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The concept of a Just Energy Transition (JET) has gained prominence in sustainable development discussion, with impact assessment serving as a key foundation for advancing global energy justice. Currently, the primary assessment frameworks encompass distributional justice, procedural justice, and restorative justice. However, these dimensions exhibit a certain degree of overlap, and a standardized set of metrics for their evaluation remains conspicuously lacking. To address this research gap, this study employs a literature review and logical reasoning to construct a comprehensive framework consisting of four distinct assessment dimensions: cognitive justice, distributional justice, procedural justice, and redistributive justice. The framework delineation the boundaries and logical relationships among these dimensions. This study emphasizes the foundational role of cognitive justice, positioning it as the cornerstone upon which other dimensions of justice rely. Moreover, it puts forth a constructive argument that future generations, as direct beneficiaries, should bear additional responsibility to uphold intergenerational justice. This multi-dimensional framework deepens our understanding of the complexities of JET and encourage critical discourse on the subject.
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1 INTRODUCTION
Over the past 2 decades, a prominent focus in energy transition research has revolved around two crucial aspects: energy transition technology and the energy transition economy (Jones et al., 2021; Popescu et al., 2022). This research strand has encompassed the development of state-of-the-art technologies and economic models aimed at facilitating the design and adoption of innovative energy solutions (Gallo et al., 2016; Østergaard et al., 2021; Carley and Konisky, 2020; Blazquez et al., 2020). The advantages associated with this emphasis are multifaceted, including the modernization of industrial structures, the proliferation of new energy technologies, climate change mitigation, environmental preservation, and the promotion of sustainable economic development (Wang and Lo, 2021; Montañés et al., 2023). These developments highlight the critical role of technological and economic advancements in driving the energy transition towards a more sustainable future, reflecting a growing commitment to addressing environmental challenges and fostering a resilient, low-carbon economy.
Addressing the energy inequalities that emerge from this transformative shift is crucial. In the early stages of the energy transition, a significant influx of human capital, technological resources, and investments is essential. This dynamic may render economically advanced nations and regions more adept at and predisposed towards enjoying the benefits of energy transition, thereby potentially exacerbating global or domestic economic disparities (Sinha et al., 2023). Energy transition inevitably mandates a restructuring of industrial frameworks, profoundly affecting employment prospects in various technical domains. The transition towards renewable energy sources may precipitate a reduction in employment opportunities within traditional energy sectors, such as coal and oil. This shift can also disrupt labor markets that lack the requisite skill sets, thereby underscoring the need for workforce adaptation and retraining initiatives (Cha et al., 2020). Ensuring that workers can transition smoothly to new roles in emerging energy sectors is essential for mitigating the socio-economic impacts of this industrial shift and for promoting sustainable employment growth in the long term.
It is essential to emphasize that disparities in energy access can lead to a cascade of secondary societal challenges. From a corporate development perspective, they may lead to non-democratic and unsustainable industrial processes, concentration of corporate power and profits, and the externalization of waste and pollution (Brock et al., 2021). Concerning equitable employment opportunities, it is essential to acknowledge the presence of gender and racial disparities, the prevailing trend of male dominance in high-tech, high-income occupations, and the significant “brain drain” effect exerted by high-tech zones on the surrounding regions (Carley and Konisky, 2020). The prominence of inequities arising from energy transition has been steadily increasing (Chen et al., 2024; Kashour, 2023; Lei et al., 2023). It is paramount to factor in considerations of energy justice and affordability throughout the energy transition process. This proactive approach is aimed at mitigating the developmental imbalances that stem from energy inequality and stands as a pivotal concern within the sphere of sustainable development.
In response to the inequities arising from the energy transition process, the concept of “just transition” emerged towards the end of the 20th century. This concept found its place in international dialogues, including the United Nations Sustainable Development Goals (SDGs) and climate change negotiations (Abraham, 2017; McCauley and Heffron, 2018). Within the context of globalization, the concept of a “just transition” has expanded its scope to encompass international dimensions, with a particular emphasis on the concerns of developing countries. Nations have sought to determine the allocation of responsibilities and obligations between developed and developing countries in the energy transition process through international cooperation. This collaborative approach seeks to ensure that the transition does not exacerbate global inequalities (Qi et al., 2023). In the 2015 Paris Agreement, the issue of a just energy transition (JET) was formally introduced, emphasizing the significance of global “climate justice” and “sustainable development.” This recognition underscores the importance of equitable policy frameworks and support systems that prioritize both environmental sustainability and social equity on a global scale.
The assessment of the impacts of a JET serves as a valuable foundation for advancing global energy equity. This form of impact assessment typically entails a comprehensive evaluation of the repercussions that energy structural adjustments and transition policies have on diverse groups, industries, regions, and the environment (Majekolagbe, 2022). In alignment with the principles of environmental justice and climate justice, the assessment of energy justice commonly adopts analytical frameworks rooted in distributional justice and procedural justice (Sovacool and Dworkin, 2015). Distributional justice emphasizes maintaining a balanced distribution of resources and benefits among individuals or groups, aligning with their needs, rights, and contributions (Miller, 2017; McCauley and Heffron, 2018). While, procedural justice directs attention to the justice of decision-making and rule-making processes, beyond the ultimate outcomes. It scrutinizes whether the decision-making process is characterized by transparency, consistency, impartiality, and equity. This facet of justice plays a pivotal role in legal systems, organizational governance, and political decision-making (MacPartlin and Darcy, 2007; Lappe-Osthege and Andreas, 2017).
Some scholars assert that the paradigms of distributional justice and procedural justice may inadvertently overlook the imperative of punishing wrongdoers and providing restitution to harmed groups. This contention has given rise to the concept of restorative justice (Welton et al., 2015). Restorative justice centers on the restoration of harm inflicted upon individuals, rather than solely focusing on punitive measures against offenders (Hamilton and Hamilton, 2021; Speed, 2020). Other scholars argue that restorative justice fundamentally constitutes an integral facet of procedural justice. It can be delineated into two distinct dimensions: recognition justice and compensation justice (Lacey-Barnacle et al., 2020). Recognition justice emphasizes acknowledging and addressing the experiences and needs of affected individuals or groups, while compensation justice focuses on providing reparations and restoring the losses incurred. Together, these dimensions provide a comprehensive approach to ensuring that justice is not only about equitable distribution and fair processes but also about healing and rectifying past harms (McLaughlin, 2020).
Presently, there exists no unified framework in the analysis of energy justice, and a degree of overlap persists among various dimensions. This study endeavors to construct analytical dimensions for the assessment of energy justice, rooted in justice theories, and delineate the boundaries of each dimension comprehensively. Moreover, it offers meticulous elucidation of constituent elements and evaluation indicators, along with their respective definitions, with the intent of providing a comprehensive and effective analytical framework for the impact assessment of a JET. By establishing clear and distinct dimensions, this framework aims to address the complexities and intersections inherent in energy justice, facilitating a more structured and holistic approach to evaluating the socio-economic and environmental implications of energy transitions.
Literature review stated that there is no unified framework for the analysis of energy justice, and a degree of overlap exists among the various dimensions, with their logical relationships remaining unclear. Therefore, this study aims to develop a comprehensive analytical framework for energy justice, addressing the inherent complexities and intersections within this field. This framework seeks to facilitate a more structured and holistic approach to evaluating the socio-economic and environmental impacts of energy transitions. The objectives of this study includes: i) Establishing analytical dimensions for assessing energy justice, with clear and comprehensive definitions for each dimension’s boundaries, ii) Providing detailed explanations of the constituent elements and evaluation indicators within each dimension, along with their respective definitions, and iii) Clarifying the internal logical relationships between the different dimensions of energy justice.
2 ADAMS’ EQUITY THEORY: COGNITIVE JUSTICE
When discussing principles of justice, Adams’ Equity Theory often stands out as a seminal concept. Originating in 1963, this classic theory serves as a foundational framework for comprehending perceptions of equity and inequity within the workplace, along with its consequential effects on employee conduct. Adams’ Equity Theory underscores the employee’s assessment of justice by juxtaposing their personal inputs (such as effort, skills, loyalty, or the challenges they undertake) against the outcomes they receive (including salary, promotions, recognition, or other rewards) (Greenberg and Colquitt, 2021). Notably, Adams posited that the notion of justice hinges upon subjective perceptions, which are intrinsically linked to individuals’ evolving cognitive capacities (Cropanzano et al., 2020). This theory highlights the importance of perceived fairness in shaping employee motivation, satisfaction, and behavior, providing a valuable lens through which to examine justice in various organizational contexts.
Drawing upon the principles of Adams’ Equity Theory, the paper posits that cognitive justice merits inclusion as a vital evaluative dimension within the discourse on justice amid the energy transition. In the context of energy transformation, cognitive justice encompasses two key stakeholders: the proponents of energy transition (i.e., governmental bodies and corporate entities) and energy consumers (the general populace). Consequently, cognitive justice becomes pertinent in scrutinizing matters such as the cognitive levels of the proponents regarding energy justice, the capacity of energy community residents to discern the repercussions of their own interest concessions, and the intricate dynamics that manifest within their interactions.
By incorporating cognitive justice into the analytical framework, we aim to address the disparities in understanding and awareness between these stakeholders. This inclusion is crucial for evaluating how well the decision-makers comprehend the principles of energy justice and how effectively they communicate these principles to the affected communities. Furthermore, it examines whether the residents have the necessary knowledge and tools to understand and negotiate the trade-offs associated with energy policies and initiatives. Through this lens, cognitive justice provides a means to ensure that all parties are equally informed and capable of participating in the transition process, thereby fostering a more equitable and inclusive energy transformation.
2.1 Cultural sensitivities and essential societal requirements
The cognitive level of energy transition proponents is a pivotal determinant in achieving a JET (Healy and Barry, 2017). Research rooted in social psychology has delved into the influence of culture and social needs on JET, highlighting the critical role of understanding and addressing these factors. Specifically, it has been emphasized that energy corporations and relevant governmental entities must proactively cater to cultural sensitivities and fundamental requirements at individual, community, and societal levels. This comprehensive approach ensures the justice of the energy transition process by fostering greater acceptance and cooperation among all stakeholders (Sarrica et al., 2016).
Within the context of a study focused on energy transition in rural communities in Northern Italy, (Tiberio et al., 2020) conducted an in-depth examination of the interplay between knowledge, motivation, and cultural factors in shaping energy-related behaviors. Their research highlighted a crucial point: while community residents may possess some degree of understanding regarding energy issues and energy-saving options, this awareness does not necessarily translate into concrete energy choices when the adoption of new energy sources clashes with their entrenched cultural norms and individual needs. This case serves as a compelling illustration of the paramount role played by cultural sensitivity in the realm of energy transition (f et al., 2020).
Another illuminating case study scrutinized the energy transition strategies adopted within the Australian coal industry. This investigation underscored the necessity for these strategies to take into account the historical and cultural identities of local communities, as well as the substantial reliance of residents on the coal industry. These strategies encompassed the provision of basic social needs such as education and training opportunities in the energy transition, along with support for the development of nascent industries (Carley and Konisky, 2020).
In light of these research findings, it becomes evident that governmental bodies and corporate entities, in their role as drivers of energy transition, must not only give due consideration to cultural sensitivity but must also possess a comprehensive understanding of the objective and intrinsic basic needs of community residents as they advance the energy transition agenda. Building upon these empirical studies, the paper delineates the constituent elements for assessing cognitive justice, which include the attempt to reduce cultural sensitivity and the identification and fulfillment of essential societal requirements.
2.2 Participation and representativeness of energy community residents
The recognition and preservation of potential benefits by residents within energy communities play a pivotal role in establishing the fundamental criteria for a JET (Mundaca et al., 2018). An extensive investigation of 71 instances of energy transitions within European economic regions revealed that the initial step for community residents involves acknowledging their susceptibility to energy vulnerabilities and energy poverty, which is crucial for effective participation in the decision-making processes of energy transition endeavors (Hanke et al., 2021). This active involvement is instrumental in advancing the principles of energy justice. It underscores the necessity for community residents to have a comprehensive understanding of the advantages and risks inherent in energy transition projects. Residents must be aware of their rights and know how to safeguard their interests through active participation, ensuring a more equitable and inclusive energy transition.
In an inquiry into the acceptance levels of local populations towards wind energy and bioenergy projects within the United Kingdom, researchers discerned a lower level of acceptance among local residents. This reduced acceptance was primarily due to a limited understanding of the benefits and technological safety aspects of the energy transition (Lennon et al., 2019). Conversely, in the context of 113 energy community projects in Germany’s energy transition, there was widespread support from community residents. This support was facilitated by providing clear and cost-effective energy transformation blueprints and empowering local communities (Hanke and Guyet, 2023). These empirical cases underscore the pivotal role of comprehensive cognition in driving active public participation in energy transition initiatives, demonstrating that when communities are well-informed and actively engaged, the acceptance and success of energy projects significantly increase.
Furthermore, the participation of community residents must be characterized by representativeness, ensuring that it encapsulates the concerns and needs of all societal groups. In the context of the European energy landscape, a recurrent issue within the JET paradigm has been the underrepresentation of marginalized groups (Hanke and Lowitzsch, 2020). To address this concern, the European Union has instituted legislation that emphasizes the societal role of economic regions in mitigating energy poverty. It mandates the inclusive participation of all social strata within economic regions, with particular focus on those segments of society that are historically underrepresented among the economic region’s members (European Union: European Commission, 2019). This legislative approach aims to create a more equitable energy transition process by ensuring that the voices of all community members, especially the marginalized, are heard and considered in decision-making processes.
Hence, it becomes evident that the level of awareness among energy community residents regarding their own energy vulnerability and energy poverty plays a pivotal role in determining the extent and scope of their involvement in the JET. Therefore, the paper includes participation of energy community residents and representation of energy community residents as decision-making members in the evaluation of cognitive justice.
2.3 Construction of communication and resolution mechanism
The effectiveness and sustainability of a JET are contingent upon the willingness of both businesses and energy community residents to engage in mutual communication and collaboration. This willingness, combined with their knowledge reservoirs and cognitive levels during the collaborative process, plays a crucial role in shaping the outcome (Siciliano et al., 2021). Effective communication fosters a shared understanding of goals and challenges, while collaboration ensures that diverse perspectives are integrated into decision-making processes. The cognitive levels of all stakeholders, including their ability to comprehend and apply knowledge related to energy transitions, significantly influence the success and durability of JET initiatives (Bal et al., 2023).
Within the ambit of the Social Innovation in Energy Transitions (SONNET) project’s 500 social innovation practices, cities such as Mannheim and Warsaw are actively propelling the JET by extending support to citizen energy communities, fostering knowledge-sharing through dedicated knowledge centers and citizen groups, and embracing market-driven and multilevel governance models. These strategic approaches significantly enhance the effectiveness of communication and serve as catalysts for the promotion of sustainable energy transitions (Sovacool et al., 2023). Nevertheless, the continuity of such communication necessitates the establishment of regulatory mechanisms capable of sustaining long-term negotiations (Hoicka et al., 2021). Establishing these mechanisms is crucial to ensuring that dialogues remain productive and adaptive to evolving energy landscapes, thereby securing the ongoing engagement of all stakeholders in the transition process.
JET’s sustainability, by contrast, needs to be anchored in a regulatory mechanism that can sustain long-term negotiations. The Global Subsidies Initiative emphasizes that JET is an ongoing process grounded in dialogue and a tripartite agenda, involving labor, industry, and government. This process mandates perpetual negotiation and implementation, considering the diverse geographical, political, cultural, and social contexts within which it unfolds (Hoicka et al., 2021; Global Subsidies Initiative, 2018). An illustrative example of this approach is seen in the establishment of National Regulatory Authorities (NRAs) during the European energy transition. These authorities constructed regulatory mechanisms for the energy transition due to their independence, which empowers them to advance the transition through the formulation of policy, negotiation, and rigorous technical assessments (Kaschny and Lavrijssen, 2023). This model underscores the importance of having dedicated regulatory bodies that are capable of navigating complex and evolving energy landscapes, ensuring that the transition process remains effective and equitable over the long term.
The inherent risks in communication and management processes are closely linked to stakeholders’ awareness of their actual interests. Thus, evaluating the effectiveness of constructive communication processes, negotiation strategies, and regulatory mechanisms is crucial within the framework of cognitive justice. This evaluation should concentrate on the systematic assessment of communication effectiveness and the comprehensive evaluation of problem-solving capacity.
3 PROCEDURAL JUSTICE PRINCIPLE: PROCEDURAL JUSTICE
The principle of procedural justice is a commonly applied concept in legal interpretations, emphasizing the fairness of the decision-making process over the justice of the ultimate outcomes. This principle posits that even when outcomes are unfavorable, individuals may still perceive the process as fair if it exhibits transparency, consistency, and impartiality (Tyler and Allan Lind, 2001). Within the context of a JET, procedural justice assumes a pivotal role, primarily influencing the trajectory and results of this transition by ensuring transparency, justice, and inclusivity throughout the decision-making process (Wang and Lo, 2021). Among these aspects, transparency and equity serve as the fundamental pillars of a JET, while inclusivity determines the degree of alignment between the final outcomes and the envisioned objectives. The paper integrates procedural justice into the analytical framework for evaluating a JET and delineates the assessment elements of procedural justice based on these three aspects.
3.1 Publication and transparency of energy policies
Openness and transparency are fundamental prerequisites within judicial proceedings. Procedural justice necessitates that the decision-making process be transparent and subject to review, allowing all stakeholders to comprehend and oversee the development and implementation of policies (Nunn, 2020). This transparency serves to foster public trust in new policies and mitigate resistance. In the context of the energy transition process, it is crucial that energy enterprises ensure the clarity and comprehensibility of information while upholding its timeliness and accessibility (Carley and Konisky, 2020). This entails the regular release of detailed information regarding energy strategies, including policy objectives, implementation strategies, progress updates, anticipated impacts, and pertinent scientific and economic analyses. Moreover, it involves disclosing the data and analytical methodologies employed in policy formulation, enabling external experts and the general public to verify and comprehend the data and rationale underlying the decisions. Articulating the policy formulation process, including the consideration of varying perspectives and evidence, is paramount. This comprehensive approach ensures that all stakeholders are adequately informed and can actively engage in the transition process, thereby enhancing the legitimacy and effectiveness of the energy transition.
Simultaneously, government energy departments and non-governmental energy organizations should engage in ongoing process monitoring of these strategies. This encompasses the establishment of robust public audit and regulatory mechanisms, whose pivotal role has been evident in the energy transition processes of nations such as Canada, Egypt, Indonesia, India, Poland, and Ukraine (Global Subsidies Initiative, 2018). Effective monitoring ensures that energy transition policies are implemented as intended and that deviations or issues are promptly identified and addressed. These mechanisms not only enhance accountability but also build public confidence in the transition process by demonstrating a commitment to transparency and continuous improvement. The principles of openness and transparency are relevant across various judicial contexts, making them critical for assessing a JET and essential to the evaluation framework. In the assessment of procedural justice, particular emphasis is initially placed on two key elements: the dissemination of energy policies and their transparency.
3.2 Consistency and equity in energy policy formulation
Another essential prerequisite for upholding procedural justice within a program is the imperative of maintaining uniformity and equitability in the decision-making process. This imperative underscores the necessity for all decisions to be firmly grounded in legal statutes and to meticulously adhere to standardized criteria. The pursuit of consistency in decision-making mandates that the governing body establish explicit, enduring energy policy objectives and comprehensive frameworks to ensure the harmonization of all strategies and measures with these overarching objectives. This approach serves the dual purpose of mitigating the inherent uncertainties arising from policy vacillations and fostering the congruent alignment of diverse measures towards the attainment of common objectives.
Empirical analysis of failed instances of energy transition within the contexts of Mexico and Chile reveals that factors such as the erosion of decisional motivation, incongruent standards, erroneous trajectories, and ill-conceived choices often contribute to the detriment of energy transition initiatives (Natorski and Solorio, 2023). Notably, the inconsistency in decision standards escalates the complexity of decisional processes, consequently inflating the associated costs and provoking resistance from the populace. Therefore, maintaining consistency and equitability in decision-making is critical for the success of energy transition programs, ensuring that all actions and policies are aligned and implemented effectively (Sovacool et al., 2020).
Within the domain of procedural justice, the field of equity accentuates the indispensability of ensuring that energy transition initiatives are not only compliant with domestic legal provisions and regulations but also uphold the principles enshrined within international energy accords. Furthermore, it is imperative to recognize that energy-related legal statutes represent the baseline standard of procedural justice, while achieving a truly JET relies heavily upon the moral and ethical obligations assumed by both energy enterprises and governmental entities. This moral and ethical responsibility extends to the comprehensive consideration of the environmental impact of emerging energy sources during the course of an energy transition. This includes addressing the potential utilization of hazardous chemicals in solar panel production and the ecological ramifications of wind power generation on avian and other wildlife populations. This analysis identifies the second evaluative elements of procedural justice as the harmonization of policy standards and the legal and ethical foundations of these policies.
3.3 Feedback mechanisms and policy adaptability
The fundamental aim of a Just Energy Transition (JET) is to promote and implement renewable energy sources. To achieve this, it is essential to meet the procedural requirements of transparency and equity while fostering greater acceptance of renewable energy through inclusive means. Inclusivity necessitates the establishment of robust feedback mechanisms that ensure the efficient collection and utilization of feedback on policies and decisions. This includes a thorough evaluation of the presence of effective corrective measures to rectify erroneous or unjust decisions (Ruano-Chamorro et al., 2022). Moreover, examining the role of policy feedback in the governance of renewable energy reveals that the sector becomes increasingly institutionalized when feedback results in positive reinforcement. This process cultivates enhanced domestic and international connections and cooperation, thereby supporting the overall goals of the energy transition (Meckling, 2019).
Another facet of inclusivity manifests in the assurance of policy adaptability and flexibility. In this nascent phase of the energy transition, renewable energy disrupts established technologies, organizations, and infrastructure, compelling decision-makers to recalibrate their strategies. This recalibration is necessary to address declining commercial models and technologies, intensified economic and political struggles among pivotal stakeholders such as utility companies and industry associations, as well as substantial challenges confronting the overall functionality and performance of the energy sector (Markard, 2018). Ensuring that policies are adaptable and flexible allows for a more resilient energy transition, capable of responding to evolving challenges and uncertainties.
Transition to sustainable energy sources requires a more inclusive approach to ensure a just transformation. This underscores the necessity for energy custodians, particularly governmental bodies, to develop effective feedback mechanisms during the implementation of energy transition processes. Such mechanisms are crucial for ensuring that energy strategies remain responsive and adaptable to changing conditions. By incorporating strong feedback systems, policymakers can continually evaluate and improve energy strategies, aligning them with the evolving needs of stakeholders and broader sustainability goals. To achieve this, it is essential to evaluate the effectiveness of feedback mechanisms and the flexibility and adaptability embedded in energy policies.
4 DISTRIBUTIVE JUSTICE PRINCIPLE: DISTRIBUTIVE JUSTICE
The principle of distributive justice is dedicated to investigating and establishing equitable and just patterns of societal resource allocation, encompassing various aspects such as income, wealth, and opportunities (Bergsmo et al., 2010). In the context of a JET, distributive justice takes center stage, with its primary focus on ensuring the equitable distribution of resources and benefits (McCauley and Heffron, 2018; Wang and Lo, 2021; Bal et al., 2023). However, it is essential to note that some scholars advocate for its extension to encompass broader aspects, such as the energy transition’s impact on residents’ livelihoods and employment, including changes in energy expenditure structures and shifts in employment patterns (Axon and Morrissey, 2020; Pellegrini-Masini et al., 2020). These aspects are often viewed as externalities of energy distribution and highlight the multifaceted nature of distributive justice within the energy transition process.
Building upon the existing academic discourse, the paper introduces distributive justice as an additional analytical dimension for evaluating a JET. It places particular emphasis on examining energy distribution and its associated economic effects while also considering its externalities. The overarching objective is to comprehensively elucidate the constituent elements of distributive justice.
4.1 Distribution of energy resources and their economic benefits
The foremost challenge of distributive justice revolves around the allocation of resources and their associated benefits (García-Muros et al., 2022). Within the context of an energy transition, it is paramount to ensure equitable access to new energy opportunities for residents across different nations and regions, thus avoiding the concentration of new energy resources within specific geographical areas or socio-economic groups (Romero-Lankao et al., 2023). In response to this challenge, the International Energy Agency (IEA) has issued a set of 20 policies aimed at promoting international energy justice. These policies recommend enhanced collaboration among IEA member states and partner nations to ensure universal access to new energy sources. They encompass shared investments in energy infrastructure, such as grids and charging stations, as well as technology-sharing initiatives (IEA, 2018). The U.S. Department of Energy has developed policies focused on energy equity and environmental justice to improve the health, safety, and energy resilience of communities disproportionately affected by fossil fuels. These policies ensure access to clean energy for all Americans (ROOM, 2021).
Some scholars argue that it is essential to balance the objective economic impacts of the energy transition across different societal groups and regions. This includes ensuring a fair transition concerning employment structures resulting from the energy transition (Oswald et al., 2020). An investigation into job creation during the decarbonization process of the U.S. electricity industry reveals that the reduction of carbon emissions generates employment opportunities. However, these opportunities are not uniformly distributed among various states, industrial sectors, and skill requirements (Muttitt and Gass, 2023). The unequal distribution of benefits within communities raises concerns, particularly in renewable energy projects. This phenomenon is frequently observed in hydropower projects in some developing countries, where local residents make significant sacrifices for project construction, including large-scale relocations, shifts in employment patterns, loss of land tenure security, and the need for rebuilding social networks. Regrettably, they do not share in the benefits of hydropower (McCauley and Heffron, 2018; Cernea, 2008).
These pertinent policies and research studies provide a compelling rationale for reassessing the aspects that need allocation within the framework of a JET. This reassessment extends beyond the equitable distribution of new energy resources and includes the allocation of economic benefits generated throughout the energy transition. Consequently, the paper incorporates the following elements into the dimension of distributive justice, namely, the fair allocation of new energy resources and the equitable distribution of economic benefits derived from the energy transition process.
4.2 The mechanism for sharing the costs of energy use and energy transition
Energy transition inherently brings about shifts in production methods and lifestyles, entailing a redistribution of energy expenses and changes in industrial structures (Carley and Konisky, 2020). The imperative of justice in the context of energy costs within a JET is underscored by the necessity for the equitable allocation of costs and burdens incurred throughout the transition, ensuring that no specific social group bears an inequitable share of these burdens (Cantarero, 2020). However, ensuring the long-term economic resilience of marginalized groups in the face of the adoption of new energy sources remains a formidable challenge in practical energy transitions. Research examining the clean energy transition in several Chinese provinces revealed that the utilization of clean energy imposes financial burdens on rural inhabitants and low-income urban households. In the absence of sustained policy support and subsidies, residents tend to curtail their utilization of new energy sources, exacerbating the issue of energy poverty (Wang et al., 2023).
Regarding employment, the repercussions of energy transition on traditional energy sectors are profound. Research conducted by the Global Energy Monitor indicates that the global coal industry may need to reduce its workforce by nearly one million jobs by 2050. This reduction is primarily attributed to the anticipated closure of hundreds of labor-intensive mines over the coming decades, coupled with the global shift toward substituting coal with cleaner, low-carbon energy sources (Reuters, 2023). Scholars have emphasized the importance of considering the sunk costs incurred by workers in the energy sector during the transition. The initial benefits of employment in the new energy sector may be comparatively lower than those in the traditional industry, necessitating investments in new technologies and equipment upgrades. Consequently, when governmental subsidies fall short in the initial stages, employees from traditional energy sectors may find it challenging to transition into roles within the emerging new energy sector (Martinot et al., 2002).
Research based on data drawn from over 130 million online job resumes revealed that less than 1% of workers who exited the traditional energy sector managed to transition into “green” jobs between 2005 and 2021. The majority of these workers was compelled to seek alternative employment or faced unemployment (Curtis et al., 2023). This data underscores the critical need for comprehensive support systems and retraining programs to facilitate a smoother transition for workers affected by the energy shift.
Hence, taking into account the external benefits that result from energy distribution, such as changes in production and lifestyle, the paper integrates the following elements into the dimension of distributive justice, specifically the allocation of costs related to adopting new energy sources and the allocation of costs linked to the energy transition process.
5 REDISTRIBUTIVE JUSTICE PRINCIPLE: REDISTRIBUTIVE JUSTICE
In connection with the principle of distributive justice, redistributive justice diverges in its specific focus, centering on the reassignment of preexisting resources. Its primary concern lies in mitigating societal inequalities through the implementation of policies such as taxation and social welfare (Barry, 2004). This concept holds a pivotal position in political philosophy and social policy, intricately linked to dialogues surrounding social equity and economic disparity (Bower, 2022). By reallocating resources, redistributive justice aims to address the root causes of inequality, ensuring a more balanced and fair distribution of wealth and opportunities within society. It emphasizes the role of governmental intervention in correcting imbalances that arise from market dynamics, thus fostering a more just and equitable social order.
Within the context of a JET, the discourse on redistributive justice is conspicuously scarce. This scarcity can be attributed to the fact that redistribution necessitates a more expansive consideration, encompassing both a longitudinal temporal aspect and a lateral spatial aspect. The longitudinal aspect entails the equitable distribution of energy resources and associated benefits across generations, while the spatial aspect involves grappling with the equitable allocation of energy resources among different regions, be they nations or states. Both intergenerational energy equity and regional energy equity constitute forms of reallocation within the existing energy distribution framework. Consequently, the paper undertakes an exploration of these two critical aspects, namely, intergenerational justice and regional equity, within the purview of redistributive justice.
5.1 Inter-generational justice redistributive
From a temporal perspective, the concept of redistribution encompasses intergenerational equity. Intergenerational equity pertains to the aspiration for justice and equality across distinct generations, finding application in various domains, including environmental preservation, economic policies, social welfare, and resource allocation. At its core, it underscores the imperative of ensuring that the decisions and actions of the present generation do not detrimentally impact the interests and rights of future generations (Page, 2007; Pellegrini-Masini et al., 2020). Within the context of an energy transition, a pertinent focus revolves around the current consumption of renewable energy and the capacity of renewable energy infrastructure, such as photovoltaic systems, wind turbines, and hydropower facilities, to sustain the development of succeeding generations. This necessitates a more in-depth examination of renewable energy development rates and the feasibility of long-term sustainability.
Furthermore, the extended temporal horizon of an energy transition can facilitate economic and social advancement, encompassing facets like education, healthcare, and employment. Nonetheless, this trajectory entails a protracted process during which different generations contribute to and make sacrifices to varying extents. Within the realm of environmental justice discourse, it is a prevailing notion among scholars that the preceding generation bears a moral obligation to compensate for the environmental degradation resulting from their actions, acting as custodians of future generations’ interests. However, in the context of energy justice, this conventional perspective undergoes a reversal. This is because the preceding generation is confronted with the responsibility of shouldering supplementary costs related to energy utilization and the transition process, as elaborated in Section 4.2 of the paper. Consequently, the question of whether descendants, who stand to reap the benefits of societal, economic, and environmental advancements, should also assume additional burdens to uphold intergenerational justice remains a topic ripe for scholarly discourse and examination.
Maintaining an equitable balance between the contributions and outcomes of different generations is essential within the framework of intergenerational equity. Building on the exploration, the paper identifies key elements of the redistributive justice, namely, the rates of resource development and consumption, as well as intergenerational economic and social responsibility.
5.2 Inter-regional justice redistributive
From a spatial perspective, the concept of redistribution delves into the realm of spatial justice, wherein the principles of social justice are expected to manifest within geographical spaces or spatial environments (Soja, 2009). This concept posits that spatial design and planning, encompassing urban planning, regional development, and land-use policies, should equitably account for the needs and rights of diverse societal groups. It aims to ensure that everyone has equal access to and utilization of spatial resources (Soja, 2013). In the discourse surrounding energy spatial justice, particular attention is directed towards examining the influence of geopolitical and economic factors on the JET among nations. Geopolitical sensitivities often hinder countries from relinquishing control over their energy policies to global institutions, resulting in weaknesses and underdevelopment in global and regional energy governance structures (Meckling, 2019).
Especially in the contemporary fragmented global political landscape, Western countries are rapidly disengaging from China, thereby obstructing progress in various facets of energy technology and regulatory standards. This disengagement not only impacts bilateral relations but also has broader implications for global energy cooperation and technological advancement. However, it is crucial to acknowledge that the environmental effects stemming from the new energy transitions of neighboring countries can also contribute to enhancing the overall regional environment. Consequently, the challenge of dismantling technological barriers and ensuring the dissemination of new energy technologies in today’s intricate political environment warrants further consideration. This necessitates collaborative efforts and innovative policy frameworks to facilitate the equitable distribution of energy benefits and technologies across geopolitical boundaries.
The economic impact on spatial justice primarily emanates from disparate interests among societal groups. At the international level, the interests of global elites often diverge from the energy needs and environmental vulnerabilities of the world’s poorest populations, resulting in a lack of motivation to advocate for global energy justice. Domestically, energy injustices are shaped by a myriad of actors, institutions, and interest groups whose actions hold sway over domestic energy supply, consumption, and the obstacles and conditions pertaining to energy access (Bouzarovski and Simcock, 2017). Consequently, an increasing number of energy scholars and international organizations are calling for the sharing of benefits and economic cooperation within the context of new energy transitions. From the aforesaid, it is clear that geopolitical and economic factors play a crucial role in shaping energy spatial justice. This consideration brings attention to the following spatial elements when evaluating redistributive justice, namely, the allocation of energy technologies and economic development cooperation.
6 ASSESSMENT SYSTEM FOR JET
In accordance with principles of equity, this study constructs a framework encompassing four dimensions for assessing the impact of a JET: cognitive justice, distributive justice, procedural justice, and redistributive justice. Drawing on existing research and real-world case studies, specific elements are delineated for each dimension, as depicted in Figure 1. This composite framework serves as the overarching structure for evaluating the ramifications of a JET. Within the paper, our objective is to furnish a comprehensive set of assessment criteria and accompanying explanations for each element. This endeavor seeks to provide academic institutions and energy stakeholders with meticulous evaluation guidelines, enhancing the granularity and rigor of the evaluation process.
[image: Figure 1]FIGURE 1 | Impact assessment framework for JET.
6.1 The evaluation dimension of cognitive justice
Drawing on the principles of Adams’ Equity Theory, this study meticulously develops a set of comprehensive indicators to measure cognitive justice, as presented in Table 1. Cognitive justice underscores the profound significance of cognitive awareness levels among key actors in the energy transition process, such as government, businesses, and energy consumers, i.e., the general public. It accentuates the need for governments and businesses to possess a comprehensive understanding of the cultural and social needs of marginalized groups. Similarly, it emphasizes the proactive involvement of the public in comprehending the adverse facets of energy transition and actively participating in initiatives aimed at rectifying them. Furthermore, it calls for the establishment of effective communication mechanisms rooted in mutual understanding.
TABLE 1 | Assessment content of cognitive justice in JET.
[image: Table 1]While some scholars have categorized factors like “Participation and representativeness of energy community residents” and “Construction of communication and resolution mechanism” within procedural justice (Bal et al., 2023), the paper situates them under the cognitive justice dimension. This decision arises from the recognition that procedural justice primarily focuses on the normative aspects of procedures, which may not always yield ideal outcomes in practice. This limitation is inherently linked to the definition of procedural justice itself (Tyler and Allan Lind, 2001). In contrast, energy transition necessitates outcomes that are more substantive in nature, extending beyond mere procedural compliance. Consequently, incorporating these elements within the cognitive justice dimension serves to underscore the proactive role and positive agency of all stakeholders in fostering a JET.
The paper incorporates “Cultural sensitivities and essential societal requirements” into the cognitive justice dimension, recognizing them as pivotal assessment elements within cognitive justice. In prior energy transition endeavors, especially in the context of large dam construction, decision-makers often overlooked the need for rebuilding the livelihood capital of affected populations, consequently trapping them in prolonged poverty and adversity (Zhang et al., 2022). Substantial improvements in this regard have been achieved with the support of institutions such as the World Bank. In subsequent large-scale hydroelectric projects, social impact assessments have become a requisite to prevent encroachment upon the culture of affected communities, ensure compensation for their livelihoods, and facilitate the reconstruction of their means of production (World Bank, 1996).
Therefore, viewed from the perspective of energy transition advocates, including governments and businesses, it is imperative to fully recognize and incorporate “Cultural sensitivities and essential societal requirements” into the impact assessment of a JET. This acknowledgment reflects their paramount importance in ensuring a comprehensive and just energy transition.
6.2 The evaluation dimension of procedural justice
Lacey-Barnacle et al. (2020) argue that restorative justice is part of procedural justice. However, we believe that restorative justice should instead be incorporated into the dimension of cognitive justice, particularly in relation to the element of “identifying and addressing fundamental social needs.” As previously mentioned, restorative justice requires energy stakeholders to fundamentally recognize the severity of the disruption that new energy developments can cause to the livelihoods of indigenous communities. Its effectiveness is more dependent on the awareness and cognition of decision-makers and managers, rather than purely on procedural aspects. Therefore, we have not included elements of restorative justice under the dimension of procedural justice.
It is worth noting that certain elements in Table 2, such as “The flexibility and adaptability inherent in energy policies,” may bear some resemblance to “The comprehensive assessment of problem-solving capacity” outlined in Table 1. Both sets of indicators emphasize the importance of information exchange and the ability to make adjustments in decision-making. However, the distinction lies in the emphasis placed on the willingness of stakeholders to engage in proactive communication and problem-solving within the cognitive justice framework, while procedural review focuses more on the mechanics of the decision-making process itself.
TABLE 2 | Assessment content of procedural justice in JET.
[image: Table 2]6.3 The evaluation dimension of distributive justice
Table 3 displays the indicators used for evaluating distributive justice within the context of energy transition. These indicators offer a comprehensive assessment of the justice pertaining to the distribution of energy resources, considering the associated externalities. These externalities encompass a spectrum of impacts, ranging from economic consequences to changes in production processes and everyday lifestyles. It is generally consistent with existing research paradigms.
TABLE 3 | Assessment content of distributive justice in JET.
[image: Table 3]6.4 The evaluation dimension of redistributive justice
The assessment of redistributive justice in this article takes into account two crucial factors: intergenerational justice and interregional justice, as delineated in Table 4. These factors scrutinize whether, within the existing energy distribution framework, nations and their future generations can achieve a JET through the process of redistribution (Manderscheid, 2011).
TABLE 4 | Assessment content of redistributive justice in JET.
[image: Table 4]Within the realm of intergenerational justice, the paper places significant emphasis on the sustainability of new energy allocation and utilization across successive generations, alongside the redistribution of the ensuing economic and socio-developmental benefits. An intriguing concept introduced within the discussion of “Intergenerational economic and social responsibility” posits that the next generations benefiting from societal, economic, and environmental progress should shoulder an added responsibility to uphold intergenerational justice. This concept, which has received scant attention in prior literature, suggests a reciprocal duty for future generations to maintain the balance of justice across time. While this notion appears plausible, its practical evaluation necessitates a more robust theoretical framework.
The assessment of interregional justice may appear reminiscent of distributive justice regarding the “distribution of energy resources and their economic benefits.” However, the distinctive feature of interregional justice assessment lies in its emphasis on dismantling technological barriers at the international level and actively promoting new energy technologies. It underscores the paramount importance of long-term global cooperation grounded in geopolitical and economic relations. Conversely, distributive justice focuses more acutely on the short-term allocation of energy resources and their economic dividends among disparate groups and communities within relatively confined geographical regions.
7 THE LOGICAL RELATIONSHIP BETWEEN THE ASSESSMENT DIMENSIONS OF JET
Incorporating Adams’ equity theory as a foundational concept, this paper introduces cognitive justice into the assessment framework for Just Energy Transition (JET), addressing a critical gap in prior research. While existing analyses of distributive and procedural justice provide a solid foundation, this study also brings in a fresh dimension: redistributive justice. Together, these four dimensions—cognitive, distributive, procedural, and redistributive justice—form a comprehensive and coherent framework for evaluating the fairness and overall impact of a JET, as illustrated in Figure 2.
[image: Figure 2]FIGURE 2 | Logical relationships between dimensions.
Cognitive Justice is positioned as the foundational element of JET, emphasizing the role of stakeholder awareness and understanding in achieving fairness. Unlike other dimensions, cognitive justice requires stakeholders to actively engage with the diverse interests involved in energy transitions, facilitating inclusive dialogue and negotiation processes. Adams’ equity theory posits that perceptions of justice are shaped through social comparisons, interactions, and negotiations, relying heavily on the cognitive capabilities of those involved (Cropanzano et al., 2020; Jasso, 2020). Thus, cognitive justice operates at the individual level, serving as a prerequisite for realizing a just and equitable energy transition.
Distributive and Procedural Justice are integral components of process justice and ensure fairness in both the allocation of resources and the processes governing such allocations. Distributive justice focuses on the equitable sharing of energy benefits, ensuring that both new and existing energy resources are fairly distributed across different social groups and regions. Procedural justice, on the other hand, ensures that decision-making processes are transparent, consistent, and inclusive, fostering trust and legitimacy among stakeholders (Schlosberg, 2019; Tyler and Allan Lind, 2002). These two dimensions work together to maintain fairness throughout the transition process and reduce the risk of reinforcing existing inequalities.
Redistributive Justice extends the analysis by incorporating intergenerational and interregional dimensions of justice. This perspective focuses on ensuring long-term fairness in energy distribution, taking into account the equitable distribution of resources across different generations and regions. Redistributive justice addresses the need to correct historical imbalances in access to energy resources and technologies, particularly in regions that have been disproportionately affected by climate change or energy scarcity (Sovacool et al., 2020; Heffron and McCauley, 2020). By ensuring fairness over time and space, redistributive justice represents the ultimate goal of a JET, where all stakeholders—both present and future—have equitable access to energy.
This conceptual framework highlights the interconnectedness of the four justice dimensions Cognitive justice serves as the foundation, shaping the perception and understanding necessary for implementing distributive and procedural justice. Redistributive justice, in turn, ensures that these efforts are sustained over generations and across regions, creating a truly just and inclusive energy transition.
8 CONCLUSION
This paper presents a comprehensive impact assessment framework for Just Energy Transition (JET) grounded in the principles of justice. The framework encompasses four critical dimensions: cognitive justice, distributive justice, procedural justice, and redistributive justice. Instead of replacing existing JET assessment models, this framework is designed to complement them, enhancing clarity in the evaluation of justice dimensions. By providing detailed interpretations of key elements and indicators within each dimension, the framework helps to differentiate between superficially similar concepts, offering a more nuanced understanding of energy justice. Additionally, the inclusion of a logical framework clarifies the target groups and stages of the transition process relevant to each justice dimension, representing a novel contribution to the field.
A key innovation of the framework is the introduction of cognitive justice as a foundational dimension. Grounded in Adams’ equity theory, cognitive justice is seen as the basis for addressing other dimensions—distributive, procedural, and redistributive justice. This perspective emphasizes the critical role of stakeholder awareness and understanding in the energy transition process, particularly for governmental bodies, corporations, and the general public. Encouraging active participation from all stakeholders in decision-making processes is essential for fostering a more transparent and inclusive framework for negotiation and communication.
Another significant contribution of the paper is its exploration of intergenerational justice within the impact assessment framework. The study raises the important question of whether future generations, as beneficiaries of improved environmental conditions and economic growth, should bear part of the burden for ensuring intergenerational justice. This issue, while briefly touched upon, deserves deeper investigation in future research, particularly in determining the ethical and practical implications of burden-sharing between current and future generations.
The framework also emphasizes “inter-regional redistributive justice,” promoting cooperation between regions and nations to achieve global energy justice. While the paper acknowledges that this goal may seem aspirational—akin to the mathematical concept of an asymptote that can be approached but never fully reached—it argues that setting ambitious standards can elevate the baseline for human society. Achieving even incremental progress toward inter-regional justice can have meaningful impacts on reducing global energy inequality.
Based on the analysis in this paper, further research can consider the following questions:
• Refining Cognitive Justice Metrics: Further research is needed to develop standardized metrics for assessing cognitive justice, particularly how stakeholder understanding can be measured and improved across different energy transition contexts. This will require cross-disciplinary collaboration between political scientists, energy policy experts, and cognitive scientists to establish practical and implementable indicators.
• Exploring Intergenerational Justice in Depth: The concept of intergenerational justice deserves more attention, particularly in terms of how future generations could be involved in energy transition policies. Researchers could explore frameworks for including long-term sustainability considerations in present-day policy decisions, balancing the benefits and burdens across generations.
• Operationalizing Inter-Regional Justice: Scholars should investigate ways to operationalize inter-regional redistributive justice, exploring how cooperative frameworks between nations can be fostered to support less-developed regions in the energy transition. Case studies of successful international energy partnerships could provide valuable insights into how equitable resource distribution might be achieved on a global scale.
Integrating Justice Frameworks in Policy Development: Future studies should explore how the justice dimensions outlined in this framework can be more effectively integrated into real-world energy policy development. This may include testing the framework in specific JET projects, evaluating its practical utility, and providing guidelines for policymakers.
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