional conditions of energy injustice at the system 

level.10 It is committed to revealing the root cause of energy injustices rather than 

focusing on individual problems as phenomena. 

 

 
10 This framework can also be applied to map the global-scale condition of systemic 

energy injustice, which is an important energy justice topic actively discussed in the 

literature (Mathai, et al., 2021; Healy, Stephens, & Malin, 2019). Further applications 

of this framework are left for future work. 
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Source: Adapted by author from (Lee & Byrne, 2019, p. 3) 

Figure 3.5 A Conceptual Framework for Systemic Energy Injustice 

In this study, systemic energy injustice refers to energy-sourced moral, political 

and economic socio-technical conflicts that can have society-wide, accumulative, and 

long-living impacts unless change is made in the structural and ideological 

organizations of the incumbent energy path. Defining characteristics of systemic 

energy injustice include: (a) problems tend to persist even after taking end-of-pipe 

policy measures to redress unfairness and inequalities, (b) society as a whole 

unavoidably contributes to the production of the problem by using current energy 

service networks, and (c) transactional and compensatory solutions cannot eradicate 

the root cause of the problem. This type of energy justice challenge has been 

underexplored within the three-tenet framework because the underlying systemic 
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functioning of modern political economy remains unexplained even if we exhaust the 

analytical possibilities made available by the three tenets of energy injustice. 

3.3.1 The Production of ‘Systemic’ Energy Injustice 

Byrne, Glover, and Martinez (2002) have provided an insightful discussion 

about how structural and ideological forces have factored into the representative 

ecological problems of modernity. According to their work, contemporary 

environmental crises are rooted in changing views of the relationship between nature 

and society. In their terms, the three processes of commodifying nature—(a) 

normalization of pollution, (b) technocratic authoritarianism, and (c) the rise of the 

Anthropocene—have intensified the nature, extent, and severity of environmental 

destructions (Byrne, Glover, & Martinez, 2002). 

The normalization of pollution phase is an initial but significant step toward 

environmental commodification. Society became accustomed to witnessing and 

experiencing the degradation of nature—including human suffering. While pollution 

can be an alarming and even life-threatening issue for those who receive its direct 

impacts, most people treat it as just another piece of news they encounter regularly. 

Furthermore, modern society tends to equate pollution with social progress and reduce 

pollution to a ‘social cost’ to be tolerated for a bigger gain. With capitalist and 

utilitarian understandings of optimality controlling the decisions of an industrial 

society, pollution is perceived as a mere externality that is inevitable for achieving 

prosperity (Byrne & Rich, 1992). It is also believed that economic growth will 

eventually solve the problem. Therefore, present and future tenses are mixed in the 

way modernity deals with the premise of social progress and pollution. The same 

optimality model that treats pollution as an affordable problem legitimizes uneven 
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impacts of pollution on populations as long as that is the most efficient way to 

maximize profits. Byrne, Martinez, and Ruggero (2009) understood this phenomenon 

in the context of socioeconomic strata: 

Separation from the natural world is facilitated and reinforced by 

technological advancements which collapse the boundaries of space 

and time enabling social transactions without natural limitation. In fact, 

the middle and upper classes of wealthy societies have little or no need 

to venture outside. The resulting social alienation from nature leaves 

mostly the poor to witness the environmental consequences of endless 

growth. Only their livelihoods are immediately and significantly 

threatened by the “normal pollution” of modernity. (p. 83) 

In the absence of environmental morality and ethics, this era handles pollution and its 

ecological and social consequences as a matter of technical and economic questions; 

hence, prevention of pollution is not an optimal decision if it poses threats to potential 

economic gains. 

The second phase is characterized by heavy reliance on scientific knowledge to 

address ecological destruction from the first phase. Advocates of technocratic 

authoritarianism believe that technological advances will fix environmental problems 

without shifting the growth model. Byrne, Glover, and Martinez (2002) criticized this 

cornucopian understanding of pollution, which has actually elevated the severity of 

environmental crises. Technological revolutions have created a compelling illusion 

that “only advanced knowledge is regarded as capable of protecting the natural and 

social order from destruction” (Byrne, Glover, & Martinez, 2002, p. 278). Daunting 

environmental disasters like oil spills, acid rain, and nuclear accidents have barely 

served as stop signs to modern ideals of progress. Rather, those cases have been 

understood as triumphs of the top-down, technocratic system that allowed modern life 

to continue. Instead of critically questioning the dualistic view of the nature-human 
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relationship, people continue hardening their faith in the human management of nature 

in this phase. Such belief has blinded people to the catastrophic and destructive 

consequences that could accompany technical breakthroughs. Indeed, the scale and 

severity of environmental catastrophes have only increased as society continues to rely 

on technical innovations and fixations. In a knowledge society, it tends to feel 

comfortable and normal when scientific objectivity takes the wheel of environmental 

and social problems. In this process, the potential risks of pollution are measured only 

in limited contexts (e.g., laboratory environments) and units (e.g., material values). 

The implications of these risks for justice are not a major concern of decision-makers 

because of the complexity of structuring and measuring injustice in technical terms. 

The production of inequality is therefore rationalized as an inevitable cost that should 

not prevent a knowledge society from taking technically and economically preferred 

approaches to risk management. 

The third phase, the Anthropocene, is considered the culmination of the 

commodification of nature. In this era, people have come to fully believe that nature is 

subordinate to human society and that nature can be manipulated to provide the 

‘optimal’ level of ecological services for human needs. This total reach of human 

influence on nature is believed possible, based on the structural and ideological 

engines of modernism that were solidified throughout the first and second phases. 

Beyond belief in humanity’s power to handle pollution effectively, advocates of the 

third phase trust that nature is better off with human interventions. The value and use 

of nature are defined by experts in a knowledge society. How much to preserve and 

how much to exploit are planned and executed according to social decisions. As the 

commodification of nature is expedited during the third phase, the idea of ecological 
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and social commons quickly dissipates, posing serious threats to the least powerful 

communities and ecologies. Transformative ideas like sustainability (which was 

initially proposed to contest the ideologies that underpin the conventional political 

economy) are being redefined in technical and specialist languages. Behind the mask 

of sustainable development, the modernist goal of material progress continues to reign 

in determining ecological and social directions. 

Throughout these three phases that constantly evolve and overlap with each 

other, environmental injustice becomes a social problem that is repetitively and, even 

intentionally, created and reproduced. Industrial societies have taken easier paths in 

dealing with these socio-environmental crises by framing them as environmental 

externalities that can be compensated or fixed technically (Coase, 1960). This 

approach to the problem is predicated on overconfidence and belief in the human 

ability to restructure and even improve nature to match human needs (Byrne & Yun, 

1999). From this perspective, socio-ecological challenges are merely “temporary 

matters awaiting human repair” (Lee & Byrne, 2019, p. 3). This detrimental level of 

nature-society duality is often left unchallenged because industrial society is too 

accustomed to technocratic thinking to self-criticize to a meaningful extent. Byrne, 

Glover, and Martinez (2002) underscore the importance of knowing the forces behind 

the production of modern environmental problems throughout the three-fold phases of 

commodifying nature.  

Modernist ideals of progress have had a significant influence on the physical 

and institutional structure of energy systems in the industrial world. The 

environmental and social consequences of energy projects are habitually normalized 

under the principles of modernization. The advancement of energy technologies is a 
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primary focus of energy governance. The continuation of energy development beyond 

nature’s carrying capacity is nothing new; manipulating the order of ecosystems with 

new technologies (such as nuclear fission to generate electricity for human use) is 

equated to social progress without critical reflection on the potential consequences. 

The same political and economic pressures that formed the notion of the nature-human 

duality have shaped the modern energy path (Mumford, 1934; Byrne & Toly, 2006). 

From the industrialist perspective, therefore, energy injustice is an expected and 

inevitable externality of energy development. Industrialists acknowledge inequality; 

however, they are willing to address it “only so long as it is economically optimal to 

do so” (Lee & Byrne, 2019, p. 3).  

It is imperative to grasp how justice struggles are routinely produced in 

socially constructed energy systems (Sareen & Haarstad, 2018). To this end, I propose 

new dimensions of systemic energy injustice through the lens of the “production of 

unequal nature” discussed in Byrne, Glover, and Martinez (2002). The primary subject 

of this framework is the dominant forms of energy sources that have served economic 

growth in industrial societies, such as fossil fuel-based power plants and nuclear 

power plants. Technologies like coal and nuclear power can take more severe and 

irreversible tolls on vulnerable populations and ecosystems.11 Achieving energy equity 

requires undoing and reducing these dominant technologies and promoting alternative 

energy options (David, 2018; Rogge & Johnstone, 2017; Byrne & Toly, 2006).  

 

 
11 This study does not rule out the possibility that small-scale energy systems can 

create and contribute to energy justice issues. The conceptual framework presented in 

this study was structured to shed light on modern society’s widespread preference for 

mega-scale energy development that has historically provoked long-living detrimental 

impacts on vulnerable communities and areas. 
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I argue that two interlinked pillars produce and reproduce systemic energy 

injustices: (a) the structural pillar, defining design characteristics of modern energy 

technologies and systems that create physical conditions of energy injustice; and (b) 

the ideological pillar, the underlying political economy of energy injustice in which 

context unfair and uneven energy decisions are rationalized. These two pillars 

overturn the common belief that technical and economic solutions are antidotes to 

social problems. The new framing of energy injustice I propose highlights that heavily 

technical solutions can be, in fact, another driver of the problem, as argued in Byrne, 

Glover, and Martinez (2002). This new framework also emphasizes that energy justice 

principles can accelerate just and sustainable energy transformation and change the 

traditional notion of energy as a commodity into an innovative idea of energy as a 

commons. In the following two subsections, I delineate how these pillars and their 

elements are closely linked to the emergence of systemic energy injustice.  

3.3.2 Structural Pillar 

The structural drivers of systemic energy injustice are interlinked with the 

following three design characteristics of modern energy choices: (a) strong preference 

for large-scale and cost-efficient technical systems, (b) spatial concentration of energy 

production facilities and resulting distancing of energy production sites from 

consumers, and (c) prevalent ‘risk-taking’ tendency perceived as an inevitable cost to 

pay for technological breakthroughs and success in energy development. In this study, 

the term ‘risk’ is defined as socio-environmental harms from energy development 

characterized by these three design tendencies. Risks can be related to health concerns 

(both physical and mental), economic loss (e.g., decreased property values), and 
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ecological harm (e.g., pollution and biodiversity loss). Each of these design tendencies 

is discussed in the following subsections. (Lee & Byrne, 2019, p. 3) 

3.3.2.1 Preference for Large-Scale Energy Development 

The first defining characteristic of modern energy infrastructures is their strong 

preference for large-scale and cost-efficient energy development (Byrne & Toly, 

2006; Sovacool, Lovell, & Ting, 2018). This tendency explicitly reflects 

industrialism’s central value—efficiency. Industrial societies have placed a great 

emphasis on efficiency in energy supply chains, faithfully believing in utilitarian 

progress in the energy sector through technological breakthroughs and economic 

optimality. For governments and industries, the surest way to increase efficiency in 

energy production is to minimize the input cost per physical unit (e.g., dollar per watt-

hour of electricity). Therefore, augmentation of facility capacity is considered best for 

achieving higher productivity and efficiency because of the scale principle of 

economics. Indeed, this efficiency-centered approach has shaped the structure of 

major energy systems in wealthy economies. One example of this is nuclear power.  

Nuclear power generation requires a great deal of capital and land to 

accommodate high-tech facilities with stringent measures that prevent the potential 

risk of harm (Byrne & Rich, 1992). Because of the vast upfront costs, nuclear power 

developers tend to expand the project scale by locating multiple reactors on one site to 

be more cost-efficient. For this reason, the capacity of one nuclear plant usually ranges 

from 0.5 to 4 gigawatts depending on the number of reactors. Even if there is only one 

reactor at each nuclear plant, the capacity is much larger than any other type of power 

generation.  
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Table 3.3 compares the scale of capacity for different electricity generation 

options in the U.S as of 2020. The difference in capacity size is enormous. When 

compared to a unit generator of solar photovoltaic energy, a single nuclear reactor has 

approximately 100 times greater generation capacity. In the case of coal power, the 

average capacity per generator is nearly 40 times bigger than a solar photovoltaic 

power generator. This shows the structural condition of potential greater-scale 

injustice embedded in nuclear and coal power technologies.12 

Table 3.3 U.S. Average Capacity Per Generator by Energy Source in 2020 (Thousand 

Megawatts) 

Energy source 
Number of 

generators 

Generator 

nameplate 

capacity 

Average 

capacity per 

generator 

Coal 599 234,126 391 

Petroleum 3,705 32,071 9 

Natural Gas 6,075 551,681 91 

Other Gases 91 2,618 29 

Nuclear 94 100,899 1,073 

Hydroelectric Conventional 4,009 79,896 20 

Wind 1,422 118,728 83 

Solar Photovoltaic 4,599 46,578 10 

Solar Thermal 18 1,760 98 

Wood and Wood-Derived Fuels 332 9,491 29 

 

 
12 Solar power can also be large-scale and, therefore, the technology is not necessarily 

free from large-scale characteristics. For example, the largest solar power project in 

the U.S. as of 2018 was 0.58 GW. Nevertheless, photovoltaic solar power can be 

developed on a smaller scale in a distributed form, whereas traditional technologies 

like nuclear and coal are not feasible for micro-scale development. While small 

nuclear reactors are considered fast emerging and promising by the nuclear industry, 

concerns over the technology’s environmental and social risks are not addressed by 

merely sizing down the project scale. The risk-taking tendency of the conventional 

energy path is discussed further in section 3.3.2.3. 



 88 

Geothermal 170 3,865 23 

Other Biomass 1,839 5,261 3 

Hydroelectric Pumped Storage 153 21,969 144 

Other Energy Sources 311 3,296 11 

Total 23,417 1,212,239 52 

Source: U.S. Energy Information Administration (EIA). (2021). Existing capacity by 

energy source, 2020, available at http://www.eia.gov/electricity/annual; last column 

calculated by author 

With the ever-growing scales of energy production and consumption, most 

energy development and management decisions became the preserve of energy experts 

and politicians. In contrast, energy end-users devolved into passive customers that 

have only limited control over the energy systems and services they use on a daily 

basis. This tendency has been observed in the case of subsidies for energy 

technologies. The energy sector has historically received massive investments and 

subsidies from both the public and private sectors. Conventional energy sources like 

fossil fuels and nuclear power were major beneficiaries of government subsidies 

during the early stage of modern energy development. Public concerns have rarely 

been prioritized in determining the use of subsidies; instead, economic, technical, and 

political forces have dominated the decision-making process.  

Although renewable energy development is rapidly expanding worldwide, 

more powerful and stable subsidies are required to match the historical level of 

support provided to conventional energy sources. Pfund and Healey (2011) compared 

cumulative federal subsidies for the energy sector in the U.S. According to their 

analysis as presented in Figure 3.6, the cumulative subsidies directed to oil and gas 

industries accounted for 67% of the total, followed by the nuclear industry (27%). The 

http://www.eia.gov/electricity/annual
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rest went to biofuels (5%) and renewables (1%).13 The conventional energy 

industries—including oil, gas, and nuclear—were able to achieve their high status in 

the sector because of major financial injections and governmental support. 

 

Source: Adapted by author from (Pfund & Healey, 2011, p. 29) 

Figure 3.6 Historical Average of Annual Energy Subsidies in the U.S. 

Even after this intense level of historical support, the viability of nuclear power 

development is still dependent on subsidies (Koplow, 2011). This means large-scale 

energy projects need more sales to recover their investment and redirect their profits to 

 

 
13 This study provides the cumulative amount of major subsidies for the energy sector 

by source. As a result, each energy source has a different period of subsidies. Oil and 

gas have the longest history of receiving financial support (1918-2009) followed by 

nuclear (1947-1999), biofuels (1980-2009), and renewables (1994-2009). 
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another major project. In this regard, Harrison (2013) rightly argued that “the 

production of ever-larger power plants should not only be viewed as a quest to 

produce landmarks of modernity and progress” (p. 147) and that “it was also part of a 

strategy by investor-owned electric utilities to increase revenues and profits by 

consolidating control over the production of electricity” (p. 147). Illich (1974) also 

criticized the nature of modern energy development for encouraging the culture of 

bottomless production and consumption by analogizing an overuse of energy to an 

addiction to drug: “even if non-polluting power were feasible and abundant, the use of 

energy on a massive scale acts on society like a drug that is physically harmless but 

physically enslaving” (p. 6). This iterative feedback between mass production and 

mass consumption has caused societal syndromes like ‘energy giantism’ (Byrne & 

Toly, 2006) and ‘energy obesity’ (Norgaard, 1994). Consideration of energy justice is 

not a priority in this efficiency-driven and profit-centered energy development model. 

3.3.2.2 Centralization of Energy Production 

Another central characteristic of modern energy systems is the spatial 

concentration of energy facilities and the resulting increase in the distance between 

supply sites and end users (Heinberg & Fridley, 2016). This tendency also roots in 

industrialist energy thinking that prioritizes cost reductions in energy production 

mainly in the economic sense but not in the socioenvironmental sense. As with the 

first characteristic, efficiency comes into play as a critical determinant of facility 

siting. 

The cost-efficiency of a project increases by locating vast development in one 

place where land and labor costs are less. As a result, these huge, clustered facilities 

are frequently located far from the end-users (U.S. EPA, n.d.b). The more 
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concentrated facilities are, the more primary sources need to be transported to the 

generation sites. Also, more electricity needs to be delivered to consumers in remote, 

sparse locations through a high-voltage transmission network. The justice implications 

of this process remain largely unexamined.  

Table 3.4 contrasts stark differences between centralized and decentralized 

energy systems in their technological, environmental, governance, and humanity 

facets. The physical and institutional structure of a geographically concentrated energy 

system requires top-down, growth-oriented, and expert-centered decision-making for 

higher efficiency. The centralization of energy production therefore innately has the 

structural and institutional conditions to induce energy justice conflicts. 

Table 3.4 Facets of Social Representations of Energy System Evolution 

Facet Evolution as centralized Evolution as decentralized 

Technological Centralized 

Large-scale 

Automated, ‘plug and forget’ 

‘Hard’/technical 

Decentralized 

Smaller scale 

User engagement 

‘Soft’/socio-technical 

Environmental Continued use of hydrocarbon 

technologies (e.g., clean coal 

and carbon sequestration) 

Support for new nuclear 

plants 

Use of renewables, and 

avoidance of less ‘green’ 

energy resources such as 

waste incineration and 

hydrocarbons 

Rejection of new power 

plants 

Governance Top-down 

Centralized institutions 

Led by private sector 

Exclusive 

Representative democracy 

Values expert knowledge 

More bottom-up 

Greater role for local and 

regional institutions 

Community cooperatives and 

cross-sectoral partnerships 

Inclusive 

Participatory democracy 

Also values lay knowledge 

Human Consumer/deficit Consumer/citizen 
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Ignorant 

Lazy 

Passive 

Individualistic 

Self-interested 

Personal utility maximizer 

Egoistic values 

Disempowered 

Aware 

Motivated and engaged 

Active 

Socially embedded 

Motivated by a range of 

values, including biosphere 

and altruistic 

Empowered 

Source: Adapted by author from (Devine-Wright, 2007, p. 79) 

Furthermore, communities and regions that are less privileged politically or 

economically are often forced to host hazardous and risky energy facilities “with a 

mission to export energy services to privileged communities” (Lee & Byrne, 2019, p. 

4). Large cities, which consume a majority of the energy services produced in these 

peripheral locations, are often thought to be undesirable for siting energy facilities like 

coal plants and nuclear reactors due to the potential health and ecological risk of those 

technologies. This reasoning creates an uneven geography of risk in varying forms of 

socio-environmental injustice (Lee & Byrne, 2019). 

Figure 3.7 illustrates a general structure of central power generation systems. 

As simplified by the three blue boxes, major processes for energy production—

extraction of resources, electric power generation, and waste disposal including air 

pollutant emissions—take place in a single location. Workers and nearby communities 

nearby are exposed to the potential health and environmental risk of harm associated 

with activities around the facilities.  
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Figure 3.7 Centralized Power Generation Systems 

This tendency resembles the 80-20 rule for wealth distribution: the richest 20% 

of a population own 80% of the country’s total wealth, whereas 80% of the population 

share 20% of the total wealth. This core-periphery theory helps explain the uneven 

geography of energy production and consumption. The theory concerns “how a 

country can endogenously become differentiated into an industrialized ‘core’ and an 

agricultural ‘periphery’” (Krugman, 1991, p. 483). This is true for both national and 

international-scale energy development. A core region or country enjoys most of the 

prosperity realized through the massive use of resources and labor in the periphery. 

Research has found this burden-shifting pattern of energy injustice in conventional 

energy build-outs (UCC, 1987; Touché & Rogers, 2005; NAACP, 2017).  
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In reply, concepts like sustainability and green growth have appeared in 

political dialogues as ideal principles for a just energy transition. On the practical 

level, more stringent environmental and safety regulations have been considered and 

implemented (e.g., clean coal technologies, intensified safety checks for nuclear 

plants, and carbon capture and storage). Monetary compensations are another often-

used solutions to energy-sourced inequity. However, studies point out that these 

technical and economic solutions are often constructed without a good understanding 

of sustainability and equity principles and therefore can deepen the inequalities (Byrne 

& Toly, 2006; Byrne, Martinez, & Ruggero, 2009; Richardson, 2017; Ha & Byrne, 

2019).  

3.3.2.3 Reliance on High-Risk and Unsustainable Energy Technologies 

A third structural characteristic of modern energy development is the 

willingness to use high-risk and unsustainable energy technologies to achieve the 

highest efficiency (Byrne, Glover, & Martinez, 2002). Conventional energy systems 

prevalent in the industrialized world are distinctive for their tendency to accept the 

notions of “necessary risk” (Beck, 1992) and “normal accidents” (Perrow, 1984). The 

enormous size and technological complexity of energy facilities like nuclear plants 

contribute to the scale of risks that build up throughout the construction, operation, 

and maintenance processes. 

Underestimation and undervaluation of energy-sourced risks has been a 

hallmark of modern energy developments. This relaxed perception of risk has been 

justified in the pursuit of higher efficiency in energy production. The issue of energy 

security is also used to rationalize the preference for high-risk energy technologies, 

because they are seen to promise a stable provision of energy services for continued 
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economic development (Johnstone, Stirling, & Sovacool, 2017). In a world where 

economic optimality is appreciated more than any other value, ethics-driven energy 

decisions are thought to be an inefficient path to take and can even be a threat to the 

momentum of economic expansion. Justice implications of the use of risky energy 

technologies are discussed only to a limited extent, if at all. 

Ulrich Beck (1992; 2002) provided helpful insights for understanding the risk-

taking tendency of modern energy development. As Table 3.5 shows, patterns and 

scales of risk observed in industrial society are distinguishable from those of other 

eras. Taking technological risks makes sense in the worldview of industrialists 

because absolute efficiency cannot be achieved without technological adventures. 

Even if risk of harm may affect society unevenly, a ‘risk society’ is willing to take 

chances in order to achieve greater economic prosperity (Beck, 1992). 

Distinct aspects of industrial society risks include (a) manufactured or man-

made hazards, (b) difficulty in predicting or preventing the risk of harm, (c) society-

wide and possibly irreversible consequences, and (d) ambiguity of responsibility. 

These elements are often inherent characteristics of large-scale, complex energy 

systems. They involve unpredicted man-made disasters that are powerful enough to 

modify ecosystems as well as ways of living. The scale and type of risk allow no room 

for escaping the harm across society. Despite the gravity of the potential risks inherent 

to the modern energy system, there is no clear understanding of the issue. The intricate 

nature of the problem makes it difficult to identify who is responsible for the problem. 

Is it caused by leaders of society? Is it rather scientists’ fault? Or does everyone 

contribute to risky energy decisions in some ways (e.g., voting, reckless consumption, 
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or indifference toward related issues)? The blame game can go on without producing 

fundamental solutions. 

Table 3.5 Distinct Types and Patterns of Risks by Era 

 Pre-industrial high 

cultures 

Classical industrial 

society 

Industrial risk 

society 

Type and 

example 

Hazards, natural 

disasters, plague 

Risks, accidents 

(occupational, 

traffic) 

Self-jeopardy, man-

made disasters 

Contingent 

upon 

decisions? 

No: projectable 

(gods, demons) 

Yes: industrial 

development 

(economy, 

technology, 

organization) 

Yes: nuclear, 

chemical, genetic 

industries and 

political safety 

guarantees 

Voluntary 

(individually 

avoidable)? 

No: assigned, pre-

existing, external 

destiny 

Yes (e.g., smoking, 

driving, skiing, 

occupation) rule-

governed attribution 

No: collective 

decision, 

individually 

unavoidable 

hazards; yes and no 

(organized non-

responsibility)  

Range: who 

affected 

Countries, peoples, 

cultures 

Regionally, 

temporally, and 

socially, 

circumscribed events 

and destruction 

Undelimitable 

‘accidents’ 

Calculability 

(cause-effect, 

insurance 

against risks) 

Open insecurity; 

politically neutral, 

because destined 

Calculable insecurity 

(probability, 

compensation) 

Politically explosive 

hazards, which 

render questionable 

the principle of 

calculation and 

precaution 

Source: Adapted by author from (Beck, 2002, p. 78) 

Beck’s characterization of a risk society aligns well with Charles Perrow’s 

discussion of normal accident. Perrow (1984) contended that large and complex 
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systems cannot eliminate the possibility of accidents, no matter how stringently 

system designers and operators implement safety measures. System risk is 

unavoidable because of the structural complexity of high-tech systems. They can 

behave unexpectedly and lose control in an unpredicted direction for unclear reasons. 

According to Perrow (1984), accidents therefore become a normal thing in complex 

systems: 

No one dreamed that when X failed, Y would also be out of order and 

the two failures would interact so as to both start a fire and silence the 

fire alarm. Furthermore, no one can figure out the interaction at the 

time and thus know what to do. The problem is just something that 

never occurred to the designers. Next time they will put in an extra 

alarm system and a fire suppressor, but who knows, that might just 

allow three more unexpected interactions among inevitable failures. 

This interacting tendency is a characteristic of a system, not of a part or 

an operator; we will call it the “interactive complexity” of the system. 

(p. 4) 

For example, nuclear power networks need to operate perfectly around the clock in 

order to avert any risk of harm. However, such perfection is hard to achieve. One 

small system failure can lead to a serious disaster. There have been a series of 

catastrophic events at nuclear plant sites caused by unforeseen reasons.  

With respect to the kind of risks that come with nuclear energy, Perrow (1984) 

put forward a radical solution: abandon them. He defined nuclear plants as “systems 

that are hopeless and should be abandoned because the inevitable risks outweigh any 

reasonable benefits” (p. 304). On the other hand, he classified mining and fossil fuel 

power plants as systems that have a chance of self-correcting to some degree. This is 

because his categorization of risky systems is based not only on the scale of potential 

accidents but also on the possibility of system component failures that can result in a 

disaster. He perceived nuclear networks as too complicated and delicate for humans to 
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design and run flawlessly. They are simply not a sustainable or affordable option for 

humanity. 

The Fukushima Daiichi nuclear disaster demonstrates the peril that Beck and 

Perrow were concerned about. In 2011, a record-breaking earthquake occurred in East 

Japan. A mega-scale tsunami that followed the earthquake paralyzed the emergency 

generators that were supposed to take over and run the plant’s main cooling system. 

The resulting meltdown and explosion of three reactors caused a serious level of 

radioactive contamination in the area and beyond. During this process, the Tokyo 

Electric Power Company (TEPCO) and the government of Japan, two primary entities 

responsible for the operation and management of the Fukushima nuclear plants, were 

castigated for their poor communication with the public that immediate health risks 

associated with the accident were low (Faculty of Societal Safety Sciences, 2018).  

As a result of this highest-level nuclear accident in history (identical to the 

1986 Chernobyl disaster), it was reported that about 165,000 residents in the accident 

area had to leave their hometowns without any preparation and lose their everyday life 

for an unknown amount of time (CNIC, 2017). Although some evacuees could return 

their homes afterward, they had to assume the risk of living with an unpredictable 

level of hazards. What makes the accident more tragic is the fact that the electricity 

generated at the Fukushima Daiichi nuclear plant throughout the 40 years of its 

operation went to customers of TEPCO living in the Tokyo metropolitan area (Asahi 

Shimbun, 2015). Tokyo is located 250 km away from the accident site. Citizens of 

Tokyo sustained their normal life by using the electricity transported from the 

Fukushima plant without knowing that they were unintendedly placing life-threatening 

risks on someone else’s shoulders. Who is responsible for the injustice in this 
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situation? Is it TEPCO? Is it the government that approved the development? Should 

the end-users living in Tokyo be blamed? Or was it a mistake by leaders of Fukushima 

to decide to host the facility? 

Advocates of nuclear power claim that atomic energy is a carbon-free source 

of electric power and the most reliable option for fighting with climate change 

(Nuclear Energy Institute, n.d.). However, it has been argued that the technology 

involves a substantial amount of carbon emissions throughout its life cycle. Even if 

nuclear power generation arguably involves a lower level of carbon emissions than 

that of fossil fuels, the technology cannot be a sustainable source of power because 

uranium is a limited resource deposited in limited locations on the globe. By its nature, 

nuclear energy cannot have the same status as renewables like solar and wind energy. 

As history tells us, moreover, the risks that accompany nuclear power generation can 

seriously limit one’s freedom to achieve the kind of lives they value to live (Sen, 

1985). The impact can last for hundreds and thousands of years, threatening the life of 

future generations to come. The Environmental Justice Atlas (https://ejatlas.org), an 

online platform that collects and shares international cases of environmental injustice, 

highlights over one hundred cases of environmental injustice associated with nuclear 

power development worldwide (Temper, del Bene, & Martinez-Alier, 2015). 

Complex and risk-taking energy developments, therefore, generate a condition 

of energy injustice across society and generations. The heavy reliance on risky energy 

technologies is a structural problem in the sense that the risk exists in the physical 

complexity of energy infrastructures. But the risk-taking tendency also poses 

ideological questions. Why does society have blind faith in scientific knowledge and 

technology? Why is society willing to take risks at unaffordable costs? What makes 

https://ejatlas.org/
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people feel right about using large-scale, centralized, and high-risk energy 

technologies despite the potential risk? The next subsection offers possible answers to 

these queries. 

3.3.3 Ideological Pillar 

While the structural pillar focuses on the physical design preferences of 

conventional energy systems that formulate the condition of energy injustice, the 

ideological pillar captures the thought processes and reasoning behind energy 

decisions. Elements of the ideological pillar represent political, economic, and 

technical ideals of modernism and industrialism that fuel and perpetuate the 

production of energy injustice. The three-tenet framework has paid little attention to 

this fundamental layer of the problem. 

The new conceptual framework features three ideological conventions that 

have deeply influenced the direction of modern energy governance: (a) preference for 

top-down, authoritarian decision-making, (b) technical understanding of sustainability 

and fairness, and (c) strong path dependence and institutional lock-ins. The ideological 

pillar reflects the discussion of the ‘production of unequal nature’ in Byrne, Glover, 

and Martinez (2002). It is strongly echoed in the new framing of energy justice: the 

commodification process of nature inevitably causes a systemic marginalization and 

dehumanization of vulnerable communities. 

In this study, ideologies refer to the collections of thoughts and perspectives 

that allow the current world to make sense to us, as discussed in Mannheim (1985). 

Introduced by industrial capitalism, for example, modern societies and their members 

can understand and take advantage of market mechanisms in ways different from 

those of a feudal era (Lee & Byrne, 2019). Similarly, the political, economic, and 
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technical ideologies highlighted in the new conceptual framework render current 

large-scale and high-risk energy systems to be seen normal decisions. Thinking 

outside of these ideological boundaries is often thought to be abnormal and even 

dangerous.  

3.3.3.1 Top-down, Authoritarian Energy Decision-making 

The preference for top-down, authoritarian decision-making systems is an 

emblem of modernist energy governance. As a key enabler of industrial economies, 

conventional energy networks have been planned and controlled by so-called top 

actors, who include energy bureaucrats, energy engineers, and energy economists 

(Parag & Janda, 2014). Governmental authorities have powerful influence on the 

overall direction of national energy policy and planning. The privatization and 

deregulation of energy markets have empowered giant energy companies to exercise 

substantial leverage on national energy decisions. Scientists and economists are also 

key decision-makers in the energy sector. 

These top actors have failed to incorporate the social dimension of energy into 

the decision-making process (Healy & Barry, 2017; Miller & Richter, 2014; Jenkins, 

McCauley, & Forman, 2017; Byrne & Toly, 2006). Authoritarian systems provide fast 

and clear answers to the modernist energy question. Which energy choice will ensure 

the highest economic and technological efficiency in energy development? By 

excluding non-economic and non-technical valuations in the process, top-down 

decision-making systems become a useful political tool to rationalize large-scale, 

centralized, and high-risk energy development (Lee & Byrne, 2019). Under the 

authoritarian framework, therefore, energy-sourced injustices are seen as ‘unfortunate’ 

social costs that could be resolved with technical and economic fixes. 
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Jacques Ellul (1954) pointed out that modern society’s understanding of social 

progress is closely related to technological breakthroughs. His critique of modernity 

emphasized that the primary driving force of technological society is the unstoppable 

desire to achieve “absolute efficiency […] in every field of human activity” (Ellul, 

1954, p. xxv). However, a realization of higher efficiency is inevitably accompanied 

by a decreased level of equity (Okun, 2015). The energy sector has seen the same 

pattern of tradeoffs between efficiency and equality (Illich, 1974). 

From an industrialist perspective, the most valued achievement in energy 

development and its economics is to supply cheaper energy at the enormous scale 

possible, regardless of whether this ‘energy surplus’ adds any value to society or 

reversely harms society  (Byrne & Rich, 1986; Lee & Byrne, 2019). The increase in 

energy supply will create new demand and continue to grow, as Say’s Law (Sowell, 

1972) explains. In efforts to lower costs and maximize productivity, a ‘scale principle’ 

reigns at the heart of modern energy economics and management (Lee & Byrne, 

2019). Governments and utilities favor energy production at a massive scale, 

advancing large-scale and high-risk technologies at the expense of socio-ecological 

sustainability. Despite the health and environmental risks associated with fossil fuels 

and nuclear energy widely known (Sovacool, Sidortsov, & Jones, 2014), the two fuel 

types account for the largest portion of the world’s generation mix (IEA, 2021). 

Authoritarian energy paradigms and governance frequently leave social and 

justice implications of those energy decisions in the background because they are not 

priorities for attention. Hughes’ classic work (1983) on the origin and evolution of the 

developed world’s electricity sector emphasizes that the fast growth of modern power 

networks was possible because the institutional and cultural pressures of industrialism 
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prioritized technical and economic optimality over social values. The linkage between 

technocratic decision-making and the production of energy injustice has been 

discussed in a number of other classic and contemporary works (Illich, 1974; Messing, 

Friesema, & Morell, 1979; Byrne & Hoffman, 1996; Sovacool, Heffron, McCauley, & 

Goldthau, 2016; Cherp, Vinichenko, Jewell, Brutschin, & Sovacool, 2018). 

The absence of social critiques of the current top-down energy regime 

contributes to the expansion of energy injustice (Bridge, Özkaynak, & Turhan, 2018). 

Indeed, peripheral regions and underserved populations are often forced to sacrifice as 

they cannot usually exercise meaningful influence on major energy decisions like 

facility siting. As Lee and Byrne (2019) argued, these sacrifice populations and zones 

“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” (p. 

5). By forming this dichotomy between ruling decision-makers and passive citizens in 

the realm of energy, authoritarian energy governance contributes to the production and 

reproduction of systemic energy injustices. 

3.3.3.2 Technical Understanding of Sustainability and Fairness Problems 

Another important component of the ideological pillar is the technical 

understanding of the sustainability and fairness issues associated with modern energy 

systems. Industrial societies have acknowledged the conditions of unsustainability and 

inequity that were built into these socio-technical constructs; however, they have 

offered limited responses to these problems.  

Specialist definitions of sustainability and fairness are regularly observed in 

the recent discussion of energy governance, especially in the context of energy 
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transitions. With the growing awareness of energy-sourced sustainability issues, 

sustainability-related agendas have increasingly appeared in national and international 

energy plans and strategies. However, those mentions of the language tend to remain 

political rhetoric rather than being realized in practice (Hove, 2004). In fact, this 

partial understanding of sustainability has hindered a fundamental transformation in 

the modern energy paradigm (Baker S. H., 2019). Indeed, energy justice is largely 

considered a technical decision-making process to determine the most reasonable and 

objective amount of compensation for communities and individuals affected by unjust 

energy decisions and practices (Lee & Byrne, 2019). This technical understanding of 

fairness mirrors a typical industrialist perspective that inequality can be solved not by 

removing the cause of the problem but by compensating those affected. For this 

reason, anything more than minimum monetary compensation (e.g., reducing the share 

of unsustainable and high-risk energy technologies) is thought to be an unnecessary 

and naive decision that can harm economic and technical goals in energy 

development. 

When the ideas of green growth and green economy were first presented as a 

promising alternative to sustainable development, expectations were high. The 

Organization for Economic Co-operation and Development (OECD) defines the 

framework of green growth as “a practical and flexible approach for achieving 

concrete, measurable progress across its economic and environmental pillars, while 

taking full account of the social consequences of greening the growth dynamic of 

economies” (OECD, n.d.). Nonetheless, the strategy has primarily focused on 

economic growth using green technologies. Indeed, national strategies for green 

growth prioritize technical solutions to environmental problems while failing to 
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address the issue of justice to a meaningful extent (Ha & Byrne, 2019). Those who 

support green growth in South Korea, for example, consider nuclear energy as a 

‘green’ way to tackle the climate crisis without sacrificing the nation’s continued 

economic expansion, even if the technology can cause ethical issues. Social 

consequences that accompany the use of nuclear energy technologies (e.g., safety 

concerns over nuclear facilities, the considerable level of greenhouse gases created 

throughout the life cycle of the technology, and most importantly, the exclusion of 

citizens in the energy decision-making process) are viewed as the ‘necessary’ price to 

pay for material well-being (Lee & Byrne, 2019, p. 5). Another example of the limited 

understanding of energy injustice is how the issue of fuel poverty is evaluated and 

addressed. The most common policy response to energy deprivation has been financial 

support, such as direct energy bill payment or voucher programs, which can only 

temporarily protect households from energy poverty (Lee, Kim, & Byrne, 2021). 

Against the industrialist conception of sustainability and fairness, 

groundbreaking discourses have emerged. The new philosophies collectively call for a 

careful evaluation of energy, climate, and environmental decisions from a justice 

perspective (Byrne, Wang, Lee, & Kim, 1998; Agyeman, Bullard, & Evans, 2003). 

Byrne et al. (1998) proposed a greenhouse gas emission rate of 3.3 tons (CO2 

equivalent) per capita per year as a way to stabilize the level of emissions at the 1990 

level with minimal social consequences. This equity- and sustainability-based standard 

emphasizes the need to consider equity as a governing principle when designing and 

implementing global climate strategies. Agarwal and Narain (1991) rightly contrasted 

‘survival emissions’ of the poor and ‘luxury emissions’ of the rich in objection to the 

developed world’s call that the developing world share the burden of cutting carbon 
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emissions equally. Their analysis explicitly showed how an equity standpoint can 

change the discourse of sustainability issues. With support from these landmark 

studies and more, the justice dimension of sustainability has become increasingly 

prominent in the conceptualization of sustainability. 

3.3.3.3 Path Dependence and Institutional Lock-Ins 

The final and critical element of the ideological pillar is the path dependence 

embedded in modern energy governance and decision-making processes (Bridge, 

Bouzarovski, Bradshaw, & Eyre, 2013). Path dependence in general terms refers to 

“inertia of prior choices constraining future pathways, based on self-reinforcing limits 

like sunk investment costs; increasing returns; inter-relatedness of technologies; and 

network effects” (Araújo, 2014, p. 118). It is also called a ‘history matters’ 

phenomenon because the legacy of past decisions continues to influence current or 

future decision-making processes. These imprinting effects are especially prominent in 

energy governance because a wide variety of physical, political, and cultural 

elements14 are intricately interwoven into the modern energy architecture (Lee & 

Gloaguen, 2015). This institutional complexity gives energy policymakers the burden 

of prioritizing collective goals of politics, economics, and national security.  

 

 
14 Lee and Gloaguen (2015) characterized energy systems as a socio-technical 

construct that has multi-sectoral components including: “physical artifacts (e.g. 

generators, electricity transmission lines), organizations (e.g. manufacturing 

industries, banks, research and development institutions), natural resources, 

informational elements (e.g. books, articles, news), legislative artifacts (e.g. laws, 

regulations, incentives), as well as human elements (e.g. social norms, perception, 

beliefs)” (p. 86). 
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A system-scale energy transition is hard to achieve with individual and 

fragmented transformations because incumbent energy systems and markets are tightly 

bound to political and economic interests. Strong resistance from stakeholders with 

political and economic power poses direct and indirect barriers to energy transitions 

(Lee & Byrne, 2019). For example, traditional centralized and large-scale energy 

projects are often infeasible without substantial investment and policy support that can 

guarantee their economic and political legitimacy for their top stakeholders. 

Establishing such legitimacy necessitates barring the public from energy politics and 

reinforcing the myth that “there is little choice but to support the continuous build-out 

of conventional energy infrastructure” (Lee & Byrne, 2019, p. 5). Through politicizing 

these issues, anything less than maintaining the status quo is believed to threaten 

economic growth and hinder social progress (Mathai, 2009). As a result, incumbent 

energy choices, characterized to prefer large-scale, centralized, and high-risk energy 

systems (as discussed in section 3.3.2), survive despite the emergence of new ideas 

that can foster a socio-ecologically resilient energy future. 

Indeed, momentum for an energy regime shift is blocked by the presence of 

these institutional and political lock-ins (Lee & Gloaguen, 2015; Johnstone, Stirling, 

& Sovacool, 2017). The self-reinforcing nature of the modern energy path has allowed 

little room for sustainability and justice principles to intervene in energy 

policymaking. Even though the language of sustainability appears in major policy 

arenas and dialogues under the amplified pressure of global ecological crises, the ‘old’ 

energy path is often disguised as a new one merely by promising more sophisticated 

management and technocentric fixes (Byrne, Martinez, & Ruggero, 2009). In this 

vein, Johnstone et al. (2017) introduced the concept of a ‘policy apparatus for 
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incumbency’ that refers to “a collection or integration of disparate policy mixes into 

an overall environment that restricts what incumbent interests hold to be undesirable 

change” (p. 153). They delved into the case of recent U.K. energy policy resetting that 

ended up constraining the country’s renewable and energy efficiency schemes 

(‘destructive’ policies) while creating an advantageous situation for incumbent 

technologies like shale gas fracking and nuclear (‘creative’ policies). This so-called 

destructive recreation was possible under four political strategies—masking, capture, 

reinvention, and securitization. The description of the four tactics below is a direct 

quote from Figure 2 in Johnstone et al. (2017, p. 156). 

• masking: hiding, socializing, or externalizing the full costs of an incumbent 

regime or sociotechnical system; 

• capture: placing stakeholders with vested interests in positions of political 

or regulatory power; 

• reinvention: changing the frame of an incumbent system or regime so that 

it appears new and innovative; and 

• securitization: connecting an incumbent to a pressing national security 

issue, topic, or compelling threat. 

Combined with lobbying by other incumbent stakeholders in the energy sector, 

these political techniques were utilized to sustain the deep path dependence of energy 

governance. In this process, ironically, incumbent actors take advantage of the broad 

conception of sustainability to keep the existing energy system from being over-

hauled. One pattern is to over-emphasize one dimension of sustainability while 

discounting or ignoring others. For instance, reducing carbon emissions in the energy 

sector is considered an urgent mission under the global sustainability goals defined by 

the United Nations. Countries placing the greatest emphasis on the reduction of carbon 

emissions because they tend to prefer large-scale technocratic solutions that can cut 
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emission levels but not necessarily require a deep transformation in modern lifestyles 

and social systems (Judson, et al., 2020). Sometimes, solutions are imagined as 

emerging in the future once humanity becomes rich and smart enough to develop the 

right technologies. This technocentric understanding of the contemporary socio-

ecological crises justifies the business-as-usual energy scenario (McQueen, et al., 

2021; Sekera & Lichtenberger, 2020; Huber & Mills, 2007). Due to the entanglement 

of political and economic power around energy policymaking, fighting climate change 

is perceived as adding more advanced technical support to the existing energy 

structure rather than rethinking it. In the process, other principles of sustainability, 

such as equity and justice, are not fulfilled. Just as economic inequalities have been 

left waiting until society achieves enough material growth to afford and look after the 

problem, environmental and energy-sourced inequalities will be overlooked in climate 

change policy agendas unless people strongly desire and require action about the 

problem. 

In opposition to the path-dependent trait of modern energy systems, the need to 

create a new energy path was voiced as early as the 1970s. Amory Lovins’ work 

(1976) on the soft energy path highlighted the urgency of shifting paradigms in the 

modern energy structure in order to achieve long-term, equitable sustainability. Based 

on the U.S. case, he compared two exclusive and contrasting energy futures: a hard 

energy path and a soft energy path. The hard energy path represents a business-as-

usual energy future in which society continues to rely on large and centralized 

technologies to meet ever-growing energy demand. Energy decisions are made by top 

actors of the regime, which is practically identical to our current energy system. In 

contrast, the soft energy path requires a fast phase-out of fossil fuels and nuclear 
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energy coupled with a significant reduction in energy demand. Unlike the hard energy 

path, this energy future operates through energy conservation, efficiency projects, and 

the wide deployment of renewable technologies (Table 3.6). Lovins asserted that there 

is no middle ground where the two energy paths can coexist. This stringent argument 

is based in part on the path-dependent, self-reinforcing tendency of the hard energy 

world that has been witnessed in many developed economies. 

Table 3.6 Hard Energy Path vs. Soft Energy Path 

 Hard energy path Soft energy path 

Energy management Centralized, top-down 

governance 

 

Decentralized, bottom-up 

and sustainability-

centered governance 

Preferred energy 

sources/technologies 

Non-renewable sources 

(fossil and nuclear) 

Efficient energy 

consumption, large-scale 

use of renewables,  

Preferred system design Few large-scale 

production sites, distant 

from the sites of energy 

consumption 

Small production sites 

close to users with a 

gentler impact on the 

environment and on 

communities 

Society-technology-nature 

relationship 

Coherent with hierarchical 

myths of nature: 

according to which 

resources are scarce, their 

exploitation should be 

regulated by authorities, 

and the risks connected 

with energy production 

controlled by experts. 

Coherent with egalitarian 

myths of nature: 

individuals are 

responsible for nature and 

are asked to act personally 

to defend the fragile 

equilibrium between 

human beings and nature; 

risks can be reduced only 

by controlling human 

needs and by avoiding the 

depletion of resources. 

Source: Summarized by author using direct quotes from (Brondi, Armenti, Cottone, 

Mazzara, & Sarrica, 2014, p. 39) 
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While some efforts have been made to realize central components of Lovins’ 

soft energy path proposal (1976), resistance from the deep-seated incumbents of the 

conventional energy regime has persisted for the last four decades. To tackle this long-

standing path dependence in energy governance, innovative policy ideas and 

experiments have emerged in recent years.15 Based on the system-scale 

conceptualization of energy justice issues discussed in this chapter, I propose in 

Chapters 4 and 5 new analytical strategies for energy justice evaluation that can 

capture the systemic characters of the issues and advance ways of communicating 

evidence of energy injustice to policymakers in functionable forms. 

3.4 From the Boundary of the Issue to the Boundary of the System16 

Chapter 3 has focused on how energy injustices are conceptually understood 

and currently analyzed. As discussed in section 3.1, the three-tenet framework ‘arrives 

at the scenes of injustice’ and investigates three possible explanations for its 

occurrence (distributional, procedural, and recognitional sources). There are 

limitations in this understanding. Specifically, the political economy of persisting 

energy injustice cannot be fully addressed by the three dimensions of the incidence of 

injustice as depicted in Figure 3.8 (a). In brief, the phenomena of injustice are 

examined in the boundary of its occurrence, but not in the boundary of the system, in 

which it persists. This is the case when the political economy of the injustices sourced 

 

 
15 Chapter 6 will review three examples of social movements that have tested the 

creation of new energy paths at the local and regional levels. 

16 I want to acknowledge and thank Dr. John Byrne for suggesting the heading of this 

section. 
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by energy systems is culturally and historically embedded in society’s systems and 

underlying ideologies as described in Figure 3.8 (b). The structural and ideological 

dimensions that make sense of the reproduction of energy injustices need to be 

interrogated in order for the dynamics of systemic energy injustice to explain the root 

cause of persisting injustice in its various phenomenal forms. 

Some proponents of the three-tenet framework suggest that research of 

recognitional justice can identify a systemic source of injustice. While recognitional 

justice pays attention to the need for having an in-depth understanding of the influence 

of cultural and other structures in reproducing energy injustice, this approach 

primarily sheds light on the end results of injustice in its phenomenal form. This 

limitation is due to the boundary condition of the three-tenet analysis on phenomena 

rather than systemic dynamics of the issues. As a result, the systemic elements of the 

conventional energy regime and its paradigm that often cause various forms of 

injustice are under-examined and left in the background.   

The difference in boundaries of phenomena and systems has its parallel in the 

differences between three-tenet analysis and systemic analysis. 
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Figure 3.8 (a) Energy Injustice Defined Through the Three-Tenet Dimensions 

 

 

Figure 3.8 (b) Characterizing Systemic Energy Injustice: From the Boundary of the 

Issue to the Boundary of the System 
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Figure 3.8 (c) Alternative Paradigms to Challenge Energy Injustice on a System Level 

As illustrated in Figure 3.8 (c), the solution to systemic energy injustice must 

derive from alternative paradigms that conceive a new system and phenomena that it 

will reproduce. This means we will need to relocate our energy justice thinking from 

the boundary of the issue to the boundary of the system so we can examine them in a 

broader context. The three-tenet framework is a valid and useful lens for energy 

justice issues but offers limited explanations and suggestions on system-level change 

that goes beyond transactional, compensatory, and end-of-pipe fixes. 
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consumption, real-world discussion of systemic energy injustice is still far from 

central to the energy policy agenda. In order to generate on-the-ground discussions 

and policy implications for energy decision-makers, it is essential to elevate the 

dialogue of energy justice with scientifically sound and socio-politically impactful 

research that interrogates the depth and persistence of energy inequities. 

This chapter pushes the envelope of existing analytical frameworks for energy 

justice analysis. I start by reviewing three standard quantitative methods that have 

been widely employed in energy and environmental justice scholarship. To fill the 

gaps that I identify in the three analytical methods, I propose a new analytical 

framework that is designed to shed more light on the systemically created sources of 

energy injustice rather than on individual instances of the problem. 

Figure 4.1 illustrates the purpose and content flow of this chapter.  
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Figure 4.1 The Purpose and Content Flow of Chapter 4 
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4.1 Standard Methods for Quantitative Analysis of Energy Injustice 

The new analytical strategies use the Lorenz curve and Gini coefficient 

framework as a basis. The Lorenz curve and Gini coefficient are classic and standard 

tools used in social justice topics (primarily for the issue of income inequalities) for a 

long time. However, the utilization of these tools in energy justice studies has been 

limited except in some cases, as I will review in section 4.2.2.2. For example, most of 

the literature that performed the Lorenz curve and Gini coefficient analysis have 

focused on the consumption side of energy inequalities. Furthermore, the utilization of 

these tools in energy research has not been explored beyond the conventional 

population-based application of the Lorenz curve and Gini coefficient. This study 

instead proposes an ‘area-based’ Lorenz curve and Gini coefficient framework that 

can capture the spatial dimension of energy injustices. 

To develop a new analytical tool for energy justice evaluation, it is essential to 

review the conventional methodological approaches used in previous studies. Based 

on the three-tenet framework of energy justice, a number of studies have questioned 

how fairly and equitably current energy systems have been designed and developed. 

As listed in Table 4.1, energy justice scholarship often raises questions about the 

distribution, procedures, and recognition of energy-sourced issues. How to answer 

these questions differs depending on what type of analytical methods scholars choose. 

The following sub-sections cover three standard analytical approaches—statistical, 

geospatial, and index analyses—that are frequently employed in energy justice 

research. I review these widely used approaches and discuss how they deal with the 

systemic characteristics of energy justice issues. 
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Table 4.1 Energy Justice Analytical Framework 

 Availability Accessibility Sustainability 

Distribution Where are the 

resources located? 

Where does 

consumption take 

place? 

Where is carbon 

dioxide emitted? 

Recognition Who does not 

benefit from the 

resources? 

Who cannot 

access? 

Who does not 

emit? 

Procedures How are 

production 

decisions made? 

How are 

consumption 

decisions made? 

How long term are 

the policy 

structures? 

Source: Adapted by author from (McCauley, 2017, p. 17) 

4.1.1 Statistical Analysis 

One of the most common quantitative methods in energy and environmental 

justice research is to evaluate issues using statistics (Liu F. , 2001). Statistical analysis 

can involve different techniques, from simple descriptive statistics (e.g., calculating 

mean, variance, and skewness) to inferential statistics (e.g., regression modeling).  

Basic energy statistics like energy production and consumption, fuel mix, and 

imports and exports are relatively well-established and accessible (at least at the 

country level) in industrialized societies; therefore, simple statistical analysis is often 

utilized in an overview of a country’s energy system or a comparison of country-level 

energy data (Tsai, 2010). However, justice conflicts associated with energy 

consumption and production often require more than basic country-level data because 

different types of energy inequalities need to be understood with more detailed data 

from local or regional contexts.  

Energy justice studies go beyond simple comparison or calculation of energy 

data. For instance, researchers perform inferential statistical analyses such as 

regressions to determine the potential correlation of multiple variables. Such statistical 
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methods can work powerfully when combined with other techniques, such as 

geospatial analysis or environmental modeling. Indeed, many studies have found 

testing and integrating multiple tools beneficial to answering their research questions 

(Milman, 2006). Below is a close review of three papers that illustrate the use of 

different statistical methods in energy and environmental justice research. 

Touché and Rogers (2005) conducted a cross-sectional and longitudinal 

analysis of environmental inequities associated with the siting of electric power plants 

built between 1970 and 1990 in Texas. The study tested three hypotheses: (a) 

communities that host power plants have a higher percentage of disadvantaged 

populations than those without power plants, (b) communities with coal power plants 

have a higher percentage of disadvantaged populations than those with natural gas 

power plants, and (c) there is a positive correlation between the percentage of 

disadvantaged populations living near power plants and the level of air pollution 

originating from the power plants. For defining disadvantaged populations, the authors 

established four equity criteria: minority, poverty, property value, and education. The 

operational measures for each of the four criteria are percentage of minority, 

percentage of households in poverty, median home value, and percentage of high 

school graduates among individuals at least 25 years of age. The paper employed 

multiple regression methods including paired t-tests for the first hypothesis and 

independent t-tests for the second hypothesis. For the third hypothesis, CO2, SO2, and 

NOx were examined using principal component factor analysis and then the 

correlation between the pollution levels and the composition of disadvantaged 

populations was tested with stepwise regressions. The unit of analysis was census tract 

(or block numbering area, which was a concept similar to census tracts used in rural 
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areas before the 1990 census). Some of the analysis results were at odds with findings 

in classic environmental justice studies. For instance, the paper found no significant 

evidence for environmental racism in the three power plant projects because the 

minority variable in the first and second hypotheses appeared not to be significantly 

different than benchmark groups. The same held for the second and third hypotheses. 

Only the poverty variable differentiated the composition of the test group from the 

comparison group before the siting of the power plants was decided. For the second 

and third hypotheses, median home value served as an environmental inequity 

indicator. It revealed that communities with lower property values tended to host more 

coal power plants than natural gas-powered generators and to be exposed to a higher 

level of air pollution. This was predictable because coal power plants typically release 

a greater volume of air pollutants than natural gas power plants. Adopting more than 

just race or income indicators seems increasingly important for dealing with 

environmental justice issues because of the growing complexity of the problem. 

Luna (2008) employed a regression analysis to explore how the geographic 

separation of energy production from consumption affects people’s energy use 

patterns. The paper analyzed the correlation of average proximity to power plants and 

the level of household energy consumption in Massachusetts by performing a stepwise 

linear regression with the support of geographic information system (GIS) tools. The 

study looked at the impact of fossil fuel and nuclear power plants on the spatial pattern 

of electricity consumption. The unit of analysis was city and town, which totaled to 

243 municipalities. To examine whether the mean distance to electric generating 

stations could explain the geographic pattern of household’s electric use, the 

regression model tested a set of independent variables (including household income, 
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household size, number of rooms, age, percent non-White, and distance from power 

plants) that could best explain the variance in household energy use. The results 

showed that the distance to the nearest fossil fuel or nuclear plant was positively 

correlated with the level of electricity consumption, which indicates that the farther a 

household was from power plants the more it tended to consume electricity. According 

to the paper, this phenomenon of distancing may have allowed larger consumers living 

far from production sites to remain unconscious of their behavior and consumption 

pattern. This finding is important because the model adopted in the study focused on a 

geographic factor for predicting environmental injustices along with the traditional 

factors like income or race that regularly appear in similar studies. The paper 

underlined the need to shed more light on the consumption dimension in order to 

understand different patterns of environmental injustices. 

Ji et al. (2015) was concerned with the unfair health impacts of the increased 

deployment of electric vehicles in large cities on the suburban communities that feed 

China’s growing electricity demand by hosting conventional power plants. The 

researchers examined the relationship between income level and exposure to PM2.5 to 

find evidence for environmental inequity in the urban use of electric vehicles. For the 

analysis, it was assumed that 1% of the gas-powered cars that were in use as of 2010 

would be replaced by electric cars. This totaled approximately 109 km of vehicle-

travel distance. The iF framework was applied to calculate the total inhalation of 

PM2.5 by county (the unit of analysis) derived from the operation of coal power plants 

to supply the additional power needed for electric vehicles. A scatter plot of the annual 

inhalation per capita and gross regional production per capita by county was created to 

show possible disparities. The results indicated that increased PM2.5 emissions caused 
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by the operation of electric vehicles in urban areas would account for about 75% of the 

total inhalation experienced by low-income counties if coal were used to meet the 

additional electricity need. In order to seek a solution to the environmental inequities 

revealed in the paper, an additional scenario analysis was performed under the 

assumption that renewable sources would replace 10% of conventional power 

generation sources. Three scenarios were established for the city of Beijing, using 

different strategies for renewable deployment. The results showed that the introduction 

of renewables would relieve the amount of inhalation in low-income counties to some 

extent. 

Beyond these three studies, a large body of literature that has employed 

statistical analysis methods to evaluate environmental injustices (Morello-Frosch, 

Pastor, Porras, & Sadd, 2002; Jacobson, Hengartner, & Louis, 2005; Waller, Louis, & 

Carlin, 1997); however, statistical analysis in energy justice research is still 

underexplored. As introduced in this subsection, a powerful strength of statistical 

methods is their ability to offer tangible evidence of energy injustices by establishing 

correlations between the use and production of energy and the socio-economic 

vulnerability of affected populations. Yet, a limitation of these statistical studies is 

minimal discussions of how their findings make sense in particular socio-cultural 

contexts and how their studies could help alleviate energy justice concerns in practice. 

Such weaknesses can be compensated with the use of other methods, such as 

qualitative analysis based on theoretical and conceptual rationale. 

4.1.2 Geospatial Analysis 

Energy development projects impose significant economic, environmental, and 

social impacts on communities living nearby. Regardless of whether these impacts are 
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positive or negative, they have certain geographical patterns and implications 

(Nijkamp, 1980; Bridge, Bouzarovski, Bradshaw, & Eyre, 2013). For this reason, 

geospatial analysis is another prevailing method that plays an important role in energy 

and environmental justice studies (Liu F. , 2001; Maantay, 2002). Indeed, GIS tools 

are broadly found in the literature. One common reason to utilize this method is to 

generate geographic data for statistical analysis, for example, a correlation of 

percentage of the minority populations and their proximity to coal power plants (Luna, 

2008; Ji, et al., 2015). The method is also useful for visualizing data or integrating 

analysis results to draw meaningful policy implications (Maantay, 2002; Harris & 

Longley, 2004; Whittington, 2008). Below I present a close review of three energy 

and environmental justice papers that used geospatial tools as a primary methodology. 

Milman (2006) investigated whether the proportion of minority and low-

income populations is significantly higher near power plants. The paper starts from the 

question of how to validate environmental justice standards and methods that have 

been applied to the siting and permitting processes for polluting facilities like power 

plants. This study took the case of three existing natural gas power plants in California 

and employed two approaches—proximity analysis and concentration levels 

analysis—to identify the impacted populations and compare the results to the 

conclusions drawn by the California Energy Commission (CEC). The definition of 

disadvantaged populations in this paper is based on two factors: race (non-White 

populations) and income (125% or below of the poverty level). For the proximity 

analysis, the proportion of low-income and minority populations were calculated 

within 6 and 15 miles of the energy facilities. The disadvantaged populations within 6 

or 15 miles were re-categorized by concentration level of NOx, which was based on 



 125 

the dispersion pattern of the pollutant reflecting geographical and meteorological 

factors. The paper applied two cut-off limits, 75% and 90% of the maximum NOx 

concentrations, to determine the impacted populations and the percentage of the 

disadvantaged populations. Two of the three case areas had a higher percentage of 

low-income and minority populations when the concentration levels were applied, 

while the other had the opposite result. All three cases showed results that were 

slightly different from the findings of the CEC analysis. The paper concluded that both 

methods could provide meaningful implications and that one could be better than the 

other depending on the geographic characteristics of the pollution. Therefore, the 

study underscored trying multiple methods in order to employ the most appropriate 

method for environmental justice analysis and related policy decision making. It is 

also noted that the benchmarks serving as comparison points for determining whether 

the community has a high or low percentage of minority and low-income populations 

should be carefully selected and interpreted because different demographic 

characteristics cannot be analyzed with a uniform environmental justice standard. 

Levy, Greco, and Spengler (2002) studied the demographically and 

geographically differential effects of air quality control regulations that mandate 

power generating stations to adopt the best emission-reducing technologies. The 

primary research question of this study was whether susceptibility to air pollution-

related diseases would affect the distribution of health benefits because, if that were 

the case, environmental policies and resources should be more carefully introduced in 

order to successfully assist target high-risk, vulnerable communities (e.g., those living 

near power plants). The paper focused on the health impacts of PM2.5 and other air 

pollutants associated with fossil fuel power plants. It investigated five older fossil fuel 



 126 

power plants located inside a 50-mile radius of Washington, DC, and examined the 

correlation between the existence of power plants and potential improvements in three 

health-related variables (premature mortality, cardiovascular hospital admissions for 

the elderly, and pediatric asthma emergency room visits for children) after the 

introduction of power plant emission control measures. Changes in the magnitude and 

distribution of pollution concentrations were estimated with an atmospheric dispersion 

model, and their impacts on the three health variables were derived with 

concentration-response functions. The results showed that the demographic and 

geographic distributions of improvements in the three health variables differed when 

the susceptibility of subpopulations was considered in the stratified model but not in 

the baseline model. The findings showed that socio-economically least privileged 

populations (in terms of education, race, and age) were expected to benefit the most 

from the emission control regulations by averting the risk of disease from air pollution 

because their susceptibility to environmental harm tended to be higher than others. 

This study clearly showed that policy measures for addressing environmental risk 

could affect populations differently depending on their demographic and geographic 

characteristics. Therefore, understanding the condition of high-risk subpopulations 

near polluting sources is helpful for risk assessment and policymaking. 

Maantay (2002) conducted an in-depth review of 13 GIS-based environmental 

justice studies published between 1993 and 1999 to compare the results of different 

methods in measuring similar problems in the U.S. Most of the previous studies 

suggested that socioeconomic factors like race and income could explain the uneven 

distribution patterns of environmental risk. They also confirmed that economic status 

(measured by income) and proximity to environmental hazards often showed a 
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nonlinear relationship, implying that multiple socioeconomic variables beyond wealth 

can collectively shape proximity risk patterns associated with environmental hazards. 

The reviewed environmental justice scholarship also showed that the chicken-or-the-

egg causality dilemma in environmental risk burdening issues should be understood 

from more than a single angle. The spatially uneven geography of noxious facilities in 

socioeconomically vulnerable communities is not just a result of unjust zoning 

decisions, as is commonly believed (i.e., the hypothesis that the siting of hazardous 

facilities is decided with discriminatory intent against less powerful populations), but 

is also an outcome of constrained choices made by at-risk populations who could not 

afford to live in neighborhoods that were environmentally sounder (i.e., the hypothesis 

that poor people move to areas with polluting facilities, not because they want to but 

because they have no other choice because of economic constraints). Therefore, 

mapping environmental injustices requires not just finding a statistically explained 

causality but also understanding the underlying forces being exercised behind the 

dynamics. The paper also made it clear that each spatial-environmental injustice 

analysis should determine its geographic unit of analysis and measure of exposure to 

risk in accordance with the physical and chemical characteristics of the pollutant. 

Based on this comprehensive review of previous environmental justice studies, the 

paper itself analyzed polluted land areas and sites in Bronx, NY, to identify who lived 

near noxious facilities and how much harm they were exposed to. Two approaches 

were compared: the spatial coincidence method and proximity analysis using buffers. 

For this New York City case, the proximity analysis was better able to capture the 

disproportionate burden-shifting of risk associated with the siting of toxic facilities 
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and the percentage of minority populations. The paper concluded with suggestions for 

future spatial analysis of environmental injustices. 

Attention to the spatial expressions of energy conflicts and burdens continues 

to grow as the social and human dimensions of energy development and governance 

are emphasized in the face of sustainability crises (Bouzarovski & Simcock, 2017). 

Yet, many meaningful studies of spatial energy injustice often remain within the 

boundaries of academia and fail to effectively influence the path-dependent and 

conventional designs of energy decisions and policies. As Camacho (1998) stressed, 

the following questions need to be considered in spatial analysis of energy justice: 

“who benefits from current siting and pollution control practices, and who pays the 

consequences? … how are these impacts affected by ongoing policies and 

enforcement practices?” (p. 181). 

4.1.3 Indicator Development and Analysis 

Development of indicators or indices is another standard way to measure 

potential or existing social problems that have a high level of complexity. In general, 

indicators are designed to examine target problems and help develop effective 

solutions by simplifying cause-and-effect linkages of the issues. For this reason, a 

number of indicators have been developed and applied to the evaluation of complex 

social issues. The Human Development Index is an exemplar that has been widely 

used to define and evaluate the level of human thriving based on life expectancy, 

education and income.  

However, index systems have inherent limitations as evaluation tools. They 

simplify and reflect only part of reality by condensing raw information (see Figure 

4.2). Due to this limitation, an index cannot tell the details of reality or provide 
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implications beyond what the tool can actually capture and evaluate. Because one 

cannot make any far-reaching conclusions from applying and interpreting indicator 

tools, making one-size-fits-all suggestions should be avoided when utilizing indicators 

as an analytical method. On this notion, Brown and Sovacool (2007) rightly noted that 

“numerical indices often measure not what is most significant or meaningful, but 

merely what is measurable” and also that “quantitative measurements, especially those 

taken out of context, can also conceal important nuances and variability” (p. 338). 

 

Source: Adapted by author from (Muniz, et al., 2020, p. 5) 

Figure 4.2 Pyramid of Data, Indicators and Indices 

When it comes to energy justice and sustainability indicators, several leading 

indices and indicators have set standard perspectives and structures. Muniz et al. 
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(2020) documented a comparative review of eight energy sustainability indicators and 

indices including the Energy Sustainability Indicators (ESI). First, the paper compared 

the dimensions that each tool covers, from the three grand pillars of sustainability—

ecological, social, and economic—to more specific and unique energy sustainability 

measures including electricity access, clean cooking, energy security, and community 

energy. The study adopted four evaluation criteria—(a) complexity, (b) presentation, 

(c) openness, and (d) educational potential—to compare the overall efficacy of the 

select indicator frameworks.  

As the paper showed, each indicator system has different focal points in regard 

to what makes energy systems and governance sustainable. In general, however, it is 

notable that energy justice has been minimally captured in these index development 

efforts. This phenomenon is aligned with the concept of equity deficit in Agyeman 

(2005) in the traditional understanding of sustainability (see also section 2.1.2.2). On 

this point, Popovic and Kraslawski (2015) argued that social sustainability indicators 

should be able to mirror the conditions of one’s well-being, including health, housing, 

security, empowerment, equity, and human rights. When applied in the context of 

energy, the development of energy justice indicators can help advance the 

comprehensiveness of energy sustainability analyses. 

Among the eight indicator tools, the ESI showed the highest consideration of 

energy justice elements. As a composite index, it was designed to assess rural energy 

sustainability. Thirteen indicators are used for the techno-economic, environmental, 

and social dimensions of sustainability. Mainali et al. (2014) applied this approach to 

six developing countries including China, India, South Africa, Sri Lanka, Bangladesh, 

and Ghana. Because the ESI was created to evaluate the rural sector in developing 
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countries, it includes indicators that can capture justice-related energy performance, 

such as energy access, energy affordability, energy efficiency, renewabilization, and 

energy-sourced environmental risks. After evaluation, the paper conducted a principal 

component analysis to identify how different variables correlated with each other, 

based on which weights were assigned to the indicators used to obtain an aggregate 

index score. The results showed that South Africa had achieved the highest level of 

energy sustainability, followed by China.  

Another effort to develop energy justice indices is the Energy Justice Metric 

(EJM), introduced in Heffron et al. (2015). The purpose of this metric is to investigate 

“a just and equitable balance and not simply an efficient balance” (p. 169) between the 

energy trilemma—economics, politics, and the environment. As a quantitative tool, 

EJM was designed to estimate the cost of energy injustice and factor it into the 

economic analysis of different energy infrastructure options. Communicating the 

results of EJM analysis with the public is also an important role of the tool. In their 

follow-up paper, Heffron et al. (2018) applied the EJM framework to five developed 

economies (the U.S., U.K., Denmark, Germany, and Ireland). The analysis results 

showed that the level of energy justice was greater in the U.K., Denmark, and 

Germany than in the U.S. and Ireland. However, I find that the analytical framework 

suggested in their papers is unclear about how to determine the ideal level of energy 

justice as the benchmarking point for empirical cases. What EJM measures is the cost 

of energy development in trilemma terms, not the distribution of these costs across 

populations or the social impacts of such costs on the most vulnerable—which are the 

core questions of energy justice. 
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In Section 4.1, I reviewed three standard approaches—statistical, geospatial, 

and indicator-based—to measuring energy injustice (see Figure 4.3 for a summary). 

As found in the literature that employed these tools, all three quantitative 

methodologies have strengths and weaknesses. Statistical and spatial analyses are 

capable of quantifying the intensity and distribution of energy injustice using multiple 

variables but usually have less functionality in helping policymakers make more just 

energy decisions and communicate with the public regarding energy justice issues. On 

the other hand, indicator development and application is a powerful tool for capturing 

the condition of energy sustainability and justice issues using simplified and intuitive 

index scores; however, the interpretation and implications of such information requires 

caution and an in-depth understanding of the nature and complexity of the issues. One 

way to strengthen the indicator approach is to consider presenting the results 

graphically so one can have a clear understanding of what the index score refers to and 

how it should be interpreted. In the next section, I propose a new analytical strategy 

for systemic energy justice evaluation that can reflect the best of these three 

methodologies. 
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Figure 4.3 Standard Quantitative Methodologies Used in Energy Justice Research 

4.2 A New Strategy: An Area-based Assessment of Systemic Energy Injustice 

A critical point of research is selecting and designing an effective analytical 

framework. As discussed in the previous sections, the field of energy and 

environmental studies has covered a wide variety of topics—from toxic industries to 

climate change—at multiple geographic levels. In general, findings from these studies 

tell us that the growth of industrial economies is routinely accompanied by 

environmental inequity problems, and this kind of conflict has been empirically 

detected. However, scholars in the field call for caution in approaching environmental 

justice analysis because the results could vary to a large extent, depending on the 

methodology, unit of analysis, and the way of defining energy and environmental 

justice (Liu F. , 2001; Downey, 2005). In addition, conducting the right benchmark 

comparison is essential when evaluating environmental injustices because invalid 

comparisons can lead to a biased or wrong conclusion. As noted in Chapter 3, the 

primary focus of this dissertation is to define and investigate the systematized 

production of energy injustice. While Chapter 3 approached this research objective 

conceptually, this chapter does so through the lens of a new analytical strategy—the 
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Area-based Energy Justice Indicator. To construct a backbone of the indicator and 

flesh out its preliminary structure, I will lay out the fundamental structure of this new 

method in this section. 

The goal of the new analytical framework proposed here is to develop an area-

based index for measuring energy inequity. Therefore, the process of developing the 

measurement tool serves as one major focus of the research. In the previous section, I 

discussed how traditional and contemporary approaches to measuring inequality hold 

great potential to be applied to the evaluation of energy injustice. In particular, this 

study sees the possibility of building upon conventional economic inequality measures 

(e.g., the Lorenz curve and the Gini coefficient) to show the uneven geography of 

energy production and consumption across society. The area-based Lorenz curve can 

capture the spatial pattern of inequalities related to energy consumption and 

production (Perez-Sindin, Lee, & Nielsen, 2022). In place of the population by income 

grouping, for example, the area-based energy Lorenz curve uses population by 

geographic unit, which can be province, city, county, and so forth, to measure the 

spatial pattern of the benefits and costs of energy development. Admittedly, the merits 

and demerits of having energy facilities near communities need to be clearly defined 

and supported by existing theories and literature.  

In the industrialized world, the energy sector has been heavily affected by the 

government’s political interest in promoting a nation’s economic growth. Naturally, 

the centralized and large-scale energy model has dominated the energy industry, 

resulting in the concentration of polluting and hazardous facilities. Pollution and 

health risks associated with large energy facilities like coal and nuclear power plants 

can be the primary concern of living close to those facilities. There can also be an 
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economic penalty on real estate in such communities, given that environmental quality 

is an important driver of housing prices. In addition, other socio-economic factors of 

those communities—income, education level, and the number in the younger 

population cohorts—can be significantly different from other parts of society. 

This study proposes a two-step strategy for the assessment of energy injustice 

at the system level: (a) area-based spatial-statistical analysis and (b) area-based 

energy justice indicator analysis. A comprehensive assessment of systemic energy 

injustice requires more than these two methods, and therefore, it is not my intent to 

develop and offer a complete set of methods for investigating energy inequalities. 

Rather, the two analytic lenses suggested in this section are examples of how a 

‘systemic’ approach to energy injustice can be perceived and measured in a form that 

can yield useful policy implications and enhance public communication. The 

methodological approach presented here, therefore, is of interest to energy 

policymakers, urban planners, and civil society in the sense that it can allow them to 

evaluate the extent and severity of energy inequities across geographies, as well as 

track and compare the issues over different time frames. 

4.2.1 First Lens: Area-based Statistical Analysis of Energy Riskscapes 

The first step in the new analytical framework is to understand whether there is 

spatial unevenness in the risks associated with energy decisions and systems and, if so, 

who is burdened by them and who benefits from them. To do this, it is important to 

not just secure statistics or numerical data but also to understand the background and 

systemic factors of the issue from various angles. Without a contextualized, 

comprehensive understanding of the structure and enablers of energy injustice, it is 

hard to identify what kind of data to look into and how to interpret that data. For this 
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reason, an in-depth literature review of similar problems (from both structural and 

ideological perspectives) is essential, as presented in Chapters 2 and 3. In short, being 

exposed to a wide variety of studies could help researchers expand their social science 

imagination and approach energy-society issues from innovative perspectives. 

As reviewed in section 4.1, both statistical and geospatial analyses are 

designed to provide quantitative, tangible evidence of energy injustice by taking into 

account the diverse socioeconomic and political factors involved in the spatial 

unevenness and inequalities found in energy problems. In particular, risk landscapes, 

also termed riskscapes17, associated with energy production (e.g., air pollution caused 

by the siting and operation of energy facilities) could be captured through statistical 

and geospatial analytical lenses. Therefore, as a first step in measuring systemic 

energy injustice, I propose a combination of the two standard methods for performing 

area-based spatial–statistical analysis. As its name implies, the area-based statistical 

analysis approach treats a select geographical level as the unit for energy justice 

issues. In other words, data used in this first step are collected, analyzed, and 

interpreted in certain spatial units (e.g., census tracts, counties, or states) to reveal the 

correlation between energy geography and the quality of life of those affected. 

Different techniques can be used for statistical data analysis, including curve 

fitting and regression methods. While these two approaches are closely related and can 

 

 
17 A riskscape refers to the spatial pattern of risk exposure and its effect on well-being. 

Müller-Mahn et al. (2018) defined riskscapes as “landscapes of risk that exist in 

relation to practice, or as socially produced ‘temporalspatial phenomena’” (p. 197) 

and, therefore, reflect “collective imaginations of complex, multiple and overlapping 

risk settings” (p. 197). A riskscape is shaped by different aspects of risk, such as the 

material or physical dimension, the discursive dimension, and the human agency 

dimension. 
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be referred to interchangeably in many contexts, including this study, I find it 

important to note the subtle differences between them. The regression method is 

usually suitable for investigating the possible causal and correlational relationship 

between variables, which allows one to make inferences about the predicted model 

and interpret the observed phenomena statistically. Curve fitting also allows one to 

understand a statistical relationship between variables; however, unlike regression 

analysis, drawing inferential conclusions about causality and the correlation between 

variables is not the primary focus in curve-fitting practice. Depending on the topic and 

purpose of the energy justice research being conducted, one can choose either method 

or adopt other, more appropriate methods. The point of this first assessment step is not 

to find a single method that is the most effective at revealing the full extent of the 

nature and severity of the select energy injustice case. Rather, energy justice issues are 

usually too complicated and multidimensional to be measured with only a single 

analytical option. As such, multiple methodological options should be tested and 

compared during the process. 

Some data used in energy injustice analysis may need an additional 

preprocessing procedure to be helpful in measuring the gravity and characteristics of 

the specific problem in a nuanced way. For instance, quantitative energy data are often 

collected and provided by third entities, such as statistical agencies of the central and 

local governments. A few examples of this type of data are total primary energy 

supply, fuel mix ratio, and county-level electricity consumption. Even if quantitative 

data are collected directly by the researcher, raw datasets require a certain amount of 

reorganization before they are used in analysis. Therefore, the researcher should 

thoroughly inspect and consider whether the format and type of data obtained will 
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serve a purpose in the study. If not, they can consider restructuring the datasets, for 

example, by clustering data points based on feature similarities. K-mean clustering is a 

popular technique used in this process (Sovacool, Axsen, & Sorrell, 2018; Chatterton, 

Anable, Barnes, & Yeboah, 2016). More discussion about k-means clustering is 

provided in Chapter 5, along with an actual case. 

This first assessment step is focused on typical data collection and analysis, so 

it may not seem significantly different from the energy justice analysis methods I 

reviewed in section 4.1. While I build upon these well-established methodologies, I 

place greater emphasis on energy justice factors in this geospatial-statistical analysis 

strategy. To that end, before selecting variables and conducting analyses, it is crucial 

to conduct a thorough document analysis to determine what kinds of structural and 

ideological forces could have made certain regions or communities more vulnerable to 

the energy-related risk of harm. Without grappling with the social and cultural 

contexts of energy justice issues, the selection of the unit of analysis, data, and 

evaluation criteria may not be productive or may even lead to incorrect results. 

Therefore, the design process for geospatial statistical analysis requires rigorous 

investigation of each case area’s energy systems (structural pillar) and governance 

styles (ideological pillar). This methodological framework will be demonstrated in 

Chapter 5. 

4.2.2 Second Lens: The Area-based Energy Justice Indicator 

Before the emergence and rise of sustainability discourses, economic disparity 

was recognized as a social justice issue in industrial societies. A variety of 

methodologies have emerged to gauge income inequalities, including the Lorenz curve 

and Gini coefficient. Understanding the mechanism of these approaches can be a good 
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starting point for developing a framework for the energy equity index. This section 

reviews the basics of the Lorenz curve and Gini index, including their definition, 

formula, and application, before discussing the contemporary use of the two methods 

in broader fields such as energy and environmental studies. 

4.2.2.1 Basis: The Lorenz Curve and Gini Coefficient Framework 

The Lorenz curve and Gini coefficient are commonly applied to measure and 

interpret the severity and pattern of income inequality across population groups. 

Thanks to their straightforward concept and structure, the Lorenz curve and Gini 

coefficient have been popularly applied in social science studies, often appearing in 

key national and international reports. The Lorenz curve is created with two pieces of 

information—income and population data—which are essential to show how much 

wealth belongs to which income group. A conventional Lorenz curve places the 

cumulative percentage of the population on the horizontal axis (x-axis) and the 

cumulative percentage of wealth for each income group on the vertical axis (y-axis). 

The curve that connects all intersecting points between population and income data 

visualizes the deviation of the case of interest from the perfect equality line. The 

difference between the curve and the equality line indicates the inequality experienced 

by the case study area. Figure 4.4 provides a typical Lorenz curve. 
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Figure 4.4 An Example of a Lorenz Curve for Income Inequality 

Formally, the Lorenz curve can be expressed as 

𝑦 = 𝑓(𝑥), 

where x is the cumulative percentage of population, for example that earns income 

equivalent to or below a perfectly equal income level, and where y is the cumulative 

percentage of income earned by population subgroup x (Wu, Maslyuk, & Clulow, 

2012, p. 105). Closely linked to the Lorenz curve, the Gini index allows one to express 

inequality in a numeric format and perform numeric comparisons of inequalities 

across multiple Lorenz curves. The Gini coefficient is obtained by dividing the area 
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between the perfect equality line and the Lorenz curve (area A in Figure 4.4) by the 

entire area under the perfect equality line (area (A+B) in Figure 4.4). Hence, the Gini 

coefficient (A/(A+B)) is always presented in a range of 0 to 1. As a result, a Gini 

coefficient of zero signals perfect equality, because it occurs only when the Lorenz 

curve overlaps with the perfect equality line.  

Formally, the Gini coefficient is defined as follows: 

𝐺𝑖𝑛𝑖 = 1 − ∑(𝑥𝑖+1 − 𝑥𝑖)(𝑦𝑖 + 𝑦𝑖+1)

𝑁

𝑖=0

 

where (xi, yi), i=0, 1, 2, …, N are data points on the Lorenz curve. The 

application of the Lorenz curve and Gini coefficient has been dominantly in income 

disparity analysis, which require access to income data by population group. One of 

the most beneficial features of this metric is that the Gini coefficient results can be 

compared across time and geography, which is why many countries regularly report 

and track their Gini coefficients as a useful indicator of income inequality. 

4.2.2.2 Applications of the Lorenz Curve and Gini Coefficient in Energy and 

Environmental Studies 

Although initially designed to measure economic disparities, the Lorenz curve 

and Gini coefficient are also applied to a wide range of inequality research, including 

land use, public health policy, air pollution, climate change, and energy consumption. 

A growing body of research has analyzed the persistency and path dependence of 

inequality conflicts in environmental and energy sectors using these two tools. In the 

field of environmental studies, the Lorenz curve is often used in research on air 

pollution and climate change. Many of these studies use multiple socioeconomic 

factors (e.g., income and ethnicity) as their inequality criteria, to evaluate fairness and 
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evenness in the landscapes of environmental harms and risks. Several studies have 

employed the Lorenz curve framework to analyze the uneven distribution of carbon 

emissions across countries, making comparisons between multiple Lorenz curves 

based on different scenarios.  

Byrne et al. (2008) introduced a comparison analysis of global GHG emission 

projections from 2010 through 2100 using historical data, the U.S. EIA, 

Intergovernmental Panel on Climate Change (IPCC), and the authors’ original 

projections. The study evaluated scenarios from the two perspectives of sustainability 

and equity. For the equity assessment, they employed the Lorenz curve and Gini index 

to plot the cumulative percentage of carbon emissions from fossil fuels against the 

cumulative percentage of the population. Although the results showed that the unequal 

distribution of carbon emissions at the global level has decreased, the study found that 

this was not because industrialized countries had reduced emissions but because the 

emissions levels of developing countries had significantly increased.  

Groot (2010) delineated how income inequality measures could be applied to 

census equity analysis in terms of sharing and curbing carbon emissions at the global 

level by utilizing a dataset of carbon emission levels of over 160 countries (only 

considering emissions from fossil fuel combustions) between 1990 and 2002. The 

study focused on how to construct the Lorenz curve properly with emissions data, 

particularly with respect to data sorting. The paper described steps to draw a Lorenz 

curve in a formal way using mathematical terms and equations. They emphasized the 

criterion of ranking data to get a Lorenz curve, which must monotonically increase 

throughout the curve. Data should be sorted by the ratio of the data to be plotted on the 

y-axis against the data to be plotted on the x-axis (yi/xi). The paper presented two 
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Lorenz curves: (a) the cumulative percentage of CO2 emissions against that of 

population (plotted after ranking data by per capita emission level) and (b) the 

cumulative percentage of CO2 emissions against that of GDP (plotted after sorting 

data by emission intensity). The results showed that the first data combination 

(emissions vs. population) had a higher level of inequality (Gini = 57%) than the 

second combination (emissions vs. GDP) (Gini = 23%). The study provided 

interpretation on these results in terms of the energy use patterns and climate 

conditions of countries that were prominent in the movement of the Lorenz curve. 

This paper also introduced the generalized Lorenz curve, which is employed to 

conduct scenario analysis of future global climate targets and shows the usefulness of 

the generalized Lorenz curve. 

Padilla and Serrano (2006) analyzed unevenness in the distribution of CO2 

emissions (from fossil fuel combustion) at the international level for the period 1971-

1999. Their study explored the relationship of income disparity and inequality in 

carbon emissions levels across nearly 120 countries. They evaluated changing 

inequality patterns in carbon emissions over time using a variety of inequality 

measures, including the Lorenz curve, Gini Index (for income), pseudo-Gini Index 

(for emission concentration), Kakwani Index (for comparison between income Gini 

and emission Gini), and Theil’s Index; and they decomposed Theil’s indices to draw 

further implications. The data used for the analysis were per capita GDP and CO2 

emissions. A unique feature of the paper is that it employed two different units of 

analysis—individual countries and four groups of countries with different levels of per 

capita income (based on the World Bank’s categorization)—in attempt to unveil more 

nuances in the patterns of inequality. The results indicated that per capita CO2 
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inequality has been greater than income inequality and has diminished during the 

examined period. However, the reported reduction in inequality has been lower when 

countries are grouped by income level than when countries are compared individually. 

This is because the difference in emission levels did not change much between rich 

and poor economies, whereas inequality between the low- and middle-income groups 

has substantially decreased. This is the reason for the reduction in the overall 

inequality in emissions across countries. The paper concluded by underscoring the 

importance of testing the breakdown of inequalities to better understand patterns and 

trends in the issue.  

Other studies have illustrated how to utilize the Lorenz curve framework to 

examine sub-national level inequalities in environmental problems. Su et al. (2009) 

proposed an index system, the Cumulative Environmental Hazard Inequality Index, 

that can characterize and summarize inequalities in exposure to cumulative 

environmental risks from a demographic perspective. This study applied the method to 

the case of Los Angeles, CA and investigated the relationship of environmental risks 

(NO2, diesel PM, and PM2.5) and area-based demographic and socioeconomic 

compositions (the percentage of non-White populations and that of poverty). The 

results indicated that downtown Los Angeles had the highest share of disadvantaged 

populations (non-White and poor) and that such tendency was confirmed in the Lorenz 

curve for the environmental hazard indicators, taken individually as well as 

collectively.  

Following up on their previous study, Su et al. (2012) further developed the 

Index by adding another metric—heat stress—to the existing components (NO2, 

PM2.5, and diesel PM). This paper compared three urbanized counties in California, 
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with respect to inequality in the distribution of the environmental burdens listed above. 

As in their 2009 study, the non-White and poverty criteria were used as demographic 

and socioeconomic parameters to define vulnerable communities. The basic structure 

of the analysis remained the same as the previous paper, except that the cumulative 

index now included heat stress inequality. The results were presented and compared in 

the forms of the Lorenz curve, Gini coefficient, and regression output (between the 

index results and inequality parameters). According to the results, all three counties 

had inequality in exposure to air pollution along demographic and socioeconomic 

lines. However, the heat stress factor behaved differently by case area and by 

calculation method, which influenced the cumulative hazard indicator in a complex 

way. 

Bouvier (2014) conducted another sub-national study on environmental justice. 

That study presented interesting methodological techniques and procedures for 

advancing the income Gini Index. The study began by questioning whether and how 

income and ecological inequalities were interlinked. To find an answer, the paper 

introduces the spatial Gini coefficient, an income Gini weighted by the level of toxic 

emissions. The spatial Gini was designed to examine the co-distribution of income and 

pollution. For analysis, the study utilizes the U.S. EPA’s toxicity score and the U.S. 

Census Bureau’s median household income in Maine. The paper demarcated step-by-

step calculations to obtain an emissions-adjusted Gini coefficient to compare with the 

traditional income Gini coefficient. The results showed a positive relationship between 

inequalities in household income and toxicity. 

Last, Druckman and Jackson (2008) introduced the concept of an Area-based 

Gini Index (AR-Gini) to measure inequalities in resource use by area. The method is 
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based on the Lorenz curve and Gini coefficient frameworks but also takes into account 

the spatial dimension of uneven resource consumption in analysis. Before plotting a 

Lorenz curve, household data are processed to estimate the average resource use of a 

local area and identify demographic and socioeconomic characteristics of the output 

area (the unit of analysis). Then, the average resource use data by output area are 

plotted according to the Lorenz curve framework. As an analysis example, the paper 

compared two areas in the U.K., with different levels of affluence, for their use of 

commodities (household appliances and carpets). The findings revealed more 

inequalities in the consumption of carpets than appliances. The paper highlighted 

possible ways to extend the application of the AR-Gini in other inequality studies 

including inequalities in CO2 emissions by area. 

Most of these studies attempted to develop and tailor the Lorenz curve and 

Gini coefficient to the specific topic of the study by integrating methodologies such as 

scenario analysis, spatial analysis, and regression analysis. Thanks to flexibility of the 

method, the Lorenz curve framework has also been used in energy studies to examine 

the unequal share of energy consumption among countries or population groups. 

One of the earliest attempts to use economic inequality measures in energy 

studies was Jacmart et al. (1979), which employed the Lorenz curve framework in 

energy consumption analysis at the global level. The paper looked at energy use trends 

by country between 1950 and 1975. Using different ways to present the data (e.g., 

histogram and decile graphs), it found that inequalities in energy use had decreased 

over time. However, the decrease was largely attributable to inequality reduction 

within larger energy users rather than between small and large consumers. The results 
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underscored the need to investigate driving forces behind energy inequalities in depth 

rather than merely calculating the overall degree of inequality. 

Building on the early attempts to utilize the Lorenz curve for environmental 

and energy equity assessment, Wu et al. (2012) measured energy consumption 

inequality among 129 countries with different levels of development. The researchers 

employed four equity criteria—energy consumption, energy production, energy 

intensity of economic production, and human development Index (HDI)—for data 

sorting. In all cases, the y-axis plotted the cumulative percent energy consumption. 

The application of four distinct equity criteria resulted in four different curves and 

Gini coefficients, finding that inequality is worst when the consumption-based and 

HDI-based criteria were applied. The study furthered its analysis by tracking Lorenz 

curves and Gini coefficients for the period between 1998 and 2007. The results 

showed that energy use inequality diminished over time regardless of equity criteria; 

however, energy consumption-based and human development-based energy 

inequalities were found more pronounced than the other two. This study attributed the 

decrease in inequality to the globalization of markets, rapid development of power 

generation infrastructure in developing economies, changes in energy mix and 

improvements in efficiency, and the influence of climate change policies. 

Jacobson et al. (2005) conducted three analyses concerning inequality 

problems in energy use at the national level (intra-country analysis) and the 

international level (inter-country analysis). The authors utilized the Gini coefficient in 

conjunction with the Lorenz curve. The first part of the analysis examined inequalities 

in residential electricity use in five case study countries—Kenya, Thailand, El 

Salvador, the U.S., and Norway—that had different levels of economic development. 
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The distribution of electricity use in each country across population was calculated 

and plotted to the Lorenz curve framework for comparison among countries. The 

results showed that inequality level increased in the order of Norway, the U.S., El 

Salvador, Thailand, and Kenya, demonstrating the environmental Kuznets curve to 

some extent. The second analysis tested potential effects of energy efficiency 

measures on energy equality in the US by contrasting Gini coefficients for the baseline 

and seven hypothetical scenarios. The last analysis compared mean household 

electricity consumption by region in the U.S. to see how climate difference can affect 

the average level of energy use. This paper clearly demonstrated how traditional 

economic inequality measures can be adapted to energy justice analysis. 

Overall, the application of the Lorenz curve framework in environmental and 

energy justice studies has helped researchers examine the equity dimension of 

contemporary sustainability issues and suggest useful implications for future 

policymaking. However, there is room for improvement. First, the scope of the studies 

using these approaches has been limited; greenhouse gases and air pollution have been 

the most two popular topics for environmental justice studies, while energy 

consumption has been the dominant research subject for energy justice studies. The 

geographic scale of the studies also lacked diversity: they mostly dealt with 

international or sub-national cases not national or local cases. With this in mind, it is 

plausible that environmental and energy data are relatively limited for expanding the 

application of existing inequality measures to cases and geographies that are smaller in 

scale. Second, despite the growing body of academic work on environmental and 

energy injustices, consideration of these problems has been marginal in policy agendas 

until recently. Therefore, it is crucial to further deliberate on how to advance existing 
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analytical lenses so they can deliver the core problem of energy injustice in a useful 

and applicable form for policymaking.  

In the following section, I propose a new approach to energy justice analysis 

that can reveal systemically and spatially embedded inequities in large-scale and 

centralized energy systems. This analytical framework incorporates the idea of 

‘systemic energy injustice’ that I discussed in Chapter 3 in conceptual terms. I argue 

that addressing the structural and ideological sources of energy injustice requires a 

system-scale investigation of the problems that are steadily created and perpetuated 

through unjust energy decisions. 

4.2.2.3 Construction of the Area-based Energy Justice Indicator 

The second lens of the proposed new analysis strategy uses the Area-based 

Energy Justice Indicator (AEJI), which is rooted in the Lorenz curve and Gini 

coefficient framework. AEJI measures the spatial distribution of energy-related 

benefits or costs based on a select geographical unit, in place of the income groups 

used in the traditional Lorenz curve. As shown in Figure 4.5, the x-axis accommodates 

the cumulative percentage of geographically grouped populations, and the y-axis 

contains the cumulative percentage of energy statistics or energy-related index scores. 

As with a traditional Gini index, the ratio of area A to the total area (A+B) becomes 

the Gini score of AEJI. This score represents how much energy-related benefit or 

harm is experienced by people living in particular regions. 
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Figure 4.5 The Area-based Energy Justice Lorenz Curve 

Formally, the AEJI Lorenz curve can be expressed as: 

𝑦 = 𝑓(𝑥), 

where x is the cumulative percentage of a geographically grouped population 

bearing such as energy-related risk of harm equivalent to or below a perfectly equal 

risk level, and where y is the cumulative percentage of energy-related risk of harm 

experience by a population subgroup x. Just like the income Gini coefficient described 

in section 4.2.2.1, the AEJI Gini ranges from 0 to 1. An AEJI Gini score of zero means 

perfect equality; it can occur only when the Lorenz curve overlaps with the perfect 

equality line.  
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The AEJI Gini is formally defined as below. 

𝐺𝑖𝑛𝑖𝐴𝐸𝐽𝐼 = 1 − ∑(𝑥𝑖+1 − 𝑥𝑖)(𝑦𝑖 + 𝑦𝑖+1)

𝑁

𝑖=0

 

where (xi, yi), i=0, 1, 2, …, N are data points on the Lorenz curve. One of the 

most beneficial features of this metric is in its applicability to diverse forms of energy 

injustice, including energy poverty and energy production-sourced ethical conflicts. 

AEJI scores could be calculated and compared across different time frames and 

geographies, allowing a user to perform comparative analysis. An application of the 

AEJI analysis will be provided in Chapter 5. 

4.2.3 Value of the Dual Lens Approach to Understanding Systemic Energy 

Injustice 

This chapter has proposed a spatially focused analytical strategy that can be 

used to assess the nature and extent of systemic energy injustice as discussed in 

Chapter 3. Figure 4.6 illustrates the proposed area-specific assessment of the systemic 

energy injustice framework integrates core elements of three standard 

methodologies—statistical, geospatial, and indicator analyses—to enhance the 

usability of energy justice research in practice. This area-based approach is equipped 

with dual analytical lenses (regression modeling and AEJI) that reveal different 

aspects of systemic energy injustices and provide different ways to communicate 

about these issues with policymakers and the public. 
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Figure 4.6 Three Analytical Components of the Area-Based Assessment of Systemic 

Energy Injustice Framework 

The first lens, area-based spatial-statistical analysis, incorporates a variety of 

regression models and energy-related datasets that have different spatial levels. For 

instance, one can investigate path-dependent development risk by exploring the 

relationship between socioeconomic vulnerability (e.g., income and race) and the 

spatial patterns of energy development at the county level (e.g., locations of large-

scale and socio-environmentally risky energy facilities) across space and time. One 

can also run the same statistical procedure after regrouping the datasets at the 

subnational level to see whether the country’s energy development risk is 

dichotomously distributed by provinces or regions. The second lens, AEJI analysis, 

allows the user to visualize the riskscape of energy-sourced injustices by revealing 

who bears the most proximity risk and who benefits the most from the spatial 

unevenness. Understanding the spatial conditions of energy inequalities is pivotal for 

rethinking and altering the unjust and systemic nature of industrialist and cornucopian 

energy path. 
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My focus on the development of a geospatial assessment method has an 

obvious limitation. Specifically, its application is tailored to the study of spatial 

expressions of injustice. In order to use this lens, the spatial dimension of energy 

injustice must include a heterogeneity in the subject under analysis. In this regard, the 

lens is better suited to the study of large-scale energy geographies where spatially 

uneven distributions of negative impacts of energy development are present. The 

impact of energy injustice could be homogenous among communities regardless of 

their proximity to harmful energy development sites if the case study area is, for 

example, a small island.18  

4.3 Case Study Design 

This section briefly delves into the value of case study research and articulates 

the purpose and process of my case analysis in the context of this dissertation. I will 

then explain the two criteria I used for case selection—relevance and practicality—and 

provide an overview of the selected case, South Korea’s nuclear power landscape, 

before demonstrating the case analysis in Chapter 5. 

4.3.1 Case Study as a Research Method 

Case study analysis is widely used in social science research because of its 

versatility and practicality as an analytical tool. Case study research can work 

powerfully especially when building a theory, testing hypotheses, or demonstrating 

 

 
18 In future studies, I plan to explore analytical strategies that can be applicable to 

these cases. 
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newly developed methods with real-world data and stories (Ebneyamini & 

Moghadam, 2018; Ridder, 2017; VanWynsberghe & Khan, 2007). 

However, there needs to be more clarity about the value and efficacy of case 

research methods in academic work. In this regard, Flyvbjerg (2006) identified and 

refuted five prevailing misunderstandings about case study research as a form of 

scientific methodology (Table 4.2). Major controversies over the validity of case 

studies as scientific research involve the questions of (a) whether case studies can 

produce generalizable and theoretically meaningful findings and (b) whether case 

studies can be conducted free of the researcher’s predetermined position on the topic. 

Flyvbjerg (2006) answers these concerns by using examples of good case studies and 

suggests how to accomplish unbiased and generalizable case study research (which 

will be discussed later in this section). The paper concludes with the bold point that “a 

scientific discipline without a large number of thoroughly executed case studies is a 

discipline without systematic production of exemplars, and a discipline without 

exemplars is an ineffective one” (p. 219). This point of view not only demystifies 

common misunderstandings about the method but also stresses why case studies 

should be encouraged in certain scientific research. 
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Table 4.2 Common Misconceptions About the Case Study Method 

Misunderstanding Dispute 

General, theoretical (context-

independent) knowledge is more 

valuable than concrete, practical 

(context-dependent) knowledge (p. 221). 

Case studies allow a researcher to 

develop a nuanced view of reality, 

including the view that human behavior 

cannot be meaningfully understood as 

simply the rule-governed acts found at 

the lowest levels of the learning process 

and in much theory (p. 223). Predictive 

theories and universals cannot be found 

in the study of human affairs. Concrete, 

context-dependent knowledge is, 

therefore, more valuable than the vain 

search for predictive theories and 

universals (p. 224). 

One cannot generalize on the basis of an 

individual case; therefore, the case study 

cannot contribute to scientific 

development (p. 221). 

One can often generalize on the basis of 

a single case, and the case study may be 

central to scientific development via 

generalization as supplement or 

alternative to other methods. But formal 

generalization is overvalued as a source 

of scientific development, whereas “the 

force of example” is underestimated (p. 

228). 

The case study is most useful for 

generating hypotheses that is, in the first 

stage of a total research process. Other 

methods are more suitable for 

hypotheses testing and theory building 

(p. 221). 

Generalizability of case studies can be 

increased by the strategic selection of 

cases (p. 229). 

The case study contains a bias toward 

verification, that is, a tendency to 

confirm the researcher’s preconceived 

notions (p. 221). 

The case study method contains no 

greater bias toward verification of the 

researcher’s preconceived notions than 

other methods of inquiry (p. 237). 

It is often difficult to summarize and 

develop general propositions and 

theories on the basis of specific case 

studies (p. 221). 

The problems in summarizing case 

studies are more often related to the 

properties of the reality studied than to 

the case study as a research method. 

Often it is not desirable to summarize 

and generalize case studies. Good 

studies should be read as narratives in 

their entirety (p. 241). 
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Source: Summarized by author using direct quotes from (Flyvbjerg, 2006) 

Admittedly, a researcher needs to put as much effort as possible into 

maximizing the validity and quality of case study research—a good case study must 

check multiple boxes. Some argue that a well-executed case study is a collective 

product of clear research questions, unbiased selection of cases, and careful 

interpretation of the results (Yin, 2014; Hartley, 2004). Most importantly, the 

credibility of a case study depends on how it is designed and constructed. Careful 

design matters for case studies because the structure of the case study method is less 

standardized than other methods. A researcher should, therefore, select the right kind 

of case study design from multiple choices (as categorized in Table 4.3) and tailor the 

structure of the select case study category to their research goals and objectives. 

Table 4.3 Classifications of Case Studies by Research Purpose 

Author Case study categories by purpose 

Merriam (1988) Descriptive 

Interpretative 

Evaluative 

Stake (1995) Intrinsic 

Instrumental 

Collective 

Bassey (1999) Seeking a theory 

Testing a theory 

Storytelling 

Drawing a picture 

Evaluative 

Yin (2009) Critical 

Extreme or unique 

Longitudinal 

Representative 

Revelatory 

Source: Adapted by author from (Thomas, 2011, p. 91) 
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Most case studies are categorized based upon two general research purposes: 

intrinsic and instrumental (Thomas, 2011). An intrinsic case study is curiosity-driven 

research that does not necessarily require specific research objectives at the outset, 

while an instrumental case study refers to an inquiry that involves clear research 

questions and objectives from the beginning. Scholarly case studies that are designed 

to analyze social phenomena often fall into the instrumental category. In accordance 

with the specific purposes of the instrumental study (for instance, evaluative, 

explanatory, illustrative, and exploratory), a researcher needs to choose a case that can 

provide answers to the intended research questions. 

Table 4.4 Strategies for the Selection of Samples and Cases 

Type of 

selection 

Purpose Type of sampling Purpose 

Random 

selection 

  

To avoid systematic 

biases in the sample. 

The sample size is 

decisive for 

generalization. 

Random sample To achieve a 

representative sample 

that allows for 

generalization for the 

entire population. 

Stratified sample To generalize for 

specially selected 

subgroups within the 

population. 

Information-

oriented 

selection 

To maximize the utility 

of information from 

small samples and 

single cases. Cases are 

selected on the basis of 

expectations about their 

information content. 

Extreme or 

deviant cases 

To obtain information 

on unusual cases, 

whether be especially 

problematic or 

especially good. 

Maximum 

variation cases 

To obtain information 

about the significance 

of various 

circumstances for 

case process and 

outcome. 
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Critical cases To achieve 

information that 

permits logical 

deductions of the 

type, “If this is (not) 

valid for this case, 

then it applies to all 

(no) cases.” 

Paradigmatic 

cases 

To develop a 

metaphor or establish 

a school for the 

domain that the case 

concerns. 

Source: Adapted by author from (Flyvbjerg, 2006, p. 230) 

Flyvbjerg (2006) discusses how to strategically choose a case and sample the 

population group. He divided selection strategies into two types: random and 

information-oriented (see Table 4.4). A study that aims to draw generalized 

conclusions should consider choosing a random case in order to avoid selection biases. 

If the researcher intends to focus on certain groups of cases in accordance with 

research objectives, they should use a stratified sampling method. In contrast to 

random selection, information-oriented selection produces more nuanced and 

contextualized conclusions drawn from a few sample cases. For instance, studies that 

aim to investigate extreme cases of a phenomenon, varied patterns of a phenomenon, 

or research-worthy phenomena need to pick particular cases that can serve the 

research goals.19  

 

 
19 It should be noted that these selection strategies are not mutually exclusive. This is 

also true in terms of the purposes of case study research. Many studies fall under more 

than one category (Flyvbjerg, 2006; Yin, 2014). 
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With these basic guidelines in mind, I will next articulate the purpose of this 

case study (illustrative and evaluative) and elaborate on the rationale behind the 

selection of South Korea as a case area. Then, I will demonstrate the application of the 

two-step AEJI framework to the South Korean case with a discussion of the structural 

and ideological characteristics of the country’s energy systems using the conceptual 

lens introduced in Chapter 3. 

4.3.2 Purpose of the Case Study 

The primary goals of performing a pilot case study in this research are to 

demonstrate the utility of the AEJI framework and walk through the process of AEJI 

analysis for prospective users. This case study, therefore, primarily holds illustrative 

and evaluative purposes. For these study objectives, information-oriented case 

selection will be more suitable than random selection because generalization of the 

case analysis findings is not the focus of this study. Details about the case selection 

criteria are discussed in the following section 5.1.3. 

As discussed in Chapters 3 and 4, AEJI was designed to quantify spatial 

disparities in energy production or consumption and visualize the nature and intensity 

of these inequities. The best way to demonstrate the usefulness of AEJI is, therefore, 

to apply the framework to a society with energy systems that are allegedly 

experiencing spatial inequities in sharing benefits and ills of energy production due to 

systemic reasons. 

Table 4.5 classifies diverse types of case studies by subject, purpose, approach, 

and process (Thomas, 2011). The present case study serves to investigate a 

representative case of systemic energy injustice for illustrative and evaluative 
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purposes. It is a single and snapshot case, but the analytical framework can be applied 

to multiple cases areas for comparative analysis. 

Table 4.5 Classifications of Case Studies 

Subject Purpose Approach Process 

Special or 

outlier 

case 

Key case 

Local 

knowledge 

case 

Intrinsic 

Instrumental 

-Evaluative 

-Explanatory 

-Exploratory 

Testing a theory 

Building a theory 

Drawing a picture, 

illustrative/demonstrative 

Interpretative 

Experimental 

Single 

Multiple 

 

Nested 

Parallel 

Sequential 

Retrospective 

Snapshot 

Diachronic 

Source: Adapted by author from (Thomas, 2011, p. 93); bold added by author 

4.3.3 Case Selection Criteria 

Social science literature has long emphasized the significance of case selection 

because that process is a critical initial step when conducting scientifically sound and 

meaningful research. Indeed, the validity and generalizability of research findings are 

contingent on how systemically the researcher thought out the rationale of their case 

selection. In this vein, Barglowski (2018) framed case selection, or case sampling, in 

social science research as an important process in which the researcher makes 

decisions about where (research site), what (unit of analysis), and whom (participants) 

to study. In this section, I briefly review the social science literature on the criteria for 

case selection and discuss two primary criteria that I used in my case selection 

procedure. 

I started with the five omnibus criteria—intrinsic importance, data availability, 

logistics, case independence, and sample representativeness—described in Gerring 
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and Christenson (2017). Considering the intrinsic importance of a case helps a 

researcher select a case to study that gives them a chance to get answers to their 

research questions. This criterion provides the researcher with especially useful 

guidance when the research topic is idiographic. For an idiographic case to be worthy 

of investigation in a scientific study, it is critical that the researcher can draw 

generalizable implications of the study findings, to a certain extent. The criterion of 

data availability is self-evident. Carrying out an in-depth, academically meaningful 

case study requires reliable and workable data. As Gerring and Christenson (2017) 

emphasized, the primary value of case studies lies in expanding knowledge of an issue 

by investigating case-related data that cannot be easily measured or interpreted outside 

of specific contexts. Without obtaining case-specific data, whether qualitative or 

quantitative, a case study cannot be meaningfully conducted. Logistics is intended to 

provide the researcher with room for deliberate case selection (as opposed to random 

case selection), particularly when they want to choose a case they feel more familiar 

and comfortable with for reasons such as language and culture. While this kind of case 

selection can be critiqued as a form of convenience or opportunistic sampling, Gerring 

and Christenson (2017) argued that it also be subject to appreciation because the 

researcher can deliver unique and delicately interpreted findings. Case independence 

is considered only when more than one case needs to be selected and used in the 

analysis. Individual cases chosen from the population are expected to be independent 

of each other. Finally, the criterion of sample representativeness requires the 

researcher to confirm that the case or cases they select reflect the general attributes of 

the population. The representativeness of the selected cases defines and limits the 

extent to which the researcher can interpret study findings and suggest generalizable 
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conclusions. Gobo (2004) provided a useful distinction between two types of 

generalization in case study research. One kind of generalization is to obtain general 

explanations of certain phenomena through investigation of specific cases; the other is 

more focused on finding out the “nature of a process” (p. 435) to help contextualize 

and characterize the research topic of interest. The former type usually requires 

random sampling, like a survey or a poll. The latter allows more flexibility in choosing 

the right case without being concerned about the representativeness of the samples; 

instead, in this type of case research, greater attention should go to the 

“generalizability of findings” (p. 436). 

Based on my review of these studies, I chose to use two primary principles of 

case selection for this research. I used relevance as the first criterion. It reflects on the 

criteria of intrinsic importance and sample representativeness discussed in Seawright 

and Christenson (2017). This principle confirms whether a potential case study area 

will fit the researcher’s topic of interest in a meaningful and generalizable way. Since I 

was interested in exploring the production of systemic energy injustices, I needed to 

examine whether the case study area had experience with the issue of energy injustice. 

The level of relevance can be checked by using document analysis of candidate cases. 

Practicality is the second strategy I used in this study for case selection. Practicality 

corresponds to the criteria of logistics and data availability. Among the potential study 

areas that could serve as useful cases for answering the research questions, I intended 

to choose a case for which I, as the researcher of this study, could conduct an in-depth 

and contextualized analysis. To do this, I considered my cultural and linguistic 

backgrounds and the availability of the data that are essential for demonstrating the 

utility of the AEJI framework. 
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Using these two case selection criteria, I chose South Korea as a case study 

area and analyzed the systemic condition of energy injustice associated with the 

country’s nuclear power landscape. In terms of practicality, studying the South Korean 

case was a viable choice considering my knowledge of the culture and language and 

access to relevant data sources. Investigating the case of South Korea is also relevant 

and useful to other countries because its historical energy path has reflected energy 

systems and governance styles that are widely observed in both developed and 

developing economies. As a newly developed but still developing economy, South 

Korea is at a crossroads in envisioning its future energy path. Just like other countries, 

Korea is being challenged to sort out the so-called energy trilemma—energy security, 

sustainability, and equity (Heffron, McCauley, & de Rubens, 2018; Heffron, 

McCauley, & Sovacool, 2015)—without compromising the health of its economy.  

Because Korea has been a major importer of fossil fuels for decades, nuclear 

power has been believed to be a necessary evil on its low-carbon hard energy path 

(corresponding to the progress, ecomodernism, and energy independence frames in 

Table 4.6). However, voices concerned about the ethics of the technology, its 

environmental soundness, and safety issues are also gaining growing attention 

(resonating with the runaway technology and public accountability frames in Table 

4.6). Indeed, studies have found that the combination of top-down energy governance 

and this large-scale, centralized, and high-risk energy option is creating an important 

case of energy injustice in the Korean context (Kim & Byrne, 1990; Lee, Hwang, & 

Lee, 2018; Kim, Choi, & Lee, 2019). This dissertation sought to find tangible 

evidence of systemic energy injustice related to Korea’s nuclear power landscape by 

using the area-based assessment introduced in this chapter. 



 164 

Table 4.6 Conceptual Framing of Nuclear Energy 

Frame Problem definition Solution/action 

perspective 

Position on nuclear 

energy 

Runaway 

technology 

Nuclear energy is a 

dangerous 

technology that we 

cannot control. 

Put a halt to 

nuclear energy; 

close plants, don’t 

build new ones. 

Strong 

disapproving 

Progress Nuclear 

technology 

increases the 

prosperity and 

well-being of all. 

Expansion of 

nuclear energy, 

development of 

improved nuclear 

technologies. 

Mostly approving 

Sustainability Energy sources 

should be 

sustainable and not 

burden the planet. 

Invest in natural 

and clean energy 

sources, such as 

sun and wind (and 

nuclear). 

Mixed 

Ecomodernism We need nuclear 

energy to combat 

climate change. 

Nuclear energy 

should be part of a 

low-carbon energy 

mix. 

Approving 

Trade-off Pros and cons of 

energy sources 

must be balanced 

against each other. 

Weigh pros and 

cons of energy 

sources based on 

facts. 

Mixed 

Cost-effectiveness Nuclear energy is 

too expensive (or 

cheap) and cannot 

(or can) compete 

with other energy 

sources. 

Investing in 

nuclear energy is a 

bad (or good) 

economic decision. 

Mixed 

Public 

accountability 

Nuclear energy 

production is in the 

hands of powerful 

profit-making 

companies. We 

cannot trust them. 

Restrict and 

control powerful 

companies and 

authorities. 

Disapproving 

Social justice Nuclear energy 

contributes to (or 

undermines) a fair 

and just society. 

Nuclear energy can 

increase access to 

electricity for the 

poor. 

Mixed 
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Energy 

independence 

Our dependence on 

foreign energy 

sources makes us 

vulnerable. 

Nuclear energy 

increases our 

independence from 

oil-exporting 

countries. 

Approving 

Source: Adapted by author from (Vossen, 2020, p. 1445) 

In Chapter 5, I will apply the conceptual and analytical lenses proposed in 

Chapters 3 and 4 to conduct an analysis of the South Korean nuclear power landscape 

and draw on its ethical implications for future energy policymaking. I used the case 

research method to illustrate how a systems-scale perception of energy justice 

problems can demonstrate the systematized conditions that create and perpetuate 

energy injustices. I will offer transformative solutions to the identified problems in the 

conclusion of this dissertation. 
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More people have come to understand the formidable—and possibly inevitable—risk 

that accompanies the expansion of nuclear energy. In 2017, the Moon Jae-in 

administration introduced a national plan to phase out nuclear power and reduce the 

share of nuclear power generation from 30% to 18% by 2030 (MOTIE, 2017). Yet, the 

country remained divided about this non-nuclear path. Polls showed that most citizens 

and conservative politicians favored keeping the nuclear energy share for the country’s 

interests in economic growth and climate action (The Korea Economic Daily, 2021; 

The Korea Times, 2018). This hope for a nuclear energy future exposes Korea’s 

unfailing belief in a technological society that finds comfort in technical solutions to 

societal problems. 

Given the dynamics of nuclear power in South Korea, I argue that 

characterizing and quantitatively measuring the systemic energy injustice created by 

its nuclear power buildouts can facilitate a deeper level of public debate about this 

issue and, eventually, provide policymakers with basic evidence for justice-based 

energy decision-making. In this chapter, I offer a response to this need by utilizing the 

two-step assessment framework and open a discussion of how systemic energy 

injustice should be approached and addressed.20 To help the reader revisit the roadmap 

for this dissertation, Figure 5.1 illustrates the purpose and content flow of this chapter. 

  

 

 
20 This chapter borrows from a journal article (Lee & Byrne, 2019) published in 

Frontiers in Energy Research. A full citation is available in the reference list. 
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Figure 5.1 The Purpose and Content Flow of Chapter 5 
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5.1 An Overview of the Case Study Area 

5.1.1 Nuclear Power and Energy Justice 

After its remarkable scientific and engineering development during World War 

II, nuclear energy became one of the major options for power generation in modern 

industrialized societies. As of 2018, nuclear power accounted for approximately10% 

of total world power generation and about 18% of total OECD country power 

generation. While a series of nuclear accidents, including Chernobyl in 1986 and 

Three Mile Island in 1979, slowed the growth of the nuclear power industry for a 

period of time, it began receiving attention again in the 2000s. During what became 

known as the nuclear renaissance, it was seen as a promising way to stop climate 

change and address energy security concerns. The 2011 Fukushima accident reversed 

this trend once again. 

Even before energy justice became a trending research topic in energy 

research, many environmental studies reviewed important components of energy 

injustice associated with nuclear power. They identified energy injustice factors at 

different stages of nuclear power systems. I focus on seven phases of nuclear energy 

development and discuss the potential energy injustice involved in each stage. The 

seven phases of nuclear power development are: power plant planning and facility 

siting, uranium mining, plant operation and cooling processes, transmission and 

distribution, radioactive waste disposal and storage, inspection and decommissioning 

of nuclear sites, and nuclear accidents. 

Allred and Shrader-Frechette (2009) analyzed five reasons for potential energy 

injustice associated with siting nuclear facilities: (a) statistically high health risks 

among those living near nuclear reactors, (b) serious health risks in the event of a 
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reactor accident, (c) questionable radiation standards, (d) previous energy injustice 

case studies, and (e) demographics of communities near nuclear plants. For the stage 

of nuclear power planning and facility siting, disclosure of information and public 

engagement in decision-making processes serve as primary energy justice indicators. 

Uranium mining is the initial phase of the nuclear fuel cycle, which essentially 

involves the processes of mining, milling, and disposing of uranium fuel. By the 

nature of natural resources, large deposits of uranium ore are concentrated in certain 

parts of the world, such as Canada and Australia. For the stage of uranium mining and 

milling, the potential health risks are imposed on workers and residents living near the 

mining site, who sometimes are Indigenous populations, like Native Americans in the 

U.S. case. 

During the operation of nuclear power plants and essential cooling processes, a 

lack of safety-first management of the sites and protection of workers are the points 

where injustices could be provoked. In regard to the cooling process, water quality 

control is a critical issue because an average nuclear power plant consumes 270–670 

gallons of water/MWh for its operation. Discharging water generated at these facilities 

without due treatment could seriously affect safety in water, including people’s 

drinking water and ocean ecosystems. 

The next phase is power transmission and distribution, which is an essential 

part of centralized systems like nuclear plants. Large-scale power plants necessitate 

high-voltage transmission towers that need to pass through local communities to feed 

larger cities. Potential health risks and ecological disturbances are conceivable energy 

injustice components associated with this type of infrastructure. 



 171 

Disposal and storage of radioactive wastes are common conundrums for 

countries that operate nuclear power plants. Because spent nuclear fuel is radioactive 

and heat producing, thorough control and management are required. In the U.S., spent 

fuels are stored at each reactor site in a large pool of water for at least 10 years; 

however, those spent fuels eventually need to be transported to underground storage 

sites. Once, Yucca Mountain in Nevada was considered as a candidate disposal site for 

storing high-level radioactive waste and spent fuel. The ground transportation routes 

to Yucca Mountain, including truck and rail options, were expected to include 131 

storage locations in 39 states, which would have created risks for communities located 

along those routes (Rosa and Short, 2004). 

The stage of inspection and decommissioning of facilities is another crucial 

domain in the analysis of energy injustice in relation to nuclear power plants. Often, 

nuclear plants apply for and obtain life expansions because investors in those facilities 

need to recoup the prohibitive capital and maintenance costs invested up front. While 

this kind of decision requires transparent and precise safety inspections, most of those 

procedures are conducted and assessed as a formality. Even after retirement is decided 

upon, nuclear power plants require careful management and assessment for multiple 

decades until they are completely closed—which means local residents living near 

those facilities will not be risk free or pollution free for a longer period of time than 

those near other types of power plants. 

Lastly, in the event of a nuclear accident or incident, severe energy justice 

problems can arise in terms of socio-environmental sustainability. The impacts of a 

nuclear accident can quickly elevate from a domestic to an international scale, as 

witnessed in historic cases. The literature on risk assessment notes that the severity of 
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energy justice challenges caused by a nuclear accident depends on the level of 

preparedness in regard to emergency measures for disaster control as well as post-

accident management. 

In sum, nuclear power involves a wide spectrum of injustice possibilities 

throughout its life cycle. While traditional types of fossil fuel-based power plants and 

unconventional technologies like wind or solar power also have justice challenges, the 

scale and severity of the injustices associated with nuclear power buildouts are much 

larger in terms of both time and space. This case study sheds light on nuclear energy 

as an important modern energy path that is cultivated in the deep-seating ideologies of 

‘high-risk, high-gain’ and ‘absolute efficiency.’  

5.1.2 South Korea’s Pro-Nuclear Power Energy Path 

Kim and Byrne (1996) analyzed the technocratic development of nuclear 

power in East Asia in the 1990s. They focused on South Korea, Japan, Taiwan, China, 

and North Korea, and compared the social and political backgrounds behind their 

nuclear power development. The study found that nuclear power was adopted much 

more quickly in these Asian locations than in the West. One reason for this was that 

nuclear energy technology was already fully developed for commercial use by the 

time it was adopted in Asia. Another reason was their aspiration for economic growth 

and their deep-rooted, top-down sociopolitical systems that were able to force the 

introduction of this technology. South Korea is a compelling example that has taken 

this energy path. 

South Korea has seen dynamic economic and social changes since the Korean 

War in the 1950s. The country’s economic development was modeled after leading 

countries in the Western world and thus was heavily influenced by capitalism and 
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industrialism. South Korea’s energy infrastructure has traditionally been considered as 

a critical, if not the most important, backbone of national development and success. 

Indeed, a sizable share of the South Korean economy has been and continues to be 

dependent on energy-intensive manufacturing industries such as electronics, 

automobiles, shipbuilding, and steel. Korea’s manufacturing sector accounts for about 

28% of its GDP, more than the sector’s share in other developed economies like 

Germany (22%), Japan (21%), the U.S. (12%), and the U.K. (10%) (The JoongAng, 

2020). 

The rapid development of energy industries and markets and strong 

government-led energy planning resulted in the construction of large-scale, centralized 

energy systems. Governmental decision makers firmly believed this energy path was 

the most promising and efficient way to support the country’s economic expansion. 

Consequently, the country’s fuel mix for power generation has long been dominated 

by imported fossil fuels, especially coal and natural gas. Since the introduction of 

nuclear energy in the 1970s, its share in Korea’s fuel mix has been stable despite 

growing opposition to the use of the technology based on safety and equity concerns. 

As shown in Figure 5.2, coal, natural gas, and nuclear have been the three dominant 

fuels for base-load power generation in Korea although growth of renewables in recent 

years is also observable. 
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Source: Korean Statistical Information Service (KOSIS). Data between 2001 and 2005 

were retrieved from 

https://kosis.kr/statisticsList/statisticsListIndex.do?menuId=M_01_01&vwcd=MT_ZT

ITLE&parmTabId=M_01_01&outLink=Y&parentId=U.1;U_15.2;#U_15.2; data 

between 2006 and 2020 were retrieved from 

https://kosis.kr/statisticsList/statisticsListIndex.do?menuId=M_01_01&vwcd=MT_ZT

ITLE&parmTabId=M_01_01&outLink=Y&parentId=U.1;U_15.2;#U_15.2. The 

author recategorized the 2001-2005 data to match the more recent data format applied 

to the 2006-2020 numbers. Hydro power (except pumped storage) is counted toward 

renewables. 

Figure 5.2 South Korea’s Power Generation Mix from 2001 to 2020 
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https://kosis.kr/statisticsList/statisticsListIndex.do?menuId=M_01_01&vwcd=MT_ZTITLE&parmTabId=M_01_01&outLink=Y&parentId=U.1;U_15.2;#U_15.2
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Powered by 24 nuclear reactors and 61 coal-powered plants, South Korea’s 

economy ranks Top 10 in the world. Historically, large-scale energy development like 

nuclear power has been paramount for the county’s commitment to creating stable and 

abundant energy systems—a compelling example of ‘energy giantism’ (Byrne & Toly, 

2006). The 24 nuclear power reactors generate approximately 30% of the country’s 

electricity demand and are often far from major power consumption regions like Seoul 

(Yun, 2017). The decision to site the country’s nuclear power facilities in areas 

sufficiently remote from Seoul was deliberately made to minimize the risk of harm to 

the capital city in which the most powerful and affluent class was living (Kim & 

Byrne, 1996; Park & Sovacool, 2018). The political economy behind the national 

decision to shift the risks of energy development, especially nuclear power, from 

Seoul to other regions has inevitably created an uneven and unfair nuclear energy 

riskscape (Lee, Hwang, & Lee, 2018). However, until recently, serious consideration 

of social justice principles has been absent from Korea’s energy decision-making 

process (Kim, Choi, & Lee, 2019).  

In 2009, for example, the Korean government introduced an infrastructure-

scale low-carbon economy strategy called the Green Growth (GG) Initiative. The 

initiative invested 3% of the country’s GDP in a wide variety of policy measures 

intended to green national infrastructure systems, including power generation systems, 

in order to achieve deep decarbonization without compromising economic growth. 

However, the GG initiative has received a mixed evaluation. While the concept of GG 

was successfully implemented and experimented with at a national scale, many 

questioned whether GG strategies loaded with conventional technocratic and 
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industrialist solutions meaningfully contributed to greening the country’s economy 

and realizing fairness in that process (Ha & Byrne, 2019). 

At the heart of South Korea’s electricity system and governance are the central 

government (particularly the Ministry of Trade, Industry, and Energy, or MOTIE) and 

the Korea Electric Power Corporation (KEPCO). In order to fulfill its mission to 

provide reliable power services to the public and maintain stable electricity generation 

for national economic growth, the central government owns 51% of KEPCO’s shares 

and keeps it in a monopolistic position in power generation and distribution. KEPCO 

has six subsidiaries that generate most of the nation’s power and it runs the power 

transmission and distribution system as well (Figure 5.3). Therefore, the structural and 

ideological decisions concerning Korea’s power sector are predominantly shaped and 

implemented by these entities. 

 

Source: Adapted by author from KEPCO’s website. Original figure available at 

https://home.kepco.co.kr/kepco/EN/B/htmlView/ENBAHP001.do?menuCd=EN02010

1. 

Figure 5.3 Overview of South Korea’s Power Industry 

https://home.kepco.co.kr/kepco/EN/B/htmlView/ENBAHP001.do?menuCd=EN020101
https://home.kepco.co.kr/kepco/EN/B/htmlView/ENBAHP001.do?menuCd=EN020101
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Korea Hydro & Nuclear Power (KHNP) is one of the power-generating 

subsidiaries of KEPCO. KHNP operates and manages all nuclear power plants in 

Korea. As of 2021, the country has 24 reactors in total, with 19 of them in operation 

(Table 5.1). Two reactors—Kori 1 and Wolseong 1—were permanently closed in 2017 

and 2019, respectively, without being granted further extensions on their life spans. 

The locations of these nuclear power plants are mapped in Figure 5.4. 

Table 5.1 Status of the Nuclear Power Plants in South Korea 

Plant 

/Reactor No. 

Reactor 

type 

Capacity 

(MW) 

Operation 

start year 
Location (county, province) 

Kori 1 PWR 587 1978* Gijang, Busan 

2 PWR 650 1983 Gijang, Busan 

3 PWR 950 1985 Gijang, Busan 

4 PWR 950 1986 Gijang, Busan 

Shin Kori 1 PWR 1,000 2011 Gijang, Busan 

2 PWR 1,000 2012 Gijang, Busan 

3 PWR 1,400 2016 Ulju, Ulsan 

4 PWR 1,400 2019 Ulju, Ulsan 

Wolseong 1 PHWR 679 1983** Gyeongju, Gyeongsangbuk-do 

2 PHWR 700 1997 Gyeongju, Gyeongsangbuk-do 

3 PHWR 700 1998 Gyeongju, Gyeongsangbuk-do 

4 PHWR 700 1999 Gyeongju, Gyeongsangbuk-do 

Shin 

Wolseong 

1 PWR 1,000 2012 Gyeongju, Gyeongsangbuk-do 

2 PWR 1,000 2015 Gyeongju, Gyeongsangbuk-do 

Hanbit 1 PWR 950 1986 Younggwang, Jeollanam-do 

2 PWR 950 1987 Younggwang, Jeollanam-do 

3 PWR 1,000 1995 Younggwang, Jeollanam-do 

4 PWR 1,000 1996 Younggwang, Jeollanam-do 

5 PWR 1,000 2002 Younggwang, Jeollanam-do 

6 PWR 1,000 2002 Younggwang, Jeollanam-do 

Hanul 1 PWR 950 1988 Uljin, Gyeongsangbuk-do 

2 PWR 950 1989 Uljin, Gyeongsangbuk-do 

3 PWR 1,000 1998 Uljin, Gyeongsangbuk-do 

4 PWR 1,000 1999 Uljin, Gyeongsangbuk-do 

5 PWR 1,000 2004 Uljin, Gyeongsangbuk-do 
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6 PWR 1,000 2005 Uljin, Gyeongsangbuk-do 

Notes: *permanently closed June 18, 2017; **permanently closed December 24, 2019; 

PWR refers to the Pressurized Water Reactor, and PHWR refers to the Pressurized 

Heavy Water Reactor. 

Source: KHNP website (n.d.). Original table available at 

https://npp.khnp.co.kr/index.khnp?menuCd=DOM_000000102002001001.  

 

Source: Lee and Byrne (2019, p. 7) 

Figure 5.4 Locations of the Nuclear Power Plants in South Korea 

While the development of nuclear power networks has significantly 

contributed to rapid economic growth, Korea’s massive expansion of nuclear power 

has led the country to have the highest density of nuclear power plants and the highest 

density of population living near a nuclear plant (U.S. EIA, 2020). For instance, the 

number of nuclear power plants per square kilometer in Korea is double the Japanese 

case and 25 times higher than the U.S. case. For this reason, the potential risk of harm 

https://npp.khnp.co.kr/index.khnp?menuCd=DOM_000000102002001001
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is much larger and more disastrous—in case of system failure. Nevertheless, the 

continued expansion of nuclear energy has long been framed as a political and 

technical issue rather than as a socio-environmental problem. 

For instance, President Moon’s nuclear phase-out plan was resisted by the right 

wing, similar to the long-standing political challenges rooted in the U.S. climate path 

as analyzed in Byrne et al. (2022). Although the Moon administration implemented a 

long-term strategy for nuclear phase-out that extends through the 2080s (see Figure 

5.5), criticisms from conservative politicians and media challenged the president’s 

plan and immediately made it an attack point against the administration’s overall 

energy plan (Yun, Ahn, & Soh, 2022). The current President Yoon Seok-youl (newly 

elected and took office in May 2022) castigated the previous administration’s plan for 

the non-nuclear energy future during his campaign for the presidential election and 

promised to undo it. 

While the issue of climate change is widely accepted as a major 

socioenvironmental policy agenda of the country, and the need for climate policy 

measures is shared by both progressive and conservative parties in Korea, nuclear 

power has always been a topic that divides politicians. Nuclear power is more the 

subject of political and economic debate than of environmental or social debate. 
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Source: (Lim, 2019, p. 303) 

Figure 5.5 Projection of the Moon Administration’s Nuclear Phase-out Plan 

In response to the polarization of Koreans’ views on the future of nuclear 

energy, the Moon government made an unconventional decision in 2017 to launch a 

public debate on the fate of two newly planned reactors, Shin-Kori Units 5 and 6, that 

were about 30% complete at that time. Based on its 3-month-long process, including 

gathering public opinions and selecting citizen juries, the committee reached a 

decision to recommend that the government resume the construction. Three rounds of 

debates and voting procedures led about 60% of the jurors to vote to support resuming 

construction and 40% to oppose the continuation of the business-as-usual plan. This 

result shows the sharp split between the two sides about the continued use and 

expansion of nuclear power. With a pro-nuclear administration currently in office, a 
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cancellation of the nuclear phase-out plan and fast return to the nuclear renaissance era 

are in progress as expected.  

5.2 Structural and Ideological Drivers Behind the Korean Pro-Nuclear Energy 

Path 

In Chapter 3, I introduced a new conceptual framing of the energy injustices 

that are systemically created and perpetuated by the structural and institutional drivers 

deeply embedded in modern energy paradigms. Korea’s desire for a continued 

expansion of nuclear power generation can be explained using the language of this 

conceptual framework.  

Nuclear power has been an essential energy option that Korea has used to 

make its modern energy path more high-tech, efficient, and carbon free. Indeed, 

KHNP—which owns and operates all of the country’s nuclear reactors—often uses 

images of children in its press photos and advertisements to imply the cleanliness and 

sustainability of the energy technologies they run. While KHNP appears to recognize 

and emphasize nuclear safety as a primary goal in its business, scandals and corruption 

have been not unusual in Korea’s nuclear power industry. It was recently revealed that 

some nuclear reactor parts were passed with counterfeit documents; those involved in 

these scandals were indicted. The closed-door decision-making environment and 

monopolized operational system of Korea’s nuclear industry are structural and 

ideological products of modern energy regimes that work best for industrial 

economies, especially those that have long aspired to become developed economies 

like South Korea. As a result, the Korean nuclear power network and its governance 

have the typical elements that routinize and normalize systemic energy injustice, as 

described in Figure 3.5. To demonstrate the utility of the conceptual framework, I 
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present a portrait of the structural and ideological forces that are driving South Korea’s 

aspiration for pro-nuclear, supply-centered energy systems in Figure 5.6. 

 

Figure 5.6 Application of the Expanded Conceptual Framework of Systemic Energy 

Injustice to South Korea’s Pro-Nuclear Energy Path 

This systemic condition can trigger individual cases of energy injustice in 

different forms, such as distributive, procedural, and recognitional injustices. In 

addition to investigating those individual cases, I argue that it is critically important to 

understand the structural and ideological engines of the pro-nuclear path that creates 

multiple layers of energy injustices. This allows one to rethink the analytical focus, 

from perceiving energy injustices as individual incidents to treating them as 
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connected, systemic problems that cannot be addressed without transforming their 

structural and ideological roots.  

The area-based assessment framework that I demonstrate in the rest of Chapter 

5 responds to this call for wider viewpoints in energy justice research. After 

identifying these structural and institutional backgrounds of Korea’s energy paradigm, 

I apply the area-based energy justice framework to South Korea’s nuclear power 

landscape. By doing so, I demonstrate how the system-scale production of energy 

injustice occurs and why it cannot be solved with incremental and transactional 

responses alone. Based on the findings, I argue that systemic problems require 

systemic solutions; that is, a deep transformation of the existing energy-society 

relation. While this case study investigates one society and just one energy technology 

for illustrative purposes, I invite researchers to utilize and further expand system-scale 

frameworks in future energy justice analysis. 

5.3 Area-based Assessment of Systemic Energy Injustice in South Korea’s 

Nuclear Power Landscape 

In this section, I present a justice analysis of South Korea’s long-lasting 

commitment to developing nuclear energy and the resulting ethical issues in the 

country’s nuclear power networks at the system level. By doing so, I aim to provide 

insights on justice implications beyond possible discussions often formulated within 

the conventional three-tenet framework. As analyzed in sections 5.1 and 5.2, South 

Korea offers a telling example of how energy injustice is created and perpetuated by 

large-scale, centralized, and high-risk system designs and energy paradigms that value 

a more-is-better culture. 
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5.3.1 First Lens: Regression Analysis of Proximity Risk 

As shown in Figure 5.4, Korea’s nuclear power plant sites are concentrated in a 

few counties and provinces near the oceans. In order to investigate the justice 

implications of this uneven landscape systematically, I first established the 

relationship among the three following variables: distance to the nearest nuclear power 

plant, risk of harm from nuclear power development, and the socioeconomic 

vulnerability measured by housing value. Then I used the following two questions to 

understand the systemic characteristics of energy injustice embedded in Korea’s 

uneven nuclear landscape: “Is proximity to nuclear plants a key predictor of the risk of 

harm from their operation? And if so, is socioeconomic status a key predictor of who 

is at greatest risk of harm because of proximity to the plant network?” (Lee & Byrne, 

2019, p. 5). 

Initial answers to the question regarding the relationship between proximity 

and risk of harm are found in the already well-established international and national 

nuclear emergency plans. According to U.S. and international agencies responsible for 

regulating and managing nuclear energy, the risk of harm is inversely proportional to 

proximity to the power plant. For example, the most extensive emergency planning 

zone standard set by the U.S. Nuclear Regulatory Commission (NRC) is 80 km (50 

mi) (U.S. NRC, 2017). This standard means that, in the event of a major system failure 

at a nuclear power site, those who live within the 80-km zone should evacuate to avert 

health risks from potential radiation. In contrast, the International Atomic Energy 

Agency (IAEA) generally uses a 30-km (18-mi) radius for the urgent protective action 

planning zone (IAEA, 2007). However, recent studies recommend much larger 

evacuation zone standards, especially for Fukushima-level accidents. For example, a 

study conducted by the U.S. National Academies of Science, Engineering, and 
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Medicine (NASEM) suggested a significant increase in the scale of the evacuation 

zone from 80 km up to 170 km (at least 110 km) for the case of the Fukushima 

disaster (NASEM, 2014; Lyman, Schoeppner, & von Hippel, 2017). I applied these 

evacuation standards to my case analysis. 

Regarding the second question on the relationship between socioeconomic 

status and proximity risk, I conducted logistic curve fitting using county-level data on 

proximity to the nearest power plant and housing price. I computed the county-level 

proximity values on ArcMap 10.4 by generating a centroid for each county (the center 

of each vector polygon) and measuring the distance between the center of the county 

and the nearest nuclear plant.  

Average housing price is utilized as a measure of socioeconomic vulnerability 

for each county rather than income data because per-household income data are 

unavailable at the county level. Using housing data as a reasonable proxy for income 

is supported in previous studies by the World Bank (2008) and the United Nations 

Development Programme (UNDP) (2017). Also, while I initially introduced housing 

price as a proxy variable for income, housing price data can reflect the long-term 

impact of hazardous or unwelcome facilities on livelihoods more precisely than 

income data.21 For housing prices, I collected data on mean apartment sale prices for 

the period 2012-2016 from the Korea Real Estate Board (previously known as the 

 

 
21 A comparison of the two variable options could be a future research topic 

depending on data availability. 
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Korea Appraisal Board) website (https://www.reb.or.kr/r-one/main.do).22 A total of 

145 county-level data points were secured, which is less than the total number of 

counties (229). While apartments are a common form of housing in Korea across 

different income groups, some rural regions are populated with more traditional forms 

of housing; therefore, apartment sales data were not available for those areas. In order 

to make sure that mean housing prices were not skewed by any outlier values in the 

dataset, I cross-checked the regression results obtained from the median housing price 

data for the same counties and period of time. The two versions of the data (mean 

housing values and median housing values) returned similar results, and choosing 

either of them did not affect the regression. In this study, I report analysis results 

obtained from the mean housing price data. 

Two regression models were prepared to examine how proximity to a nuclear 

plant and county-level housing value interact for 145 counties in Korea. To determine 

the best curve fitting to investigate the relationship, I used the coefficient of 

determination (or R-square) as the statistical robustness standard. Among the several 

regression models I tested, I here report the two variations of logistic function that I 

find best for explaining a general relationship between nuclear plant proximity and 

socioeconomic vulnerability (represented by housing price). For regression analysis 

and visualization of the results, OriginLab and KNIME software were used.  

 

 
22 I tried the same analysis with more recent datasets. The results are similar. To avoid 

any biased results from the effects of the COVID-19 pandemic, here I use data from 

the period 2012-2016. 

https://www.reb.or.kr/r-one/main.do
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5.3.1.1 Area-Based Analysis of Nuclear Plant Proximity and Socioeconomic 

Risk Using the k-means Clustering Method 

I adopted a logistic regression method instead of the more common linear 

regression method because one of the key considerations in this analysis is that my 

variables of interest—proximity and housing value—are numerically bounded. Both 

of them, especially proximity to the nearest nuclear power plant, have upper and lower 

limits. For instance, the distance between a county and a nuclear power plant has an 

upper bound for at least two reasons. First, beyond a certain distance, data can no 

longer exist because of the physical geospatial limits of South Korea. Second, after a 

certain point, the distance to the nuclear power plant is no longer relevant to my 

research. For example, it rarely makes any difference in the risk of harm whether one 

lives 500 km or 501 km away from a nuclear power facility. Similarly, it also makes 

little difference to one’s well-being whether one lives 1 meter or 10 meters away from 

a nuclear power station. However, whether one lives 500 or 7,000 meters away from a 

facility is much more relevant to understanding the proximity risk posed to nearby 

populations and communities and its association with their socioeconomic 

vulnerability. Logistic regression models allow researchers to map the relationships 

among dichotomous or categorical data by computing the possibility of a certain 

incident given single or multiple independent factors. In this analysis, because of the 

highly dichotomous character of the proximity data, I found that logistic curve fitting 

explained the statistical variations in the data more effectively. 

I grouped the disparate data points into clusters based on their similarity in the 

distance across two normalized variables—housing price and distance to a nuclear 

power plant. The k-means clustering method allows the researcher to determine the 

number of clusters (k) by measuring feature similarity using Euclidean distance d 
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between data points until the distance between each cluster’s central point and its 

members is minimized (see Table 5.2). However, other distance measuring approaches 

like Manhattan distance, Hamming distance, and Mahalanobis distance are also 

considered when needed (Yang, Campara, & Yan, 2020). Applying regression 

analysis to determined cluster centroids, in turn, provided a more robust assessment 

result (a R-square of 96%). 

KNIME, a production analysis software that enables calculation on a node-by-

node basis, was used to conduct the k-means clustering analysis. The program 

provides pre-packaged nodes that have distinct embedded operations with their own 

functionality. Tying these together in a workflow allows the user to execute complex, 

structured, and rapid assessments. Figure 5.7 illustrates an example workflow of k-

means clustering analysis on KNIME software. 

 
 

Source: KNIME website (2020). Original figure available at  

https://hub.knime.com/knime/spaces/Examples/latest/04_Analytics/03_Clustering/01_

Performing_a_k-Means_Clustering~QqKlIQmDnCAg0lEQ. 

Figure 5.7 An Illustration of KNIME K-means Clustering Workflow 

https://hub.knime.com/knime/spaces/Examples/latest/04_Analytics/03_Clustering/01_Performing_a_k-Means_Clustering~QqKlIQmDnCAg0lEQ
https://hub.knime.com/knime/spaces/Examples/latest/04_Analytics/03_Clustering/01_Performing_a_k-Means_Clustering~QqKlIQmDnCAg0lEQ
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Clustering of data points based on similarity is useful in a wide range of energy 

and environmental investigations. For instance, Hsu (2015) applied similarity testing 

the energy consumption profiles of building clusters to get an accurate and stable 

prediction of buildings’ energy consumption. Similarly, Liu et al. (2018) used k-means 

clustering algorithms to assess sectoral energy efficiency options. The literature 

suggests that k-means can help spatial analyses of renewable energy siting as well 

(Adhau, Moharil, & Adhau, 2014; Azzellino, Ferrante, Kofoed, Lanfredi, & 

Vicinanza, 2013). In the field of environmental and climate pollution research, 

Eghtesadifard, Afkhami, and Bazyar (2020) and Govender and Sivakumar (2020) 

demonstrated how the k-means method provided useful information for selecting 

municipal solid waste landfills and air pollution analysis, respectively. Other studies 

that conducted k-means analyses on topics similar to the present study include Li et al. 

(2016) and Shi and Zeng (2014). The former performed a risk analysis of water 

pollution sources utilizing an integrated k-means clustering technique, whereas the 

latter applied k-means strategies to environmental risk zoning for areas with chemical 

industries. All of these studies that I have highlighted used k-means clustering 

algorithms to improve the usefulness of spatial data, better understand complex 

socioenvironmental phenomena, and provide practical evidence for policy decision 

making. 

There are multiple ways to choose and determine the number of clusters, k. 

One way is to perform iterative application of k-means testing with a series of 

predefined numbers of clusters and test them against a performance metric. After a 

series of iterations, a type of elbow pattern is observed where performance starts to 

level off and stop improving with a change in k. This point is typically argued to be 
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the right number of clusters (Syakur, Khotimah, Rochman, & Satoto, 2018; 

Bholowalia & Kumar, 2014; Marutho, Handaka, Wijaya, & Muljono, 2018).  

I adopted this elbow method before determining the number of clusters for this 

case analysis. Three- and four-cluster approaches were tested based on my 

understanding of the subject matter, including nuclear power plant evacuation zoning 

policies in practice and risk assessment literature. Risk considerations are most acute 

near a nuclear power plant, remain relevant as distance increases, and then reach a 

point where distance is no longer particularly relevant. In addition, the pattern of 

housing prices in South Korea in relation to nuclear plant proximity shows counties 

could be classified into three groups—a) high proximity risk, high socioeconomic 

vulnerability, b) mixed proximity risk, mixed socioeconomic vulnerability, and 3) low 

proximity risk, low socioeconomic vulnerability—as shown in Figure 5.10. Based on 

this reasoning, a three-cluster analysis was found to be most reasonable for explaining 

the spatial pattern of county-level nuclear power plant proximity in relation to housing 

prices.  

I tested two different functional forms—logistic and hyperbolic—to determine 

the optimal number of clusters and type of function. In general, a logistic function is 

useful to explain two discrete occasions that have no in-between possibilities whereas 

a hyperbolic functional form is used to explain phenomena that have linear but 

exponential growth or decay patterns. In all three test cases, logistic function curve 

fitting returned better results because of the discrete pattern of proximity risk 

associated with Korea’s nuclear power landscape. 

Figures 5.8, 5.9, and 5.10 visualize the outcomes of k-means clustering by 

cluster size, and Table 5.2 summarizes the performance of each cluster case. In the 5-



 191 

cluster case, the two clusters of counties located at the bottom left show high 

proximity risk to a nuclear plant and low housing prices. Inside each group, however, 

the proximity risk and housing price are inversely related, which makes both the 

logistic and hyperbolic curves fail to capture the bottom-most cluster. This inverse 

relationship of the two variables is counter-intuitive and incoherent. As such, this 

tendency damages the R-square values of both curves as well, indicating the poor 

performance of the five-cluster option. Further increasing the number of clusters 

beyond five breaks up the counties with low housing value and high nuclear plant 

proximity into multiple groups while leaving the distant housing as one group. In the 

4-cluster case, the R-square values went even lower because the groups at the top of 

the scatter plot were lumped into one group. The issue with the bottom two groups 

remained the same as in the 5-cluster option. In the 3-cluster case, the fitting curves 

captured data points most effectively, as evidenced by high R-square scores. The 

logistic curve-fitting offered an especially good representation of the entire dataset by 

passing through three centers of the three groups, scoring an R-square of 96%. 

Therefore, I chose this 3-cluster option for its high statistical efficiency and 

explanatory power and applied it to area-based regression analyses. 
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Figure 5.8 K-means Clustering Analysis, 2012-2016, 5-Cluster Case 

 

Figure 5.9 K-means Clustering Analysis, 2012-2016, 4-Cluster Case 
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Figure 5.10 K-means Clustering Analysis, 2012-2016, 3-Cluster Case 

Table 5.2 K-means Clustering Performance Comparison by Cluster Size and Curve 

Types, 2012-2016 

 
Cluster centroids 

Logistic 

curve fitting 

Hyperbolic 

curve fitting 

 

𝑑(𝑝, 𝑞) = √∑|𝑥𝑝𝑖 − 𝑥𝑞𝑖|
2

𝑛

𝑖=1

 

 

d = Euclidean distance 

p, q = any two data points 

n = 2; i = 1, 2 (housing 

price, proximity to 

nuclear power plant 

(normalized)) 

Ck = k-th group centroid; 

k=1, 2, …, k 

 

 
 

y =
𝑎

1 + 𝑒−𝑝1(𝑥−𝑝2)
 

 

 

a = amplitude 

p1 = coefficient 

p2 = center 

 

 
 

𝑦 =
𝑝1𝑥

𝑝2 + 𝑥
 

 

 

p1 = vertical 

asymptote 

p2 = horizontal 

asymptote 
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5-cluster 

case 

C1 (0.10, 0.10) 

C2 (0.07, 0.30) 

C3 (0.07, 0.56) 

C4 (0.24, 0.89) 

C5 (0.59, 0.90) 

a=1 

p1=13.25 

p2=0.14 
 

R2=0.64 

p1=1.28 

p2=0.20 

 
 

R2=0.57 

4-cluster 

case 

C1 (0.10, 0.10) 

C2 (0.07, 0.30) 

C3 (0.08, 0.60) 

C4 (0.36, 0.90) 

a=1 

p1=29.16 

p2=0.13 
 

R2=0.58 

p1=1.23 

p2=0.17 

 
 

R2=0.53 

3-cluster 

case 

C1 (0.08, 0.23) 

C2 (0.18, 0.79) 

C3 (0.56, 0.90) 

a=1 

p1=27.13 

p2=0.13 
 

R2=0.96 

p1=1.27 

p2=0.19 

 
 

R2=0.77 

 

Before discussing the regression analysis, it is essential to note that I excluded 

the housing prices of Incheon counties in the analysis for the unique characteristic of 

the city’s real estate market. According to a research report published by the Bank of 

Korea, Incheon’s housing market is usually sensitive to the change in the neighboring 

Seoul metropolitan area (i.e., Seoul and Gyeonggi) due to the translocality between 

these areas (Seo & Park, 2017). Incheon’s housing values tend to be especially 

sensitive to a massive migration of populations between these regions and are more 

likely to fluctuate. The report further noted that stringent regulations imposed on 

Incheon’s housing market and the ongoing large-scale industrial development projects 

in the city are also contributing to these fluctuations. Given the merit of adopting 

housing values in the analysis is in their representativeness of local socioeconomic 

statuses and vulnerability levels, the presence of multiple moving factors uniquely 

embedded in Incheon’s housing market makes the Incheon data outliers. Furthermore, 

Incheon is distinguished from Seoul and Gyeonggi because the city hosts socio-
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environmentally unwanted facilities like coal power plants and industrial complexes; 

therefore, I argue that a separate study is required for Incheon in the future. 

 

Source: Adapted by author from (Lee & Byrne, 2019, p. 7) 

Figure 5.11 Sigmoidal Logistic Function Fitting for Housing Price on Nuclear Plant 

Proximity by County, South Korea 

After the k-means clustering process, the first logistic curve fitting accounted 

for 96% of the variation in nuclear proximity when the county’s average housing value 

was given (Figure 5.11). These results portray an evident case of systemic injustice by 
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revealing that nuclear proximity is inversely associated with the county-level 

socioeconomic vulnerability. Table 5.3 reports the regression output from the first 

curve fitting. All parameters were statistically significant after applying the k-means 

clustering method (k=3). The results show that counties with high average housing 

prices have a low possibility of having a nuclear plant nearby, whereas counties with 

low housing values tend to have a nuclear plant nearby. 

Table 5.3 Sigmoidal Logistic Curve Fitting Output 

Parameters Value S.E. t-value Prob>|t| 

a 0.95068 0.03592 26.4633 0.00142 

xc 0.12544 0.00911 13.77152 0.00523 

k 29.90597 5.38871 5.54975 0.03097 

 

In order to validate the stability of the model’s performance, I ran the same 

regression using the dataset for an expanded period of time, 2012-2019 (8 years). 

While more recent data were also available from the Korea Real Estate Board, 

information after 2019 was not included due to possible outlier effects caused by the 

COVID-19 pandemic. The results of this expanded analysis are reported in Figure 

5.12. Similar to what was observed in the previous case (Figure 5.10), the 3-cluster 

approach yielded the highest level of statistical accuracy of prediction. Specifically, 

the logistic function curve fitting explained 99% of the variations in the data point 

pattern, which confirms that a statistically strong relationship exists between county-

level socioeconomic vulnerability and nuclear proximity risk. 
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Figure 5.12 K-means Clustering Analysis, 2012-2019, 3-Cluster Case 

There are other variables that could be used in this analysis in place of housing 

values in order to examine the relationship of socioeconomic vulnerability to risks 

resulting from the use of nuclear power. For instance, there are several alternatives to 

housing values such as county-level household income (HY) and gross regional 

domestic product (GRDP), and so forth.  

In this particular case study, both HY and GRDP were considered. However, in 

the case of HY, data at the county level were available only for 2020, which mooted 

the use of this variable. For GRDP, statistically regressions were run but the accuracy 
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of prediction was low. The highest R-square was 7% without a k-means clustering 

adjustment and was 38% with a k-means clustering adjustment. 

Although one might prefer a GRDP-based analysis (in the belief that GRDP 

can deliver better economic information about the region), researchers in the field 

have raised concerns about using GRDP as a variable. As GRDP data reflect only the 

total value of economic performance that occurred in a given region, it may not 

accurately reflect the actual increase or decrease in the region’s household income 

(Kim S. , 2019; Hur, Lee, & Kim, 2015). An additional problem with GRDP is its 

representation of corporate income. Large-scale corporates often keep their 

headquarters in the Seoul metropolitan area even if they operate and run businesses in 

other regions. This tendency creates substantial revenue flowing from regional offices 

to Seoul. As a result, significant economic benefits associated with companies are not 

spatially distributed to those non-metropolitan regions (Kim S. , 2019; Jeong, 2018; 

Hur, Lee, & Kim, 2015). In comparison, housing values tend to reflect a longer 

economic status and performance in the region itself. Therefore, housing value appears 

to make more sense conceptually, with the additional benefit of statistically accurate 

prediction.  

Also, there are outliers such as Haeundae-gu of Busan in the distribution of 

data points, which show relatively high housing values near certain nuclear plants. 

However, the number of outliers that show this tendency was only a fraction of the 

whole dataset. And this small number of outliers did not materially affect the results. 

To better understand the existence of these outliers, future investigations into cultural 

and social backgrounds and other factors can be considered. 
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5.3.1.2 Area-Based Analysis of Evacuation Status and Socioeconomic Risk 

The second regression was designed to more directly examine the system-level 

characteristic of energy injustice reflected in the network of Korea’s nuclear power 

development. First, I identified all counties close to nuclear plants (within an 80-km 

radius) for which average housing value was available (60 counties near four nuclear 

plants). For this second curve fitting, I also included 25 counties in Seoul, all located 

more than 170 km away from any of the four nuclear power plant sites. The basic 

statistics of these five groups of counties are summarized in Table 5.4. 

Table 5.4 Basic Statistics of Data (2012-2016 Average) 

 
NPP 

proximity 

County 

count 
Population 

Average 

housing price 

(USD/m2) 

Counties in Seoul 195-221 km 25 10,078,999 5,151 

Counties near Kori <76 km 27 6,545,425 2,262 

Counties near Wolseong <78 km 19 4,477,538 2,025 

Counties near Hanbit <78 km 33 4,605,704 1,499 

Counties near Hanul <75 km 16 1,079,130 1,239 

Source: Adapted by author from (Lee & Byrne, 2019, p. 7) 

The rationale for directly comparing Seoul with those in the 80-km evacuation 

zone comes from the following core question: “who bears the risks of harm by 

operations of an energy plant network and who receives the benefits” (Lee & Byrne, 

2019, p. 6). It was found that communities living within the evacuation zone were 

burdened by the greatest risk of harm. In the meantime, counties in Seoul were risk-

free yet used per capita residential power the most in the nation. 

As with the first curve fitting, I used OriginLab software to test and compare 

several candidate regressions for predicting nuclear plant proximity using county-level 
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socioeconomic vulnerability data. For the second regression, a sigmoid Richards 

function best explained the prominent inverse relationship between proximity risk and 

socioeconomic status, returning an R-square of 86% (Figure 5.13). These results 

reaffirm the outcomes of the first regression with more nuances. These results 

demonstrate the stark separation between those who bear the greatest burden of risk 

and those who most enjoy the product of this riskscape. 

 

Source: Adapted by author from (Lee & Byrne, 2019, p. 7) 

Figure 5.13 Generalized Logistic Function Fitting for Housing Price on Nuclear Plant 

Proximity by County, South Korea 
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Table 5.5 summarizes the curve fitting output from the second model. 

Although not all parameters turned out to be statistically significant, the regression 

model shows a reasonable level for the coefficient of determination and provides an 

explanation of the general dynamics between the two variables, county-level housing 

prices and nuclear proximity. The results reveal that the counties located within the 

evacuation zone and the counties in Seoul have a significant gap in terms of housing 

price, which indicates that their socioeconomic vulnerability and exposure to potential 

nuclear proximity risk should not be treated separately. 

Table 5.5 Generalized Logistic Curve Fitting Output 

Parameters Value S.E. t-value Prob>|t| 

a 208.61124 6.88905 30.28159 6.21683E-46 

xc 3707.48909 817.54487 4.53491 1.97227E-5 

d 248.18886 11085.36539 0.02239 0.98219 

k 0.26469 11.85956 0.02232 0.98225 

As presented above, it is critical to practice multiple curve fitting analyses in 

energy justice research because they can reveal different sides of the problem. With 

the first regression, I was able to find a general relationship between county-level 

housing prices and their proximity to a nuclear plant. However, the counties that are 

neither too close nor too far from a nuclear power plant were not explained well. In the 

second regression, I distilled data points to highlight how counties located within the 

evacuation zone compare to counties in Seoul that are well beyond the geographic risk 

of harm from a nuclear plant accident. The results of this additional regression suggest 

that Seoul consumes electricity at a greater rate than the national average and 

inadvertently imposes a risk of harm on counties with less socioeconomic power by 

shifting potential hazards embedded in the siting and operation of nuclear power 
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plants. Finally, as the last step of the area-based assessment, I demonstrate the area-

based Gini indicator framework to quantify how inequitably this burden is placed on 

the shoulders of the less privileged. 

 

5.3.1.3 A Note on the Possibility of Relationship Estimation Using Non-

Clustered Data 

For comparative purposes, I present the results of a pre-clustering regression 

model. As shown in Figure 5.14 below, the curve-fitting exercise based on the raw 

dataset showed an R-square of only about 40%, revealing that the predictive power 

obtained from these test runs was lower than those using clustered data. To reevaluate 

this phenomenon, I used k-means evaluation as a superior analytical strategy to pre-

process the data as discussed earlier in this chapter. 
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Figure 5.14 Curve Fitting Test Runs without K-means Clustering 

5.3.2 Second Lens: Area-based Energy Justice Indicator Analysis 

South Korea has had an uneven spatial pattern of energy inequality since it 

introduced its first nuclear plant in the 1970s. The regression analysis shows that the 

uneven landscape was created in favor of certain large cities, especially Seoul. Seoul’s 

electricity self-sufficiency was only about 11% in 2020, so the city desperately needs 

imported energy services from other regions to meet its power demand. Given that 

Seoul’s power demand for the industrial sector is low, the city’s per capita power 

consumption is much higher than other regions in the nation. In contrast, rural and 
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non-metropolitan areas host a large share of electricity generation even though their 

population percentage and per capita power use are undersized.  

Plotting this information on a Lorenz curve visually illustrates the extent of 

disparities in how the burden of electricity production is shared among population 

groups. Other variables can also be placed on the vertical axis (y-axis) of the Lorenz 

curve against the population variable. For instance, plotting the amount of electricity 

consumed by each geographic group reflects where energy consumption is 

concentrated and how unequal the pattern is.  

More importantly, the socio-ecological impacts of uneven energy facility siting 

and operation on neighborhoods can be investigated by analyzing various 

consequences of energy production activities. I used the first regression model to 

construct a Lorenz curve that reflects the society-wide burden shifting associated with 

the operations of nuclear plants. Using the correlation between the two variables—

nuclear plant proximity and housing price—I calculated proximity risk as follows: 

  

𝑃𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦 𝑅𝑖𝑠𝑘 = 1 −
𝑑

𝑀𝑎𝑥(𝑑)
 

 

where d is the predicted distance from the nearest nuclear plant based on the county’s 

socioeconomic vulnerability, measured by housing price. 

5.3.2.1 Interpretation of South Korea’s Area-based Energy Justice Indicator 

Using this predicted proximity risk and the population of each county, a 

Lorenz curve was constructed (Figure 5.15). I then calculated the Gini coefficient for 

this Lorenz curve by taking the area ratio between the diagonal equality line and the 

Lorenz curve to the total area under the equality line. The Gini coefficient for this case 
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was 69.1%, indicating that the most socioeconomically vulnerable 20% of Korea’s 

population shoulder 70% of the total measured proximity risk. This finding also 

suggests that 95% of the total proximity risk associated with nuclear plants is borne by 

the most socioeconomically vulnerable half of the population. 

Not surprisingly, all counties in Seoul are located at the tail of the Lorenz 

curve (marked in Figure 5.15). Gumcheon-gu, is the very first county in Seoul that 

appears on the curve; it is also the county with the lowest average housing value in 

Seoul. Even if so, Gumcheon-gu is located far beyond the nuclear plant proximity risk 

zone and is exposed to less than 0.01% of total risk. The rest of Seoul is clustered at 

the end of the Lorenz curve, indicating that the entire city is virtually free of proximity 

risk in the current landscape of nuclear power in Korea.  

Other metropolitan cities like Busan, Ulsan, Daegu, and Gwangju are more 

burdened by proximity risk than Seoul. These cities therefore are often sensitive to 

safety issues, especially those related to nuclear power plants. In their study on 

regional environmental conflicts in Korea, Lee and Kim (2020) found that Ulsan and 

Daegu were the two regions most concerned about nuclear plant safety because of the 

history of “large and small nuclear safety accidents” that “continue to occur in these 

areas” (p. 3). However, many counties located in these metropolitan cities have 

relatively lower socioeconomic vulnerability (measured by housing value), which 

means residents of these areas have the ability to avoid the potential harm even in the 

event of an accident. The situation is more dire in rural counties that are located 

beyond the boundaries of these large cities but still located close to nuclear plants. 

While the proximity to the nearest nuclear power plant may not differ much between a 
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county in a large city and a county in a rural area, the vulnerability to the risk of harm 

is higher in a rural county with a below-average housing value. 

In summary, the results of the Gini indicator analysis offer policy implications 

that could not be offered by the two regressions alone. While the regression analysis 

helped identify the inverse relationship between nuclear plant proximity and 

socioeconomic vulnerability, gauging how disproportionately the potential risk of 

harm is placed on certain populations was possible through the Gini indicator analysis. 

Researchers can use this tool to study different periods of time or different countries 

and to conduct comparative analyses. Policymakers at both local and national levels 

can also utilize this tool—for instance, to set a policy goal to reduce the Energy Justice 

Gini Indicator score as a way to increase spatial energy justice. 
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Figure 5.15 Lorenz Curve of the Area-Based Energy Justice Indicator for Korea’s 

Nuclear Power Networks 

5.3.2.2 A Methodological Note on the Future Applications of the Area-based 

Energy Justice Indicator 

Although the Lorenz curve and Gini coefficient framework provides a useful 

way to measure the nature and severity of the problems, other methodological 

approaches to inequality evaluation have emerged that reveal additional dimensions of 

social inequalities (United Nations, 2015). For instance, Atkinson’s inequality 

measure was designed to allow the user to decompose the observed inequality into 

within- and between-group types. The Atkinson index is also sensitive to change in the 

lower income (or more vulnerable) group and reflects such effects in the results. The 

Theil index and generalized entropy index were designed to quantify the level of 
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inequality by calculating the entropic distance between an equal distribution of income  

and an income distribution of interest. The inequality measured by these indices can 

break down details of the problem, such as inequalities by population groups or 

sources of income that policymakers can make good use of. Because they also allow 

the user to assign a weight to distances between incomes (or the inequality topic of 

interest) in different parts of the distribution, a more sophisticated and nuanced 

understanding of the issue is possible.  

These alternative measures have different implications and therefore are useful 

tools in their own ways. Although this study utilized the Lorenz curve and Gini 

coefficient approach as a primary measure for analysis because of its superiority in 

communication and quantitative literacy effects, I invite future users of the area-based 

energy justice assessment framework to explore different options for inequality 

measures that might work better for energy justice research in specific contexts. 

5.4 Discussion: The Multi-dimensionality of Systemic Energy Injustice 

Embedded in Korea’s Nuclear Power Network 

Energy injustice cannot be fully measured with a single method. Just like any 

other social problem, energy injustice requires both quantitative and qualitative 

investigations and a careful conceptual characterization process. In this study, I 

narrowed the scope of analysis to the quantification of spatial injustice in energy 

landscapes and emphasized the systemic nature of the issue. This approach offers a 

detailed investigation of one of the many energy justice challenges at hand and adds 

one more puzzle piece to the full picture of systemic energy injustice. Nonetheless, 

more research should be done to establish a comprehensive understanding of the 

interconnectedness between energy governance and social justice. 
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Despite its limited capabilities, the area-based assessment framework 

introduced in this dissertation provides two useful lenses that can be used to capture 

the systemic complexity of energy injustice. The first part of the framework was 

designed to examine the dynamics of energy and socioeconomic variables and assess 

the injustice implications of their relationship.  

In the Korean case study, I explored the relationship between each county’s 

distance to a nuclear power plant and its socioeconomic vulnerability measured by 

housing value. The initial regression of housing price on nuclear proximity showed 

that the two variables’ relationship is explained by a logistic function: nuclear plant 

proximity and housing value grow together until a point where they start to behave in 

an unrelated manner. This shift happened where data points for Seoul’s counties 

started appearing in the graph: hereafter, housing values did not change the proximity 

risk. Another regression analysis was performed with a select group of data points. I 

used the emergency evacuation zone as a standard to screen data points to include in 

this second regression. This result was similar to the first one, but the second 

regression highlighted the stark separation between counties and communities under 

the threat of potential evacuation risk and those free from such concerns. 

The second lens was presented to summarize the distribution of proximity risk 

related to nuclear power across Korean society, visually and contextually. The Gini 

indicator score of 70% reveals a lot of unevenness in the locations of nuclear power 

plants and the distribution of concomitant proximity risk. Counties (and therefore 

populations) in Seoul were located at the end of the Lorenz curve, meaning that their 

proximity risk—which is calculated with both distance to the nearest nuclear plant and 
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socioeconomic vulnerability—was the lowest in the country even though Seoul’s 

economy depends heavily on energy imports from other regions. 

The pattern of systemic energy injustice found in the landscape of Korea’s 

nuclear power network is evident. To recap the key findings, it was observed that 

communities exposed to the greatest risk of harm associated with the operations of 

nuclear plants tend to have a higher socioeconomic vulnerability but show the lowest 

level of per capita electricity use. In contrast, all communities in Seoul belong to the 

top decile of per capita power consumption, conveniently reaping benefits from the 

uneven nuclear landscape and yet living well beyond evacuation risk (Kim, Choi, & 

Lee, 2019). The two area-based analyses suggest that the energy injustice found in 

Korea’s nuclear network is systemic, not incidental. In an energy system like this, no 

individual or policy can change the continuation of injustices unless the system itself 

is transformed. 

While it may appear to alleviate this injustice, financially compensating at-risk 

families may only allow this systemic injustice to persist. Although it is essential to 

acknowledge the suffering these communities continue to experience, compensations 

or other technical fixes can only address the issue to a limited degree. In fact, those 

solutions may justify and contribute to an extension of this branch of systemic 

injustice. The scale and intensity of energy injustice detected in Korea’s nuclear power 

landscape seem hardly resolvable with indirect solutions alone. The structural and 

ideological backbones of the current energy paradigm should be crucially considered 

to innovate solutions to the unending cycle of injustice witnessed in many places 

worldwide, including Chernobyl and Fukushima (Lee & Byrne, 2019). Phasing out 

nuclear power is the most direct and rapid way to end this systemic injustice, just as 
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other forms of deep-rooted social injustice (e.g., racial injustice) cannot be fully 

mended until the core cause of the problem is eradicated.  

Energy injustice can affect more than material well-being and comfort. For 

instance, the justice issue related to nuclear power often divides members of a society 

or a region and makes them distrust the system. South Korea has seen serious conflicts 

and divisions between regions and counties because of concerns over the use of 

nuclear energy technology (Kim & Yun, 2018). Admittedly, there are people who live 

in the at-risk areas yet welcome these facilities and operations in their hometowns 

because they believe such large-scale, national-level projects will inject substantial 

economic benefits and support into their local economy (Chung & Kim, 2009). 

However, many other people in those areas are interested in conserving the 

environmental and cultural integrity of their areas and protecting their livelihoods 

from nuclear risk. Ultimately, projects like nuclear power generation are spearheaded 

and decided by the national agencies and KEPCO, which govern the country’s energy 

system. They do not prioritize local people’s concerns or complicated situations over 

the national interest.  

For instance, Gyeongju is one of the most important cities in South Korea in 

history and was a capital of Ancient Korea. However, the city is now also the host of 

Korea’s first radioactive waste facility, which was built in 2005 and has operated since 

2010. The city was already near multiple nuclear power plants. While Gyeongju 

technically won a competition to host the facility over other candidate cities, this was 

not necessarily the will of the citizens. Rather city leadership promoted the 

opportunity and negotiated directly with the central government. Hosting nuclear 

facilities is not a decision that should be made by one group of leaders based on their 
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political stances (Chung & Kim, 2018; Leem & Schreurs, 2018). The potential risk 

associated with the disposal site is gaining even more attention because Gyeongju has 

recently had an increase in earthquakes (Park & Yong, 2017). 

When it comes to risk management and prevention, some problems can be 

predicted and controlled to some extent, but others cannot be easily tamed by human 

capacities. If the potential problems can take a toll on human lives and require 

hundreds of years of economic and environmental recovery, using this technology 

requires extra caution and reconsideration. Here, it is essential to note that the nature 

and severity of systemic energy injustice confirmed in this case study are not exclusive 

to South Korea’s nuclear power network. Developing and developed economies 

dreaming of a post-Fukushima nuclear renaissance cannot escape experiencing 

systemic energy injustice only by fixing the uneven distribution of nuclear power 

plants. As an extreme example, relocating all nuclear power generation to be near the 

cities that consume energy the most, like Seoul, cannot be a solution. Successfully 

eradicating the systemic energy injustices embedded in the nuclear energy landscape is 

possible only when energy thinking is transformed from “energy as a commodity” to 

“energy as a commons” (see Figure 3.5) and the focus becomes promoting less usage 

and drawing upon small-scale, local energy resources as much as possible. Such 

energy-society transformation can uproot the systemized belief that more is better and 

that the goal of energy governance is absolute efficiency. In short, what is needed in 

future energy governance is not just efficiency but also sustainability and equity 

(Byrne, Wang, Lee, & Kim, 1998). 

The severity of systemic energy injustice should be measured in contextual and 

cultural terms, not just in numeric terms. For instance, a comprehensive risk landscape 
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of nuclear power networks needs to include more than just a community’s proximity 

to the nearest nuclear power plant. In the case of South Korea, the construction of 

extra-high-voltage overhead transmission lines that travel across the country to 

connect nuclear power plants to the large cities that rely on the electricity supply from 

those sites has created serious conflicts and distrust within hosting communities (Kim, 

Choi, & Lee, 2019). Miryang is one of the troubled cities that were forced to host 

765kV power towers in order to make the nuclear power network more accessible and 

efficient for other parts of the country (Kim & Yun, 2018; Lee, et al., 2017). These 

interlinked elements of systemic energy injustice can only be fully revealed and 

evaluated when the assessment framework is equipped with quantitative and 

qualitative strategies. As such, the goal of this study was not to propose a complete, 

final assessment framework, but was to open discussion that can lead to creating a 

more useful framework for understanding and investigating the system-scale injustices 

embedded in many energy technologies and landscapes. 

As any other frameworks do, this area-based assessment framework introduced 

in this dissertation have limitations. One important challenge is in selecting case areas. 

While this spatial assessment can work with different scales of unit of analysis, it is 

more suitable to analyzing a large-scale geography because the negative impacts of 

energy development on nearby communities compared to those on communities 

located in distant areas are possibly not distinguished if the case study area is small-

scale like island cases. 

With the climate-energy urgency that human society is facing, energy 

problems more than ever need to be perceived beyond a technical point of view. 

Energy choices made at the personal and national levels hold more than just technical 
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implications. For some communities, certain energy decisions can mean a loss of their 

livelihoods, well-being, and even freedom to live the life they value. Energy problems 

should not be left in the hands of only experts, politicians, or scientists. Citizens and 

communities can be active players in solving energy problems and experimenting with 

different energy paths. 

In the next chapter, I conclude with a review of policy experiments and 

movements that have taken systemic responses to systemic energy injustice. I also 

offer pressing agendas for future energy justice research. 
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Figure 6.1 The Purpose and Content Flow of Chapter 6 
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6.1 Key Findings of This Study 

6.1.1 Energy Injustice Is a Systemic Problem 

With the remarkable growth of energy social science since the early 2010s, 

energy justice has become one of the central and essential topics in energy research. 

Despite the mounting body of energy justice research, only a few frameworks are used 

to conceptualize and evaluate energy injustices. One is the three-tenet framework—

distributive, procedural, and recognitional justice. Many studies have explored and 

adopted this framework because it provides a balanced point of view on complex 

energy justice challenges. However, I have found that the utility of this three-pronged 

framework is limited to investigating incidents individually and often separately. It is 

unable to address the root cause of those incidents. 

This study demonstrates that it is possible to advance the limits of the 

prevailing three-tenet framework. My new conceptual framework adds structural and 

ideological pillars that capture the underlying systemic drivers of energy injustice and 

lead one to think beyond the three justice criteria defined by the existing framework. 

The structural pillar concerns the physical characteristics of energy systems, such as 

large-scale, centralized, and high-risk energy development, all of which can create 

energy justice conflicts as long as the systems are used. The ideological pillar, on the 

other hand, sheds light on the normative beliefs and paradigms that move society as a 

whole toward a certain energy path. By zooming out from the three-tenet framework 

and capturing systemic elements associated with the core problem, one can investigate 

which solutions will break the systemic loop of energy injustice. 

In summary, I argue that energy injustice should be examined from a whole 

systems perspective. While it is crucial to address individual cases based on their 
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specific contexts, such studies also need a conceptual basis for framing energy 

problems at diverse levels, from systemic to local. 

6.1.2 Addressing Systemic Energy Injustice Requires Systemic Responses 

This study used the new conceptual framework to explore a new area-based 

assessment framework and its analytical strategies for capturing the systemic 

condition of energy injustice. I particularly emphasized spatiality as an indispensable 

dimension in energy justice research because every step in the life cycle of energy 

development—mining, production, consumption, and disposal—affects the space in 

which it occurs (Bouzarovski & Simcock, 2017). From an energy social science 

perspective, the space relating to energy systems is defined not only physically but 

also socially and culturally, as many of the spaces involving energy systems are 

entangled with people’s lives, livelihoods, and well-being. As such, I argued that a 

spatial understanding of the socio-environmental impacts of energy development on 

people is fundamental to assessing and, ultimately, addressing energy injustices. 

To demonstrate the usefulness of the new analytical strategies, I investigated 

the nature and severity of systemic injustice embedded in South Korea’s nuclear 

energy landscape using a combined regression and indicator analysis method. Two 

county-level variables, proximity to a nuclear power plant and housing price, were 

used in the regression analysis. The first variable represents the physical distance 

between one’s livelihood and a source of risk, and the second reflects the 

socioeconomic distance between one’s well-being and ability to avoid the risk of 

harm. When combined, these two variables mirror the multidimensionality of nuclear 

power injustice. For example, physical risk can increase if one lives near a nuclear 

plant or if a new plant is constructed in one’s area. A further dilemma is created if one 
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cannot choose to move to a different area or cannot easily escape from the area if there 

is an accident, due to their socioeconomic constraints.  

Using regression analysis, I found that these two variables had a positive 

relationship in the Korean case. People living close to a nuclear power plant tended to 

have less socioeconomic ability to avert the potential risk of harm than those who 

lived far from those facilities. To offer more practical implications for policymakers, I 

modified the Lorenz curve and Gini coefficient framework for spatial energy injustice 

and measured the uneven distribution of risk associated with nuclear power 

generation. The Gini indicator score of 70% signals the doubled burden—living near a 

nuclear plant and high socioeconomic vulnerability—on the shoulders of certain 

populations and regions of Korea. Those least affected by the potential risk of harm 

associated with nuclear power plants had the lowest vulnerability to that risk. People 

living in affluent and risk-free areas like Seoul inadvertently but systemically 

contribute to shaping and sustaining the unjust energy landscape. 

The results of this empirical analysis suggest that the unfair burden shifting of 

risk from the least vulnerable to the most vulnerable cannot be addressed with 

incremental or partial fixes. The landscape of Korea’s nuclear power generation is 

spatially bound and cannot be altered in the short term. The first steps to addressing 

this systemic structure of energy injustice should be to discourage the further 

expansion of nuclear power generation and to create alternative energy paths that 

replace the demand for nuclear power. If not retired, existing nuclear power capacity 

must be safely and minimally utilized with a transparent and comprehensive 

management system and the highest level of structural and institutional preparedness 

for any potential risk. Finally, each region must increase its energy sufficiency so the 
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burden of risk can be localized, not outsourced to other parts of the country. These 

systemic transformations in our energy thinking and infrastructure are key to 

addressing Korea’s unjust landscape of nuclear power generation. 

6.2 Possible Paths Forward: Policy Experiments and Social Movements for 

Systemic Energy Justice 

In this section, I briefly review three innovative cases that were designed and 

implemented to directly tackle the drivers of systemic energy injustice in practice. As 

depicted in Figure 6.2, the underlying momentum for structural transformation and 

paradigm shifts is based on social justice and sustainability narratives. More crucially, 

the impetus for change that can realize and operationalize these ideals is often found in 

transformative policy experiments and grassroots movements. The following three 

innovative cases demonstrate ongoing efforts to upend the practice of systemic energy 

injustice. 
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Figure 6.2 Just Energy Transitions Led by Social Movements and Policy Experiments 

Based on Energy-as-a-Commons Thinking 

In what follows, I first delve into Seoul’s climate-energy initiative, One Less 

Nuclear Power Plant, a large city-scale commitment to alleviating the systemic 

injustice caused by the national nuclear power network. Next, I examine the 

Sustainable Energy Utility model, a non-profit innovation in the U.S. and beyond that 

aims to empower families and communities in their energy decisions and drive the 

public sector to spearhead low-carbon and just energy transitions. Lastly, I introduce 

the Keep It in the Ground movement (also known as Leave It in the Ground) as an 

example of grassroots action that fights against systemic climate-energy injustice. The 

common feature that underpins all three cases is that they suggest paving new energy 

paths in a way to transform systemic injustice conditions instead of seeking 

innovations within the boundaries of conventional energy paradigms. In other words: 
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they all have clear targets in their sights, action plans for putting their goals into 

motion, and most importantly, plenty of space for public participation.23 

6.2.1 Seoul’s One Less Nuclear Power Plant Initiative: Undoing Systematized 

Urban Energy Injustice 

As discussed in Chapter 5, South Korea’s nuclear power landscape has 

affected the safety and well-being of socioeconomically vulnerable communities 

unevenly and unfairly. In the face of this deeply rooted injustice, the Seoul 

Metropolitan Government (SMG) decided to experiment with an innovative initiative 

called One Less Nuclear Power Plant (OLNPP) to address the unjust national energy 

riskscape. Implemented from 2012 to 2020, the OLNPP initiative was a city-level 

climate action driven by ethical principles and values. For this reason, its 

achievements and justice implications mean a great deal to Seoul and beyond (Lee & 

Byrne, 2019; Lee, Lee, & Lee, 2014). 

The equity-centered vision of OLNPP is observed in the city government’s 

critical stance on nuclear power, which often requires sacrifice zones and populations. 

The policy goal of OLNPP was not just to reduce carbon emissions but, more 

importantly, to adopt low-carbon measures that have minimal impacts on at-risk 

populations and ecosystems. Relying more on nuclear power, which is generated well 

beyond Seoul’s boundaries, was not an ethically sustainable option for the city, 

especially in the long term. Instead, the SMG focused on ‘softer’ policy measures such 

as energy conservation, efficiency improvement, and renewables to contribute to 

 

 
23 Sections 6.2.1 and 6.2.2 borrow from a book chapter (Lee, Byrne, & Seo, 2023) in 

Energy Democracies for Sustainable Futures. A full citation is available in the 

reference list. 
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addressing the climate-energy crisis. Seoul was able to reduce its energy consumption 

by 6.87 million TOE (equivalent to the amount of power generated at three nuclear 

power plants in a year) and cut its energy-sourced carbon emissions by 11 million tons 

during the project years from 2012 to 2020 (SMG, 2022).  

Beyond these numbers, the value of OLNPP lies in the fact that the city 

demonstrated an innovative way of placing energy justice principles at the center of its 

climate policies and emphasized public engagement and participation in the process 

(Lee, Byrne, & Seo, 2023). The idea of increasing the city’s energy self-sufficiency in 

order to reduce the burden of risk placed on families and communities living near 

power plants offers a compelling example of a systemic response to a systemic energy 

problem.  

6.2.2 Sustainable Energy Utility: Toward Polycentric Energy Governance 

First conceptualized and proposed by researchers of the Center for Energy and 

Environmental Policy (CEEP), a Sustainable Energy Utility (SEU) model has 

embodied a new type of community utility that explores the potential for 

unconventional, self-financing, and polycentric energy governance (Byrne, Martinez, 

& Ruggero, 2009; Houck & Rickerson, 2009; Byrne & Taminiau, 2016; Taminiau, 

Banks, Bleviss, & Byrne, 2019). 

The first SEU model was established in 2007 in Delaware, home to CEEP, to 

protect energy consumers from a surge in electricity rates. Since then, the Delaware 

SEU has provided the state’s residents with the tools and knowledge to benefit from 

energy efficiency and renewable energy measures. After the success of the Delaware 

SEU, the model has been adopted in different locations, including the District of 
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Columbia, Pennsylvania, Ann Arbor, Michigan, and beyond the U.S. (Lee, Byrne, & 

Seo, 2023). 

A significant achievement of the SEU model in Delaware was the issue of a 

$72.55 million statewide tax-exempt bond created to fund energy efficiency and 

renewable projects. Project participants were public and university buildings in the 

state (six public agencies and two universities). The projects guaranteed savings of 

$148 million from sustainable energy measures and have seen successful results 

(Taminiau, Banks, Bleviss, & Byrne, 2019). This energy savings can be invested in 

additional or other sustainable energy projects that can contribute to the state’s 

socioenvironmental sustainability and commonwealth energy economics (Lee, Byrne, 

& Seo, 2023). The Pennsylvania Sustainable Energy Financing (PennSEF) program 

demonstrates another form of the SEU model application. The Foundation for 

Renewable Energy and Environment (FREE), a non-profit organization for a 

sustainable and just energy future (https://freefutures.org/), has collaborated with the 

Pennsylvania Treasury Department since 2014 to aggregate sustainable energy 

projects in the state’s 35 municipalities (Taminiau, Banks, Bleviss, & Byrne, 2019). 

With these well-established sustainable energy programs and strategies for the 

public, residential, and commercial sectors, the SEU model illustrates a re-imagination 

of a local utility that “serve[s] community values and visions instead of shareholder 

profits” (Lee, Byrne, & Seo, 2023, p. 66). The structural and institutional flexibility of 

the SEU concept allows the model to be adopted in different contexts and respond to 

energy sustainability problems existing in each particular context with systemic and 

innovative solutions. 

https://freefutures.org/
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6.2.3 The Keep It in the Ground Movement: Social Movement-based Energy 

Transitions 

After the disappointing results of multidecade global climate negotiations, 

social movements devoted to energy-climate justice have dramatically increased and 

are creating most radical discussions. A stark example is the Keep It in the Ground 

movement, which is a type of fossil fuel divestment movement that demands a 

complete discontinuation of the use of fossil fuels by keeping the natural resources 

untouched and leaving them in reserves. Unlike more technological strategies like 

carbon capture and storage, which aim to control and remove carbon emissions 

already in the atmosphere, the Keep It in the Ground movement underscores the need 

to transition to a fossil fuel-free society immediately. While the primary goal of this 

movement is to end fossil fuel development, the movement also emphasizes how to 

achieve a ‘just’ transition to a renewable-based economy. For example, it recognizes 

the need to understand the possible justice implications of divesting fossil fuel 

development, such as projected unemployment from a decline and retirement of the 

fossil fuel industry, and address this potentially inevitable social cost of 

decarbonization. 

A leading group in this effort is Global Justice Now (originally the World 

Development Movement), an organization based in the U.K. that campaigns against 

global injustices associated with poverty, climate change, and other sustainability 

issues (World Development Movement, 2014). A U.S.-based non-governmental 

organization, 350.org also stands out for its effort with Keep It in the Ground. Its 

motivation to initiate this campaign was the protest against the Keystone XL pipeline 

in the 2010s. Over 400 organizations around the world, including the two mentioned 

above and active movements in the South, demand that the government and private 
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sector stop funding coal and other fossil fuels in order to achieve faster and more 

fundamental decarbonization.  

This movement is based on robust scientific evidence that leading researchers 

in climate science have provided. For example, Jakob and Hilaire (2015) found that 

human society must not unlock the so-called ‘unburnable fossil-fuel reserves,’ which 

include 80% of total coal reserves, 50% of total gas reserves and 30% of total oil 

reserves, if it is to keep the global average temperature rise under 2 °C and avoid the 

irreversible consequences of failing to do so. 

The Keep It in the Ground movement is a clear example of stronger civil 

society advocacy and watchdog activities in climate action, one that goes much further 

than merely demanding reduction in or removal of the carbon emissions emitted by 

polluters. It seeks a systemic change that can drive a complete withdrawal of fossil 

fuel options and a just transition to a carbon-free future for all. 

6.3 A Common Agent of Systemic Change: Social Movements at the 

Polycentric Layer 

In all three cases discussed in Chapter 6 of the unconventional efforts to 

reshape the dynamics of energy governance and landscapes, it can be concluded that 

the underlying agent for change is a network of movements, including scholars, 

activists, and citizens, who reimagined future energy paths. New ideas and the desire 

for change emerged from the polycentric layer. Generally, national policymakers 

followed or reacted to changes birthed at the polycentric level. In fact, studies have 

found that agents of change in the currents of national and global energy transitions 

are rooted in persistent efforts created and maintained by social movements (Byrne, 

Taminiau, & Nyangon, 2022; Hager, 2016). 
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Byrne et al. (2022) conducted an in-depth review of U.S. climate politics at the 

national and subnational levels to understand why the U.S. has failed to promote and 

sustain a national-level climate plan. The study found that “cancel politics” (Byrne, 

Taminiau, & Nyangon, 2022, p. 4) exercised by the conservative party for decades is 

one of major challenges to breaking the cycle of national policy failure. In contrast, 

the scale and intensity of climate action taken at subnational levels in the U.S. provide 

hope for change. Byrne et al. (2022) identified a two-step evolution of energy and 

climate policy at the subnational level. The first step created a rapid diffusion of 

climate strategies and goals across states, which was possible thanks to the rich culture 

of local action against national-level policy failure. The second step involved more 

aggressive and tangible change in energy-climate governance at the state level. One 

powerful example is that 20 states now require by their target years (ranging from 

2032 to 2050) that all electrical generation is provided by renewable energy sources, 

which must be equitably distributed across their boundaries in order to ensure 

inclusive energy sustainability. These states are now models of a systemic solution to 

a systemic problem as they eliminate fossil fuel and nuclear energy from the new 

energy order governed by those actually using energy. Despite the long-time 

frustration by national climate inaction, the polycentric layer of U.S. climate efforts 

shows the critical importance of local and grassroots power in advancing and 

sustaining climate action even in the presence of resistance and sabotage. 

Germany’s Energiewende is another example of social movement-based 

transformation of a national energy plan. Energiewende envisions a fundamental shift 

from a fossil fuel- and nuclear energy-powered economy to a renewable-dominant, 

safe, and sustainable energy future. This plan is widely cited as ‘best practice.’ Some 
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researchers believe the plan confirms the feasibility and preferability of what is 

regarded as a top-down model of transformative change (Hager & Stefes, 2016).  

Little known is that the introduction and sustained improvement of this 

national-scale energy plan actually has its origins in grassroots protest that included a 

wide array of social movements, including anti-nuclear groups, which created 

‘networks of innovation’ for change in the German energy political economy. Hager 

(2016) examined in depth the connection between protest politics and bottom-up 

energy transitions using a case study of the Wyhl resistance that was provoked in the 

1970s against a construction proposal of multiple nuclear power plants in the Freiburg 

region. Grassroots opposition to nuclear power is not characterized just as a NIMBY 

protest or an anti-nuclear movement—it has organically evolved into a movement for 

regional, bottom-up renewable energy development, which has served as a systemic 

response to systemic issues embedded in the country’s pro-nuclear path. The advocacy 

network that was created throughout this 30-year process shows how transformational 

social change emerges and prevails from the polycenter and eventually causes a 

fundamental shift in national politics and economics.  

Political and economic elites played a negligible role in the early 

development of a renewables industry. Federal ministries were not 

uniformly supportive, and there was no substantial federal legislative 

help until 1990. […] The diverse network described here provided a 

foundation for Freiburg’s transition to a “solar region” despite the 

absence of a [national] legal infrastructure to support renewable energy 

development. This is consistent with the pattern elsewhere in Germany 

(Hager, 2016, p. 19). 

The network of innovation in Freiburg provided a powerful example of 

collaborations among different regional groups and sectors (including local villagers, 

educators, researchers, political parties, NGOs, and manufacturers). This form of 



 229 

social movement transcends the traditional boundaries of activism often represented 

by certain civil groups. Their innovation did not wait until national experts, politicians, 

or activists take an initiative and fight for them. Social movements commonly 

interested in a non-nuclear energy future contributed to the success of Freiburg as a 

‘solar region,’ which became the key building block of Germany’s Energiewende 

today. 

In the South Korean context, many large cities including Seoul (as reviewed in 

the OLNPP initiative in section 6.2.1), have potential to pursue the polycentric 

approach seen in the U.S. and German cases. A recent study found that Daejeon, for 

example, could self-supply 56% of the city’s power demand by introducing ‘solar city’ 

and ‘savings city’ models, which are now in wide use in the U.S. (Taminiau, Byrne, 

Kim, Kim, & Seo, 2021). As a highly urbanized society, Korea has many more cities 

that have a similar level of potential in energy conservation and renewablization. 

While the structural and institutional conditions of Korea’s energy sector may seem 

unfriendly to polycentric transformations, the technical potential and the recognition 

of need for systemic change are already there. Accumulation of innovative ideas and 

experiments, small or large, can jumpstart a wave of fundamental change with the 

agency of people fully exercised in the forms of social movements and civil 

engagement. Challenges and frustrations in this type of path creation cannot be 

avoided or underestimated. Nevertheless, collective and persistent commitment to 

energy sustainability spearheaded by grassroots action can be key to facilitating 

transformation in Korea, as success stories from other countries offer. 

In cases of systemic energy injustice, I suggest that transformational change 

depends upon those political and economic alliances most willing to demand systemic 
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solutions. Of course, resistance to such demands will be fierce and too often 

successful, but only for a period of time. 

6.4 Ideas for Future Research 

This study has characterized energy justice issues from a whole systems 

approach and used a case study to demonstrate how to utilize this system-level 

framework for energy justice. The expanded conceptual and analytical framework 

introduced in this study is only a single example of how to frame and understand the 

production of systemic energy injustice in the current era. Ideally, other researchers 

will further develop it into a more comprehensive and holistic framework for energy 

justice research. I suggest three areas for future research: (a) social movements and 

energy justice, (b) capability approach and energy justice, and (c) a carbon-neutral 

society and energy justice. These areas require interdisciplinary and multidisciplinary 

thinking, which has been practiced in the field but is still anticipated in energy justice 

research. 

First, social movements have been and will continue to be the source of 

momentum for the mission to transform energy systems, just as other historical social 

changes (e.g., human rights, women’s rights, and voting rights) were realized with 

strength from of civil society. The decisive role of social movements in just energy 

transitions should be further recognized and researched. Figure 6.3 illustrates three 

interactive groups of principles that are needed in a social movement to accelerate a 

rapid transition to democratic and just energy systems (Lee, Byrne, & Seo, 2023).  

The motivating principles call for resistance to the conventional, path-

dependent energy regimes that have framed energy as a subject of authoritarian, top-

down, commodity-based management. The two operationalizing principles, 
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commonwealth- and trust-based energy development, enable citizens to reclaim their 

role in energy decision-making and reidentify themselves as more than just passive 

consumers of energy services. Lastly, the organizing principles allow people to find 

effective opportunities to contribute to reconstructing energy systems by taking part in 

local efforts on just energy transitions via various channels. Further empirical studies 

relating to these processes and their justice implications are needed. 

 
 

Source: Adapted by author from (Lee, Byrne, & Seo, 2023, p. 62). 

Figure 6.3 Social Movement-Based Energy-Society Transformation 

Second, energy justice scholarship should further improve its theoretical 

foundation in order to establish a stronger philosophical and legal base for applications 

in practice. One emerging justice theory in the energy justice literature is the 

capability approach, through which Lee, Byrne and Kim (2021) proposed to advance 

ongoing policy discussions about energy poverty. Current policies designed to address 

energy poverty, such as bill assistance, focus on directly alleviating this economic 
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dimension of energy burdens by paying energy companies on behalf of families with 

high energy burdens. From a capability perspective, empowering energy-vulnerable 

families is not feasible solely through bill assistance. Offering them financial and 

informational support to renovate and weatherize their residence with energy-efficient 

and energy-saving measures is equally critical, if not more so. Integrating energy 

justice concepts and emerging justice theories like the capability approach and care 

ethics can be a way to advance the theoretical dimension of energy justice scholarship. 

Finally, energy justice scholarship needs to further study how carbon neutrality 

and energy justice goals can be pursued and achieved together in alignment. While 

both should be part of future policy agendas, the compatibility of the two goals (i.e., 

achieving a zero-carbon society without violating energy justice principles) has been 

underexplored in academia. Further research on zero-carbon and just energy 

transitions is needed. 

All in all, the key contribution of this study is to open creative discussions 

about ‘systemic energy justice’ as a new concept, analytical lens, and future policy 

agenda. I plan to continue exploring various types and scales of energy injustice from 

this new perspective and further expand the energy justice frameworks outlined in this 

study. However, this effort cannot be made by a single researcher. I call for dynamic 

collaborations among researchers, policymakers, citizen groups, and beyond to 

reexamine and reimagine our past, present, and, most importantly, future energy paths 

through the windows of justice and sustainability. 
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