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Editorial

Our current economic systems are not geared towards the satisfaction of needs
and the care for our environment and our fellow human beings, but solely towards
growth and profit. The consequences of this are a constant reproduction of social
inequalities along the axes of class, race and gender as well as the isolation of indi-
viduals and the destruction of nature.

The New Economy book series provides explanations for these multiple crises of
our time and opens up possibilities for a sustainable, solidarity-based economy. It
provides an editorial space for heterodox empirical research, paving the way for plu-
ralistic, interdisciplinary and self-reflexive economics.

Judith Terstriep (Dr. rer. pol.) is Head of the Research Department ‘Innova-
tion, Space & Culture’ at the Institute for Work and Technology at Westfilische
Hochschule Gelsenkirchen and a lecturer at Ruhr-Universitit Bochum. She has
extensive experience in innovation research. Her primary research interests focus
on the interplay of innovation, social relations, and knowledge from the perspec-
tives of innovation studies, management, and spatial theory, contributing to just
transitions and societal change.

Stefan Gartner (Prof. Dr.) is managing director of the Institute for Work and Tech-
nology at Westfilische Hochschule Gelsenkirchen. There, he is responsible for the
research focus Spatial Capital. His academic work concentrates on urban and re-
gional economies as well as on forms of urban production. He completed both his
studies and his doctorate at Technische Universitit Dortmund.
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Introduction—Navigating the Wealth-Ecology Nexus

Benedikt Piihmeyer, Inga Seiffert, Judith Terstriep & Stefan Gdrtner

In public debate, the ecological transformation is often cast as a purely techno-
logical or regulatory undertaking; yet mounting evidence shows that its trajec-
tory is inseparable from the distribution and composition of wealth (Chancel
& Rehm, 2025; Chancel et al., 2024; Drupp et al., 2024; Markkanen & Anger-
Kraavi, 2019). In this volume, wealth is understood as a multidimensional con-
struct encompassing material assets (income, property, infrastructure), social
and cultural capital (networks, skills, norms), institutional entitlements (legal
protections, political voice), and spatial endowments (locational advantages
and ecosystem services). These resources shape household carbon footprints,
exposure to climate risks, and, crucially, the capacity of social groups, ventures,
and regions to influence transition pathways. The interrelationship is recipro-
cal: decarbonization policies revalue certain assets, create new rent streams,
and reorder labor demand, thereby reorganizing the very structure of wealth.
If these redistributive effects remain unacknowledged, climate policy could
entrench existing inequalities under a “green” veneer, undermining both le-
gitimacy and effectiveness. Contemporary ecological emergencies are tightly
interwoven with patterns of social inequality; yet dominant techno-economic
paradigms in climate research and policy still frame these challenges mainly
as issues of technological efficiency, thereby obscuring their inherently distri-
butional dimensions (Birnthaler, 2024; Sovacool et al., 2025).

To orient the discussion, the volume is organized around three guiding re-
search questions:

a) How do wealth and ecological transformation co-evolve?

b) Which mechanisms perpetuate or mitigate the outcomes that emerge from
this co-evolution?
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Wealth and the Ecological Transformation

¢) Which policy instruments, ownership arrangements, and social practices
can foster a just ecological transition that is both scientifically sound and
sensitive to diverse local contexts?

The chapters that follow illustrate these reciprocal dynamics empirically, iden-
tify where current debates oversimplify them, and outline the research ques-
tions that structure this volume.

Amid the mutually reinforcing dynamics of wealth accumulation and eco-
logical change, a critical question is how—and to what extent—wealth inequal-
ities interact with several aspects of a just transition' toward a sustainable fu-
ture (Bocksch, 2022; Chancel et al., 2023). This analysis proceeds from the as-
sumption that ownership confers decision-making power and that high in-
comes accelerate carbon emissions through elevated consumption (Chancel et
al., 2025; de Arce & Mahia, 2023). Moreover, it is assumed that transformative
measures designed to mitigate or adapt to climate change can themselves re-
configure socioeconomic structures, including patterns of wealth distribution
(Gazzotti et al., 2021). In this regard Chancel et al. (2025, 4) observe:

“The remaining carbon budget for 1.5°C is nearly exhausted, with disastrous
consequences for ecosystems and human livelihoods. At the same time, the
world is marked by extreme wealth inequality, with the wealthiest 10% of
the global population owning three quarters of all assets.”

Building on this stark observation, while the global inequality estimates by
Chancel et al. (2025) are indispensable for framing the debate, they can be
critiqued for relying on incomplete or ‘patchy’ data—particularly because
the wealth of the wealthiest households can only be approximated through
model-specific assumptions. Sensitivity analyses show that alternative model
assumptions (e.g., different Pareto parameters) can lead to substantially
divergent results, highlighting the considerable uncertainty in widely cited
statistics such as “the top 10% own X% of global wealth”. Reliable microdata are
exceptionally scarce in many countries, especially in the Global South (Davies
et al., 2017), and historical as well as regionally comparative studies confirm
that wealth distributions are highly context-dependent (Biewen et al., 2025).

1 Following Stark et al. (2023), “just transition”, as employed here, refers to a decar-
bonization process that fairly shares benefits and burdens through inclusive partici-
pation of affected workers, communities, and regions.
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Benedikt Pihmeyer, Inga Seiffert, Judith Terstriep & Stefan Gartner: Introduction

Even where data exists, significant cross-country welfare gaps persist.
While some studies indicate that partial global convergence in disposable in-
come (Oxford University, 2016), the globally weighted Gini coefficient falls only
when economic growth in poorer countries outpaces that of richer ones and
wage convergence occurs; at the same time, within-country inequality con-
tinues to rise in many nations (Chrisendo et al., 2024). This pattern suggests
that globalization may have enabled more people to participate meaningfully
in consumption, even if the overall inequality remains pronounced, thereby
contributing to increased CO, emissions. To illustrate the point, from a global
perspective, a large share of the German population would fall within the top
10% of global income distribution.

Importantly, economic status is not the sole axis along which climate re-
sponsibility and vulnerability are distributed. Gender, race, age, and indigene-
ity intersect with wealth to shape exposure to environmental hazards, access
to adaptation resources, and political voice. Accounting for these intersectional
inequalities is therefore essential for designing climate policies that are both
effective and socially legitimate.

The picture is therefore less straightforward than it might appear: A com-
mon sentiment when social dynamics in tackling climate change are reflected
critically can be summarized as follows: If most of the carbon emissions are
generated by the richest of the rich people, why would the rest of society in-
vest so much effort in lowering the remaining emissions? Should policy not in-
stead focus on reducing the luxury emissions of the wealthiest decile? Though
this perspective appears reasonable at first glance, it risks oversimplification
and neglects key mechanisms. It fails to adequately capture the reciprocal re-
lationship between the forces driving transformation and the systems being
transformed. Recognizing this limitation underscores the urgent need for a
more nuanced understanding of how the process of ecological transformation
interacts with society’s socio-economic structure.

Public understandings of these intertwined issues are not formed in a
vacuum. Instead, discourse on ecological transformation and just transition
crystallizes through the dynamic interaction among technological affordances
(e.g., social media, algorithms), legal-institutional constraints (e.g., speech
and competition law), market incentives (e.g., advertising revenue, green
finance), and prevailing social norms. This co-productive process determines
which voices are amplified, whose interests prevail, and how distributive
questions are framed—gaps the present anthology sets out to address.
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Wealth and the Ecological Transformation

In so doing, this volume transcends simplistic dichotomies. It delves into
the complexities of a society in transition, facing the uncertainty of a chang-
ing climate, struggling with unequal consumption patterns, and possessing
disparate capacities to bear environmental harm. To discuss these pressing is-
sues, the authors convened in Gelsenkirchen in September 2024 for a summer
school on “Ecological transformation, space and the (re-)production of wealth”
funded by the Volkswagen Stiftung. Pooling their disciplinary expertise, the
participants facilitated interdisciplinary discourse, formulated new research
questions, and pinpointed critical knowledge gaps within organized civil so-
ciety. Through a series of transdisciplinary workshops with civil society rep-
resentatives and dialogues among junior and senior researchers, the guiding
questions outlined above were refined and operationalized.

Charting the Journey Toward a Just Ecological Transition

Acknowledging the complexities inherent in achieving a just transition,
the summer school convened researchers who presented the multifaceted
challenges associated with the reciprocal dynamics of wealth and ecological
transformation.” Participants discussed introducing a consumption ceiling to
delineate a “sustainable consumption corridor” that simultaneously acknowl-
edges a lower threshold for minimum provision (Birnthaler, 2024; Gough,
2020). However, the proposal raises the question of who qualifies as “rich"—in
other words, how should the ceiling be defined (Niehues, 2020). Moreover, it
is necessary to strike a balance between the imperative of improving the eco-
nomic position of many and the obligation to limit overall climate impact. This
is particularly difficult as the so-called “Great Acceleration” of human activity,
and its impact on Earth’s systems is increasingly driven by the global effort
to raise income and quality of life for the masses (Oswald et al., 2020; Steffen
et al., 2015). This includes expanding essential infrastructure, housing, and
healthcare worldwide to levels comparable to those in industrialized societies.

2 During a summer-school workshop, researchers met with civil-society representatives
to hear their questions and knowledge gaps on wealth and ecological transformation.
We thank Veronika Nickl (Erndhrungsrat Bochum), Mark Rosendahl (DGB Emscher-
Lippe), Simon Rahn (Attac Essen), Peter Kdddermann (Umbaulabor Gelsenkirchen),
and Heike Rofler (Quartiersmanagement Bochum) for their candid insights and pro-
ductive dialogue. Their input grounded our theoretical debates in practical realities
and highlighted new research avenues.
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Taken together, these dynamics underscore the need for a holistic approach
to ecological transformation that integrates the complex interplay of multiple
scientific disciplines to effectively address the socio-ecological challenges of
our time.

The participants of the summer school addressed these pressing questions,
which inevitably entailed a critical reexamination of long-standing assump-
tions. For instance, because human dominance over the natural environment
has long been considered a hallmark of progress, the task is to reconceptual-
ize this notion into a more resilient, equitable, and climate-responsive—hence
ecologically grounded—framework. Furthermore, the entrenched separation
between economics and the social sciences warrants deeper scrutiny. Interro-
gating—and, where necessary, dismantling—the methodological barriers that
insulate mainstream economics could reveal novel insights.

Addressing the consequences of climate change thus means addressing
the structures that condition, accelerate, and are themselves affected by it.
On an individual level, this includes psychological processes associated with
climate (mis)information. On a structural level, it involves assessing both the
relevance and ownership of infrastructures, as these factors shape political
decisions on ecological policy. Finally, the summer school turned to the prac-
tical realm: Which local and regional policy instruments have proven effective,
and what lessons can be drawn from existing examples?

The Contributions

This anthology provides a nuanced understanding of a just transition toward
a sustainable future by pooling diverse expertise to identify critical knowledge
gaps. Drawing on interdisciplinary insights from economics, political science,
sociology, philosophy, and psychology, it aims to improve the effectiveness of
climate-related policy decisions. Further the book addresses the substantial
gap between theoretical expectations and empirical evidence in the implemen-
tation of climate-related policy measures by proposing that a more compre-
hensive understanding of social, local and behavioral factors is essential for
designing policies that are ecologically effective and socially acceptable. The ten
chapters are each written to answer the questions that were formed during the
summer school.

The volume targets scholars, policymakers, and civil society practitioners
interested in the distributive dimension of ecological transformation. Orga-
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Wealth and the Ecological Transformation

nized in three parts—Diagnosis & Challenges, Challenging the Status Quo,
and Reimaging Transformation—it combines conceptual clarifications, em-
pirical analyses, and methodological reflections. Each chapter’s disciplinary
perspective differs, yet all contribute to the overarching research agenda in-
troduced above, thereby ensuring thematic coherence.

In the following, the chapters are summarized.

Part I-Diagnosis & Context

The opening section asks what conceptual and empirical baselines are required
tounderstand the reciprocal dynamics between wealth and ecological transfor-
mation. Bringing together perspectives from political economy, environmen-
tal philosophy, and socio-metabolic research, the three chapters lay the defini-
tional and normative groundwork for the remainder of the volume.

Stefan Girtner and Judith Terstriep inaugurate the discussion by high-
lighting the definitional ambiguities that hamper research and policy on
green transition. In Chapter 1, they disentangle four often conflated con-
cepts in scholarly and public discourse: structural change, transformative change,
just transition, and transformative regional development, and situate them in a
cascading logic that connects each concept to specific measurement chal-
lenges, governance mechanisms, and demonstration projects. They conclude
by proposing avenues for future research designed to capture the complexity
of ecological transformation while remaining actionable for policymakers.

Marlen Reinschke then critically examines the Enlightenment’s linear con-
cept of progress, which emphasizes human mastery over nature, arguing for
a necessary reconceptualization that effectively responds to current ecological
realities and ethical imperatives (Chapter 2). Drawing on the complemen-
tary frameworks of Hans Jonas’s ethics of responsibility and Bruno Latour’s
actor-network theory, she elaborates an ecologically informed concept of
progress. She foregrounds an ethic of care and stewardship, promoting mu-
tual entanglement and collaborative survival instead of traditional exploitative
paradigms.

Taking a political science perspective, in Chapter 3, Philipp Schepelmann
complements these discourses by interrogating the entrenched “rich versus
poor country” dichotomy that underpins many debates on resource distribu-
tion. Using comparative resource-use data, he shows that the expansion of de-
cent living conditions in middle-income countries has become a significant
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driver of global environmental change. Recognizing this overlooked source of
resource demand alters the equity calculus.

Part [I—Challenging the Status Quo

Where Part [ sets the stage conceptually, Part IT asks which structural and be-
havioral lock-ins impede a just ecological transition and how interdisciplinary
perspectives can uncover “blind spots” in widely used policy instruments. The
contributions draw on infrastructure studies, heterodox economics, political
sociology, and environmental psychology to identify mechanisms that repro-
duce both carbon intensity and socio-economic inequality.

Christian Hein begins by demonstrating the relevance of infrastructures
for an ecological transformation, as well as their role in shaping the social
sphere (Chapter 4): Not only do they form the backbone of transportation
and commerce, but they also encode societal priorities and lock in emission
trajectories for decades. Because planning horizons are long and sunk costs
enormous, he argues that infrastructures must be subjected to critical, antici-
patory evaluation if they are to serve as levers of decarbonization rather than
obstacles.

Economic analyses of carbon pricing are presented in the Chapters 5 and
6 Michelle Alfers and Elias-Johannes Schmitt show, through a detailed case
comparison, that economics can benefit from insights from political science
and sociology when evaluating real-world carbon pricing schemes. By expos-
ing disciplinary blind spots—most notably regarding power relations, behav-
ioral rebound effects, and administrative feasibility—they arrive at a more re-
alistic appraisal of the instrument’s effectiveness.

Michelle Alfers widens the lens yet further, arguing that policies promot-
ing sustainability must integrate concerns about economic equality. She syn-
thesizes three streams of literature to explicate that inequality (i) reinforces un-
sustainable consumption patterns, (ii) erodes social cohesion and institutional
trust, and (iii) concentrates political power in constituencies least vulnerable
to climate impacts. Without explicit redistributive design features, she con-
cludes, green policy may inadvertently worsen both environmental and social
outcomes.

Marvin Fendt, Fabian Reinwarth and Peter Adriaan Edelsbrunner’s close
Part II by investigating the individual-level drivers of credibility judgments
regarding climate change information, specifically focusing on manipulative
content (Chapter 7). Drawing on a survey of 675 participants, they distinguish
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misinformation (false or inaccurate content) from disinformation (deliberately
deceptive content), exploring how various factors influence discernment and
sharing behavior. Their findings—conspiracy thinking undermines, while per-
suasion knowledge strengthens, credibility assessment—have direct implica-
tions for science communication and counter-disinformation strategies in cli-
mate policy.

Part lll-Reimagining Transformation

If Part II uncovers barriers, Part III explores how ownership models, gover-
nance arrangements, and forward-looking methodologies can be redesigned
to realign wealth, power, and ecological imperatives. The chapters engage crit-
ical infrastructure studies, scenario planning, and commons theory to put for-
ward actionable pathways for transformational change.

Carlotta Terhorst opens with an empirical analysis of the European
Union's strategic turn toward hydrogen (Chapter 8). Treating infrastructures
as socio-political objects, Terhorst shows how incumbent gas-pipeline owners
leveraged their positional power—through lobbying, standard-setting, and
control of technical knowledge—to shape policy, often prioritizing their assets
over scientific consensus and delaying genuine transformation. This own-
ership-based carbon inequality leads her to the provocative question: “Who
owns the present, owns the future?”

Acknowledging that climate change and digitalization pose challenges,
especially for public administration, Elias-Johannes Schmitt then examines
qualitative scenario planning as a governance tool in this context (Chapter
9). Using two cases from the city of Bochum—one conducted with local gov-
ernment, the other with the Smart City Innovation Unit—he illustrates how
scenario workshops can integrate multiple stakeholders under conditions
of deep uncertainty. The chapter notes both the method’s capacity to open
imaginative space and its limitations, including participation fatigue and the
tendency to reproduce existing power hierarchies if facilitation is weak.

In Chapter 10, Hannah Miiller concludes the volume with an integrative
literature review of local energy commoning practices. She develops an ana-
lytical framework that links community activities, governance structures, and
collective negotiation processes to broader outcomes of the energy transition.
Synthesizing cases from Europe and the Global South, Miiller argues that en-
ergy commons can contribute simultaneously to decarbonization and social
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cohesion, but that their effectiveness depends on legal recognition, access to
finance, and compatibility with municipal planning regimes.

Together, the three parts move the discussion from conceptual clarification
to critical interrogation of existing structures to empirically grounded propos-
als for transformative change. Although many issues inevitably remain unre-
solved, the three parts collectively answer the summer school’s guiding ques-
tions and offer empirically grounded pathways for a just ecological transition.

The book also highlights the need for further research to clarify how ex-
panding wealth participation in the Global South can proceed without exac-
erbating climate change. Specifically, it calls for policy instruments—particu-
larly in the Global North—that can preserve a high level of human well-being
while simultaneously achieving climate targets. For example, higher energy
prices or other climate policy measures must be calibrated so that particularly
affected, lower-income groups receive compensation proportional to their in-
come, thereby avoiding the emergence of new severe climate-damaging con-
sumption patterns. Concurrently, research should identify which social and
physical infrastructures can simultaneously enhance quality of life and miti-
gate climate impacts, and clarify how these measures can be utilized at local
and regional scales.

By identifying established insights and illuminating the research frontiers
that remain, the volume positions itself as a springboard for future interdisci-
plinary collaboration. Accordingly, it serves scholars, policymakers, and civil-
society practitioners seeking to realign prosperity with planetary boundaries
while attending to distributive justice.
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From Regional Cohesion and Structural Policy
to Just Transition and Transformative Change?
A growing Lack of Conceptual Clarity

Stefan Gdrtner & Judith Terstriep

Abstract: This chapter aims to clarify the conceptual and policy ambiguities that hamper
governance of the green transition by disentangling four often conflated notions—struc-
tural change, transformative change, just transition, and transformative regional devel-
opment—and showing how they interlock. Centering on Germany within the European
Union's cohesion framework, it combines a historical-institutional account of regional
structural policy, rooted in the Basic Law’s mandate for equivalent living conditions, with
a conceptual synthesis and a critical appraisal of ongoing reforms such as the ‘greening
of the Joint Task for the Improvement of Regional Economic Structures’ (GRW [Gemein-
schaftsaufgabe Verbesserung der regionalen Wirtschaftsstruktur]) in Germany and the
EU’s pivot from ecological modernization towards green reindustrialization.

A cascading logic is proposed: structural change reveals where regions stand; transfor-
mative change, where they must go; just transition, under what terms of fairness; and
transformative regional development, how to deliver on the ground through mission-ori-
ented coalitions. The chapter urges a shift in regional structural and Cohesion Policy from
a compensatory, growth-led paradigm to a preventive, adaptive, and justice-by-design
approach aligned with planetary boundaries and territorial specificity.

Two governance risks are highlighted—centralized fund management that weakens re-
gional voice, and the concentration of flagship green investments in already advantaged
regions widening spatial inequalities—and remedies proposed: binding carbon and jus-
tice conditionalities across funds, systemic capacity building, cross-fund coherence, and
a revised indicator dashboard. The chapter concludes with a forward research agenda on
evaluation, governance experimentation, and metrics, offering a roadmap to recast re-
gional structural and Cohesion Policy as a driver of climate-neutral, socially equitable,
and territorially sensitive transformation.
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Keywords: structural change; just transition; regional structural policy; cohesion policy;
transformative regional development

1 Introduction

The transition to a climate-neutral economy (‘green transition) represents one
of the most profound challenges of our time, demanding not only technologi-
cal innovation but also far-reaching structural, societal, and territorial adjust-
ments (Grillitsch et al., 2025; Todtling et al., 2022). As discussions on directing
this transformation intensify, a growing lack of conceptual clarity becomes evi-
dent, particularly regarding the relationships among structural change, trans-
formative change, just transition, transformative regional development, and
the role of structural policy. These terms, although partly used interchangeably
in public and academic discourse, embody distinct logics, dynamics, interre-
lations, and policy implications.

Structural change is an inherent feature of economic development, re-
flecting the continuous adaptation of sectors, labor markets, and regional
economies to technological progress, global competition, and societal prefer-
ences (Dahlbeck et al., 2022; van Neuss, 2019). However, this dynamic is not
frictionless. External shocks, such as geopolitical conflicts or environmental
disasters, as well as gradually unfolding changes, such as digitalization or de-
mographic shifts, can cause disruptions that undermine economic resilience
and social cohesion. In such cases, the state intervenes through structural pol-
icy, which comprises institutional and legal instruments to mitigate regional
disparities and support lagging sectors. This policy domain is typically divided
into sectoral and regional structural policy, with the latter gaining increased
relevance in light of spatially uneven impacts of transformative change (Gart-
ner, 2019; Liargovas & Papageorgiou, 2024). This normative framework is
grounded in Germany’s constitution, which mandates equivalent living con-
ditions nationwide. At the supranational level, the European Union pursues
similar objectives under its Cohesion Policy (Li, 2025).

By contrast, transformation refers to a more fundamental, systemic change,
often politically initiated and normatively driven (Letmathe et al., 2024; Loor-
bach, 2022). Transformative processes, such as the transition from a planned
to a market economy in Eastern Germany or the commitments set by the Paris
Agreement, entail not just adaptation but an intentional re-orientation of so-
cietal and economic systems. While structural change and transformation in-
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tersect, conflating these concepts risks analytical imprecision and, more im-
portantly, weakens governance capacity to address the root causes of climate
change and its socio-economic implications.

Within this landscape, the concept of a just transition (McCauley & Heffron,
2018; Wang & Lo, 2021) has gained prominence, stressing the need to ensure
that the burdens and benefits of ecological transformation are shared fairly
across different social groups and territories. A just transition emphasizes so-
cial inclusion, equity, and participation, particularly for those communities,
regions, employees, and other citizens most affected by decarbonization and
structural change (Stark et al., 2023). Thus, justice concerns must be embedded
not only in climate and energy policy but also in the design and implemen-
tation of structural policy itself. So doing necessitates a redefinition of policy
goals, shifting from narrowly defined economic growth to broader indicators
of well-being and sustainability. As one of the EU’s main investment frame-
works, Cohesion Policy aims to reduce disparities between regions, strengthen
economic, social, and territorial cohesion, and increasingly support climate-
related goals (Demeterova, 2024; European Commission, 2024). In this con-
text, it serves as both a financial instrument and a governance tool, aligning
regional development with the imperatives of a just and ecological transition.

This chapter argues that regional structural and Cohesion Policy stand at
a critical juncture. First, ecological transformation will inevitably trigger new
forms of structural change, necessitating policy responses that embed envi-
ronmental goals within economic, social, and cultural frameworks. Second,
structural policy itself must evolve, moving from a compensatory instrument
that reacts to the side effects of transformation to a preventive, transformative,
and justice-oriented tool aligned with sustainability and inclusion objectives.
Third, as ecological transformation unfolds in territorially differentiated ways,
regional structural policy becomes the pivotal arena for governance. Further-
more, the re-orientation of instruments, such as Germany'’s ‘Joint Task for the
Improvement of Regional Economic Structures’ (GRW [Gemeinschaftsaufgabe
Verbesserung der regionalen Wirtschaftsstruktur]), already signals a soft shift
toward a structurally embedded ecological logic. Fourth, the reform of the EU
Cohesion Policy is currently being debated, with the emphasis on directing re-
sources towards strategic priorities such as climate action, digitalization, and
social cohesion (Filippetti & Spallone, 2025). Although the bulk of the funding
will likely be channeled through Member States rather than allocated directly
to regions, this centralized approach—intended to enhance oversight and ad-
ministrative efficiency—has prompted concerns that specific regional needs
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may be overlooked (Fratesi, 2025; Rodriguez-Pose, 2025). Against this back-
drop, the analysis is guided by two research questions:

How can a policy instrument originally designed to offset the side effects
of market-driven structural change be repurposed to steer a deliberately accel-
erated, socially fair, and territorially differentiated climate transition?

How can clarifying the concepts of structural change, transformative
change, just transition, and transformative regional development help re-ori-
ent Germany’s regional structural policy—within the EU cohesion frame-
work—from a compensatory, growth-led tool to a preventive, place-based,
and justice-oriented driver of climate-neutral, socially equitable transforma-
tion?

This chapter explores these questions by tracing the conceptual evolution,
policy realignments, and spatial implications of transformative regional struc-
tural policy in the context of ecological transformation and the emerging just
transition agenda. Although the focus is on Germany’s structural and regional
policies, the discussion is embedded within the EU’s Cohesion Policy frame-
work and informed by the wider international academic debate on regional
transformation.

Section 2 charts the historical evolution of Germany’s regional structural
policy, situating it within both the constitutional mandate for equivalent
living conditions and the broader trajectory of EU Cohesion Policy. Section
3 disentangles the four key concepts at the heart of the debate—structural
change, transformative change, just transition, and transformative regional
development—pinpointing their respective logics, temporalities, and jus-
tice dimensions. Section 4 combines the critical appraisal of current policy
realignments with the synthesis of principal tensions and the derivation of
operational lessons: it contrasts the EU’s shift from ecological moderniza-
tion to green reindustrialization with Germany’s ‘greening’ of the GRW. It
assesses the attendant risks and opportunities for spatial justice, and distills
implications for policymakers while laying out a forward-looking research
agenda.

2 Structural Change: Dynamics and Policy Legacies
Before we can assess what a preventive, justice-oriented structural policy

might look like, we must first understand how structural change has been
conceived and governed to date. Accordingly, this section re-examines the
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economic dynamics of structural change. It traces the policy legacies, consti-
tutional, national, multilevel, and European, that have emerged to manage
its consequences in Germany. By clarifying this historical and governance
context, the analysis highlights the path dependencies and conceptual blind
spots that any future, climate-compatible and socially equitable reframing of
regional structural policy will have to confront.

2.1 Conceptual and Constitutional Foundations

Economic structural change is generally understood as a change in the struc-
tural composition of an aggregate value, such as gross domestic product (GDP)
or the workforce (van Neuss, 2019). From a sectoral perspective, it encompasses
changes in the structure of economic sectors, while from a regional perspec-
tive, it refers to shifts between individual regions. In Germany, securing equiv-
alent living conditions in the federal territory is enshrined in the constitution,
making it alegal requirement. Article 72(2) of the Basic Law formulates a state-
ment on spatial equilibrium, thereby conferring on the federal level the author-
ity to act or legislate

“[..]if and to the extent that the establishment of equivalent living condi-
tions throughout the federal territory or the preservation of legal or eco-
nomic unity in the national interest requires regulation by the federal law.”

Article 106 of the Basic Law, which determines financial equalization among
the federal states in the event of imbalanced development, also affects regions.
Germany’s Regional Planning Act also takes a position in Section 1(2) by requir-
ing the establishment of “similar standards of living in all regions”.

Historically, regional structural policy has sought to foster balanced
territorial development, driven either by socio-political considerations or
economic growth objectives. Accordingly, the rationale for such a policy can
be articulated on both economic and socio-political grounds. From a socio-
political standpoint, regional policy seeks to guarantee citizens across Ger-
many equivalent living conditions. When the emphasis shifts to economic
growth, however, the principal question becomes where interventions will
yield the highest aggregate returns. Neoclassical theory predicts that regional
disparities will decline endogenously: capital and labor migrate towards lag-
ging areas, where diminishing marginal productivity ensures relatively higher
growth rates (Fingleton & Fischer, 2010). Public investment in these struc-
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turally weak regions is therefore expected to generate the greatest economy-
wide benefits, as it accelerates the natural convergence process (Frey & Zim-
mermann, 2005; Girtner, 2019). In this sense, a spatially equalizing structural
policy is also growth-oriented, because the full utilization of resources in all
territories maximizes national output.

Akey pillar of Germany’s regional structural policy is the GRW. Established
in 1969, the GRW was conceived to harmonize and coordinate structural pol-
icy interventions across national (Bund) and state (Linder) levels of govern-
ment. Instrumentally, the GRW works with incentives to direct investments
into specific areas (Dettmann et al., 2025). Until the end of 2022, only struc-
tural projects were funded within the framework of the GRW that involved
so-called ‘distance selling’, meaning they brought export income into the re-
gion (Alcaide Manthey, 2025). However, since January 1, 2023, the GRW has un-
dergone reform, demonstrating its adaptability, and has notably incorporated
many long-standing criticisms raised by regional and spatial sciences, show-
ing its responsiveness to feedback (Suedekum, 2023). Thus, independent re-
gional development and regional value creation are now being promoted more
strongly.

Nevertheless, regional structural policy has yet to converge on approaches
that prioritize quality of life and the strengthening of civil society, even though
such orientations are demonstrably better suited to structurally weaker, pe-
ripheral regions. Instead, there has been a long-standing debate over the op-
timal degree of spatial concentration of investments in regions with growth
potential (Wardenburg & Brenner, 2020). Proponents of this approach contend
that weak and peripheral regions will eventually benefit from a growth-pole- or
metropolis-oriented policy through spatial spillover and trickle-down effects;
however, the empirical basis for this claim remains contested. Conversely, far
less attention is paid to policy options for regions that lack growth potential
(MacKinnon et al., 2022; Pike et al., 2024).

Implementing an unconstrained growth-pole strategy while simultane-
ously restricting development options elsewhere is unlikely to be efficacious,
particularly in a highly decentralized country such as Germany. Such an ap-
proach risks cumulative advantages that widen spatial disparities, leaving
unsupported regions increasingly marginalized and imposing welfare costs
on society as awhole (Alcaide Manthey, 2025). A further, often overlooked, con-
sequence is that peripheral areas with comparatively strong infrastructures,
especially in the education sector, cultivate human capital that subsequently
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migrates to the growth centers, thereby reinforcing the very inequalities
regional policy seeks to mitigate.

2.2 From Peripheral Regions to 0ld Industrial Agglomerations

Regional structural policy traditionally focused on the urban-rural divide, a
goal deemed essential for both economic growth and social equality. However,
the catching-up paradigm, which presumes that development deficits are con-
fined to peripheral regions, no longer holds. Similar shortcomings are now evi-
dent in several urban agglomerations, particularly in the former West German
federal states (Flogel & Girtner, 2019). The structural development of old in-
dustrial agglomerations was therefore traditionally not the focus of regional
structural policy.

Traditionally, regional structural policy was introduced to support rural,
agricultural, and remote areas. The decline of the coal industry since the 1960s
was the first time that an industrial agglomeration was affected by economic
weakness. In the Rubr region, for example, the contraction of employment
in hard coal mining was managed in a socially responsible manner, primarily
through early retirement schemes, thereby largely preserving regional social
stability. For the affected miners, early retirement entailed only minimal in-
come losses. The gradual, heavily subsidized phase-out of hard coal therefore
averted major ‘structural upheaval’.

However, inevitable trade-offs arise when a dominant industry, and by
extension, the region whose economy it underpins, begins to decline. In such
circumstances, regional policymakers often prioritize regional development
through instruments such as subsidies for firms and compensation payments
to workers (OECD, 2023). It is, above all, about preserving the interests of
shareholders and employees in the predominant industries, because estab-
lished sectors typically provide relatively high wages and attractive returns.
This understanding is to be seen in the context of regional structural policy
operating within a multilevel governance framework that extends from the
EU, federal, and state levels down to the municipal tier (Benz, 2021). In Ger-
many, access to lower spatial levels (e.g., federal states or municipalities) is
limited by the constitutionally guaranteed local self-government. This issue
has become particularly evident in Germany’s ‘Energiewende’ (energy transi-
tion), notably in the efforts to install new high-voltage transmission lines to
convey wind-generated electricity from the north to the south. For large-scale

‘https://doi.org/10. liby - Open Access - [-) EXRN

27


https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

28

Part [-Diagnosis & Context

infrastructure projects of this kind, it is therefore essential to secure the active
participation of the diverse stakeholders within the affected regions.

Figure 1: Levels of Regional Structural Policy

EU, Federal State, Lander
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Local economic policy—a policy that focuses on the city, county, or re-
gion—is pursued independently of the structural policy objectives of higher
governance levels, as illustrated in Figure 1. Often, the aims of the different
tiers complement one another; for example, structurally weak regions may
draw on targeted EU or federal state programs to support balanced regional
development. The distinction between regional and local economic policy,
however, is far from trivial, as municipal economic initiatives can pursue
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egocentric goals irrespective of broader regional objectives. Thus, alongside
consensus-oriented strategies, conflictual local economic policies may arise,
creating situations in which not everyone benefits, for example, when many
regions court the same sectors, which increases the competition. Even os-
tensibly balance-oriented regional strategies can inadvertently exacerbate
disparities if already prosperous regions leverage ‘smart’ economic policies to
capture a disproportionate share of the resulting benefits, thereby widening
the regional welfare gap.

2.3 EU Regional and Cohesion Policy

The EU’s regional and Cohesion Policy aims to reduce economic and social
disparities between territories and to promote balanced development across
all areas (Medeiros et al., 2024; Rodriguez-Pose, 2025). In practice, this is
achieved through the provision of financial resources, for example, via the
European Structural Funds (e.g., the European Regional Development Fund)
and the Cohesion Fund, as well as the new Just Transition Fund, which is
invested in projects at the regional or national level.

In the forthcoming programming periods, EU policy must continue to rec-
oncile a persistent dual tension: on the one hand, it seeks to uphold a liberal
economic order and an efficient, competitive single market; on the other hand,
itis obliged to reduce economic, social and territorial disparities among Mem-
ber States and regions—a commitment set out in Article 174 TFEU and rein-
forced by Article 175, which places a corresponding duty on the Member States
(Cappellano et al., 2024; European Commission, 2024; Li, 2025).

Already in the 2000s, the Lisbon Strategy led to a more economically ori-
ented approach to regional policy: funding was increasingly concentrated on
growth poles, while the needs of less developed regions were considered only to
a limited extent (Bachtler & McMaster, 2007; Bruijn & Lagendijk, 2005; Farole
et al., 2011). The Europe 2020 strategy incorporated social and environmental
goals without compromising the focus on growth. In the current funding pe-
riod (2021-2027), in addition to traditional cohesion objectives, digitalization,
the green transition, and crisis resilience are central priorities. Funding alloca-
tion is increasingly linked to strategic investment and reform objectives, with
regional needs still taken into account, although often secondary to growth-
and innovation-oriented criteria.

From 2028, a comprehensive reform of the funding architecture is
planned: regional and agricultural funds could be merged into a single fund,
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from which resources will be disbursed to Member States—rather than di-
rectly to regions—once they submit investment and reform plans in line with
the political requirements of the European Commission (Filippetti & Spallone,
2025; Rodriguez-Pose, 2025). This reform will tie funding more closely to
national strategies, following a model similar to the NextGenerationEU Fund.

Schwab & Resende Carvalho (2023) point out that the digital and green
transitions may further widen the gap between economically strong and weak
regions in Europe. Regions with high innovation capacity, well-educated work-
forces, and modern infrastructure—typically urban centers such as Stuttgart
or Upper Bavaria—are likely to benefit from digitalization and the green tran-
sition, enhancing their growth potential. Weaker regions, particularly rural
areas or those with carbon-intensive industries, face significant adjustment
costs, for instance, due to necessary investments in climate-friendly technolo-
gies or the thermal renovation of buildings.

If implemented as planned, the funding period from 2028 onwards will be
characterized by a stronger linkage between national reform plans and strate-
gicinvestments, leading to a nationalization of EU regional policy, as resources
will primarily be managed through the Member States.

2.4 From Reactive to Anticipatory Structural Policy

Debates on precautionary, rather than merely reactive, structural policy date
back to the 1970s (Rembser 1977). Trade-union proposals in the early 1980s
called for the promotion of science and technology to be linked to regional
aid and for crises to be pre-empted rather than compensated ex post (Bémer
& Noisser, 1981; Pfeiffer, 1982). The trade union concept envisaged an antici-
patory “structural policy that does not attempt to correct sectoral or regional
mis-developments retrospectively but intends to avoid them from the outset”
(Pfeiffer, 1982, 623).

In their study “Information Bases for Anticipatory Structural Policy”,
Thoss and Ritzmann (1984) sought to advance qualitative growth, fully utilize
existing production factors, and secure a balanced relationship between sup-
ply and demand at the regional scale. Their proposal entailed the proactive
promotion of expanding sectors, accompanied by an early and orderly with-
drawal from those in decline. Crucially, they argued that such an anticipatory
approach creates an extensive demand for information, necessitating detailed
analyses, forecasts, and projections (Thoss & Ritzmann, 1984).
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These proposals were never implemented, primarily because of the inher-
ent difficulties in reliable forecasting. Furthermore, the recommendations re-
mained mainly at the level of conceptual exhortation. While they highlighted
the need for a stronger regional focus, this was articulated only implicitly and
from an essentially macroeconomic perspective.

Subsequent historical events (like the fall of the Berlin Wall and the re-
unification, or the Tequila and Asian financial crises) further undermined the
feasibility of long-range anticipatory policy as they demonstrated how swiftly
macroeconomic and geopolitical shocks, alongside global crises, can overturn
existing trajectories, necessitating ad hoc measures that leave little room for
long-term planning. In the context of political transformations in Eastern Eu-
rope and Russia, and amid the ascendancy of a global market-oriented order,
policymakers were also reluctant to embrace frameworks perceived as overly
directive or reminiscent of central planning.

Moreover, structural policy has traditionally been justified on the basis of a
regional status quo in which structurally weak regions are primarily supported
(Alcaide Manthey, 2025; Weingarten, 2010). A preventive approach, however,
would require policymakers to finance structural change even in regions that
are currently structurally strong. Structural weakness would arise only if ear-
lier preventive measures had failed (‘the prevention paradox’). Consequently,
when preventive structural policy coincides with gradual or ‘silent’ structural
change, the political dividends are inherently limited. Preventive structural
policy also poses a challenge for spatial planning, as economically obsolete
land uses often persist, thereby constraining regional capacity for new de-
velopment. This problem is particularly evident in regions of the automotive
industry that remain prosperous, such as the Stuttgart region (Hemberger
& Kiwitt, 2020). Given ecological imperatives that call for the prudent use of
land resources, suitable sites for emerging sectors are scarce.

Preventive structural policy often fails because it is impossible to predict
with confidence which sectors will prove competitive in the future. Neverthe-
less, the imperative to mitigate climate change will inevitably drive substantial
economic restructuring. Beyond the intrinsic value of ecological transition for
economic transformation, fostering so-called ‘greerf industries is expected to
generate enduring, sustainable economic structures. Preventive intervention,
therefore, possesses intrinsic ecological value, as it prompts early trajectory
shifts and avoids unnecessary resource consumption.

The considerable challenge of identifying, at a sufficiently fine-grained
level, which regions ought to be prioritized for support in the context of eco-
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logical transformation, and of calibrating funding instruments accordingly,
is largely undisputed (Rodriguez-Pose, 2025; Siidekum & Rademacher, 2024).
Trade unions have grappled with this problem since the 1980s and continue to
engage with it today. Within the German Trade Union Confederation’s ‘Revier-
wende initiative, financed through the Coal Regions Structural Strengthening
Act, union representatives emphasize that EU state-aid regulations restrict di-
rect corporate subsidies to disadvantaged regions, thereby limiting the scope
for proactive, anticipatory intervention in ostensibly stronger territories.

Having traced past attempts at anticipatory policy, we now turn to the
new strategic pressures that will shape regional policy in the second half of the
2020s.

2.5 Current Policy Pressures and Emerging Fault Lines

Both Germany’s regional-structural policy and the EU’s cohesion architecture
were designed in an era when accelerated growth and inter-regional conver-
gence were assumed to be mutually reinforcing.

Recent strategy documents at the EU and federal levels imply a trajectory
from ecological modernization—retrofitting existing industries with cleaner
technologies—towards green reindustrialization, which seeks to establish
entirely new value chains in renewable energy, hydrogen, battery production,
and the circular economy. Reindustrialization is cast simultaneously as a
decarbonization pathway and as a lever for restoring strategic autonomy in
the wake of geo-economic disruptions. As a result, spatial targeting is becom-
ing more differentiated: coal regions receive transition aid, while advanced
manufacturing hubs compete for ‘green-lead’ projects. Yet, this putative dual
solution risks reproducing established core-periphery dynamics if flagship
projects become concentrated in already advantaged regions. Coal-dependent
areas may receive transition aid, whereas advanced manufacturing hubs are
likely to capture the lion’s share of research funding, skilled labor, and venture
capital, thereby potentially exacerbating spatial inequalities beneath a “green”
veneer.

Although the exact design of EU regional policy for the 2027+ funding
period remains uncertain and is unlikely to be implemented precisely as cur-
rently envisioned, preliminary drafts of the Multiannual Financial Framework
suggest that funding for regional development and Cohesion Policy will shrink
(see Section 2.3). Because the strong regionalization of EU funds is largely a
German peculiarity, a partial renationalization of program management is
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anticipated, potentially reducing the Linder’s influence. This prospect appears
counter-productive to the long-standing ideal of a ‘Europe of the Regions’,
especially given the consensus-oriented governance structures many German
states have built around Cohesion Policy. As Rodriguez-Pose (2025, 1) warns,
“Cohesion Policy [is] at its defining moment”. Such recentralization would
replace the policy’s place-based partnership tenet with a compliance-and-
control logic, further eroding regional voice and risking a loss of public trust
in the EU—precisely the pattern already observed with National Recovery and
Resilience Plans.

Even so, a more centralized framework could create new opportunities:
bypassing Linder might allow local authorities to access funds directly for
clearly defined objectives. Such a re-orientation could enable the federal
government to strengthen equalization principles or to enhance local im-
plementation capacity for the green transition as a routine responsibility,
rather than through transient project funding. Moreover, in selected policy
areas—particularly those linked to ‘green transition—the Commission could
disburse funds directly to regions below federal states, subject to strict crite-
ria such as demonstrable reductions in consumption-based CO,-equivalent
emissions.

3 Transformation, Transformative Change and Just Transition:
Linking Social Justice and Ecological Goals

Building on the preceding discussion of structural change, the literature on
sustainability transitions can be organized into four interconnected theoret-
ical discourses: structural change (SC), transformative change (TC), the just
transition (JT), and transformative regional development (TRD). Each layer an-
swers a different analytical question—where we stand, where we need to go,
under what terms of justice, and how to deliver in place—and must therefore
be examined both separately and in concert.

3.1 Structural vs Transformative Change

While both structural change and transformative change have in common
that they are umbrella terms whose meaning varies by discipline, historical
period, and policy area, transformative change denotes a more profound,
value-laden, and purposive re-ordering of socio-technical and socio-ecologi-
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cal systems (Loorbach, 2022; Schot & Steinmueller, 2018; Scoones et al., 2020).
Structural change is typically viewed as being incremental, adaptive, and
mainly intentional. In contrast, transformative change is systemic, norma-
tive, and deliberate, setting out to reconfigure not only production structures
but also the institutional logics, cultural norms, and power relations that
underpin them.

While such a heuristic helps highlight why conventional structural policies
may fall short in the face of the climate emergency, it should be treated as an
ideal type rather than a ‘hard’ dichotomy. Episodes of structural change can be
both rapid and state-orchestrated—as evidenced by China’s post-1978 sectoral
re-allocation (Brandt & Rawski, 2022) or the accelerated contraction of coal and
steel industries that continues to shape ‘left-behind’ areas of the United King-
dom (Kaizuka, 2024; While & Eadson, 2022). Building on these observations,
contemporary transition theory frames change processes as a continuum in
which incremental and radical dynamics co-evolve and may even trigger one
another (Geels, 2018; Grillitsch & Sotarauta, 2020). Acknowledging this ambi-
guity guards against overly rigid policy prescriptions and better captures the
diverse pathways through which socio-ecological transitions unfold in prac-
tice.

Transformative change is further complicated by three interacting forms
of complexity (Letmathe et al., 2024). System complexity emerges from the tight
coupling of technological, economic, ecological, and social subsystems, whose
staggered and opaque causal pathways impede the timely identification of
harmful trends. Backward complexity reflects path dependencies created by
sunk investments, institutional routines, and entrenched cultural norms;
these inflate the costs of deviation from established trajectories and demand
convincingly articulated alternatives, inclusive stakeholder engagement, and,
where appropriate, compensatory mechanisms. Forward complexity, finally,
refers to outcome uncertainty: because the ultimate efficacy and side effects
of interventions can seldom be forecast with precision, opponents may mobi-
lize this indeterminacy to contest transformative action, thereby reinforcing
existing lock-ins and underscoring the need for continual pathway analysis,
adaptive governance, and reflexive control instruments (Geels & Turnheim,
2022; Huntjens & Kemp, 2022). Recognizing these complexities helps justify
adaptive and reflexive forms of governance.
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3.2 Just Transition Lens

Against this backdrop, the notion of a just transition adds a justice lens to
the debate on transformation. First articulated in late-1970s North American
labor-union circles, most notably by the Oil, Chemical and Atomic Workers
Union, and subsequently broadened by environmental-justice movements,
the idea of a just transition’ has since been taken up by global institutions
(Cigna et al., 2023). It is embedded in the ILO’s 2015 Guidelines, referenced
in the Paris Agreement and successive COP decisions (e.g., the 2018 Silesia
Declaration and the 2021 Glasgow Climate Pact), and operationalized in policy
frameworks such as the EU Green Deal and its Just Transition Mechanism
(McCauley & Heffron, 2018; Wang & Lo, 2021). It posits that decarbonization
should be evaluated not only by tons of CO, reduction but also by how fairly
equitably costs and benefits are distributed, how inclusive decision-making
processes are, and whose identities and capabilities are recognized. Equally
important is how affected groups perceive this fairness; subjective judgements
of (in)justice often condition public acceptance and the political durability of
transition measures (Sovacool et al., 2025).

Investigated from diverse disciplinary perspectives—e.g., climate science,
human and economic geography, sociology, energy economics, social policy,
ethics, and law—the notion of a §just transition’ has yet to coalesce into a sin-
gle, universally accepted definition. Although interpreted in multiple ways, the
concept of a just transition unequivocally refers to a complex, multifaceted
process that integrates climate, environmental, and energy objectives with the
restorative, distributive, procedural, and intergenerational dimensions of jus-
tice (Galanis et al., 2025; McCauley & Heffron, 2018).

The term just’ in just transition draws on classical theories of social jus-
tice articulated by philosophers such as Locke, Rousseau, Kant, and, more re-
cently, Rawls (1971). It denotes fairness in both the distribution of benefits and
burdens and in the procedures by which decisions are made (Moodie, 2025).
Building on this foundation, climate justice further refines the notion of justice
by stressing historical responsibility for greenhouse gas emissions, inter- and
intra-generational equity, and the differentiated capacities of societies to mit-
igate and adapt to climate change (Newell et al., 2021; Porter et al., 2020; Rice et
al., 2023). Accordingly, and distinct from ‘transitiort, just transition processes
require multiple actors and communities to actively engage in pursuing pur-
posive change, aiming for a “better future for individuals, communities and
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the environment” (Kaizuka, 2024, 156). Avelino et al. (2024, 520) encapsulate
this philosophy, defining transformative change as processes

“[..] that aim to enable present and future generations, both human and
nonhuman, to survive and flourish and eliminate and prevent injustices
that are produced and exacerbated by unsustainability and its underlying
causes.”

It follows that justice concerns inevitably have a spatial dimension, as the
burdens and opportunities of decarbonization are unevenly distributed across
space (Binz et al., 2025; Jenkins et al., 2018; Moodie et al., 2021). Coal-de-
pendent regions, peri-urban logistics belts facing land-use conflicts, and
emerging green-tech clusters all experience the transition in markedly dif-
ferent ways (Coenen et al., 2024; Kaizuka, 2024; Oei et al., 2020). Crucially,
the sense of place attached to these territories’ shapes how citizens and other
stakeholders experience change, ascribe meaning to it, and act in response,
thereby influencing which transition pathways gain or lose legitimacy. If left
unaddressed, such asymmetries risk widening existing spatial inequalities;
if addressed proactively, they could open a window for place-based strategies
that fuse ecological ambition with social inclusion, thereby creating ‘new’
opportunities (Barca et al., 2012; Rodriguez-Pose & Bartalucci, 2024; Weck et
al., 2022).

This perspective positions regional structural, cohesion, and innovation
policy as pivotal governance arenas (Li, 2025; Todtling et al., 2022; Trippl &
Todtling, 2025). The task is to transition from an essentially compensatory
logic of repairing ex-post damage to a forward-looking, preventive, and reflex-
ive mode that aligns with planetary boundaries and justice principles. Here,
the notion of socio-ecological transition comes into play (Sabato & Mandelli,
2024).

3.3 Transformative Regional Development

Transformative regional development (TRD) constitutes the fourth theoreti-
cal discourse. Whereas transformative change articulates why systems must
change, TRD specifies how this change can be enacted within distinct regional
contexts (Chlebna et al., 2023; Terstriep & Angstmann, 2025). Ideally, it trans-
lates high-level sustainability and justice missions into place-based strategies
that mobilize local assets, address regional lock-ins and open new develop-
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ment paths (Grillitsch & Sotarauta, 2020; Todtling et al., 2022). TRD is there-
fore neither a mere subset of regional policy nor a straightforward extension
of innovation policy; rather, it is a hybrid paradigm that draws concurrently
on (i) evolutionary economic geography, particularly concepts of path creation
and related variety (Grashof & Basilico, 2025; Karlsen et al., 2025); (ii) socio-
technical transition studies and their emphasis on multilevel dynamics and
niche-regime interactions (Bos-de Vos et al., 2025; Geels, 2024); (iii) and on
the place-based development scholarship around smart specialization and en-
trepreneurial discovery (Kruse, 2025; Moraes et al., 2025; Schaltegger et al.,
2023). Three features set TRD apart from the preceding discourses:

It elevates the region—rather than a sector, technology, or nation-state—to
the focal unit of transformation. Acknowledging the context-sensitivity of
TRD, enduring industrial legacies, institutional thickness, landscape values,
and social capital are viewed not as passive backdrops but as levers or con-
straints that shape feasible decarbonization trajectories (Binz et al., 2025; Binz
et al., 2020). Consequently, identical national climate targets can yield diver-
gent regional pathways, from green reindustrialization in former coalfields to
bio-circular diversification in peripheral forest regions.

It relies on multi-actor mission-oriented governance. TRD relies on the or-
chestration of regionally embedded coalitions that span firms, universities,
public authorities, trade unions, and civil society organizations (Chlebna &
Suitner, 2025; Rabadjieva & Terstriep, 2021; Terstriep & Angstmann, 2025).
Mission-oriented portfolios, which combine research funding, skills pro-
grams, procurement, land-use regulation, and societal innovation measures,
are deployed to align entrepreneurial discovery processes with sustainability
and justice goals (Mazzucato, 2018; OECD, 2024; Uyarra et al., 2025). These
portfolios must remain adaptive, incorporating iterative monitoring and
reflexive learning to cope with forward complexity and outcome uncertainty.

Territorial ‘Just Transition Plans’ under the EU’s Just Transition Fund,
or the ecological re-orientation of Germany’s GRW, exemplify attempts to
fuse decarbonization with inclusive labor-market upgrading and community
participation. Success can therefore be judged not only by carbon metrics but
also by indicators such as quality employment, reductions in energy poverty,
ecosystem regeneration, and improvements in subjective well-being. TRD
therefore requires adaptive, reflexive governance architectures with built-in
monitoring and course-correction mechanisms.

Forasmuch, far from being an optional add-on, TRD can be the locus
where abstract sustainability ambitions confront the realities of uneven de-
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velopment—where the promise of a truly just transition will ultimately be
realized or forfeited.

3.4 Interrelatedness of Theoretical Discourses

Structural change (SC) discourse provides the analytical point of departure,
explicating how economic activities relocate across sectors, technologies, and
territories in response to long-term trends and sudden shocks (Dahlbeck et al.,
2022;van Neuss, 2019). Transformative change (TC) adds a normative vector by
specifying why a deep re-ordering of socio-technical and socio-ecological sys-
tems is required to keep development within planetary boundaries while en-
hancing social equity, as set out in the 2030 Agenda and the SDGs (Loorbach,
2022; Schot & Steinmueller, 2018; Scoones et al., 2020). The just-transition lens
(JT) further sharpens this orientation, interrogating the conditions of fairness
under which re-ordering should proceed—how costs and benefits are shared,
whose voices count, and how historically marginalized groups and places are
recognized (McCauley & Heffron, 2018; Wang & Lo, 2021). Finally, transforma-
tive regional development (TRD) operationalizes these imperatives in place,
mobilizing regional assets, confronting locally embedded lock-ins, and craft-
ing context-specific pathways to low-carbon prosperity (Grillitsch & Sotarauta,
2020; Todtling et al., 2022). In shorthand: SC tells us where we stand; TC where
we must go; JT under what terms of justice; and TRD how to get there in con-
crete territories.

Working together, the discourses form a cascading logic. SC diagnostics
expose the sectoral structures, institutional routines, and social vulnera-
bilities that any transition strategy must address. TC defines directional
targets—net-zero, circularity, inclusive prosperity—while JT embeds distri-
butional and procedural guardrails. TRD then ‘anchors’ the composite agenda
through smart specialization strategies, territorial just transition plans, and
mission-oriented portfolios; successful regional experiments can be fed back
to refine national or EU-level TC and JT discourses, creating an iterative
learning loop across scales (Geels, 2018).

Because the geography of burdens and opportunities is uneven, JT con-
cerns crystallize most sharply within TRD. Coalfields in Saxony, petro-chem-
ical corridors in Zeeland, or peri-urban logistics belts around Milan face very
different transition risks and potentials; without territorially sensitive justice
safeguards, such asymmetries risk widening existing spatial inequalities
(While & Eadson, 2022). Conversely, where TRD integrates JT principles from
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the outset, decarbonization can become a vehicle for social inclusion and
regional renewal.

The integration of SC, TC, JT, and TRD is complicated by three interacting
forms of complexity (Letmathe et al., 2024). System complexity stems from
tightly coupled technological, economic, ecological, and social subsystems
whose opaque, staggered causal chains hinder timely intervention. Backward
complexity arises from sunk investments, institutional routines, and cultural
norms that lock places into carbon-intensive paths; overcoming it demands
credible alternatives, broad participation, and, where appropriate, compen-
sation. Forward complexity reflects outcome uncertainty: the side effects of
interventions are challenging to foresee, inviting contestation and reinforcing
lock-ins.

Table 1 contrasts the four discourses, disentangling the justice lens (a nor-
mative benchmark) from TRD (the territorial delivery vehicle) and mapping
their complementary contributions to a sustainability transition.

Table 1: From Structural Change to Transformative Regional Development — Distin-

guishing Features
Dimen- Struc- Transfor- Just Transformative
sion tural mative transition regional
change change development
Onto- Re-allo- Re-configu- Re-configu- Region as locus of
logical cation ration of the ration plus change; creation of
focus within architecture explicit re- new place-based
existing itself distribution development paths
architec- of burdens &
ture benefits
Nor- Descrip- Systemic & Justice- Place-based sus-
mative tive value-laden centred (dis- tainability missions
orienta- tributional, integrating justice
tion procedural, goals
recogni-
tional)
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Dimen- Struc- Transfor- Just Transformative
sion tural mative transition regional
change change development
Depth & Often Deep & time- Deep & Deep but calibrated
pace gradual, critical rapid but to regional capaci-
path-de- paced to ties & assets
pendent protect vul-
nerable
groups
Agency & Imper- Explicit contes- Contestation Regional coalitions
politics sonal tation +burden- of firms, state,
macro- sharing academia & civil
drivers negotiations society; place lead-
ership
Policy Tech- Mission-ori- Mission Smart-specializa-
connotatior  nocratic ented steering steering tion, territorial JT
adjust- with justice plans, adaptive re-
ment, safeguards gional-aid schemes
compen-
sation
funds
Territo- Generic Acknowledges Targets Tails pathways to
rial regional uneven capaci- adversely regional endow-
focus dispari- ties affected ments, institutions
ties territories & socio-ecological
niches

Source: Own compilation

4 Conclusion: Toward a Transformative, Just, and Ecologically
Responsible Regional Structural Policy

This chapter has sought to dispel the conceptual ‘fog that too often surrounds
current debates on regional transformation. By differentiating between struc-
tural change, transformative change, just transition, and transformative
regional development, we have shown that regional structural and Cohesion
Policies are not merely a financial redistribution mechanism, but a multi-
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layered governance arena in which distinct logics, temporalities, and justice
claims intersect. Structural change provides a descriptive baseline, trans-
formative change furnishes a normative direction, the just-transition lens
specifies the conditions of fairness, and transformative regional develop-
ment translates these imperatives into place-specific action. Making these
distinctions explicit is the indispensable first step towards policy coherence.

The notion of a place-based, just, and green transformation is gaining
traction. Nonetheless, unresolved contradictions between competitiveness
and cohesion, central oversight and local agency, and early-advantage and
left-behind territories cast doubt on its real-world traction. As detailed in
Section 2, Germany’s GRW and the EU Structural Funds were grounded in
precisely this growth-and-convergence rationale. Unless these tensions are
confronted head-on—by embedding binding carbon and justice criteria in
every funding regulations, by systematically strengthening the governance
capacity of weaker regions, and by reinforcing cross-fund coherence rules that
prevent contradictory investments—regional structural and cohesion policies
will yield only incremental greening rather than the transformative, equitable
transition they promise.

Three structural fault lines make this risk concrete. First, although mission-
oriented and transformative innovation policies claim to address societal chal-
lenges, Cohesion Fund allocations still hinge primarily on GDP per capita (see
Section 2 and Frey & Zimmermann, 2005 for the neoclassical convergence logic
that originally justified this metric), thereby entrenching the growth paradigm
they purport to transcend. Second, institutional inertia preserves legacy proce-
dures, cost-benefit methodologies, and evaluation metrics that favor quick-
payback projects, thereby crowding out longer-term system-shifting invest-
ments. Third, compressed decarbonization timelines magnify cross-scalar fric-
tions, as EU thematic targets, federal energy directives, Linder spatial plans,
and municipal zoning regulations frequently pull in different directions.

Together these forces create a political economy that produces clear win-
ners and losers: regions with diversified economies, strong R&D ecosystems,
and high governance capacity are positioned to capture the bulk of green op-
portunities, whereas mono-sectoral or peripheral areas risk relegation to sub-
ordinate roles in logistics or waste management—thereby hollowing out the
“just” in just transition.

These contradictions raise strategic dilemma: how can policymakers rec-
oncile efficiency-oriented investment in leading regions with solidarity-based
support forlagging or carbon-intensive territories. It also poses the question of
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the costs—including economic and social dimensions—associated with tran-
sitioning from ecological modernization to green reindustrialization.

It remains to be decided how a regional Cohesion Policy should be de-
signed. One approach is to introduce incentives that channel investment
toward structurally weak regions, thereby promoting balanced economic de-
velopment. A second is to scale up businesses already operating in those areas
and use their expansion as a catalyst for reindustrialization. A third option
would provide ongoing financial support to residents of lagging regions and
subsidize essential infrastructure and public services such as retail, educa-
tion, and health care. Historically, incentive schemes have dominated, in part
because a growth-oriented compensation model cannot justify permanent
transfer payments. Yet if full balanced regional development ultimately fails
to maximize national growth, a cost-benefit assessment could demonstrate
that focusing investments in the most competitive regions while subsidizing
the others offers greater economic and environmental returns.

Beyond targeted subsidies, policymakers can strengthen regional economies
by expanding local value chains, thereby closing supply gaps and capturing
more value added within the region. Possible measures include mobilizing
civil society, supporting cooperative business models, and piloting commu-
nity-wealth building strategies. All of these measures reflect a broader shift
toward bottom-up development that empowers local stakeholders rather
than relying on top-down directives. Maintaining global connectivity remains
essential; the goal is to anchor activities that can compete both regionally and
internationally. Where local competitive potential is limited, external stim-
uli—such as relocating anchor industries or investing in high-quality digital
and transport infrastructure—may still be required to jump-start sustainable
growth.

Ultimately, the capacity of cities and regions most exposed to structural
disruption and decarbonization imperatives to navigate the transition suc-
cessfully hinges on several interlocking factors. Chief among these are the
breadth of their economic base, their demographic and spatial scale, and the
opportunities or constraints imposed by their geographic position and the
broader regional context. Equally decisive is timing: territories that embark
on change proactively and cultivate supportive coalitions are far more likely
to establish resilient development paths than those in which entrenched
interests delay or resist the necessary restructuring.

‘https://doi.org/10. liby - Open Access - [-) EXRN


https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

Stefan Gartner & Judith Terstriep: From Cohesion and Structural Policy to Just Transition

41 Policy Implications

Conceptual clarity, however, is only a precondition; regional structural policy
must now shift from compensating yesterday’s market failures to actively
steering a rapid, fair, and territorially differentiated climate transition. The
prevailing compensatory model—designed to mop up the social costs of mar-
ket-driven change—must give way to a genuinely transformative mode of
governance. Such a shift entails anticipating ecological disruptions through
early-warning intelligence, guiding industrial and innovation systems to-
wards territorially grounded transition missions, and cultivating resilient,
inclusive development pathways rather than offering temporary subsidies to
declining sectors. In short, regional structural policy must move from ‘fire-
fighting to ‘fire-proofing, i.e., from a reactive, to a preventive, anticipatory,
justice-oriented approach. Three design principles are core:

Justice considerations have to be hard-wired into this new architecture. Dis-
tributional, procedural, and recognitional equity should condition access to
both EU and national funds. Binding ustice safeguards'—ranging from ter-
ritorial needs assessments to participatory budgeting—can prevent well-re-
sourced regions from capturing a disproportionate share of the benefits. With-
out such safeguards, the green agenda risks becoming a fresh engine of spatial
inequality, undermining its own political legitimacy.

Environmental integrity must likewise become a cross-cutting principle
rather than an afterthought. Aligning regional policy with planetary bound-
aries requires embedding science-based ecological criteria—such as carbon
intensity, land take, biodiversity impacts, etc.—into every discretionary de-
cision. It also means phasing out support for carbon-intensive activities
through sunset clauses and just transition compacts, while mainstreaming
circular economy, ecosystem restoration, and climate resilience goals across
all funding lines. Only by making environmental screening a default gate-
way can regional action remain compatible with the broader goal of climate
neutrality.

In a multilevel governance context, regional structural and cohesion policies
must operate as nested, mutually reinforcing regimes that couple vertical
coordination with horizontal, participatory mechanisms. At the EU level,
framework regulations should impose binding environmental and justice
conditionalities while granting national and regional authorities sufficient
flexibility to tailor place-based transition missions to local industrial legacies
and ecological assets. Member States should then translate these conditionali-
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ties into mission contracts with sub-national tiers, underpinned by predictable
multi-annual finance, technical assistance, and shared data infrastructures.
Linder and metropolitan authorities would co-design territorial roadmaps
with municipalities, civil society organizations, and groups most exposed to
the green and digital transitions—such as coal workers, carers, small manu-
facturers, and creative communities—so that the economic, social, ecological,
and cultural dimensions receive equal weight. Finally, municipalities can
institutionalize participatory budgeting, community-benefit agreements,
and living lab instruments, embedding experimental projects within broader
regional value-chain strategies. Such a polycentric architecture, reinforced by
common metrics and iterative feedback loops, would enable both advanced
and lagging territories to pursue ecologically sound, socially just, and cul-
turally resonant development trajectories while maintaining pan-European
coherence.

These shifts cannot be governed through the GDP-centered indicators that
have long guided cohesion spending. A revised dashboard is needed—one that
couples territorial carbon budgets, inclusive-employment metrics, ecosystem-
service indicators, and measures of subjective well-being. Funding allocations
can then be tied to multi-dimensional mission contracts rather than to histor-
ical expenditure patterns, thereby rewarding genuine progress towards low-
carbon prosperity and social inclusion.

Delivering on this policy vision will demand more than political will and
revised regulations; it also calls for fresh evidence, new analytical tools, and ex-
perimental arenas capable of steering and tracking change in real time—needs
that set the agenda for the research priorities outlined in the next subsection.

4.2 Future Research Avenues

Achieving the transformative, justice-oriented agenda outlined in this chapter
will require a research effort commensurate with the scale of the policy chal-
lenge. Five priority avenues, each conducive to systematic experimentation,
stand out.

First, an EU-wide panel that couples project-level data from ERDF, the Just
Transition Fund, and national funds such as Germany’s GRW with annual
indicators of employment, patenting, and carbon intensity at NUTS-3 scale
would permit matched difference-in-difference or synthetic-control estima-
tion of whether, when, and under what conditions green investments alter
regional development trajectories (Grillitsch et al., 2025). Embedding ‘rolling
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baselines’, i.e., updating the reference year so that each new funding wave is
measured against the most recent pre-intervention conditions rather than a
distant historical benchmark, into successive programming periods would
convert each funding round into a quasi-experimental cohort for the next.

Second, the governance dimension itself should become an object of exper-
imentation. Building on mission-oriented innovation principles (Mazzucato,
2018) and recent work on place leadership (Grillitsch & Sotarauta, 2020), a set
of trans regional ‘transformative mission labs’ could be established—for exam-
ple, in a coalfield, an automotive cluster and a peripheral bio-economy region.
Alternative constellations—such as central steering versus place-based coali-
tions, procurement mandates versus challenge prizes, and citizen assemblies
versus expert panels—could be trialed under adaptive-management protocols,
with adjustments made every 12—18 months based on predefined performance
metrics (Geels, 2018). Such measures would also align with the call of Haldar
et al. (2024) for human-centric energy just transitions that account for agency
and capabilities.

Third, operational templates for justice-by-design that also satisfy EU
state-aid rules remain surprisingly absent (McCauley & Heffron, 2018). Mod-
ular appraisal tools combining distributional microsimulation with ex-ante
state-aid compliance checks could be piloted in two or three German Linder
and a matched non-German region. The ambition is to reduce administrative
friction while increasing the transparency—and contestability—of compen-
sation measures aimed at workers and communities (Kaizuka, 2024).

Fourth, a new generation of metrics is required to capture both avoided
emissions and social co-benefits at the regional scale. Integrating high-reso-
lution satellite CO, readings with facility-level life-cycle analysis and regional
input-output tables would enable researchers to track both direct and embod-
ied emissions. Coupling these environmental accounts with dashboards on en-
ergy-poverty reduction, health outcomes, and gender-inclusive employment
would provide the multi-criteria perspective needed for robust ex-post eval-
uation of transition interventions (Sovacool et al., 2025). ‘Data sandboxes’ in
volunteer regions could validate the methodology before it is mainstreamed
into regional structural and Cohesion Policy reporting.

To complement this advanced quantitative toolkit, a systematic qual-
itative strand should be embedded in the evaluation design. Longitudinal
interviews, focus groups, and participatory mapping exercises can surface
how workers, residents, and local leaders perceive the fairness, cultural fit,
and everyday impacts of transition projects—dimensions that escape purely
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numerical dashboards. Such evidence helps explain why regions with compa-
rable emission cuts or employment gains may diverge in public acceptance or
institutional learning, and it can feed back into the indicator set by highlight-
ing locally salient variables (e.g., trust in institutions, gendered care burdens,
sense of place). A mixed-methods protocol that triangulates satellite-based
carbon estimates and input—output models with these experiential accounts
would therefore yield a far richer and more legitimate assessment of regional
transition performance.

Finally, comparative transition corridors and distributed living labs could
generate transferable lessons across borders. Bi- or tri-national demonstra-
tion zones, such as a German-Polish coal corridor or a Franco-Spanish hydro-
gen valley, would pool regulatory sandboxes, joint funding calls, and shared
monitoring frameworks, thereby accelerating mutual learning and exposing
context-specific pitfalls (Rodriguez-Pose, 2025). Within each corridor, school
retrofit schemes, community energy cooperatives, or circular industry parks
could serve as micro-level laboratories whose findings can scale up to corri-
dor-level governance.

By combining natural experiments with deliberately designed pilot
schemes, the proposed research agenda can deliver the causal evidence,
governance blueprints, and high-resolution metrics required to translate
rhetoric into practice. Only by embracing these conceptual, procedural, and
ecological re-orientations can regional policy evolve from incremental green-
ing to genuinely transformative, just, and future-proof regional structural
development.
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Ecologizing the Concept of Progress
Toward a Terrestrial Ethics and Ontology through Jonas
and Latour

Marlen Reinschke

“Humans have changed the way the
world works. Now they have to change
the way they think about it, too.”
(Economist, 26/05/2011)

Abstract: This paper reconsiders the modern concept of progress in light of ecological cri-
sis by proposing its ecologization—an ethical and ontological reorientation grounded in
terrestrial thinking. Traditionally associated with linear temporality, technological de-
velopment, and anthropocentric mastery, the idea of progress is shown to be complicit in
environmental degradation and systemic planetary imbalance. Drawing on Bruno La-
tour’s political ecology and Hans Jonas’s ethics of responsibility, the paper critiques this
dominant paradigm and explores alternative frameworks for understanding progress in
a more-than-human context. While Jonas emphasizes foresight and moral obligation
rooted in human responsibility, Latour decouples agency from human exclusivity, ad-
vancing a relational ontology that includes nonhuman actors and the Earth (Gaia) itself
as participants in political and ethical life. Despite their differences, both thinkers con-
verge in their critique of techno-scientific hubris and their call for a reorientation of hu-
man agency. The paper argues that integrating Jonas’s normative ethical vision with La-
tour’s ontological pluralism enables a reframing of progress as situated, relational, and
co-responsible. Such a reconfiguration, the paper concludes, is essential for developing a
viable ecological ethic and navigating the demands of terrestrial life in the wake of the
modernist project.
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1. Introduction

The modern concept of progress, long tethered to linear time, technological
mastery, and human exceptionalism, is increasingly called into question in the
face of ecological collapse and planetary destabilization. What once functioned
as a secular promise of improvement now reveals its complicity in the degra-
dation of the very conditions that make life possible. This paper argues for an
ecologization of the concept of progress—an attempt to rethink its founda-
tions through an ethical and ontological reorientation toward the terrestrial.
Drawing on Bruno Latour’s political ecology and Hans Jonas’s ethics of respon-
sibility, the essay explores how progress might be reconceived not as domina-
tion over nature, but as a situated, relational, and co-responsible engagement
with a more-than-human world. Where Jonas articulates a moral imperative
grounded in the foresight of human action, Latour offers a political and onto-
logical framework in which nonhuman actors, entanglements, and Earth it-
self become part of the ethical field. Together, their thought helps outline a
paradigm of progress that complicates anthropocentrism: while Jonas main-
tains a human-centered ethical imperative, Latour calls for a broader ecology
of agency and co-responsibility. Their convergence opens space for reimagin-
ing progress in light of ecological realities.

The following chapters begin by tracing the historical development of
the modern concept of progress, emphasizing its entanglement with an-
thropocentrism, technological optimism, and the modernist project. This
is followed by a critical examination of Hans Jonas’s and Bruno Latour’s
respective contributions to rethinking human agency and responsibility in
ecological terms. Particular attention is given to the tensions and complemen-
tarities between Jonas’s anthropocentric ethics of responsibility and Latour’s
relational ontology and political ecology. The final section synthesizes these
perspectives to outline the contours of an ecologically informed concept of
progress—one that resists the logic of domination and is responsive to the
complex, entangled realities of life on a shared and vulnerable planet.

2. The Modern Paradigm of Progress: Origins and Critiques
The concept of progress, which emerged during the Enlightenment and solid-

ified through modernity, has been foundational to Western thought and polit-
ical practice. Rooted in the belief in linear advancement, human mastery over
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nature, and the perfectibility of society through science and technology, this
paradigm has shaped dominant narratives of development and improvement
for centuries. Progress was traditionally understood as an unequivocally pos-
itive force—a forward-moving trajectory promising greater knowledge, pros-
perity, and control over the environment. However, this modern paradigm is
increasingly subject to criticism due to its anthropocentrism, its assumptions
of limitless growth, and its role in driving ecological crises. Critics from eco-
logical, political, and philosophical perspectives question the coherence and
desirability of this linear, human-centered model. This section traces the his-
torical development of the progress paradigm in brief and examines key cri-
tiques, forming the basis for alternative conceptions that respond to ecological
realities and ethical imperatives.

Since the Enlightenment, progress has been conceived as a linear, contin-
uous process through which human society advances via scientific discovery,
technological innovation, and socio-political reform. This teleological vision
implies inherent improvement over time: the future is better than the past,
and the present is a steppingstone toward ever-greater mastery over nature
and social conditions (Kant, 1784/1997; Condorcet, 1795/1994). The roots of this
concept lie in the Enlightenment’s faith in reason and human perfectibility,
along with the rise of scientific naturalism and industrial capitalism. Philoso-
phers such as Kant and Condorcet envisioned history as a rational process of
emancipation and progress culminating in an era of universal enlightenment
and freedom. Progress thus became a metanarrative legitimizing the expan-
sion of knowledge, technology, and economic growth. Already in the 19th and
early 20th centuries, fundamental objections to the paradigm of progress were
being formulated. Romanticism, for instance, countered the rationalization of
the world with a mode of thinking grounded in organic interconnectedness
and a deep affinity with nature. With the onset of the “Age of Extremes” (Hobs-
bawm, 1998), criticism intensified: the two world wars, the Holocaust, colonial-
ism, and the destruction of ecological systems through industrial expansion
led to a deep questioning of the idea of linear moral progress.

Critical Theory, especially in the works of Horkheimer and Adorno,
analyzed the idea of progress as part of a dialectical movement in which
Enlightenment transforms into new forms of domination. In their Dialectic
of Enlightenment, they argue that the same processes of rationalization that
contributed to human liberation simultaneously fostered an instrumental
reason that objectified both nature and the subject (Horkheimer & Adorno,
1969). Here, progress no longer appears as a guarantor of humanity, but as
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an ambivalent moment in an ongoing process of alienation. Postcolonial and
feminist approaches also critique the implicit universalization of Western
development models, which often conceal cultural hegemony and epistemic
violence under the guise of progress. Progress is thus not seen as a neutral
process but deconstructed as an expression of particular power relations (Spi-
vak, 1988). Particularly in the context of climate change, the modern narrative
of progress is inadequate, as it fails to take into account humanity’s new role
as a geological force beyond historical categories (Chakrabarty, 2009). Finally,
from an ecological perspective, the destructive flip side of classical progress
becomes increasingly apparent. The expansive logic inherent to the idea of
“ever more” conflicts with the finitude of natural resources. The concept of
progress increasingly appears as an ideological engine of ecological exploita-
tion as a metaphysical justification for a process of planetary destabilization.
Most urgently, ecological critiques emphasize that Earth’s planetary bound-
aries (climate, biodiversity, biogeochemical cycles) are being exceeded due
to the dominant, growth-oriented paradigm of progress (Rockstrém et al.,
2009). The assumed compatibility of infinite growth with a finite planet is
thereby called into question, exposing the classical ideal of progress not only
as inadequate but also as dangerous. Consequently, a critical rethinking of
the concept of progress is imperative—one that incorporates ecological real-
ities and challenges the anthropocentric, linear assumptions of modernity’s
dominant narrative.

This growing body of critique reveals the limitations of the traditional
progress narrative, particularly its failure to account for ecological constraints
and the interdependence of all life on Earth. The escalating environmental
crises demand a fundamental reassessment of progress—one that transcends
human-centered and growth-driven assumptions. Of particular relevance are
the ecological challenges confronting the modern paradigm, which demon-
strate how environmental realities require a reconceptualization of progress
in line with planetary boundaries and sustainable coexistence. The Anthro-
pocene, defined as the current geological epoch marked by significant human
impact on Earth’s systems, underscores the urgent need to rethink progress.
This epoch highlights the profound entanglement of human and nonhu-
man forces and exposes the limits of traditional frameworks that separate
society from nature. Ecological thinking introduces key concepts such as in-
terdependence, limits, resilience, and vulnerability, thereby destabilizing the
foundations of the classical narrative of progress. It reveals that what was once
considered “nature” to be conquered is, in fact, a complex, dynamic, and sensi-
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tive web of life within which humanity is inextricably embedded (Latour, 1993;
2017). The systemic risks and uncertainties characteristic of the Anthropocene
render linear and growth-oriented visions of progress untenable. Further-
more, the ecological crisis introduces a temporal dimension often obscured by
classical progress narratives. Environmental degradation and climate change
produce long-term, often irreversible consequences, requiring a shift from
short-term maximization to an ethic of future-oriented responsibility (Jonas,
1984). This challenges the dominant temporal paradigm of progress as endless
forward motion, and instead suggests the necessity of precaution, care, and
sustainability. Accordingly, the ecological challenge demands an “ecologiza-
tion” of the concept of progress—a fundamental revision that reconfigures
progress as a notion inherently entangled with planetary boundaries, ethical
responsibility, and the relationality between human and nonhuman actors.

3. From Nature as Resource to Ecological Interconnectedness

A fundamental reconfiguration in the ecologization of progress involves a pro-
found transformation in the conceptualization of nature itself. Historically,
particularly within the dominant frameworks of modernity and historical ma-
terialism, nature has been conceived primarily as a resource—a vast, external
stockpile of raw materials to be appropriated, exploited, and controlled for
human advancement and economic growth. Karl Marx’s analysis of capitalism
famously emphasizes the extraction and transformation of natural resources
as a driver of production and social development (Marx, 1867/1976). While
foundational for industrial and technological progress, this instrumentalist
view tacitly assumes nature’s disposability, subordinating ecological con-
cerns to economic imperatives. However, the environmental crises of the late
twentieth and early twenty-first centuries have exposed the limitations—and
dangers—of this resource-based ontology. Contemporary ecological thought
increasingly rejects the objectification and commodification of nature, em-
phasizing instead interdependence, relationality, and the agency of the more-
than-human world. Bruno Latour (among other philosophers and new ma-
terialist thinkers) critiques the modernist dualisms that separate humans
from nature, arguing that such binaries facilitate domination and ecological
destruction. This ontological shift carries profound ethical and political con-
sequences. Indigenous worldviews, for instance, often conceive of humans as
embedded within relational networks that include animals, plants and land-
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scapes—networks grounded not in control or exploitation, but in reciprocity
and responsibility (Whyte, 2017). Donna Haraway similarly calls for rethinking
human-nonhuman relations through the concept of sympoiesis—a mode
of “making-with” that emphasizes mutual entanglement and collaborative
survival in the ruins of modern progress (Haraway, 2016). Such perspectives
foster an ethic of care and stewardship that stands in stark contrast to the
exploitative paradigms of modernity. Moreover, this reconceptualization in-
fluences policy and action. The emergence of ecosystem services frameworks
and rights of nature laws in some jurisdictions reflects attempts to institu-
tionalize the idea that nature is not merely a resource but a rights-bearing
entity with intrinsic value and agency (Stone, 2010; Cullinan, 2011). These
shifts challenge legal and economic systems to move beyond anthropocentric
valuation and incorporate ecological interdependence into decision-making.
In relation to the concept of progress, this epistemic transformation entails a
move from viewing progress as technological mastery over an external nature
toward progress as the cultivation and maintenance of sustainable relation-
ships between humans and the more-than-human world. Hans Jonas’s ethics
of responsibility explicitly ground moral obligation in the recognition of the
natural world’s vulnerability and intrinsic worth, compelling humanity to
safeguard ecological conditions for future generations (Jonas, 1984). Similarly,
Bruno Latour’s relational ontology rejects nature/society dualisms, proposing
instead that humans are enmeshed in networks of heterogeneous actors,
and that progress must involve the composition of new, hybrid collectives
where nonhuman agencies are accounted for (Latour, 1993). Together, these
perspectives suggest that a crucial prerequisite for ecologically informed
progress lies in transforming the way nature is seen and valued—from a
passive resource base toward a dynamic, interconnected participant in shared
futures. This paradigm shift not only challenges the epistemological founda-
tions of classical progress narratives but also opens up possibilities for ethical
engagement and political innovation compatible with ecological limits. The
reconceptualization of nature as relational, interconnected, and agentic not
only challenges the ontological foundations of modernity but also demands
a rethinking of ethical and political responsibility. If progress is no longer
defined by domination over nature but by the capacity to live within ecological
limits and relational networks, then the question arises: how should human
agency be redefined in this transformed landscape? This question lies at the
heart of both Hans Jonas’s ethics of responsibility and Bruno Latour’s political
ecology. Although they approach the issue from distinct philosophical tradi-
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tions—Jonas from existential ethics and Latour from science and technology
studies—both thinkers grapple with the urgency of ecological crisis and the
need to reorient human action accordingly. The following section examines
their respective contributions to an ecologically grounded notion of progress,
highlighting points of convergence and productive tension between their
frameworks.

4. Hans Jonas and the Ethics of Responsibility

“Act so that the effects of your action
are not destructive of the future
possibility of (...) life”

(Jonas, 1984, 11)

Hans Jonas’s philosophical intervention is pivotal for rethinking the concept
of progress in light of ecological crisis. Writing in response to the rapidly ad-
vancing technological power of the mid-20th century, Jonas identified a deep
ethical void at the heart of modern moral philosophy: its failure to account
for humanity’s unprecedented capacity to alter the planet and endanger fu-
ture generations in irreversible ways (Jonas, 1984). His work responds directly
to the crisis of modernity’s unrestrained technological expansion, which, un-
der the banner of progress, threatened the very conditions of life on Earth.
Central to Jonas’s thought is the imperative of responsibility. Unlike classical
ethical theories, which focus primarily on interpersonal duties among con-
temporaries, Jonas extends the ethical horizon toward the long-term future
and the more-than-human world. His “Imperative of Responsibility” demands
that human action be evaluated according to its impact on the “permanence
of genuine human life on Earth” (Jonas, 1984, 11). This is not merely a prag-
matic or instrumental concern; it constitutes a new foundation for ethics—one
grounded in the vulnerability of life and the irreversible scope of technological
intervention. Jonas’s ethical thinking introduces a new temporal dimension to
moral reflection, in which the future is recognized as a distinct domain of eth-
ical concern. Responsibility is no longer limited to the immediate or the visi-
ble but extends to future generations, whose well-being depends on the fore-
sight and restraint of those living today (Jonas, 1984, 13). For Jonas, the modern
concept of progress—rooted in Enlightenment optimism, technological confi-
dence, and anthropocentric rationalism—is ethically obsolete. Traditional no-
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tions of progress celebrate the idea of linear advancement, the continual mas-
tery of nature, and the limitless expansion of human capabilities. Jonas cri-
tiques this as a dangerous illusion. In his view, such faith in progress neglects
the destructive potential of modern technology and assumes that innovation
will always be redemptive. In response, Jonas proposes a reversal of the bur-
den of proof: in situations where technological action could result in ecological
catastrophe, the onus lies not on the critics to demonstrate harm, but on the
proponents to prove safety. This precautionary principle is central to his eco-
logical ethics. It marks a clear departure from the dominant ethos of growth
and acceleration, instead advocating for restraint, humility, and moral fore-
sight (Jonas, 1984, 13). Although Jonas remains committed to the central role of
the human as a moral subject, his philosophy nonetheless challenges anthro-
pocentrism by emphasizing the intrinsic value of life itself. He argues that the
unprecedented power humans now wield over the biosphere necessitates a new
form of stewardship—one grounded notin domination butin care (Jonas, 1984,
8). Life, in its vulnerability and irreplaceability, becomes the ground of moral
obligation (Jonas, 1984, 10). This ontological shift, though not yet a full break
with the modern subject/object divide, pushes toward a broader view of ethi-
cal relevance. Jonas does not fully dissolve the divide between humans and na-
ture, but he demands that human agency recognize its embeddedness in and
responsibility toward a larger web of life (Jonas, 1984, 7). In this sense, his work
anticipates more relational and decentered ontologies without fully embrac-
ing them. Jonas offers a powerful ethical critique of modern progress and a
compelling normative vision for ecological responsibility. He situates human
action within a widened moral and temporal field, emphasizing care, sustain-
ability, and the preservation of life (Jonas, 1984, 12). His imperative of respon-
sibility remains a crucial resource for grounding ecological thought in ethical
terms. Yet Jonas’s framework, while ethically expansive, still operates within
a modern metaphysical architecture that privileges the human as the central
moral actor. Agency remains largely human, and nature, while valued, is not
politicized or ontologically equal. The categories of “nature” and “humanity”
remain distinct, and the conditions under which responsibility is exercised are
not redefined at the ontological level. To move beyond this limitation, and to
fully ecologize the concept of progress, it becomes necessary to question the
very constitution of the modern subject and its separation from the nonhuman
world. This is the project undertaken by Bruno Latour, whose political ecology
seeks not only to expand ethical responsibility but to redistribute agency, dis-
solve dualisms, and recompose the world in terms of entangled, more-than-
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human collectives. Where Jonas offers an ethical compass, Latour provides the
ontological and political tools necessary to rethink progress as situated, rela-
tional, and co-constructed by human and nonhuman actors alike. While Hans
Jonas'’s ethics of responsibility powerfully expands the moral horizon by em-
phasizing human foresight, care, and restraint in the face of ecological vulner-
ability, it remains rooted in a fundamentally anthropocentric framework. His
normative vision centers on human agency as the bearer of ethical obligation
and conceptualizes nature primarily as an object of human stewardship. How-
ever, as ecological challenges intensify and the limitations of human-centered
ethics become increasingly evident, a further rethinking is required—one that
not only broadens ethical responsibility but also reconfigures the very ontolog-
ical categories of agency, subjectivity, and the nature-society divide. Bruno La-
tour’s political ecology offers this next step by decentering the human subject
and advocating for a relational, more-than-human conception of progress. La-
tour challenges the modern dualisms that Jonas retains and proposes a frame-
work in which humans and nonhumans co-constitute political and ethical col-
lectives. In doing so, Latour provides a complementary but ontologically radi-
cal approach to ecologizing progress—one that reconceives agency, responsi-
bility, and the composition of shared worlds beyond traditional boundaries.

The following section will thus explore Latour’s thought as a critical exten-
sion and transformation of the ethical groundwork laid by Jonas, focusing on
the implications of Latour’s relational ontology for redefining progress in the
Anthropocene.

5. Bruno Latour’s political ecology

Building on Hans Jonas’s foundational ethics of responsibility, Bruno Latour’s
political ecology offers a vital ontological and political reconfiguration neces-
sary to fully ecologize the concept of progress. While Jonas expands the ethical
horizon by emphasizing human foresight and moral obligation toward future
life and ecological vulnerability, Latour pushes further by challenging the very
categories through which modernity has understood agency, nature, and so-
ciety. He argues that rethinking progress requires not only a normative recali-
bration but also a profound revision of the conceptual and political frameworks
that sustain the dominant human-centered worldview.

Latour’s relational ontology dissolves the rigid nature-society divide, pre-
senting humans and nonhumans as interconnected actors within dynamic
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networks. Central to his thought is the concept of “composition,” which de-
notes the ongoing collective assembling of heterogeneous beings and forces
into new political and ecological configurations. This framework opens the way
for a politics of the terrestrial—anchored in the figure of Gaia as a political-
ecological actor—where progress is no longer about human mastery but about
coexisting and composing sustainable worlds. Moreover, Latour critiques the
limitations of traditional critique and envisions the emergence of an ecological
class—new political subjects whose identities and interests are inseparable
from the terrestrial. This perspective highlights how ecological challenges
necessitate political innovation and collective responsibility that transcends
old dichotomies and power structures. In what follows, this chapter will ex-
plore these dimensions of Latour’s thought, showing how his political ecology
not only complements but crucially extends the ethical insights of Jonas.
Together, they provide a robust conceptual and normative foundation for an
ecological reconceptualization of progress suited to the complexities of the
Anthropocene.

The ecological crisis presents not only urgent practical challenges but
also deep conceptual questions for the categories underpinning political and
ethical modernity. The concept of progress, rooted in Enlightenment and
industrial modernity, proves inadequate when confronted with planetary
limits. It remains bound to a profound anthropocentrism that reduces nature
to a mere resource for human ends, and to a linear temporality demanding
constant innovation and forward momentum—often at the cost of present
ecological destruction (Latour, 2018; Jonas, 1984). Consequently, a thorough
revision of progress is imperative—an ecologization that redefines it not as
the mere extension of technological mastery but as a relational, responsibility-
infused coexistence with nonhuman entities. The philosophical approaches
Bruno Latour’s political ecology and Hans Jonas’s ethics of responsibility
prove especially fruitful in this regard. Latour critiques the modern concept of
progress as embedded within a dualistic framework that artificially separates
nature and society—a foundational gesture of modernity. In We Have Never
Been Modern (1993), he argues that the modern constitution rests on two simul-
taneous but contradictory operations: the purification of conceptual domains
(i.e., drawing clear distinctions between nature and culture, facts and values),
and the proliferation of hybrids, meaning the ongoing creation of entities
that mix natural and social elements—such as climate models, genetically
modified organisms, or technological infrastructures (Latour, 1993, 10—12).
These hybrids are ubiquitous in modern life, yet modern discourse system-
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atically represses their entangled nature by maintaining the illusion of pure
categories. This paradox reveals what Latour calls the “modern constitution’:
a hidden rule that organizes knowledge and power by separating what is con-
sidered objective (nature) from what is considered subjective or constructed
(culture or society), while in practice continuously entangling them (Latour,
1993, 13-15). According to Latour, this dichotomy is not an empirical reality but
an ideological framework that legitimizes a certain regime of politics, science,
and progress. It allows nature to be rendered as a passive, external realm
governed by immutable laws, while society is imagined as the active domain
of values, decisions, and history. Latour argues that this artificial division
has contributed directly to ecological degradation. By excluding nature from
the political sphere—treating it as a background to human action rather than
a participant in it—modernity has obscured the fact that “natural” systems
are deeply enmeshed in social, economic, and technological networks. The
ecological crisis, in this light, is not merely the unintended consequence of
technological development, but a crisis of representation and ontology: we
lack the categories and institutions to adequately represent the more-than-
human world in political terms (Latour, 1993, 25-30; 96—99). By exposing this
contradiction, Latour fundamentally challenges anthropocentrism. If there is
no ontological divide between nature and society, then agency and significance
cannot be reserved for humans alone. What modernity treated as “natural”
and inert is, in fact, already imbued with political and epistemic agency. The
very idea of human exceptionalism collapses, revealing a world composed of
actor-networks-assemblages of human and nonhuman agents that co-con-
struct reality (Latour, 1993, 105-117). From this vantage point, the ecological
crisis is not simply a failure of environmental management, but a failure of
the modern epistemological order. Progress, as traditionally conceived, relies
on the very dualisms (nature/culture, subject/object, human/nonhuman) that
now appear untenable. Latour’s call is not to abandon the concept of progress
altogether, but to recompose it on a different ontological foundation: one that
recognizes the hybrid, relational, and co-constitutive nature of the world we
inhabit.

In Down to Earth (2018), Latour lays out what can be read as a terrestrial
manifesto—a constructive political ecology that builds directly on his earlier
critique of modernity. He argues that the modern project of progress, con-
ceived as liberation from material constraints through science, economics,
and globalization, has reached its limits. Faced with ecological breakdown,
it is no longer viable to imagine the future as a space of boundless expan-
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sion or technological transcendence. Instead, Latour insists that we must
“land”—to come back down to Earth and recognize our material and ecologi-
cal dependencies (Latour, 2018, 11). What modernity framed as a triumphant
ascent—toward reason, mastery, and universalism—has become a dangerous
detachment from the very conditions that sustain life. Latour provocatively
argues that the ideal of a shared, global horizon—the so-called “Global’—is
dissolving before our eyes, giving rise to new forms of denialism, nationalism,
and ecological isolationism (Latour, 2018, 11-18). In response, he introduces
the figure of the Terrestrial, a mode of existence defined not by abstract
universals or national identities, but by attachment to specific material con-
ditions, territories, and networks of interdependence. Progress, from this
perspective, must be redefined as a project of re-orientation: no longer a
forward flight, but a turning back—not backward, but downward—toward the
Earth as the shared condition of survival. Crucially, Latour does not treat the
Earth as a passive background or inert resource. Drawing on James Lovelock’s
Gaia hypothesis (Lovelock, 1979), he reinterprets Gaia not as a harmonious
superorganism but as a reactive, dynamic, and unstable system of feedback
loops—an Earth that responds, resists, and acts (Latour, 2017, 95-101). Gaia,
in Latour’s reading, is not a metaphysical being but a political actor: a force
that disrupts human plans, withdraws stability, and demands recognition.
The ecological crisis thus becomes not merely an environmental issue, but a
crisis of representation—of who or what counts as a participant in the political
field (Latour, 2017, 102—108). Through this lens, the idea of progress must be
radically transformed. Rather than measuring advancement by technological
innovation or economic growth, Latour urges us to evaluate it in terms of our
ability to compose livable worlds with others—human and nonhuman alike
(Latour, 2018, 81-89). Progress becomes a question of inhabitation: of learning
to stick to the soil, and to reframe politics not around sovereignty or abstrac-
tion, but around shared vulnerability and entangled agency. Latour’s critique
of the modern constitution and his call for a terrestrial reorientation reveal
the depth of the conceptual revision required in response to the ecological
crisis. By dismantling the nature-culture divide and challenging the narrative
of unbounded progress, he exposes the ontological and political blind spots
of modernity. Yet his project is not merely deconstructive. Latour’s political
ecology aims to reassemble the world on new terms—through concepts like
Gaia, composition, and the proliferation of nonhuman agency. These ideas
signal a profound shift: progress must no longer be conceived as transcen-
dence or mastery, but as situated, collective and ecologically embedded world-
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making. The following sections develop this shift in more detail, unpacking the
ontological, ethical, and political dimensions of Latour’s terrestrial thought.

5.1 Latour's Relational Ontology: Rethinking Agency Beyond the Human

Bruno Latour’s work offers a radical ontological reconfiguration that un-
dercuts the modernist dualisms shaping Western thought—especially the
foundational separations between nature and society, subject and object,
fact and value. In We Have Never Been Modern (1993), Latour identifies these
binaries as the pillars of what he terms the “modern constitution”: an epis-
temic-political order that claims to purify domains (separating Nature from
Culture) while simultaneously generating hybrids—complex entanglements
of human and nonhuman forces (Latour, 1993, 10-13). The central paradox of
modernity, according to Latour, is that it denies the existence of these hybrids
even as it depends on them. Latour’s relational ontology begins by rejecting
the idea that agency belongs exclusively to human subjects. Instead, drawing
from Actor-Network Theory (ANT), he proposes that agency is distributed
among heterogeneous assemblages of actors—including people, machines,
institutions, microbes, and landscapes—each contributing to the stabiliza-
tion or transformation of reality (Latour, 2005, 71-72). Agency, in this view,
is not a property but an effect: it emerges from the capacity of an entity to
make a difference within a network. This challenges the anthropocentric bias
of classical political and ethical frameworks, opening the way for a more-
than-human politics. This rethinking of agency is tied to Latour’s “critique
of critique.” In his influential essay Why Has Critique Run out of Steam? (2004),
Latour criticizes traditional critical theory for its tendency to debunk and
deconstruct, often without offering constructive alternatives. He observes
that critique has become too detached, too skeptical, and increasingly inef-
fective in mobilizing political action—especially in the context of ecological
crises and climate denial (Latour, 2004, 227-229). Instead, he calls for a shift
from critical subtraction to “composition,” an epistemic and political practice
concerned with assembling and maintaining fragile, contested collectives
of humans and nonhumans. This proposal is developed in his later writings
as compositionism, an approach that aims not to purify or unmask, but to
carefully compose worlds—through science, politics, ethics, and art—without
denying their multiplicity and entanglement (Latour, 2010). Compositionism,
as Latour puts it, takes up the task of building, maintaining, and caring for
collectives of humans and nonhumans, rather than seeking to destroy, de-
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mystify, or disqualify them (Latour, 2010, 474). Progress, in this framework,
is no longer understood as linear advancement or control over nature, but
as the iterative, negotiated process of composing livable worlds in response
to ecological and political attachments. This ontological shift is inseparable
from a political one. Latour famously imagines a “Parliament of Things"—a
provocative metaphor for the inclusion of nonhuman actors in deliberative
and representative processes (Latour, 1993, 142—145). While nonhumans can-
not speak for themselves, they speak through instruments, measurements,
symptoms and proxies. What is required, then, is not simply extending rights
to nature but reorganizing the institutions of political life to account for the
agency and effects of nonhumans. The “parliament” metaphor signals the need
for a new ecology of representation—one capable of articulating the entangled
interests of all Earthbound actors. This compositionist vision of collectivity
directly challenges the classical notion of progress. Rather than valorizing
control, speed, or innovation, Latour’s relational ontology redefines progress
as the cultivation of situated attachments and responsive alliances—fragile,
ongoing, and materially embedded. In this sense, Latour resonates with Hans
Jonas’s ethics of responsibility, particularly in his insistence on care, pre-
caution, and future-orientation. Yet Latour moves beyond Jonas by refusing
to center the human as the exclusive bearer of ethical weight. His project
instead seeks to decenter human agency, placing it within wider assemblages
of ecological actors and planetary interdependencies. Progress, then, becomes
a matter of collective world-making: not a transcendence of limits, but a
negotiation with them; not an assertion of mastery, but an act of composition.
This shift not only critiques modernity’s ontological assumptions—it provides
tools for constructing alternatives grounded in relationality, vulnerability, and
the shared task of inhabiting a threatened planet. Latour’s relational ontology
lays the groundwork for a redefinition of progress—one that no longer centers
on human mastery or technological acceleration, but on the fragile, situated
work of composing livable collectives across the human—nonhuman divide.
By displacing the nature/society binary and redistributing agency, Latour
invites us to reimagine politics as a more inclusive and responsive enterprise.
Yet this ontological shift does not remain abstract. It culminates in a powerful
cosmopolitical vision grounded in the figure of Gaia—a non-metaphysical,
politically charged conception of the Earth as an active and reactive presence.
In the following section, we turn to this concept to examine how Latour ex-
pands the ethical and political implications of ecological entanglement, and
how Gaia compels a profound reorientation of the idea of progress itself.
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5.2 Latour's Gaia: A Palitical-Ecological Actor Beyond Metaphysics

A central development in Latour’s ecological thought is his reinterpretation
of “Gaia, a (finally secular) figure for nature” (Latour, 2017, 75). Drawing in-
spiration from the Gaia hypothesis but decisively distancing himself from
metaphysical or spiritualized readings, Latour frames Gaia as an emergent
political-ecological actor—a complex collective of human and nonhuman
agencies that constitute the Earth system (Latour, 2017). While the original
Gaia hypothesis suggested Earth as a self-regulating organism, Latour rejects
viewing Gaia as a mystical or supernatural entity. Instead, he emphasizes that
Gaia should be understood as a complex network of real, material interac-
tions—geological, atmospheric, biological, and technological—that together
shape the conditions for life on the planet. Gaia is not a spirit, a god, or an
essence, but a contingent, fragile, and active collective whose existence de-
pends on the political recognition and care by human and nonhuman actors.
This political-ecological framing grounds Gaia firmly in empirical realities
and political stakes rather than abstract metaphysical speculation. This recon-
ceptualization of Gaia has significant consequences for the idea of progress. It
demands acknowledging that human societies are fundamentally enmeshed
in these entangled networks and that the notion of progress as linear tech-
nological or economic advancement is no longer viable. Instead, progress
must be rethought as a process of coexistence, negotiation, and mutual ad-
justment within the Earth system. Gaia functions as a political actor insofar
as it compels humans to engage collectively and responsibly with nonhuman
agencies, challenging anthropocentric assumptions of control (Latour, 2015).
This emphasis on collective responsibility and political composition resonates
with Hans Jonas’s ethical demand for responsibility toward future genera-
tions, though Latour extends this to include the more-than-human world as
an active participant. By positioning Gaia as a political-ecological entity rather
than a metaphysical force, Latour avoids spiritual metaphysics or animism
while providing a powerful conceptual tool for ecological politics. Integrating
Latour’s Gaia into the ecologization of progress enriches the discourse by
foregrounding the systemic, relational conditions that enable and constrain
human action. It calls for new political formations and ethical sensibilities
that recognize Earth's agency, thereby expanding the horizon for an ecological
concept of progress that is both pragmatic and normatively compelling.

This chapter’s exploration of Latour’s reinterpretation of Gaia underscores
a pivotal shift in ecological thought—from viewing Earth as a passive backdrop
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or mystical entity to recognizing it as a politically active, relational collective. By
reframing Gaia as an emergent actor within a network of human and nonhu-
man agencies, Latour challenges anthropocentric and metaphysical assump-
tions that have historically underpinned modern notions of progress. This shift
opens up new pathways for political engagement and ethical responsibility that
are grounded in ecological realities and the interconnectedness of life. Build-
ing on this reconfigured political ecology, the next section will delve deeper into
Latour’s broader critique of critique itself and his concept of composition. This
will further illuminate how progress can be reimagined as a collective process
of assembling heterogeneous entities, transcending the limitations of tradi-
tional modernist dichotomies and opening up innovative possibilities for eco-
logical coexistence.

5.3 Latour's Critique of Critique and the Concept of Composition

Bruno Latour’s ecological thought fundamentally interrogates not only the
ontological assumptions of modernity but also the intellectual tools tradi-
tionally employed to challenge them. In his influential essay “Why Has Critique
Run Out of Steam?” (2004), Latour argues that the longstanding tradition
of critique—rooted in exposing illusions, deceptions, and ideological con-
structions—has reached a limit, particularly within ecological debates. This
critique, while historically essential for revealing the blind spots and power
relations of modernity, increasingly falters when confronting the complexity
and urgency of the Anthropocene. Latour observes that critique often relies on
a skeptical posture: its primary mode is to debunk and deconstruct existing
knowledge claims and institutional arrangements, especially those related
to science and politics (Latour, 2004, 230). Yet, this mode tends to reproduce
the very dichotomies it seeks to dismantle—most notably the nature/culture
and human/nonhuman divides. By relentlessly pointing out that hybrids or
entanglements are “false” or “constructed,” critique paradoxically reinforces
the modernist idea that pure, uncontaminated categories should exist. In
We Have Never Been Modern, Latour diagnoses modernity as a “constitutional”
order based on strict bifurcations that separate society from nature, and
humans from nonhumans, while in reality these hybrids have always existed,
yet remain repressed (Latour, 1993, 7-9). This dilemma is acutely felt in ecolog-
ical discourse, where the stakes are existential. The negative logic of critique
breeds skepticism and distrust but rarely offers a constructive path forward.
Latour suggests that it risks immobilizing political and ecological action by
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fostering cynicism and paralysis rather than transformation. This is especially
evident in the persistence of climate change denial and science skepticism,
phenomena that undermine collective efforts to address ecological crises by
casting doubt on scientific consensus and delegitimizing environmental con-
cerns. In response, Latour calls for a new approach he terms compositionism—a
mode of thinking that moves beyond tearing down to actively assembling
new configurations of humans, nonhumans, technologies, and environments
(Latour, 2010). Compositionism acknowledges the irreducible hybridity of the
world and embraces the task of creating new collective forms that respect
and incorporate ecological entanglements. Instead of focusing on exposing
illusions, compositionism aims at building workable political ecologies and
durable alliances capable of addressing complex environmental challenges.
In An Inquiry into Modes of Existence, Latour elaborates on this epistemological
and political shift, emphasizing the necessity to compose “common worlds”
through the active negotiation and assemblage of heterogeneous actors (La-
tour, 2013). This approach aligns closely with the demands of the ecological
crises, where progress depends not on dominating nature but on negotiating
ongoing relationships and dependencies among diverse actors. Moreover,
Latour’s idea of a parliament of things exemplifies compositionist politics
by advocating for the inclusion of nonhuman entities as political subjects.
Such political reconfiguration expands responsibility and agency beyond the
human sphere, resonating with but also extending Hans Jonas’s ethics of
responsibility to a pluralistic and distributed model of ecological governance.
By advocating for composition over critique, Latour provides a vital concep-
tual and political tool to overcome the impasse of ecological skepticism and
nihilism. This transition from a deconstructive to a constructive logic rein-
vigorates the concept of progress, situating it within an active and relational
politics of care, negotiation, and cohabitation on a fragile planet. Latour’s
diagnosis of critique’s exhaustion does not call for its abandonment, but for its
transformation. In the face of ecological urgency, critique as debunking is no
longer sufficient—what is needed is a mode of thought capable of assembling
and sustaining the fragile attachments that constitute our shared world. Com-
positionism, as Latour proposes, offers a more generative framework: it resists
the impulse to stand above or outside of entanglements, and instead urges us
to take part in their careful reweaving. This shift is not merely methodological;
it bears directly on how we understand progress itself. If critique once aimed
to liberate us from illusions, composition insists we take responsibility for
what we build together. Progress, in this light, is no longer a linear trajectory
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of technological mastery or ideological purification, but the pragmatic, plural,
and situated work of composing a livable world.

Having examined the ontological and political implications of Latour’s
compositionism, we now turn to his vision of terrestrial politics—a vision in
which the idea of progress is fundamentally reoriented. In Down fo Earth, La-
tour calls not for acceleration or escape, but for a return: to Earth, to locality, to
the shared material conditions that bind all earthly beings together. The next
section explores how this “landing” challenges modernist notions of futurity,
mobility, and emancipation, and offers an alternative model of ecological
progress grounded in situated responsibility and planetary entanglement.

5.4 Progress as a Return to Earth: Latour's Terrestrial Politics

In Down to Earth (2018), Bruno Latour presents one of his most pointed political
interventions, urging a redefinition of progress not as expansion or transcen-
dence but as “landing”—a return to the Earth. This return is not nostalgic or re-
gressive;rather, itis a deliberate reorientation of political imagination and eth-
ical responsibility toward the material and relational conditions of earthly life.
Against the backdrop of climate change, ecological destabilization, and politi-
cal fragmentation, Latour argues that the modern trajectory of “progress” has
come to mean escape: escape from nature, from limits, from locality, and ul-
timately from responsibility. This imagined upward trajectory—toward glob-
alization, technological transcendence, or even space colonization—is, for La-
tour, a dangerous illusion. It reflects what he calls the “Out-of-This-World” ori-
entation, the dream of detachment from terrestrial entanglements and plan-
etary constraints (Latour, 2018, 33). In contrast, Latour proposes the Terrestrial
as a new attractor—a mode of being politically and ecologically situated (La-
tour, 2018, 39). The Terrestrial demands attachment, belonging, soil, and lo-
calized responsibility; it cannot be abstracted or globalized without dissolving
the very conditions of life. Progress, then, is redefined as a process of relocal-
izing our political and ethical commitments. Rather than aiming for mastery,
growth, or escape velocity, progress involves reattaching ourselves to the net-
works—ecological, social, and technological—that support life. This includes
a recognition that no single actor, whether state, corporation, or individual,
can act alone. The political challenge of the Terrestrial is the composition of a
new collective that includes human and nonhuman agents alike. Latour con-
nects this planetary reorientation to the urgency of climate politics. The refusal
to confront ecological reality—seen in climate denial, reactionary nationalism,

‘https://doi.org/10. liby - Open Access - [-) EXRN



https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

Marlen Reinschke: Ecologizing the Concept of Progress

and techno-utopianism—is, in his view, a symptom of modernity’s crisis. The
promise of endless growth without territorial or ecological responsibility failed
and let some elites chose to cut themselves off from the rest of the world, pro-
tecting their own survival while denying planetary limits (Latour, 2018, 20). The
result is not only ecological devastation but political disintegration: a retreat
from shared futures and democratic institutions. The return to Earth, by con-
trast, demands a politics of inhabitation. It requires that progress be conceived
not as forward motion into an abstract future, but as the careful work of mak-
ing a shared world livable, considering the material and relational conditions
of life. In this sense, progress becomes inseparable from care, maintenance,
and situated responsibility. It is no longer about moving forward on a univer-
sal track, but about the imperative to protect the habitability of the Earth (La-
tour & Schultz, 2022). Latour’s terrestrial politics thus resonate deeply with the
ecological reframing of progress explored throughout this paper. Like Jonas, he
foregrounds responsibility; but where Jonas grounds this in human foresight
and moral imperative, Latour embeds it in a networked ontology and a pluralist
political vision. His call to “return to Earth” is not a rejection of progress, but its
radical transformation—a move from vertical conquest to horizontal composi-
tion, from abstraction to situated entanglement. Latour’s vision of progress as
areturn to Earth or the Terrestrial radically shifts the trajectory of modern pol-
itics. Rather than pursuing emancipation through detachment or abstraction,
it demands new forms of attachment—grounded, situated, and ecologically
responsive. This terrestrial reorientation reframes the political landscape: no
longer structured by traditional left-right or global-local dichotomies, it calls
for entirely new axes of alignment. But who, then, can speak for the Earth?
Who composes the collective capable of inhabiting the Terrestrial? These ques-
tions bring us to a pivotal point in Latour’s political ecology: the emergence of
an ecological class. As the climate crisis redraws the boundaries of political con-
flict, Latour suggests that a new form of political subjectivity is forming—one
no longer defined primarily by economic interest, but by the shared struggle to
defend the conditions of life on a vulnerable planet. The next section explores
this proposal and its implications for ecological progress in the Anthropocene.
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6. On the Emergence of an Ecological Class: Political Reorientation
in the Anthropocene

“Being a materialist today means not only reproducing the material condi-
tions that are favorable to humans, but also taking into account the con-
ditions necessary for the Earth to be habitable. These conditions force us
to consider not only what the political economy of traditional parties has
sought to simplify under the name of ‘resources, but also a new material re-
ality of the planet.”

(Latour & Schultz, 2022, 21)

The preceding chapters have shown that the classical idea of progress—un-
derstood as linear development, technological mastery, and emancipation
from natural constraints—is fundamentally inadequate in the face of the
ecological crises of the Anthropocene. In response, this chapter outlines the
key dimensions of an alternative understanding: an ecologized concept of
progress. Drawing together insights from Hans Jonas’s ethics of responsibility
and Bruno Latour’s Earthbound relational ontology, this reconfigured concept
emphasizes interdependence, restraint, and cohabitation. First, ecological
progress must be viewed as situated, not universal. Classical modern progress
narratives often assume a singular trajectory, applicable to all societies and
measured by abstract metrics such as GDP or technological capacity. In con-
trast, ecological progress is context-sensitive and plural, rooted in specific
ecological, cultural, and material conditions. It rejects the notion of a single
human destiny and instead affirms the diversity of ways of living well within
ecological limits. Second, progress must be redefined in terms of responsibil-
ity and foresight. Here, Hans Jonas’s ethics offers a crucial orientation. The
imperative to act in ways that safeguard the future of life remains essential,
particularly in light of human technological power. Jonas reminds us that
without a strong normative orientation, ecological thought risks lapsing into
relativism or passivity. His anthropocentric ethics, though limited in scope,
provides an indispensable moral compass (Jonas, 1984). Third, ecological
progress requires a non-anthropocentric ontology, as articulated by Bruno
Latour. Progress is no longer defined as human separation from or control over
nature, but as participation in a dense web of human-nonhuman relations.

1 Translation by author from: Latour, Bruno; Schultz, Nikolaj (2022): Zur Entstehung ei-
ner 6kologischen Klasse. Ein Memorandum. Berlin: Suhrkamp.
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Latour’s “parliament of things” and his emphasis on relationality and agency
expand the ethical and political community to include nonhuman actors. This
ontological shift demands new forms of representation, governance, and care.

Latour introduced this rethinking already in Politics of Nature (2004), where
he interprets the ecological crisis as an uprising of things—that is, of all non-
human entities. These entities, Latour suggests, demand to be taken as matters
of concern (Latour, 2004, 66). He proposes to replace the modern division be-
tween nature and society with a political ecology that acknowledges and fore-
grounds hybrids—entities that are neither purely natural nor purely social. The
term “hybrid” serves to avoid the dualism of subject and object, since for Latour,
both co-constitute each other through networks of influence. As he elaborates
in Pandora’s Hope (1999), the relation between humans and artifacts is not one of
unilateral agency. Rather, both are propositions that shape and transform one
another. Translated to the relationship between nature and society, this means
that nature can no longer be conceived as a passive realm acted upon by au-
tonomous human subjects. Instead, nature and society are deeply entangled
and continuously co-producing one another. Within this framework, Latour
grants actantial agency to all entities, human and nonhuman alike. Crucially,
Latour’s network theory does not deny that humans are a decisive force in eco-
logical destabilization. On the contrary, his calls for a materialist politics rely
on repositioning existing conceptual categories. While he builds on the Marx-
ist insight that societies must be understood in relation to their material con-
ditions, he insists that “it is no longer the same materiality” (Latour & Schultz,
2022, 19). The vision of an “ecological class” is therefore not a continuation of
socialist traditions, but a conceptual shift grounded in the new planetary con-
dition—the New Climatic Regime. The ecological question, Latour insists, can
no longer be treated as secondary to social or economic ones. On the contrary,
the livability of the Earth must be placed at the center of political analysis.
Thus, Jonas and Latour, despite their differences, can be read as complemen-
tary. Jonas provides the ethical foundation for responsibility toward future life;
Latour redefines the ontological terrain in which such responsibility must be
enacted. An ecologized concept of progress entails both normative commit-
ment and ontological humility: it requires human responsibility, but within an
expanded field of actors and relations. Finally, ecological progress must be po-

2 Translation by author from: Latour, Bruno; Schultz, Nikolaj (2022): Zur Entstehung ei-
ner 6kologischen Klasse. Ein Memorandum. Berlin: Suhrkamp.
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litically organized. In On the Emergence of an Ecological Class® (Latour & Schultz,
2022), the authors argue that ecological transformation will not occur solely
through individual ethical insight or philosophical realignment. It demands
the formation of new social alliances—an “ecological class” capable of chal-
lenging dominant modes of production, consumption, and governance. Im-
portantly, Latour and Schultz deliberately reframe the notion of “class” beyond
its traditional Marxist roots. Unlike classical classes defined primarily by eco-
nomic relations to capital and production, the ecological class is a political for-
mation united by a shared interest in preserving the habitability of the Earth.
For Latour, this redefinition is necessary because social questions, such as the
distribution of production and wealth, depend entirely on the prior question
of planetary habitability. Therefore, the ecological must be addressed before
and as the condition of possibility for any meaningful social politics. The de-
mand for environmental protection is no longer a marginal concern but the
core of a new political order. While questions of production and economic jus-
tice remain crucial, they must now be embedded within ecological realities.
This repositioning of the class concept also implies a decoupling of progress
from prosperity. The societal orientation can no longer be guided by narra-
tives of emancipation or autonomy that ignore interdependence. Instead, the
full entanglement of humans and nonhumans must be acknowledged and ad-
dressed with regard to sustaining a livable planet. On this basis, Latour pro-
poses the formation of an ecological class—a collective subject that articulates
political demands from the standpoint of Earth’s habitability and evaluates po-
litical programs accordingly. This perspective reframes progress as a collec-
tive political project: not the utopian unfolding of reason, but the contingent
and contested composition of livable futures on a damaged planet. From that
perspective, an ecological concept of progress does not reject the aspiration to
move forward. Rather, it redefines what “forward” means: not acceleration, ex-
pansion, or abstraction, but deceleration, reattachment, and repair. Itis a form
of progress that begins with the Earth and orients itself toward preserving its
habitability—materially, ethically, and politically.

3 Translation by author; the German edition was used here: Latour, Bruno; Schultz, Niko-
laj (2022): Zur Entstehung einer 6kologischen Klasse. Ein Memorandum. Berlin: Suhr-
kamp.
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1. Between Foresight and Entanglement: Jonas and Latour
in Dialogue

Hans Jonas and Bruno Latour approach the ecological crisis from distinct
philosophical traditions—Jonas through existential ethics, Latour through
posthumanist ontology—but their works converge in important ways when
rethinking the idea of progress under planetary conditions. Examining their
positions side-by-side reveals both tensions and complementarities that en-
rich an ecological reconceptualization of progress. Jonas’s ethics centers on
the uniquely human capacity for foresight and the imperative of responsi-
bility that arises from it (Jonas, 1984). His moral framework emerges from
the unprecedented scale and impact of modern technological power, obliging
humanity to act on behalf of future generations and the broader web of life.
This responsibility is rooted in an asymmetry: humans possess the power to
alter the conditions of life irreversibly, while future beings are vulnerable and
voiceless. Although Jonas’s approach remains anthropocentric—grounded
in human moral agency—it is deeply ecological in its emphasis on fragility,
temporality, and care. Latour, in contrast, challenges the ontological dualism
underpinning such anthropocentrism. In e.g. We Have Never Been Modern
(1993) and Facing Gaia (2017), he argues that the strict nature-culture divide
is a historical artifact that obscures the hybridity and entanglement of hu-
mans, nonhumans, and technologies. Responsibility, for Latour, is distributed
across a network of heterogeneous actors rather than vested in a singular,
sovereign human subject. This shift from a human-centered ethics to an
ecology of collective agencies reframes progress as the careful composition
of shared worlds, emphasizing relationality and political inclusion of the
more-than-human (Latour, 1993; 2017). Despite these differing ontological
starting points, Jonas and Latour share a profound critique of modern techno-
scientific hubris and the myth of progress as human liberation from nature.
Both insist on limits: Jonas on moral responsibility toward future life, Latour
on the political recognition of Earth’s agency and the dissolution of the na-
ture—culture binary. Progress, in their combined view, must be reimagined as
embeddedness, restraint, and cohabitation rather than mastery, acceleration,
or domination. Importantly, these frameworks are not mutually exclusive but
complementary. Jonas’s ethics of foresight offers a crucial normative anchor
for the more expansive, non-anthropocentric ontology Latour proposes. Con-
versely, Latour’s distributed politics and ontological humility enrich Jonas’s
anthropocentric stance by expanding the moral field to include nonhuman
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agencies. Together, their insights invite a radical shift from progress as con-
quest toward progress as composition—a collective care for a fragile Earth,
oriented not toward transcendence but attentiveness. This dialogical tension
between foresight and entanglement thus lays the conceptual foundation for
ecologizing progress. By bridging ethics and ontology, normative responsibil-
ity and political composition, Jonas and Latour provide a robust philosophical
basis for rethinking progress as a relational and responsible practice attuned
to planetary limits. Drawing on the complementary frameworks of Hans
Jonas’s ethics of responsibility and Bruno Latour’s relational ontology, the
paper now moves from critical reflection to constructive reconfiguration.
The next chapter will develop an ecologized concept of progress—one that
is inherently situated, attentive to the plurality of life forms and anchored
in a profound sense of responsibility toward both present and future earthly
communities. This reconceptualization addresses the urgent need to rethink
progress beyond linear, anthropocentric paradigms, as Jonas and Latour have
laid the groundwork for such a transformation (Jonas, 1984; Latour, 1993).
By grounding progress in ecological relationality and ethical foresight, the
ensuing discussion aims to translate philosophical insights into practical
orientations for sustaining life on a finite planet.

8. Ecologizing Progress: Toward a Situated, Responsible
and Relational Concept

The preceding chapters have demonstrated that classical notions of progress—
rooted in linear development, technological mastery, and human exceptional-
ism—are fundamentally inadequate in the context of the Anthropocene and
its attendant ecological crises. Both Hans Jonas’s ethics of responsibility and
Bruno Latour’s political ecology call for a profound rethinking of progress, one
that moves beyond the illusions of modernity’s dualisms and the myth of un-
bounded growth. Building on these foundations, this section outlines a recon-
figured concept of progress defined by three interrelated dimensions: situat-
edness, responsibility, and relationality, each essential for an ecologically vi-
able and politically relevant understanding of progress.

Situated Progress. As Latour argues in Down to Earth (2018), humans are
“Terrestrials” whose futures are inseparable from the specific earthly condi-
tions they inhabit. The Earth is no longer the inert backdrop to human history;
itis an active, troubled participant in the collective we must now compose (La-
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tour, 2018, 40). This insight challenges universalistic progress narratives that
assume a singular path of development applicable across diverse contexts. In-
stead, ecological progress must be rooted in the multiplicity of local ecosys-
tems, cultures, and material histories. Progress thus becomes a pluralistic and
context-sensitive endeavor—attuned to the diversity of life-worlds and eco-
logical limits. Such situatedness rejects abstract, one-size-fits-all visions of
progress and affirms the necessity of place-based knowledge and practices.

Responsible Progress. Hans Jonas’s Imperative of Responsibility (1984) re-
mains pivotal in articulating the ethical core of ecological progress. Jonas
emphasizes the necessity of foresight and moral accountability for the long-
term consequences of human technological power—a capacity that demands
restraint rather than unreflective expansion. He cautions: “Act so that the
effects of your action are compatible with the permanence of genuine human
life” (Jonas, 1984, 11). This ethical orientation insists that progress is not merely
an expansion of power or capability, but an exercise in preserving the condi-
tions necessary for life’s continuation. Jonas’s focus on responsibility toward
future generations grounds progress in a temporal horizon that disrupts
modernity’s emphasis on immediate gain and short-term planning (Jonas,
1984).

Relational Progress. Latour’s critique of the nature-culture dichotomy and
his relational ontology provide a further critical reorientation. In We Have Never
Been Modern (1993), Latour reveals how the modernist separation of humans
and nature creates ecological blind spots, rendering nonhuman actors invisi-
ble within political and ethical considerations. He shows that the modern con-
stitution consists in assembling a coherent fiction: nature is one, society is an-
other; their hybrids are disavowed. Latour’s concept of compositionism, devel-
oped further in An Inquiry into Modes of Existence (2013) and Facing Gaia (2017),
reimagines progress as the ongoing assembling of heterogeneous entities, hu-
man and nonhuman, into collective worlds. His parliament of things metaphor
envisions political communities that include nonhuman agencies and chal-
lenge anthropocentric governance. It aims at us to learn to compose with new
actors who are neither human nor society but agents in the making of our com-
mon world. This relational dimension expands the moral and political commu-
nity, demanding new forms of representation and coexistence that are attuned
to ecological entanglements.
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8.1 Synthesis and Political Implications

Together, these dimensions crystallize into an ecologized concept of progress
that both critiques and transcends the legacy of modernity’s hubris. This
concept demands a pluralistic politics attentive to ecological diversity and
the emergence of new social alliances, as articulated by Latour and Schultz’s
notion of an “ecological class” (2022). An ecologized concept of progress thus
needs a redefinition what it means to move “forward‘: Not a linear acceleration
or abstract expansion, but a project of repair, care, and composition rooted in
the finitude and fragility of the Earth system. In sum, ecologizing progress
entails a paradigmatic shift—from domination and infinite growth toward
humility, attentiveness and a deep commitment to the flourishing of both
human and nonhuman futures. This redefinition opens the way for an ethical
and political practice capable of navigating the complexities of the Anthro-
pocene, grounded firmly in the situatedness, responsibility and relationality
that Jonas and Latour have articulated. This ecologized concept of progress
does not abandon the notion of advancement but radically redefines its direc-
tion and meaning. Rather than aspiring toward transcendence, control, and
abstraction, it invites a turn toward groundedness, care, and composition.
By drawing together Jonas’s call for responsibility with Latour’s ontological
pluralism, we gain a conceptual framework that is ethically robust, politically
resonant, and responsive to the ecological urgencies of our time.

9. Conclusion: Toward an Ecological Concept of Progress

This paper has traced the need for a fundamental rethinking of the concept of
progress in light of the ecological disruptions that define the Anthropocene.
The modern ideal of progress—anchored in notions of linear development,
technological domination over nature, and the promise of perpetual improve-
ment—has proven increasingly untenable in the face of planetary limits,
climate instability, and ecological degradation. Rather than offering solutions,
this inherited paradigm often blinds us to the entangled vulnerabilities of hu-
man and nonhuman life. By engaging the philosophical frameworks of Hans
Jonas and Bruno Latour, we have reconstructed an alternative conceptual
foundation for understanding progress—one that is both ethically grounded
and ontologically expanded. Jonas calls for a radical extension of moral re-
sponsibility in response to the unprecedented scale and permanence of human
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technological power. His imperative to act in ways that preserve the conditions
for future life provides a normative anchor in a time of existential ecological
risk. At the same time, Latour dismantles the modernist dualism of nature
and culture, inviting us to recognize the Earth as an active political actor and
to compose new collectives that include nonhuman agencies. His concept of
compositionism shifts progress from a logic of extraction and transcendence to
one of attachment, repair, and coexistence. Throughout this paper, we have
shown that an ecological concept of progress must incorporate three core
dimensions:

1) Situatedness: Progress is no longer universal or abstract but rooted in di-
verse ecological, cultural, and material conditions. It is place-based, rela-
tional, and attuned to the specificities of life-worlds and ecosystems.

2) Responsibility: Ethical foresight becomes central. Drawing on Jonas, eco-
logical progress demands moral accountability toward future generations
and the biosphere, prioritizing precaution over unchecked expansion.

3) Relationality: Inspired by Latour, progress is understood not as control over
nature but as entanglement with a more-than-human world. It calls for a
redefinition of agency, community, and care beyond the boundaries of the
human.

Together, these dimensions form the contours of a revised, ecologized con-
cept of progress—not as acceleration, growth, or conquest, but as the ongoing
composition of livable worlds within planetary limits. Such a concept refuses
the hubris of modernity and instead embraces humility, interdependence, and
collective responsibility. It challenges us to envision futures that are not built
on domination, but on the care for fragile entanglements that sustain life. A
reorientation of the course of progress in ecological terms is required, with a
shift from the concepts of escape to return, abstraction to situatedness, and
sovereignty to responsibility. This concept suggests a halt to questioning how
to quicken our progress or expand our reach. Instead, it highlights the imper-
ative to cultivate coexistence with other entities and all forms of life on our
shared, finite planet. Consequently, the extent of progress would be measured
by the degree to which we succeed in acting responsible in a terrestrial sense
to preserve the Earth's habitability.
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Affluence and consumption of natural resources
Lessons from the Global Resources Outlook 2024
about the drivers behind the Great Acceleration

Philipp Schepelmann

Abstract: A predominant focus on “rich” and “poor” tends to distort the perception of the
link between affluence and the consumption of natural resources. Based on the findings
of the Global Resources Outlook 2024, the author argues that global material consump-
tionis no longer dominated by high-income economies; instead, middle-income countries
now account for the largest share. This underlines the relevance of the IPAT equation as
a heuristic tool for analyzing the driving forces behind the Great Acceleration of the An-
thropocene. The article discusses the political and communicative challenges arising from
the shift in focus from the rich-poor dichotomy towards a complementing consideration
of growing populations and affluence of middle-income economies.

1. Introduction

The connection between affluence, consumption of natural resources, and
global environmental change is strongly supported by a substantial body of
literature (Constanza et al., 1997, Herwich, 2005, Jackson & Michaelis, 2003,
Sattherwaite et al., 2010). Globally, the growth in affluence over the past half-
century has consistently driven an increase in resource use and pollutant
emissions at a rate that far outpaces reductions achieved through techno-
logical advancements. High production and consumption rates require large
inputs of materials and energy which has physical consequences. The high-
input industrialization of production and consumption patterns is a primary
determinant and accelerator of global environmental change. A significant
and direct relationship exists between per capita impacts on the environment
and economic growth (Hertwich, 2010). Generally, increased affluence leads
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to greater resource consumption due to enhanced purchasing power and
a higher demand for a wider array of goods and services. Affluent societies
produce and consume goods and services that require more resources for their
production, infrastructure as well as for their operations. Around 70% of the
environmental impacts from high-income industrialized societies primarily
occur in housing, transport, and the food sectors (Tukker et al., 2006). Specific
resource-intensive consumption patterns are linked to affluence. For instance,
in the food sector the increased demand for meat exerts significant pressure
on limited water resources and international grain supplies (Myers & Kent,
2003). An integrated assessment of environmental and socio-economic effects
arising from final consumption of food products by European households
have shown that even when technological developments and changes in the
mix of consumed food products result in reductions in environmental pres-
sures, positive effects are offset by an overall growing volume of consumption
(Schepelmann et al., 2020). Wiedmann et al. (2015) showed that for every 10%
increase in a nation’s Gross Domestic Product (GDP), its average material
footprint expands by 6%.

Due to the strong connection between affluence and resource consumption
literature often contrasts the stark differences in resource consumption be-
tween high-income countries, often referred to as the “Global North” and low-
income countries, in the so-called “Global South”. The disparity in per capita
resource consumption between affluent and less affluent nations is often
perceived as inequitable. For example, the per capita resource consumption
in North America is substantially higher than that of an individual residing in
Africa. Consequently, high-income countries, despite having smaller popula-
tions, account for disproportionately large material footprints putting higher
environmental pressure on the planet than low-income economies. The United
Nations Environment Programme (UNEP) confirms this view in the headline
of its press release of 1% of March 2024 in which it announces the publication
of the Global Resources Outlook 2024:

“Rich countries use six times more resources, generate 10 times the climate
impacts than low-income ones.”

1 https://www.unep.org/news-and-stories/press-release/rich-countries-use-six-times-
more-resources-generate-10-times
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This article will show that this headline is misleading. One would expect that
a press release for an important UN report such as the Global Resources Out-
look would indicate its most important news. We will show that this is not the
case. It is rather confirming a popular shared belief on the expense of impor-
tant but inconvenient findings of the report. The headline is an expression and
promotion of what Rosling et al. (2018) refer to as the “gap-instinct”. This phe-
nomenon is not an instinct in a biological sense, but rather a widespread bias
or a popular misconception leading to the preference of dividing the peoples of
the world into rich and poor, with a gap between the two groups. However, as
we will show, most people and the largest share of resource consumption are
in the middle. Rosling explains:

“The gap instinct is very strong. The first time | lectured to the staff of the
World Bankwas in1999. | told them the labels “developing” and “developed”
were no longer valid (...). It took the World Bank 17 years and 14 more of my
lectures before it finally announced publicly that it was dropping the terms
“developing” and “developed” and would from now on divide the world into
four income groups. The UN and most other global organizations have still
not made this change. So why is the misconception of a gap between the rich
and the poor so hard to change? | think this is because human beings have a
strong dramaticinstinct toward binary thinking, a basic urge to divide things
into two distinct groups, with nothing but an empty gap in between. We love
to dichotomize. Good versus bad. Heroes versus villains. My country versus
the rest. Dividing the world into two distinct sides is simple and intuitive,
and also dramatic because it implies conflict, and we do it without thinking,
all the time. Journalists know this. They set up their narratives as conflicts
between two opposing people, views, or groups. They prefer stories of ex-
treme poverty and billionaires to stories about the vast majority of people
slowly dragging themselves toward better lives. Journalists are storytellers.
So are people who produce documentaries and movies” (Rosling et al, 2018,
52).

The quotation shows that for overcoming the “gap-instinct” Rosling recom-
mends dropping the binary distinction between “developing” and “developed”
countries in favor of a more granular classification system with four income
groups. As Rosling indicated, the World Bank already implemented such a
system. Further information on the World Bank income groups can be found
in the following chapter. They are further explained in the book “factfulness”
(Rosling et al., 2018) from where the quotation above is taken as well as the
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online tool “Dollar Street”, which can be visited at the portal of the Gapminder
Foundation®. “Dollar Street” helps to understand the implications of the four
income groups by means of visual exemplification showing what different in-
comes in the four categories mean for the lifestyle and everyday consumption
of the people in each group. Factfulness and Dollar Street make a convincing
case that four income groups are a considerable progress compared to a binary
distinction.

The research question that this article would like to answer is: What
changes if analysis shifts from a binary North-South/rich-poor perspec-
tive towards a view on four income groups as promoted by Rosling and
the Gapminder Foundation? Does this reveal any relevant information on
affluence and resource consumption that would not be considered from a
binary perspective and if so, what could be the consequences for evidence-
based policymaking as well as research and teaching on global environmental
change?

For this purpose, we will use data from the Global Resources Outlook 2024
(GRO 2024) by the United Nations Environment Program (UNEP), accompa-
nied by the press release quoted above. So ironically, we will set into contrast on
one hand the binary view expressed by the headline of the UNEP press release
and the more differentiated view of at least parts of the International Resource
Panel (IRP) by analyzing and comparing resource consumption and its drivers
in four different income categories as implemented in the Global Resources
Outlook 2024.

Over the past decade, Rosling and the Gapminder Foundation have discov-
ered widespread and persistent misconceptions about population dynamics,
the development of affluence and quality of life in a series of so-called mis-
conception studies including the Gapminder Misconception Study (2017),
the Global Misconception Study (2019), the European Health Misconception
Study (2019), the Sustainable Development Misconception Study (2020), and
the Refugee Misconception Study (2023). The studies revealed considerable
misconceptions and biases including the so-called “gap-instinct”. The Gap-
minder research raises the question whether the discussion surrounding
affluence, resource consumption, and global environmental change may also
be biased and affected by misconceptions, potentially leading to misguided
discourses and policies. This article aims to uncover what the headline of the
press release is concealing. By doing so, it will be possible to understand how

2 https://www.gapminder.org/dollar-street
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common misconceptions, such as the gap instinct, impede the recognition
of recent trends in global affluence and resource consumption. Furthermore,
the acknowledgement of the dramatic shifts in global resource consumption
described in the Global Resources Outlook (GRO) is key for comprehending
one of the most significant ecological phenomena of our time: the Great Accel-
eration of the Anthropocene, which we will discuss in the concluding chapter
of this article.

2. The quantification of resource consumption
in four income groups

The International Resource Panel (IRP) covers in the Global Resources Outlook
2024 (GRO 2024) over 180 countries which are grouped into seven world regions
and four country income groups. The seven world regions are:

Africa

Asia and the Pacific

Europe

Latin America and the Caribbean

North America

West Asia (Middle East), and

Eastern Europe, Caucasus and Central Asia (EECCA).

Noow koW oo

The World Bank annually classifies the world’s economies into four primary
income groups. This classification, which is updated annually, is based on the
gross national income (GNI) per capita. The classification serves primarily sta-
tistical and analytical purposes. However, it also has far-reaching implications
for development research, the international perception of countries, and the
definition of development strategies.

The annual gross national income (GNI) per capita is a measure of the to-
tal income earned by a country’s citizens, regardless of where the income is
earned. It includes not only domestic income but also income earned by citi-
zens abroad.

The World Bank uses GNI per capita because it is available for most coun-
tries and is considered a reliable indicator of a country’s economic capacity
and level of development. Although it is not a perfect measure, it typically cor-
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relates strongly with other key development indicators, such as child mortality,

life expectancy, and access to basic services.

Despite its widespread use and usefulness, GNI per capita has significant

limitations as a measure of development. As an average, it cannot indicate in-

equalities in income distribution within a country. A high GNI per capita does

not imply that the entire population enjoys a high standard of living and re-

source consumption.

For 2020 the World Bank classifies countries according to the following

ranges of annual Gross National Income (GNI) per capita:

1.

low income, $1,045 or less

Economies in this category are typically characterized by high levels of
poverty, heavy dependence on agriculture, limited infrastructure, and
often political instability

Examples: Afghanistan, Burundi, Democratic Republic of Congo, Malawi,
Niger, Sierra Leone, Syria, Yemen

lower middle-income, between $1,046 and $4,095

This category is extremely heterogeneous and includes countries that are in
transition from predominantly rural to urban societies and from an agri-
cultural to an industrial base.

Examples: Egypt, El Salvador, Honduras, India, Kenya, Nigeria, Pakistan,
Philippines, Ukraine, Vietnam

upper middle income, between $4,096 and $12,695

These are emerging economies that play an increasing role in global pro-
duction and consumption.

Examples: Argentina, Brazil, China, Colombia, Costa Rica, Indonesia,
Iraq, Mexico, Russia, South Africa, Turkey.

high-income, $12,696 or more

These countries are generally characterized by advanced service and indus-
trial sectors and high per capita GDP.

Examples: Australia, Canada, Chile, France, Germany, Japan, Qatar, Saudi
Arabia, Singapore, South Korea, United Kingdom, United States.
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3. Material Flow Analysis

For quantifying resource consumption, the International Resource Panel uses
different material flow indicators based on material flow analysis (UNEP,
2021). Material flow analysis (MFA) comprises a group of methods to analyze
the physical flows of materials into, through and out of a given system. This
can be applied at different levels of scale including products, firms, sectors,
regions and whole economies. The analysis may focus on individual substances
or materials, or aggregated flows such as resource groups (e.g. fossil fuels,
metals or minerals). In the following we will focus on economy-wide MFA
(ewMFA). EWMFA offers a comprehensive overview of the material inputs and
outputs of an entire economy. It provides the basis for producing indicators
on the metabolism of countries in terms of material inputs such as raw ma-
terials and products, consumption and output, such as products, waste and
emissions. By analyzing all material flows, ewMFA can help in assessing the
overall environmental impacts associated with the extraction, use, and dis-
posal of materials. Therefore, it can serve as a general proxy of an economy’s
environmental impacts, not just climate change.

For global governance, economy-wide Material Flow Analysis is used for
monitoring progress towards two related United Nations Sustainable Devel-
opment Goals:

- SDG 12.2 on the sustainable management and efficient use of natural re-
sources. The MFA indicator used for this goal is Domestic Material Con-
sumption (DMC).

- SDG 8.4 on improving resource efficiency in consumption and production.
The indicator used for this goal is Material Footprint (MF).

In the following we will concentrate on the results of the GRO 2024 related to
these two UN SDG indicators. Therefore, we will briefly introduce DMC and
MF.

3.1 Domestic Material Consumption

Domestic Material Consumption (DMC) is a key indicator used to measure
the total amount of materials directly used within an economy. This includes
various material categories, such as metals, non-metallic minerals, biomass,
or fossil energy carriers. It represents the annual quantity of raw materials
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extracted from a country’s territory, plus all material imports, minus all mate-
rial exports. Essentially, it shows the direct consumption of materials within a
country. Thus, it provides insight into the absolute level of resource use of an
economy distinguishing resource requirements driven by domestic demand
and the resources needed for exports. In national policymaking it helps to
identify areas of excessive domestic material use where strategies for re-
source efficiency could be required. High DMC values can indicate significant
environmental impacts, such as resource depletion, pollution, and habitat
destruction, but it does not account for “hidden” flows, meaning the upstream
materials used in the production of imported goods and their impact on the
environment.

3.2 Material Footprint

Over the past ten years significant progress in material accounting has enabled
science to go beyond the domestic use of material by tracking the materials
used throughout entire supply chains, including those materials extracted in
other countries for imported goods. This input-output-based accounting is
referred to as footprinting (Giljum et al., 2015). Thus, the ewMFA-indicator
“material footprint” (MF) indicates the total amount of raw materials extracted
globally to satisfy an economy’s demand for final consumption of households
and the public sector. In essence, it complements assessments of resource use
within a territory by including “hidden” non-domestic material flows required
to support the affluence of the people living in that territory. It complements
the territorial perspective of the DMC indicator with a consumption-based
perspective, highlighting domestic demand as reason for non-domestic ma-
terial flows in various categories, including biomass, fossil fuels, metal ores,
and non-metallic minerals.

4. Affluence and the IPAT equation

Economic wealth of a given population can be expressed as affluence with the
indicator Gross National Income (GNI). In plain language affluence means that
the population of a country can afford a certain volume of products and ser-
vices which is expressed by the size of its GNI. The frugal heuristics behind this
indicator are that a population can afford less products and services is less af-
fluent than a population which can afford a larger volume of products and ser-
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vices. Consequently, affluence as ratio between GNI and population depends
on the size of the GNI (the numerator) and the size of the population (the de-
nominator). A country with a larger GNI in relation to the size of its population
is more affluent than a country with a smaller GNI. If a given GNI volume is di-
vided among more people, the population is considered less affluent, because
the per capita availability of goods and services is smaller. Thus, the affluence
of a country increases either by a growing GNI or by a receding population. An
important limitation of this frugal heuristic is that it ignores the quality and
distribution of goods and services within an economy. Especially in countries
with unequal income distribution it is likely that resource use is also unevenly
distributed. Nevertheless, for macro comparisons between countries the GNI
is widely accepted.

How does affluence impact on the environment?

The impact of an affluent economy on the environment is highly contin-
gent. There have been several attempts to understand this relationship and
competing frugal heuristics exist. For example, proponents of the environmen-
tal Kuznets curve (EKC) assume that there is a dynamic relationship between
economic development and environmental protection depending on the stage
of per capita income and development (Suri & Chapman, 1998). According to
this hypothesis, as an economy grows and income levels increase, environmen-
tal degradation initially worsens, but after reaching a certain level of income
per capita, the trend reverses, and environmental quality begins to improve.
The EKC is based on the idea that in the early stages of economic development,
industrialization and urbanization lead to increased pollution and resource
depletion. As incomes rise, affluent societies invest in cleaner technologies,
enforce environmental regulations, and adopt sustainable practices, reducing
environmental degradation.

The simple heuristics that could be derived from the EKC could be carica-
tured as “get rich and clean up later!”. It neglects the causal relation between
affluence in high-income economies and domestic as well as “hidden” mate-
rial flows of production and consumption and overrates the positive impact of
clean technology. The simple heuristics that global environmental change can
be reduced primarily by deploying the right technology is too simple. However,
itis still very popular, even though it was already contested by Ehrlich and Hol-
dren more than half a century ago. In the late 1960ies Commoner argued sim-
ilar to the EKC proponents that the environmental crisis was primarily due
to faulty technologies used in post-World War II industrial societies, rather
than population growth or rising affluence (Commoner et al., 1971/2010). He
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claimed that 95% of environmental problems were attributable to these eco-
logically inept choices of productive technologies. Commoner emphasized that
changes in productive technology had a far more powerful effect on pollution
levels than population or affluence. He believed that the pattern of economic
growth and the technological transformation of the United States economy
were the major reasons for the environmental crisis. Ehrlich and Holdren dis-
agreed with Commoner’s claim that environmental degradation was primarily
caused by inappropriate technology. They argued that environmental problems
are caused by the interaction of multiple factors, including population, afflu-
ence, and technology. They emphasized that neglecting any of these factors, or
their interactions, is dangerous. In their paper "Impact of Population Growth”
they introduced the IPAT equation (Impact = Population x Affluence x Tech-
nology) to illustrate the importance of considering three contributing factors
simultaneously. They believed that addressing overpopulation, excessive afflu-
ence, and faulty technology together is essential for finding effective solutions
to environmental crises.

Based on this understanding, IPAT heuristics have typically been utilized
in quantitative research. There are various versions of the formula. IPAT
heuristics are frequently applied through the Kaya identity to model green-
house gas emissions in climate science. In material flow analysis, it is essential
for modeling natural resource consumption. In the GRO 2024, the IRP has
used Herendeer'’s (1998) logarithmic version of the IPAT formula to assess the
significance of overarching drivers of material demand at an economywide
level and to estimate associations between changes in impacts and drivers. It
is important to note that in this context, the T in IPAT does not specifically
refer to technology but encompasses all drivers other than population and per
capita income.

b. Results of the Resources Outlook 2024

According to the UNEP press release quoted above:

“Extraction of the Earth’s natural resources tripled in the past five decades,
related to the massive build-up of infrastructure in many parts of the world
and the high levels of material consumption, especially in upper-middle and
high-income countries. Material extraction is expected to rise by 60 per cent
by 2060 and could derail efforts to achieve not only global climate, biodi-
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versity, and pollution targets but also economic prosperity and human well-
being”.

Outstanding is the increase in total domestic material consumption in Asia
over the past fifty years. In absolute terms the Asia Pacific region increased re-
source consumption almost by a factor of seven from about 8 (1970) to almost
54 billion tons. In the West Asia region, the increase in DMC has been tenfold.

The Asian growth in domestic resource consumption is most remarkable
not only in absolute terms, but also in relation to the established industrialized
world in Europe and North America. In 1970, Europe and North America each
consumed about a quarter of the global DMC. These shares were equal to the
DMC share of Asia and the Pacific. Over the past fifty years Europe and North
America’s share decreased to 10%, while the share of Asia and the Pacific rose
to 60% of the global domestic material consumption. The IRP points out that
Europe’s and North America’s contributions to the global DMC are now equal
to Latin America and the Caribbean, where the share has remained stable since
the 1970s.

The analysis of the IRP reflects a dramatic change in the distribution of
regional natural resource consumption over the past fifty years:

“In 1970, Asia and the Pacific had the lowest per capita DMC of all world
regions (3.75 tons), which was even below Africa and West Asia (which both
posted about 5 tons per capita in 1970) (..). In 2020 Asia and the Pacific
posted per capita DMC of 12 tons, which was around the world average but
slightly lower than in Latin America and the Caribbean and Europe, and
around half that of North America.” (UNEP, 2024, 33)

The increase of Domestic Material Consumption in Asia and Pacific over the
past fifty years has a considerable impact on the distribution of contributions
of countries to natural resource consumption in relation to their income. In
1970 more than half of the global DMC had occurred in high-income coun-
tries. In 2020 their share has halved to about a quarter of the global DMC. In
the same period while the contribution of high-income countries decreased
the upper middle-income countries increased their share from about a third
to more than half of the global DMC. In other words, instead of high-income
countries the upper middle-income countries now dominate global material
consumption. The importance of domestic resource consumption of middle-
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income countries is even more pronounced, if the increased share of lower
middle-income countries is additionally considered.

In contrast to the rise of domestic resource consumption in middle income
countries, the DMC in low-income countries has over the past fifty years re-
mained at 3% of global DMC.

In relation to their material footprint overall trends are similar to domestic
resource consumption. The Asia and Pacific region accounted for almost 60%
of the material footprint in 2020. The shares of Europe and North America
dropped to about 10%. Corresponding to the DMC assessments, the demand
of middle-income countries creates the largest material footprint, while the
share of high-income countries has been reduced to about a third:

“In 2000, high-income countries accounted for 51% of the global footprint
and upper middle-income countries for 34%. By 2020, these numbers had
practically reversed.” (UNEP, 2024, 33)

In summary, over the past fifty years the global extraction of natural resources
tripled resulting in an absolute increase in environmental pressure. Dramatic
changes of global resource consumption occurred not only in terms of quantity
but also in terms of its geographical expansion and distribution among income
groups. The contribution of domestic resource consumption of high-income
economies to global resource consumption has halved in favor of the share of
middle-income economies, which now dominate global resource consumption
with more than half of the global resource demand. Roughly speaking, North
America, Europe as well as Latin-America and Caribbean countries each con-
tribute about 10% of global domestic resource consumption, while Asia and the
Pacific contribute 60%.

Globally, rising population and affluence drive material demand. While af-
fluence is the key driver in Europe, North America, and Asia-Pacific regions,
population growth is more significant in Africa, West Asia, Latin America and
the Caribbean.

Over the past fifty years per capita resource demand (DMC) increased
worldwide by 50% from 8 to 12 tons per capita. According to the IRP assess-
ment there are only two exceptions:

«  Between 2000 and 2020 the per capita DMC of North America decreased

by 20% (from 32 to 26 tons per capita). Yet, this is still more than twice the
global average (12 tons per capita).
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« Eastern Europe, Caucasus and Central Asia (EECCA) are a unique case
where a decline in economic prosperity as consequence of the post-Soviet
transition during the 1990ies resulted in a substantial and prolonged
reduction in per capita resource consumption at regional level.

6. Discussion of results

The International Resource Panel’s analysis of the Domestic Material Con-
sumption of 1970 and 2020 reveals dramatic dynamics of global resource
consumption (Table 1):

a) Global resource consumption has increased at a faster rate than world
population. While the world population has doubled over the past fifty years,
the consumption of natural resources has tripled. If we assumed constant
per capita resource consumption by simply multiplying the total resource
consumption of 1970 by the population growth rate (factor 2.1) this would ex-
plain two thirds of the delta between 1970 and 2020. Consequently, one third
of the additional growth would be attributable to the increased per capita
consumption of a more affluent world population.

b) Population and economic dynamics have resulted in major shifts in global
resource consumption over the past fifty years:

1. Dominance of resource consumption in middle-income countries

In absolute terms, the population of high-income economies has slightly
increased as well as their per capita resource consumption. However, in rel-
ative terms their contribution to global resource consumption has halved
in favour of the share of middle-income economies. Between 1970 and 2020
the population of lower and upper middle-income economies increased
from 2.4 to 5.8 billion people, which is more than the total world population
of 1970 (3.6 billion). The increased demand of populations with a middle-
income has not only been driven by high birth rates but is also a conse-
quence of increasing affluence coupled with growing per capita resource
demand, which has most significantly increased. In upper middle-income
economies per capita resource consumption in 2020 is even higher than
in high-income economies. Thus, population growth coupled with an in-
creasing per capita demand has resulted in global resource exploitation,
which is now dominated by the demand of middle-income economies.
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2. Marginalization of North America and Europe—rising importance of

Asia

North America, Europe as well as Latin-America and Caribbean countries
each contribute about 10% of global domestic resource consumption, while
Asian and Pacific countries contribute 60%. Its share of global resource
consumption now corresponds to its share of the world population. In
absolute terms domestic resource consumption in Asia and the Pacific
increased by a factor of 7 from 7.7 to 53.5 billion tons, which is more than
170% of the total resource consumption of humanity in 1970.

Continuous low resource consumption in low-income countries

Over the past fifty years the total population of low-income countries in-
creased by a factor of three, their relative share in the total world popu-
lation has increased from 4 to 7%. At the same time their per capita re-
source demand has remained the same which resulted in a continuously
small contribution of low-income countries to global resource consump-
tion of less than 4%.

Table 1: Population and DMC per capita in 4 income groups

Population DMC per Population DMC per
1970 capita1970 2020 capita 2020
high-income 1.0 17 1.4 19
upper 1.4 8 2.8 20
middle-in-
come
lower 1.0 3 3.0 5
middle-in-
come
low income 0.2 5 0.6 5
World 3.6 8 7.7 12

Source: UNEP, 2024, https://fred.stlouisfed.org/?

The methodological annex of the GRO 2024 does not contain data on the population of
the four income groups of countries. Therefore, the FRED has been chosen as a source
of Worldbank statistics easily at hand. Consequently, the absolute numbers deviate
from the GRO 2024, which is also due to rounding, however the proportions remain
similar.
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Table 2: Domestic Material Consumption (DMC) in four income groups

DMC in billion tons 1970 DMCin billion tons 2020
high-income 17.2 26.5
upper middle income 1.5 55.7
lower middle-income 3.1 14.8
low income 0.7 2.8
World total 32.5 99.8

Source: UNEP, 2024, https://fred.stlouisfed.org/7

Figure 1: DMC 1970 and 2020 in high/low and middle-income countries

Domestic Material Consumption in billion tons

1970 2020
® high and lowincome  ®m middle-income

Source: IRP, https://fred.stlouisfed.org/”

What makes the difference between a binary North-South/rich-poor per-
spective towards a fourfold view on different income groups?

In 1970 the population of high- and low-income economies had been 1.2
billion people in 2020 this number has increased to 2.1 billion, which would be
roughly one third of the population. In terms of the world’s natural resource
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consumption (1970) it would have covered more than half (Figure 1). A focus
on the high resource consumption of the rich in contrast to the poor could be
justified, because most of the resource consumption would be addressed and
the large differences in per capita resource consumption of more than a factor
3 could be highlighted, with meaning for the rest of the population living in
middle-income countries with comparable low per capita resource use. Today,
with a view on the 2020 data, the situation has completely changed. A focus on
27% of the population living in rich and poor countries would address less than
one third of the world’s natural resource consumption (Figure 1). Therefore, a
binary perspective North-South/rich-poor has two major disadvantages:

« Itneglects 70% of the world’s natural resource consumption by more than
70% of the world population living in middle-income economies

- It addresses a factor four inequality in per capita resource consumption
between high-income and low-income economies, but it would neglect the
same difference in per capita resource consumption between higher and
lower middle-income countries (Table 1).

7. Conclusions and outlook

This article has started referring to the research of Hans Rosling and the Gap-
minder Foundation about significant misconceptions regarding the develop-
ment of global affluence and its worldwide distribution. We may conclude that
the bias which Rosling referred to as the “gap instinct” also affects the associ-
ated ecological debate and risks to contaminate related discourses. The con-
cluding chapter of this article takes up more space than usual, because it aims
at outlining implications and possible solutions for overcoming widespread
misconceptions.

7.1 The established dichotomy

Framing the discussion about affluence and resource consumption primarily
as antagonism between a rich Global North and a poor Global South offers
several advantages. It allows analysis to be embedded in established historical
and geopolitical contexts. It connects to existing discourses on colonialism,
inequality, and global justice, making the discussion more accessible and
relevant to a wider audience. According to Rosling et al (2018) binary views
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appeal to people’s preference to divide populations into two opposing groups.
This makes dichotomies more intuitive and emotionally engaging, which
can increase public attention and appeal. The Global North-South framing
is widespread and well-established. It is frequently used by media, political
decision-makers, and civil society, which facilitates its acceptance and the
dissemination of matching narratives. Therefore, we may conclude that the
decision of UNEP to use a headline which appeals to the gap-instinct for
introducing the Global Resources Outlook in its press release of March 1% 2024
is understandable to improve acceptance and dissemination.

However, taking a binary perspective also has disadvantages. The focus
on 30% of the population living in high and low-income economies neglects
70% of the world’s population using 70% of the world’s natural resources. The
headline of the press release with a focus on “rich countries” and “low-income
ones” distracts from the real news of the GRO 2024 which are that global ma-
terial consumption is now dominated not by high-income but middle-income
economies (Figure 1). Furthermore, it does not offer an explanation why the
difference between per capita resource consumption in high-income and low-
income economies is worth a headline, while a similar difference between
upper middle-income and lower middle-income countries* is not (Table 1).

7.2 The World Bank income groups

The more nuanced classification of countries into four income groups, as
applied by the International Resource Panel, enhances the understanding
of natural resource consumption and leads to a more accurate and compre-
hensive analysis of the dynamics of resource demand than established rich-
versus-poor dichotomies. This offers the chance to develop more realistic
assessments of global resource challenges as precondition for evidence-based
policies. However, categorizing countries into four income groups might
complicate the understanding and communication of the dynamics of global
resource demand. So far, there seems to be a lack of appealing narratives

4 This refers to DMC for the year 2020: the difference between high-income (19 t per
capita) and low-income economies (5 t per capita) — for upper middle-income (20 t per
capita) and lower middle-income (5t per capita). If the consumption-oriented Material
Footprintis considered the difference among the two middle-income group is slightly
less pronounced: high income (24t per capita) and low-income (4 t per capita) — upper
middle-income (19t per capita) lower middle-income (5t per capita).
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and frugal heuristics which could replace the North-South dichotomy. While
blaming the luxury and overconsumption of a rich elite in the “Global North”
is tempting, it is harder to problematize the rising consumption of a growing
volume of middle-income households (“the vast majority of people slowly
dragging themselves toward better lives”, see quote by Rosling above). It is so-
cially acceptable to condemn private jets or large mansions for their resource-
intensity and high emissions, while material and energy-intensive develop-
ment of decent housing and infrastructure is considered to be an expression
of social progress, e.g. for reaching the so-called Sustainable Development
Goals. However, not only the waste of resources for rich elites deserves public
attention but also waste of resources for the masses such as the Evergrande
incident in China’s building sector, which resulted in a massive loss of energy,
materials and land. This raises general questions about resource-efficiency,
governance, and corruption in real estate and infrastructure development in
emerging economies which could deserve further research and analysis.

7.3 Between rich and poor: a new world order

The focus on the North-South divide obscures the view of new political,
economic and ecological realities which are increasingly shaped by the rise
of middle-income economies. As a result, research and discourses about
environment and development are often deficient.

The GRO data clearly indicates that the tripling of resource demand over
the past twenty years is more due to increasing affluence of highly populated
middle-income economies, while the physical marginalization of the estab-
lished high-income world formally known as “the Global North” proceeds. On
the one hand income distribution and resource intensive lifestyle of the rich
elites, and on the other hand the growing affluence of the total population in
middle-income economies is increasingly relevant. The data suggests that they
are the largest drivers of global environmental change of our time and future
generations. Not only the luxury yachts for leisure of the rich, but also the con-
tainer shipping giants providing goods for the masses would be an appropriate
symbol of accelerating global resource demand.

The rise of the BRICS expresses the ambiguity of current resource trends
which are insufficiently reflected by theory, research and media. The BRICS
alliance has been established by middle-income countries as a consequence
of their growing economic and political importance. Initially it comprised
Brazil, Russia, India, China, and South Africa. The group has expanded to
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include Egypt, Ethiopia, Iran, and the United Arab Emirates, with the latter
being the only high-income member. Additionally, Indonesia joined the group
in 2025. As of early 2025 around 3.64 billion people live in BRICS member
countries. This accounts for approximately 45% of the world population. In
line with Rosling’s critique the BRICS are insufficiently reflected in scientific
and popular literature as well as public media which tends to focus on the rich
versus poor dichotomy. However, the BRICS alliance does not fully align with
established binary narratives, given the differing historical backgrounds and
economic, cultural, and social diversity of its member countries. A possible ap-
proach to address the limitations of existing theories would be to supplement
them with frugal heuristics like the IPAT equation and develop new evidence-
based narratives (Schepelmann et al, 2021).

1.4 Relevance of the IPAT equation

The GRO 2024 demonstrates the explanatory potential of the IPAT equation
not only for quantitative analysis of past developments but also for forward-
looking agenda-setting, analysis and policy formulation.

As demonstrated in the GRO 2024 the decomposition analysis of popula-
tion, affluence and technology is a rich source of data and insight. Quantify-
ing and comparing drivers and their manifestation in specific production and
consumption patterns, both in absolute and relative terms, enables evidence-
based assessments of proportions. This approach allows for prioritization and
the deduction of targeted strategies tailored to the distinct social, ecological,
and economic realities of low-, medium-, and high-income countries.

However, the International Resource Panel exhibits in the GRO 2024 some
inconsistencies in the application of IPAT. Particularly, the evaluation of popu-
lation and affluence presents mixed conclusions. On one hand, the IRP asserts
that “globally, population and affluence growth had a similar impact on mate-
rial demand” (UNEP, 2024, 39). On the other hand, it claims that “affluence is
the main global driver of environmental impacts” (UNEP, 2024, 63).

The examples given in the GRO illustrate the difficulties of separating pop-
ulation and affluence. “For instance, in China, the rise in material footprint is
predominantly attributed to affluence. In contrast, Africa’s impacts are largely
influenced by its growing population”. However, it needs to be considered for
both Africa and China, that it is always the product of the factors population,
affluence and technology that eventually determines the contribution to global
resource extraction. For instance, assuming a similar technological level a sig-
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nificant increase in affluence in Luxembourg has minimal impact in absolute
terms due to its small population. In contrast, a slight rise in affluence in China
substantially affects global material flows. The projected doubling of the pop-
ulation in Africa from 1.5 to 3 billion people by 2070 will have a considerable
ecological impact, particularly if coupled by socially desirable increases in af-
fluence, including the development of housing, infrastructure and industrial-
ization resulting in higher per capita resource consumption.

15 Factor P

While the GRO 2024 clearly identifies population as a major driver of global
material flows, it fails to treat it as a manageable factor. Even though the IRP
considers population to be less important than affluence, the GRO 2024 offers
no explanation as to why population is not addressed as an area for target set-
ting, policy formulation, or implementation. This seems representative of the
current resource policy debate. However, with regards to population dynam-
ics synergies of SDGs such as poverty reduction, education as well as sexual
and reproductive health and rights (SRHR) offer opportunities for social poli-
cies (Rosling, 2018). In the domain of SDG 3 on “Good Health and Well-being”
target 3.7 specifically aims to “ensure universal access to sexual and reproduc-
tive health-care services, including for family planning, information and edu-
cation, and the integration of reproductive health into national strategies and
programmes”. Furthermore, SDG 5 on “Gender Equality” seeks to "achieve gen-
derequality and empower all women and girls”. Sexual and reproductive health
and rights are a key aspect of women’s and girls’ empowerment, allowing them
to control their bodies, make their own choices about their sexuality and repro-
duction, and live free from violence and discrimination. Target 5.6 emphasizes
“universal access to sexual and reproductive health and reproductive rights”.

Since population is an important driver of resource consumption in Africa,
West Asia, Latin America and the Caribbean there is a discrepancy between
its empirical significance and its treatment in the public resource debate, for
which the GRO 2024 is a prominent example. It shows that beyond its impor-
tance for regional and country-specific design of evidence-based policies, the
IPAT-equation is relevant for a more general reflection of values and human
development. This concerns not only population, but also affluence and tech-
nology.
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76 Factor T and A

Itis largely accepted that global environmental change is a technological chal-
lenge, for example, renewable energy sources such as solar and wind power
can reduce reliance on fossil fuels and decrease greenhouse gas emissions.
Electric vehicles can replace traditional gasoline-powered cars, reducing air
pollution and greenhouse gas emissions (Muratori, 2021). Additionally, tech-
nologies such as carbon capture and storage can help to reduce emissions from
industrial processes (Dziejarski et al., 2023). Yet, it also seems to be accepted
that problems arising from global environmental change cannot be fixed by
technology alone (e.g. Dobson, 2003). There is a growing awareness that not
only the factor T (technology) of the IPAT equation needs to be addressed but
also factor A (affluence). This belief is usually labelled as “degrowth” (Busk,
2023). Based on the IPAT equation Hickel & Kallis (2020) discuss the theoreti-
cal possibility of green growth and the potential for efficiency improvements.
They conclude that existing empirical evidence does not support the theory
of green growth neither in terms of Domestic Material Consumption (DMC)
nor in terms of carbon emissions. The authors suggest that policies relying
on green growth assumptions need to be revisited. They propose to explore
alternative strategies, such as degrowth to shift away from growth-focused de-
velopment agendas. In line with several authors (Ekins, 1993) they recommend
a focus on decoupling prosperity and development from growth.

1.1 The Great Acceleration of the Anthropocene

Another example of mainstream debates about environment and develop-
ment which could profit from the application of the IPAT equation and its
decomposition relates to the so-called Anthropocene. The flagship publica-
tion by Steffen et al. of 2015 presents a collection of graphs to underpin the
hypothesis of a “Great Acceleration” (Steffen et al., 2015). As contribution to
the International Geosphere-Biosphere Program (IGBP) synthesis project, in-
spired by Paul Crutzen’s introduction of the term “Anthropocene”, the graphs
track socio-economic and earth system trends from 1750 to 2010. They aim at
capturing the comprehensive human impacts on earth systems, particularly
after 1950, which marks a significant acceleration in human activity and its
impacts on earth system trends. It connects to the Anthropocene discourse by
noting the continued post-industrial shifts in the state and functioning of the
earth systems beyond Holocene variability. Based on the graphs the authors

‘https://doi.org/10. liby - Open Access - [-) EXRN

105


https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

106

Part I-Diagnosis & Context

conclude that the beginning of the Great Acceleration in 1950 would be the
most compelling start date for the Anthropocene. Given the importance of the
Great Acceleration for the Anthropocene concept it is remarkable that the au-
thors simply stress the correlation between socio-economic trends and Earth
system changes but offer no convincing systemic understanding with a causal
explanation for the Great Acceleration. This weakens the argument of a Great
Acceleration, because correlations cannot substitute for causality. In addition,
the authors stress the importance of comparative analysis of socio-economic
trends to address equity issues in the OECD, BRICS, and the rest of the world.
Even though the authors realize the emerging shift in production and con-
sumption towards BRICS nations they claim that OECD countries drive most
of the Earth system impacts by dominating global consumption. The Great
Acceleration graphs are an example, how the analysis and evidence of the GRO
2024 presented in this paper could enrich the Anthropocene research as well as
teaching on global environmental change in general, especially if comparative
analysis of four income groups according to the World Bank methodology
would be applied:

1. The causality of the IPAT equation could replace the simple correlation
of socio-economic and earth systems trends. Not as a general theory but
as robust and frugal heuristics the IPAT equation could introduce an
evidence-based perspective on the drivers of the Great Acceleration in the
different regions of the world.

2. Introducing IPAT causality in portraying the Great Acceleration would be
necessary to critically reflect existing values and objectives related to tech-
nological development, economic growth and population. Consistently us-
ing frugal IPAT heuristics could raise awareness on the problem that af-
fluence and population are not only the main drivers of resource use and
environmental destruction, but also the most widely accepted and popu-
lar indicators of collective strength. In contrast, declining population and
GDP are seen as signs of weakness. As long as sufficiency, degrowth and de-
population remain political taboos, the only logical option left is disruptive
technological shifts that aim at an overall dematerialization of economies
in the order of magnitude of a Factor 10 (Schmidt-Bleek, 2008). However,
this is also unlikely, not only because of the scientific arguments against
green growth and technology fixes quoted above. Poor and middle-income
economies are currently developing resource-intensive large-scale infras-
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tructure and housing schemes with little concern for resource efficiency
and green agendas.

3. Persistent misconceptions on the dominance of OECD consumption of
natural resources could be corrected to clear the view on the new realities
of a world after the successful industrialization of many middle-income
economies. This could also lead to realistic assessments of the contin-
uous expansion of populations and economies as well as the likelihood
of emerging new waves of the Great Acceleration of human activity and
global environmental change.

Targeting the consumption of the rich parts of humanity is understandable
and may be a moral necessity, but it will not contribute to decrease environ-
mental pressure generated by the vast majority of middle-income households.
On the contrary, focus on high income usually results in calls for a redistri-
bution of income to poorer segments of the population, which would eventu-
ally fuel further consumption. This may have positive effects on social cohe-
sion and justice, which may accelerate demographic shifts towards lower birth
rates. However, the main message of the GRO 2024 is not that global resource
consumption is primarily driven by the high-income countries but more than
ever from the successful attempt to raise income and quality of life for the ma-
jority of people, who live in middle-income countries. In other words, global
environmental change is not primarily a result of greater inequality. Rather, it
is the result of greater equality in terms of rising income for people and states,
enabling increased production and consumption including the development
of infrastructure, housing, education and healthcare.
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Infrastructures as Catalysts for Ecological
Transformation

Christian Hein

Abstract: Inaglobalized world, infrastructures act as catalysts for cultural progress and
economic development as well as essential instruments for fighting climate change. How-
ever, it is essential to always take an ambivalent view of the technology used and to con-
tinuously question the need for infrastructural expansion. A particular challenge lies
in the inherent characteristics of infrastructure projects, which emphasize the need for
far-reaching future ethics. Infrastructure decisions typically involve lengthy planning
phases, considerable financial expenditure and a wide range of environmental and so-
cial interventions, the long-term, unintended consequences of which are often not fully
foreseeable. Political decision-makers can be guided by a variety of sustainability ap-
proaches in order to assess the resulting conflicts of objectives. However, the plurality of
sustainability itself vaises the question of how a necessary framework for action can be
developed from a political perspective in order to resolve the dilemma of conflicting objec-
tives. This plurality raises a guiding question: How can a policy and infrastructure gov-
ernance framework for the ecological transformation of heavy goods road transport—ex-
emplified by the eHighway system—reconcile ecological effectiveness, social justice, and
economic efficiency under conditions of uncertainty and natural-monopoly characteris-
tics? The following section uses the case study of the ecological transformation of heavy
goods transport and the associated infrastructures to show which understandings of sus-
tainability are suitable for promoting an ecological transformation of the transport sector
and at the same time enabling inclusive mobility. A particular focus is on analyzing bar-
viers to market entry, user accessibility and the importance of a resilient infrastructure
in a networked world in the course of the ecological transformation. This analysis shows
the central role of infrastructure as a key component for social, ecological and economic
transformation processes and emphasizes the need for a holistic approach that integrates
technical, cultural and social dimensions. The introduction of new infrastructures such
as the eHighway system is associated with complex challenges that must be addressed
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through targeted measures and transparent communication. To ensure social justice, a
fair distribution of costs and benefits as well as targeted support for smaller players and
lower-income groups is essential. The development of resilient and sustainable infras-
tructures requires flexible, adaptive and open-technology approaches that ensure both
short-term efficiency and long-term adaptability. In conclusion, it is clear that balanced
regulation is necessary to enable innovation and at the same time ensure social and eco-
logical objectives in the transformation process. The case analysis indicates that reconcil-
iation is feasible through a balanced governance architecture that combines transparent
communication, targeted distributive instruments to safequard equity, adaptive requla-
tion of natural-monopoly elements to ensure fair and efficient market development, and
modular, technology-open design to enhance resilience.

1. Methodology

The methodology follows an integrated mixed-methods approach that system-
atically captures the entire technological value chain—from energy generation
through transmission and storage to use in road freight transport—and tri-
angulates quantitative governance analyses. Quantitatively, market structure
in the subsystems of power generation, transmission and distribution grids,
storage infrastructure, and stationary and dynamic charging infrastructure
is represented using the Herfindahl-Hirschman Index, with market shares
consolidated and interpreted from official and industry-specific secondary
sources (e.g., BDEW, Federal Network Agency/Monopolies Commission,
operator registries, industry statistics). The socio-economic impact anal-
ysis differentiates along a clear impact pathway between energy-affected
persons, exposed persons, and disaster victims. It combines heuristic risk
parameters from the literature on mortality and morbidity in energy and
grid infrastructures, a meta-analytic evaluation of publicly documented BESS
incidents (including the EPRI database) to derive normalized indicators per
unit of energy or storage capacity, as well as model-based exposure estimates
using population densities and near-source emission dispersion radii for
typical plant configurations. Primary data come from the ELISA field trial
(2018-2025): usage and availability data on dynamic charging and previously
published work in the context of doctoral theses and scholarly journals. The
statistical evaluation comprises descriptive analyses, correlation analyses, and
multivariate procedures to identify perceived barriers to market entry; scales
were harmonized and, where necessary, examined via sensitivity analysis.
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2. Interdisciplinary understanding of infrastructures

In the course of scientific progress, the understanding of infrastructure has
changed significantly and in many ways. Historically, the term was initially
reduced to singularly networked technical structures that played a central role
in the development of human civilization. The water supply infrastructure
is one of the oldest and most essential forms created by early societies (BfG,
2023, 212). At the same time, transportation and energy supply infrastruc-
tures emerged, which together laid the foundation for the technology-centric
perspective on infrastructure (Thacker et al., 2019, 251-252). For a long time,
this technology-induced view shaped the general understanding of the term,
which is still closely associated with physical structures such as roads, power
grids and bridges. However, these physical infrastructures only represent a
subset of the broader concept of infrastructure.

Since the industrial revolution, the technical conditions of physical in-
frastructures have changed fundamentally. Energy infrastructures, which had
their origins in the simple supply of wood to small groups of people, have
developed over the course of history into highly complex systems that today
supply cities with millions of inhabitants via widely ramified electricity and
gas networks (Bridge et al., 2018, 1-7). A comparable transformation process
can also be observed in the transportation infrastructure. Paths and roads
originally constructed from simple materials, which primarily served regional
trade and logistical mobility, now form the basis of global supply chains that
span the entire planet (David Daniels and Sonia Yeh, 2022, 1-2). These devel-
opments are complemented by modern phenomena such as mass mobility and
advancing digitalization, which open up new dimensions of infrastructure
and networking.

The availability of mobility services and energy supply is considered a
central factor for social development in numerous system theories and guide-
lines (Wang et al., 2025, 49-51; Sovacool et al., 2021, 218—222). A prominent
example of this is the Kardashov scale, which classifies civilizations according
to their energy consumption. It postulates that societies with higher energy
availability are able to develop more advanced technologies and establish more
complex social structures (Nikolai S. Kardashev, 1964, 217-221). This close link
between energy, technology and social development is also reflected in the
global sustainability goals. For example, the United Nations Sustainable De-
velopment Goal (SDG) 8 entitled “Decent Work and Economic Growth” refers
to the reciprocal relationship between economic progress and social trans-
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formation, whereby sustainable infrastructures are considered an essential
basis for both areas from the perspective of the SDG (United Nations General
Assembly, 2015). However, technological developments and population growth
are leading to increasing consumption of planetary resources.

In addition to physical infrastructures, social infrastructures occupy cen-
tral areas of human life. System theories such as those of Urry (2012) or Sim-
mel (1997) see infrastructures and mobility in their centrality not as a direct
physical connection between two places, but as a complex system in between
(Urry, 2012, 47-48; Simmel, 1997, 171; O'Neill et al., 2018, 88-95). Social infras-
tructures define the space for social interactions and emphasize their multidi-
mensional relevance, from the microcosm to the macrocosm of human life. So-
cialinfrastructures are therefore essential components of a functioning society
and help to ensure that people can participate in social life regardless of their
economic situation or physical location. Modern approaches to the concep-
tualization of infrastructure question the historically evolved, primarily eco-
nomic perspective on infrastructure and view it as discursively constructed,
i.e. as the result of specific social, political and cultural negotiation processes.
In this context, an expanded understanding of mobility and infrastructure is
suggested that goes beyond purely economic interests and includes social, eco-
logical and cultural dimensions. The so-called “new mobility paradigm’”, for ex-
ample, emphasizes that mobility is not only to be understood as the physical
movement of people and goods, but as a complex network of social practices,
technologies and infrastructures that reflects and influences social inequali-
ties and power relations (Urry, 2012, 20-32).

Similarly, the Economy for the Common Good (exemplified by Felber
(2015)) focuses on infrastructures as central elements of a sustainable and
common good-oriented society, in which the provision and use of infrastruc-
tures does not primarily follow market logic, but serves the goal of promoting
social justice, ecological sustainability and collective well-being (Felber, 2015).
Arne Ness (1986), for example, addresses the oldest and at the same time
most fundamental form of infrastructure, namely natural, ecological sys-
tems, whose inherent value and central importance for human life and social
development have long been underestimated or even ignored. In his deep
ecology perspective, Nass emphasizes that ecological systems not only serve
as a resource base for economic activities, but must be seen as independent,
complex networks that enable and sustain life on earth (Ness, 1986, 1-3).

This holistic understanding of infrastructure calls for a shift away from sec-
toral approaches towards a systemic perspective that focuses on the interac-
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tions between ecological, social and economic dimensions. As part of an ex-
panded understanding of infrastructure, it is increasingly recognized that eco-
logical, social and economic infrastructures are closely intertwined and inter-
dependent.

3. Objectives and questions of the work

The infrastructures described above have a profound and multi-layered im-
pact on human life. In particular, rapid technological development, coupled
with continuous population growth, is leading to more intensive use of phys-
ical infrastructures. One result of this is the increasing consumption of natu-
ral resources, which in turn has far-reaching and often irreversible effects on
global ecosystems (Wang et al., 2022, 1-15). At the same time, access to infras-
tructure is essential, as it forms the basis not only for social participation, but
also for economic development and individual fulfillment (Thacker et al., 2019,
113-119). Against this backdrop, the key question is how infrastructures can be
made more sustainable without jeopardizing inclusivity and accessibility for
all social groups.

In order to shed light on this issue, a case study from the mobility sector is
used below, namely road-based catenary line technology. This example is used
to analyze the challenges and ambivalences associated with the introduction of
atechnological innovation. In particular, the barriers to market entry and con-
sequences for third parties are examined in order to develop a comprehensive
understanding of the dynamics that occur when new technologies are imple-
mented in infrastructures. The methodology of this study is based on an inte-
grative and systemic approach. Not only the primary infrastructures, but also
downstream and supporting systems are included in the analysis. The first step
is a quantitative assessment of the market structure in order to identify the in-
tensity of competition and potential monopoly positions.

A particular focus is on identifying the causal link between specific
socio-political instruments—for example liberalization measures such as un-
bundling, regulated third-party access, and retail competition—and market
density and structure. For this purpose, the Herfindahl-Hirschman Index
(HHI) is calculated, which serves as an established indicator for measur-
ing market concentration. The analysis covers several key areas: the energy
generation infrastructure, the electricity grid infrastructure, the storage in-
frastructure and the dynamic charging infrastructure. This comprehensive
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view makes it possible to capture the interactions between the various in-
frastructure levels and to identify potential social inequalities and initial user
accessibility restrictions.

The next step is a detailed evaluation of which groups of people could po-
tentially be disadvantaged by the introduction or transformation of infrastruc-
tures. The analysis is carried out along the entire impact chain in order to com-
prehensively identify the effects. The focus is on two central groups in particu-
lar: exposed persons, potential disaster victims and those affected in terms of
energy. Exposed persons are those who are exposed to an increased risk due to
their professional, social or geographical position, for example due to direct
dependence on certain infrastructures or proximity to critical energy facili-
ties. Energetically affected persons, on the other hand, are those whose quality
of life, economic situation or social participation is significantly influenced by
changesin the infrastructure chain, such as rising energy costs or restricted ac-
cess to energy. Disaster victims, meaning fatalities and injured persons, who
are particularly vulnerable due to extreme events such as technical incidents
are also taken into account. The analysis of these groups is differentiated and
serves to evaluate the distribution effects and identify possible social inequal-
ities or disadvantages.

Based on this, a detailed analysis of the accessibility and availability of the
infrastructure components under consideration is carried out, based on the
results previously obtained from the case study. The aim of this evaluation is
to systematically examine the possible uses for both market participants and
end customers. In particular, it looks at the conditions under which the various
facilities and technologies are accessible, what restrictions exist, and what ex-
ternal factors influence their use. The methodology of this study is based on a
combination of qualitative and quantitative analysis. First, the infrastructural
and regulatory framework conditions that determine access to the systems are
identified. In addition, a usage analysis is carried out based on empirical data
from the ELISA' field trial. This data includes the availability of connection op-
tions and the cost structures associated with usage. A particular focus is placed
on identifying barriers that could restrict accessibility. These include technical

1 The ELISA project (2018—2025) tests the real-world use of hybrid and electric trucks

powered by catenary lines on a pilot section of the German As motorway, aiming to
demonstrate technical feasibility and gather data for future electrified freight trans-
port concept (Hein, Knezevic et al. 2023, 57).
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hurdles, such as compatibility with existing systems, and socio-economic fac-
tors, such as the financial resilience of end customers. In addition, the study
examines the extent to which external conditions, such as regional energy in-
frastructure or the availability of resources, influence usage possibilities.

The systematic investigation of these obstacles makes it possible to iden-
tify key challenges and develop targeted solutions that can promote use of the
technology.

4. Technology portfolio for road-based catenary line technology

In the political and social discourse on sustainable development, there are a
variety of solutions and technological alternatives for mitigating the long-term
effects of harmful greenhouse gases on the climate. Technological develop-
ments in the transport sector are also ambivalent. On the one hand, they cause
problems, but on the other hand, without them, it is often impossible to solve
problems. Over time, some technological developments have helped to con-
serve natural resources. Significant sections of politics, business, and research
attest to the promising potential of electrifying roads using catenary lines for
the sustainable development of the transport sector (Prof. Dr.-Ing. Manfred
Boltze et al., 2022, 2—15) (Hein, Petermann et al., 2023). However, this raises
the question of which elements of sustainability and which sustainability
approaches should be used for evaluation.

The technological basis for the functioning of road-based catenary lines,
also known as dynamic charging, is based on adapted pantograph technology,
which was originally developed for trams and trolleybuses and is still used by
them (Hein and Wauri, 2024, 8—11). The principle of dynamic charging is based
on supplying energy to electrically powered trucks via a catenary above the
right lane of a highway. The catenary line system to be installed can be inte-
grated into the existing road infrastructure without major intervention (Hein
and Wauri, 2024, 14—-17). In addition to an electric motor (and combustion en-
gine), the purely electric (or hybrid) vehicles are equipped with an energy stor-
age device and a pantograph (Hein and Wauri, 2024, 8-11). This enables electri-
cal energy to be transferred from the catenary line system to the vehicle’s elec-
tric drive system. The trucks can connect to and disconnect from the catenary
line at any speed, which ensures the usual driving flexibility. Overtaking ma-
neuvers are therefore still possible without any problems (Prof. Dr.-Ing. Man-
fred Boltze et al., 2022, 2—15).
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Figure 1: BEV+PAN during the charging process.

Source: (Own illustration)

As can be seen in Figure 1, dynamic charging uses a pantograph integrated
into the driver’s cab (marked in blue) to draw power from the catenary line
(marked in orange). With the current state of technology, the batteries of cate-
nary line trucks are charged with a voltage of 600 volts (V) to 750 V and an elec-
tric current of 1000 amps (A) while traveling along the route This means that
both the traction current and the charging current are provided by the cate-
nary line technology within a section of the route.

Due to the size of the battery installed in the “Battery Electric Vehicle +
Pantograph” (BEV+PAN), a continuous route network is not necessary. Addi-
tionally, the battery can be smaller than if only traction current were available,
which in turn saves resources. The battery capacity enables the last few kilo-
meters on the federal highway and cyclical gaps on the highway to be bridged.
System sections of 10-15 km in length are recommended (ibid.).

Battery capacities currently vary depending on the vehicle generation. The
first vehicles were still plug-in hybrids and had a battery capacity of 90 kWh.
The latest purely electric BEV+PAN have a battery capacity of 300 kWh (ibid.).

The SDGs currently serve as a central framework for the development of
political strategies, development plans, and legislation to promote sustainable
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development globally. Taking these goals into account, key aspects of inclu-
sive mobility can already be identified. In particular, free access to highways,
in principle, enables all persons with vehicles that have the necessary technical
resources to use these infrastructures. This is in line with the goal of reduc-
ing inequalities and ensuring access to basic services for all, as formulated in
SDG 10 “Reduced Inequalities” (United Nations General Assembly, 2015; LfU,
2020, 10). In this context, the first step is to examine the extent to which free
market and user accessibility is guaranteed in the areas of sustainable mobility
use in the form of dynamic charging. This includes energy generation, energy
transport, catenary line infrastructure, and the use of dynamic charging in-
frastructure.

5. Economic perspectives on infrastructure-driven progress
and change

The HHI is a measure of market concentration and is often used to analyze the
intensity of competition in a market. A high HHI value indicates a high degree
of market concentration, with a few companies dominating the market, while
a low HHI value indicates a highly competitive market with many evenly dis-
tributed players (Palan, 2015, 10-14). Low competitive intensity suggests sig-
nificant barriers to market entry, which should be removed in the context of
inclusive use.

On the one hand, the centralization of market conditions among a few
participants enables economic focus, as exemplified by the railway sector
in the 1990s (Esposito et al., 2017). By focusing on increasing efficiency and
optimizing costs, companies can increase their economic performance and
strengthen their market position. On the other hand, however, this develop-
ment often leads to social injustices, such as the introduction of a three-class
system that treats different customer groups unequally and makes access to
mobility more difficult for lower-income groups (Urry, 2012, 90—-112). Such
inequalities undermine the goal of an inclusive infrastructure that should
be accessible to all people, regardless of their social or financial situation.
Furthermore, such measures can jeopardize the long-term social acceptance
of centralized infrastructures and contradict a sustainable and fair infras-
tructure solution that takes equal account of ecological, social, and economic
aspects. Infrastructure should not be evaluated solely from an economic per-
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spective and labeled a “natural monopoly,” but should also take into account
environmental impacts and social relevance.

In the context of sustainable energy production, for example through wind
and photovoltaic systems, the HHI can help to evaluate the market structure
and identify possible monopoly or oligopoly positions. In order to calculate the
HHI, the market shares of the individual companies or players in energy pro-
duction are required. The HHI is calculated by squaring the market shares (s)
of all players (N) and then summing them.

The formula is as follows:

Equation 1: Calculation of HHI (Herfindahl 1950; Hirschman 1945)

N

HHI = ZS?

i=1

There are currently 1,331 electricity suppliers in Germany, with four large
companies accounting for 50% of the market share. For the purposes of the
calculation, it is assumed that the remaining 50% of the market is distributed
evenly among the other 1,327 suppliers. As shown in Equation 2, the HHI for
energy supply for the year 2024 (HHIgv;024) i 626.87 (BDEW 2024). This value
indicates low market concentration, as it is well below the threshold of 1,500,
which is generally used as an indicator of moderate concentration.

Equation 2: Calculation of HHI for energy suppliers 2024 (own calculation, data from
(BDEW 2024))

HHIpyaoes = 4-(12.5)% + 1,331 - (0.0378)* ~ 626.87

Alow HHI indicates that the market is highly competitive and that no sin-
gle player has excessive dominance (Brezina et al., 2016, 49—72). Despite the
strong position of the four major suppliers, which together control half of the
market, the large number of smaller players ensures market diversification
and maintains competition. This suggests that although the German electricity
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market is dominated by a few large companies, there is still room for smaller
suppliers, whose market presence increases the intensity of competition. This
suggests moderate barriers to competition, which do not completely prevent
new providers from entering the market, but nevertheless pose certain chal-
lenges. Currently, the high complexity of energy industry processes and the
highly dynamic purchasing market are worth mentioning here.

As shown in Figure 2, two key factors can be identified that explain the de-
clining HHI and the associated increase in competitive intensity in the energy
market. The opening of the electricity market in Germany, which began in the
1990s, was intended to lead to fairer competition. However, the market effect
was the opposite. Deregulation significantly lowered the barriers to market en-
try for new providers, enabling small and medium-sized enterprises to enter
the market. The economic dominance of the four major providers initially led
to an increase in market density, as can be seen in Figure 2. It was only in the
following years that the number of market participants and their associated
market share increased. The diversity of supply and the pace of innovation in
the energy sector were strengthened, and consumers benefited from a wider
choice of electricity tariffs, while competition forced providers to operate more
efficiently and in a more customer-oriented manner.

The structure of the energy market has undergone fundamental change
due to the increasing relevance of decentralized energy supply. Technological
advances, particularly in the field of renewable energies such as photovoltaics
and wind power, now make it possible to generate electricity locally and
individually. This has significantly reduced traditional economic barriers to
market entry, such as the high capital requirements for the construction of
large coal or gas-fired power plants. This development has paved the way for
smaller providers and even private individuals to actively participate in the
energy market, for example by operating solar panels or small wind turbines.
At the same time, decentralized energy supply enables greater regional value
creation and contributes to the resilience of the energy system.

The HHI for energy production currently stands at 626.87, a significant re-
duction compared to the 1990s, when it was still above 1,000. This development
is primarily attributable to the expansion of renewable energies and the grad-
ual liberalization of the energy market. In particular, the decentralization of
energy production has led to a noticeable reduction in market concentration.
This transformation has not only increased the intensity of competition, but
has also brought ecological and social benefits by promoting sustainable en-
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ergy sources, strengthening the diversity of market players, and facilitating
access to energy for various social groups.

In addition to energy generation, market concentration and the resulting
barriers to market entry for energy infrastructure must be examined. A dis-
tinction is made here between transmission system operators and distribution
system operators.

Figure 2: HHI vs. market share of the big 4 and renewables. (Own representation)
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Source: see Appendix 1 for data sources

A transmission system operator (TSO) is responsible for the operation,
maintenance, and expansion of interregional and transnational high-voltage
and extra-high-voltage grids. These grids transport electrical energy over long
distances and connect large generation facilities, such as power plants or off-
shore wind farms, to regional distribution grids. There are four transmission
system operators in Germany: s5oHertz, Amprion, TenneT, and TransnetBW
(Tripathi and Mackensen, 2017). They play a central role in ensuring grid
stability and the integration of renewable energies.
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A distribution system operator (DSO), on the other hand, operates the re-
gional and local power grids that transmit energy from the transmission grid to
end consumers, such as households, businesses, and public institutions. These
grids operate at medium and low voltage levels and are responsible for the
granular distribution of energy. Distribution system operators are often mu-
nicipal companies or public utilities and ensure that electricity reaches con-
sumers reliably and in the quantities required. There are currently 866 distri-
bution system operators (Bundesnetzagentur 2025).

Equation 3: Calculation of HHI for TSOs (own calculation, data from (Statista GmbH)

HHIr502024 = (0,3636)% 4 (0,2740)% + (0,2118)° + (0,1507)* = 2,749.05

The current market shares of the transmission system operators, based on
revenue, are as follows: Amprion:36.36%, TenneT: 27.40%, 50Hertz: 21.18%, and
TransnetBW: 15.07%. This gives a HHI of 2.749,05 (Statista GmbH). A HHI of
2,749.05indicates a high degree of market concentration. This is not surpris-
ing, as the market for transmission grids in Germany is dominated by just
four major players, with TenneT holding the largest share at over 50%. The high
concentration is typical for natural monopolies such as transmission grids, as
the operation of such infrastructure is severely limited due to significant in-
vestment costs and regulatory requirements. Projects such as the north-south
routes preserve the existing market density, as their technical and logistical
complexity and the financial and regulatory hurdles maintain barriers to mar-
ket entry. These secure the dominance of the established transmission system
operators and underscore the market’s characteristic as a natural monopoly
with structurally limited competition.

In contrast, the distribution network market, with an HHI of 269.6 indi-
cates lower market concentration in 2024. This underscores the highly frag-
mented structure of the German distribution network market, which is char-
acterized by a large number of players, including numerous municipal and re-
gional network operators. Although some larger distribution network opera-
tors such as Westnetz (13,6%), Bayernwerk (12,1%), Netze BW (7,6%), Avacon
(6,6 %), E.DIS (6,2%), Mitnetz Strom (3,3%), Stromnetz Berlin (2,8%), LEW-
Verteilnetz (2,7%), Hamburg Netz (2,3%) and Siiwag Netz (2,3%) have signifi-
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cant market shares, the market as a whole remains highly fragmented, as many
smaller operators (e.g., municipal utilities) also play an important role (West-
netz GmbH, 2025) (Netze BW GmbH, 2025) (E.DIS Netz GmbH, 2025) (Bayern-
werk Netz GmbH, 2025) (Avacon Netz GmbH, 2025) (Siiwag Energie AG, 2025)
(Stromnetz Berlin GmbH, 2025) (Hamburger Energienetze GmbH, 2025) (LEW
Verteilnetz GmbH, 2025) (Mitteldeutsche Netzgesellschaft Strom GmbH, 2025)
(Bundesnetzargentur | Bundeskartellamt, 28.02.2025, 109). In contrast to the
infrastructure level of energy generation, the increasing costs associated with
the expansion of renewable energies at the distribution network level are lead-
ing to increasing market concentration, as can be seen in Figure 3.

The energy transition is primarily taking place at the low-voltage level, as
this is where photovoltaic systems and new consumers such as heat pumps and
electric vehicles are connected (Hein, C. R., Lerchl-Mitsch, K., Petermann, D.,
Simon, L. et al., 2024, 51). The high investment costs for the necessary digi-
tization of the grids and compliance with environmental requirements pose
considerable economic challenges, particularly for smaller distribution system
operators, which often leads to their takeover by larger market players (Hein,
C. R., Lerchl-Mitsch, K., Petermann, D., Simon, L. et al., 2024, 51). The HHI
is 2,749 at the TSO network level, while it is 269.6 for DSOs. The increasing
expansion of controllable consumers and generators, such as wall boxes, heat
pumps, and photovoltaic systems, poses considerable technical and organiza-
tional challenges for distribution system operators. However, an unintended
consequence of this development is increasing market concentration at the
distribution grid level, as the complexity of grid control and infrastructure re-
quirements increasingly disadvantage smaller players.

The increased use of renewable energies and the transformation in the mo-
bility sector are giving rise to supporting sub-infrastructures. The storage in-
frastructure and charging infrastructure must be considered central here. En-
ergy storage systems form the essential core for effectively compensating for
and stabilizing the volatility of electricity generation from renewable energy
sources such as wind and solar energy (e-netz Siidhessen AG, 2024, 110). Due
to the close link with energy generation, it can be assumed that market con-
centration in the battery storage sector is similar. Battery storage can basi-
cally be divided into three categories: large-scale storage with a capacity of over
1,000 kWh, commercial storage with a capacity between 30 and 1,000 kWh,
and home storage with a capacity of up to 30 kWh (Pawlik 23.06.2025). In Ger-
many, a total of 270 large-scale storage systems, 10,936 commercial storage sys-
tems, and 1,651,520 home storage systems were installed as of December 18,
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2024 (Pawlik 23.06.2025). Market concentration in this sector is described by
an HHI of 626.87.

Figure 3: HHI for DSOs vs. renewable energy market share. (Own representation)

Development of renewables, HHI and number of DSOs with important events (2015-2024)
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Source: see Appendix 2 for data sources

The transformation of energy and mobility systems is leading to the emer-
gence of a new market for energy storage. Due to its close links with energy
generation, this market exhibits a comparable level of market concentration,
as described by an HHI of 626.87.

Finally, the market concentration of charging systems is examined. For
comparison purposes, stationary and dynamic charging are considered. There
are currently 161,700 charging stations and 2,487 charging station operators
in Germany, of which 9,086 stations are operated by EnBW mobility+ AG und
Co. KG, 4,396 by E.ON Drive GmbH, 3,194 by Tesla Germany GmbH, 2,670 by
EWE Go GmbH, and 2,603 by Mercedes-Benz AG (Impey 23.06.2025).

‘https://doi.org/10. liby - Open Access - [-) EXRN


https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

128

Part lI-Challenging the Status Quo

Equation 4: Calculation of HHI for Charging Stations (own calculation, data from
(Impey 23.06.2025))

HHIps = (0.0562)% + (0.0272)* + (0.0198)* + (0.0165)* + (0.0161)*

42482 - (0.000348)* ~ 51.2

The HHI for the stationary charging market in Germany is 51.2. This in-
dicates very low market concentration, which is typical of a highly compet-
itive market. The stationary electric mobility market is subject to increased
monitoring by the Monopoly Commission. The competition model underly-
ing this market currently comprises the provision of locations for charging
points, the market stage of operating publicly accessible charging stations by
so-called charge point operators (CPOs), and the market stage of electric mo-
bility providers (EMPs) and roaming platforms (Hein, Knezevic et al., 2023,
20-22). The upstream market stage of electricity production follows an inde-
pendent competition model and is not directly integrated into the charging
point infrastructure. As competition can develop in the charging point infras-
tructure sector, this economic sector is not considered a classic network sector
based on a natural monopoly. The competition parameters at the infrastruc-
ture level of electric mobility are complex and include aspects such as charging
time, charging capacity, location availability, transparency, and accessibility
of charging points. In regions where CPOs have a dominant market position,
end customers may not have a choice between different providers or charg-
ing points, which can significantly restrict competition (Hein, Knezevic et al.,
2023, 14-48).

The HHI for stationary charging is 51.2. The strong focus on a socially ac-
ceptable and economically oriented market means that efforts to transform
the transport sector in an environmentally friendly way are being significantly
hampered.

As described above, there are currently three catenary lines in pilot oper-
ation with a single catenary line operator for dynamic charging. The HHI for
the dynamic charging market with a single catenary line operator is 10,000,
which indicates a complete monopoly. From a competitive economics perspec-
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tive, the catenary line infrastructure also represents a natural monopoly in the
long term, as the parallel construction of several catenary line networks would
not be efficient from either an economic or a resource-related point of view.
However, this is not solely due to economic market barriers (Hein, Knezevic
et al., 2023, 14—48). Regulatory measures are necessary to ensure fair compe-
tition in network sectors. Regulatory law serves as the legal implementation
of the findings of network economics, whose principles are primarily based on
thelogic of networks and not on the logic of the goods transported within these
networks (Hein, Knezevicetal., 2023,14-48). Specific regulatory requirements
apply to energy supply networks, defined as electricity and gas supply networks
according to Section 3 No. 16 EnWG, such as unbundling, access regulation,
and tendering. However, these requirements cannot be readily transferred in
their current form to the new network sector of “catenary lines on highways”
(Malmendier and Schendel, 2006, 362—383). Instead, an independent market
for traction current should be created with specific regulatory mechanisms
that can be flexibly adapted to the respective market situation.

In this context, it must be ensured that the regulatory requirements of the
EnWG do not apply to the Electrified Road System (ERS) and its operators.
Simply classifying the catenary line infrastructure as a highway or energy facil-
ity does not create sufficient legal certainty. In addition, either the ERS opera-
tor should be classified as a final consumer (as in the basic and ELISA models®)
or the catenary line infrastructure should be classified as a special type of en-
ergy facility (as in the AMELIE 2 model) (Hein, Knezevic et al., 2023, 49—60).
A four-stage market ramp-up plan is recommended, which provides for the
gradual introduction of market players and regulatory mechanisms. The indi-
vidual stages should be designed depending on the degree of expansion of the
catenary line network. In each phase of the market ramp-up, the billing option
that best balances ease of market entry (through low regulatory and technical
requirements) and acceptance (through user-friendliness and fairness of con-
sumption) should be selected.

The value creation level of traction power supply is particularly important,
as there is no location competition in the ERS, as is the case with charging
points, for example. The basic and ELISA models provide for a lower degree
of regulation than the AMELIE 2 model and are therefore more suitable for
the initial phase of the market ramp-up (Hein, Knezevic et al., 2023, 88—89).

2 Further information on the basic, ELISA and AMELIE models are to be found in Hein,
Knezevic et al. (2023).
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Specific studies are therefore necessary for the ERS in order to identify the ap-
propriate market regulation approaches for the different market phases. Even
with new technologies and natural monopolies, a complete monopoly does not
usually exist. This applies in particular to catenary line infrastructure, which is
considered part of the highway system. Under German law, in particular Ar-
ticle 90 of the Basic Law (Grundgesetz, GG) and the provisions of the Federal
Trunk Road Act (Bundesfernstrafiengesetz, FStrG), trunk roads are owned by
the state. Since catenary lines can be regarded as an integral part of the trunk
road infrastructure, they are also reserved for state ownership.

Equation 5: Calculation of HHI for dynamic charging (own calculation, data from
ELISA)

HHI = (s1)°

=1)?’=1

This legal basis prevents private actors from gaining a complete monopoly
over the catenary line infrastructure, as the state, as the owner of the highways,
retains control over the use and expansion of catenary lines. Instead, private
companies can only operate as operators or service providers under conces-
sions or public-private partnerships (PPPs). This ensures that the use of the
catenary line infrastructure is in line with the principles of public service and
fair competition, while at the same time preserving state sovereignty over the
highways.

The HHI for dynamic charging is 1. This market constellation is based,
among other things, on the regulatory basis of Article 90 of the GG, which
assigns sovereignty over highways to the state and thus ensures central control
and planning. The state’s focus on social interests and its independence from
individual regional interests enables more objective and overarching planning
and implementation, but at the same time, this orientation means that the
ecological and economic potential of dynamic charging is not fully exploited.
Prioritizing social and administrative aspects can thus significantly slow down
the pace of innovation and the expansion of this forward-looking technology.
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Infrastructure not only shapes social coexistence, but also reflects fun-
damental values such as justice, inclusion, and sustainability. The HHI anal-
ysis shows that infrastructure is often associated with natural monopolies,
whereby market concentration is not necessarily motivated by economic
factors alone. However, sustainable infrastructure development requires a
balance between social justice, environmental goals, and economic efficiency.

The German electricity market, which has a medium level of market con-
centration with an HHI of 626.87, illustrates how deregulation and decentral-
ization in the 1990s successfully lowered barriers to market entry, increased
the number of market participants, and strengthened the pace of innovation.
It is particularly noteworthy that the originally socially motivated interven-
tion paradoxically led to an intensification of monopoly formation in the en-
ergy market. Only through the introduction of innovative technologies such as
photovoltaics and wind power, which also promote ecological objectives, was
it possible to achieve a real reduction in market concentration.

Comparable challenges can be seen in the area of charging infrastructure
for electric mobility. The current market design is geared toward enabling
intense competition, which is intended to ensure socially acceptable access to
charging infrastructure. This applies to both stationary and dynamic charging
systems. However, from an economic perspective, this competitive structure
in both technological approaches is delaying the market ramp-up, which
means that the ecological potential of electric mobility cannot yet be fully
exploited. While the market for stationary charging has a very low market
concentration and is therefore competitive, with an HHI of 51.2, the market
for dynamic charging, for example via catenary lines, is a complete monopoly
with an HHI of 10,000. This monopoly position, which is based on state
control in accordance with Article 90 of the Basic Law, secures social inter-
ests and overarching planning, but can hamper the pace of innovation and
ecological progress. Flexible regulatory approaches are therefore needed to
exploit the potential of such technologies while promoting social and eco-
logical goals. The transformation of energy and mobility systems requires
supporting sub-infrastructures such as energy storage and charging points,
which are essential for the integration of renewable energies and the sta-
bilization of the energy system. Despite moderate market concentration in
the energy storage sector (HHI: 626.87), promoting smaller players remains
a key challenge. Sustainable infrastructure development must therefore not
only drive technological innovation and environmental goals, but also ensure
social justice and fair competition in order to enable long-term progress and
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change. From an economic perspective, low market penetration can lead to
economies of scale, resulting in significant cost reductions. This also has social
relevance, as it makes products and services more affordable for low-income
households. Improved quality of life can be achieved, for example, through
lower energy prices or access to innovative technologies. These effects result
from the standardization of processes and more efficient planning of pro-
duction volumes. However, achieving such effects is challenging, especially
in transformation phases, such as the transition to a sustainable energy and
mobility infrastructure. In these phases, fundamental processes must first
be established, while products are often associated with high engineering,
research, and development costs. This leads to the opposite social effect. Sus-
tainable technologies often remain unaffordable for low-income households,
which can exacerbate social inequalities. High market penetration also carries
risks. It can lead to the formation of monopolies that limit consumer choice
and exacerbate social disparities. In addition, ecological consequences can
arise, as high market penetration is often accompanied by increased resource
consumption, especially if the products are not designed sustainably. To meet
these challenges, regulatory intervention is needed to provide sustainable
products with a protected market space before they have to compete with
established, unsustainable alternatives. The energy industry is a prime exam-
ple of how the expansion of renewable energies can deliver both ecological
and economic benefits. Companies with a small market share also have the
opportunity to specialize in environmentally friendly niche markets and offer
sustainable solutions there. Lower market penetration can also strengthen
social resilience, as society is less dependent on individual suppliers. Table 1
shows a summary of the latest HHI figures.

Table 1: HHI overview

Market segment HHI Concentration Reference
(0—10,000) interpretation year

Electricity suppliers (retail) 626.87 Low 2024

Transmission system operators 2,749.05 High 2024

(TSO)

Distribution system operators 269.6 Very low 2023/2024

(DSO)
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Market segment HHI Concentration Reference
(0-10,000) interpretation year
Charging infrastructure (sta- 51.2 Very low 2025

tionary, CPO shares)

Dynamic charging (overhead 10,000 Monopoly 2025
line, pilot stage)

Source: Data according to the sources cited in the chapter

6. Social ambivalence of technological developments

As previously outlined, the introduction of renewable energies and the liberal-
ization of the energy industry have both beneficial and challenging effects on
market penetration and the various dimensions of sustainability. A key aspect
in this context is the importance of the current transformation process toward
an ecologically oriented infrastructure chain. In the economic and social
context in particular, this change first requires the comprehensive implemen-
tation of new structures before the desired positive effects can be realized.
Technological developments play an ambivalent role here. On the one hand,
they contribute to existing problems; on the other hand, they are essential
for enabling sustainable solutions and overcoming long-term challenges. In
the following, we will examine who is negatively or positively affected by new
ecological technologies from a purely social perspective, based on their social
consequences. We will start again with energy production. Figure 4 shows the
number of global deaths caused by different energy sources (Markandya and
Wilkinson, 15.09.2007; Sovacool et al., 20.01.2016; UNSCEAR, 2008, 2018).
Death rates are measured based on direct deaths, such as accidents, or indirect
deaths, such as air pollution per terawatt hour of electricity. It is positive to
note that renewable energies in particular are responsible for only a low death
rate.
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Figure 4: Death rate per TWh of generated energy by energy source. (Own representa-
tion)
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Source: see Appendix 3 for data sources

Figure 5: Death rate based on the case study. (Own representation)
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Source: see Appendix 3 for data sources

In the short term, the current electricity mix must be taken into account
when introducing a new technology. Taking into account the evaluation results
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shown in Figure 4 and an assumed prospective utilization of dynamic charg-
ing of 100%, the statistical forecast is that, with the current electricity mix, two
people would die each year as a result of the introduction of this mobility so-
lution, based on a single section of road alone. Looking at a future scenario in
which the predicted system consumption of 337.146 GWh per year is covered
exclusively by renewable energies, the number of disaster victims could be re-
duced to 0.020229 per year. Currently, the global annual number of fatalities
amounts to 2.596314.

In addition to the devastating consequences in the form of disaster vic-
tims caused by the use of energy sources, there are two other key figures that
must be considered in the context of social consequences. These are, on the one
hand, those affected by energy and, on the other hand, those exposed to energy.
Those affected by energy are individuals or population groups who are directly
or indirectly affected by the effects of energy production. This includes people
who are economically or socially affected by energy prices, increased local grid
fees, increased local and temporary supply interruptions due to the fluctuating
nature of renewable energies, or political measures (e.g., CO, pricing). Exam-
ples include households suffering from energy poverty or companies affected
by rising energy costs.

To illustrate the burden of casualties in the electrical grid infrastructure,
the systematic review by (Shih et al., 2018) was used, which comprises 41 pub-
lications with a total of 5,485 adult patients (18.0% low voltage, 38.3% high volt-
age, 43.7% voltage not specified) and documented higher morbidity and mor-
tality in the clinical collective at high voltage (hospital mortality: 2.6% at low
voltage, 5.2% at high voltage, 3.7% not specified). Aggregated across all volt-
age levels, normalizing to an assumed global electricity consumption of 26,000
TWh results in a nominal mortality rate of approximately 0.0072 deaths per
TWh. Applying this heuristically to an energy consumption of 0.337 TWh, the
expected number of victims is

K

0.0072TWh e 0.337TWh ~ 0.00243 K

based on this exact amount of energy.
This figure should be understood as a global approximation and primarily
reflects individual events; large-scale, simultaneous damage events caused by
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grid infrastructure are extremely rare. The high level of safety of power grids in
public spaces is the result of extensive technical and organizational protective
measures, meaning that relevant residual risks exist primarily in professional
activities with direct access to the equipment. In countries with high safety
standards and a low proportion of overhead lines, even lower values can be as-
sumed, although no country-specific disaggregated meta-analyses are avail-
able for this to date.

Exposed persons are people who are exposed to a specific burden or risk
arising from energy infrastructure or projects. The term “exposed” refers to
physical, health, or social hazards caused by certain influences, i.e., people
who live near energy facilities and are potentially exposed to hazards such as
electromagnetic fields (from high-voltage power lines), noise emissions (from
wind turbines or storage facilities), or accident risks. Also affected are people
whose health may be impaired by pollutants, noise, or other environmental
impacts, such as residents living near coal-fired power plants who are exposed
to health risks from particulate matter or sulfur dioxide. People who experi-
ence social disadvantages as a result of the construction or operation of energy
projects, such as resettlement, loss of property, or restrictions on their quality
of life, are also exposed persons.

The analysis of exposed and energy-affected persons requires a differenti-
ated approach. Focusing on the locally affected population in Germany, there
is an increase in the number of people affected, as a larger proportion of en-
ergy is generated by locally installed plants, such as wind turbines. However, if
these figures are put into relation to the population already affected by the use
of oil, lignite, or other fossil fuels, there is an overall reduction in the number
of exposed persons.

Wind power and photovoltaic systems expose affected individuals to dif-
ferent types of impact. In the case of wind turbines, the main issues are noise
emissions, infrasound, and shadow flicker, which can impair the quality of
life of local residents. In addition, visual impairments and potential hazards
such as ice throw are often perceived as a nuisance. Photovoltaic systems, on
the other hand, mainly cause conflicts due to glare, the reflection of sunlight,
and the use of large areas. The measurable effect, i.e., how many exposed per-
sons are affected, depends heavily on the location, the technical generation
used, and the population density. The majority of wind and ground-mounted
PV systems in Germany are located in suburban, predominantly hilly areas and
should serve as an example here.
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To calculate the number of people exposed per megawatt (MW), the total
number of people affected within the sound and noise radius of the plant is
divided by the installed capacity of the plant. For a 3-megawatt wind turbine, a
noise radius of 1 kilometer is typically assumed, which corresponds to an area
of approximately 3.14 square kilometers (Lewis et al., 2002, 82—83). Renewable
energies, especially wind turbines, are primarily installed in rural areas (Bovet
et al., 2019). In this area, the population density in the Rhine-Main region is
400 people per square kilometer, which results in the following total number
of people affected (Regionalverband FrankfurtRheinMain, 2022):

Equation 6: Calculation of exposed persons in energy supply incidents. (own calcu-
lation)

Number of exposed persons = Population density - Visibility and noise radius

People

Number of exposed persons EV = 400 oz 3,14km’
m

~ 1.256 Exposed persons

As can be seen from Equation 6, around 418.67 people per MW are exposed
here. This figure can be used as an indicator of the social and spatial compati-
bility of wind and PV projects in suburban areas.

In addition to the exposed persons, approximately 1,000,000 persons
would be affected in terms of energy in the scenario under consideration, as
all persons living in the adjacent grid area would be directly affected by the
effects of a decentralized energy supply (e-netz Siiddhessen AG, 2025). Persons
affected in terms of energy are all those who are directly dependent on the en-
ergy supply because they cover their electricity needs from the corresponding
distribution grid section. This figure includes private households, commercial
enterprises, and industrial consumers who depend on a reliable and stable
energy supply. In addition, the energy supply also has financial implications
for all those affected by energy, particularly through grid fees. These may
increase as a result of the expansion of the grid infrastructure required for the
integration of new technologies such as wind turbines and dynamic charging
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infrastructure. Such cost increases affect not only those directly exposed in
the vicinity of the facilities, but also the entire population in the grid area. In
this case study, the figure of 1,000,000 people affected by energy highlights
the far-reaching significance and potential social and economic impacts of
energy infrastructure on the region.

Fluctuating generators add another level of consideration. The need for
storage capacity and the people exposed to it and affected by energy, as well
as potential disaster victims, must also be taken into account. To this end,
a meta-analysis of all disaster cases was first carried out. The present study
is based on a comprehensive data collection using the BESS Failure Incident
Database. According to the definition of the Federal Emergency Management
Agency (FEMA), an “incident” is a natural or man-made event that requires an
emergency response to protect life or property in direct connection with large-
scale electricity storage facilities (=0.5 MW). The collected data was used for a
meta-analysis to gain systematic insights into the effects of incidents related
to large-scale electricity storage systems.

In contrast to the analysis of the global BESS database, which focuses pri-
marily on technical causes and their analysis, this study took an alternative ap-
proach. The focus was on reports in the local and trade press, which were eval-
uated not in terms of technical details, but rather in terms of the health con-
sequences and impacts on the local population. Despite the significant global
expansion of large-scale electricity storage capacity from 10.3 GWh in 2018 to
304 GWh in 2024, a well-founded assessment in this context remains lacking
(Kurtz and Haegel, 2025, 206—214). To better categorize the consequences, the
reports were first divided into two main groups, namely injuries and fatalities.
In the further course of the analysis, these categories were merged to enable a
uniform consideration of those affected as “disaster victims.” This approach al-
lows the social and health consequences of battery storage to be viewed in a dif-
ferentiated manner and placed in the context of emergency management and
prevention. The entire value chain was evaluated, from manufacturing to the
final use of storage capacities. Due to insufficient data, the extraction of raw
materials could not be taken into account, but should be identified as a rele-
vant research gap. Nevertheless, the present analysis can be used as an initial
indicator.

As can be seen in Figure 6, the global number of people injured and killed
rose significantly, particularly in the ramp-up years 2023 and 2024. While the
storage capacity increased by 113.87% in 2023 (25 injured and 1 fatality) in 2023
and by 104.6% (25 injured and 26 fatalities) in 2024 compared to the previous
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year, the number of disaster victims also increased dramatically during the
same period. In 2023, the number of victims doubled compared to 2022, rep-
resenting an increase of 100%. In 2024, the number of victims rose again by
96.15%, which represents a further doubling compared to the previous year. In
the first quarter of 2025, 11.25% of the previous year’s victim numbers were al-
ready recorded, indicating a continuation of this trend.

Figure 6: Injuries and fatalities vs. installed energy storage capacity. (Own representa-
tion)®
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Source: Own representation, see Appendix 4 for data sources

The current boom in renewable energies and the associated increase in de-
mand for flexibility in the energy market require a parallel expansion of storage
technologies. These are essential, for example, to support electromobility and,
in particular, dynamic charging (Hein, C. R., Lerchl-Mitsch, K., Petermann,
D., Biichau, N. et al., 2024). Despite the ecological and economic potential as-
sociated with the introduction of these technologies, the social impacts must
not be ignored. The increase in disaster victims highlights the need to system-
atically analyze the social consequences of technological transformation and
to incorporate them into decision-making processes. Only through a holistic

3 The data for 2025 covers only January to May.
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approach can risks be minimized and long-term acceptance by society be en-
sured.

Atthis pointin the analysis, the unintended consequences of an integrative
view of the value chain of mobility solutions, especially dynamic charging, are
already becoming apparent. An isolated view of the technology and its effects is
no longer appropriate in the context of technology assessment and should not
have been taken historically either. It should also be noted that a purely sector-
coupling perspective is not sufficient, as central aspects remain unaddressed
in the transition areas between sectors. Rather, it is necessary to analyze so-
cially relevant issues along the entire technological value chain—from energy
generation to energy transport and intermediate storage to mobility use. The
causes of many of the negative effects were and often remain outside the im-
mediate perception of mobility users. Those who are particularly affected are
often those who have no direct connection to the mobility solution used, but
suffer disproportionately from its consequences.

The problem is further exacerbated when the case study is revisited. To en-
sure full supply in the case study and to compensate for the fluctuating behav-
ior of renewable energies, a storage facility with a capacity of 25 MWh and an
output of 25 MW (type C1) is required. Looking at the ratio of disaster victims
(K) to globally available storage capacities, the figure is 0.000302835 K/MWh.
This corresponds to 0.007570876 K per plant for dynamic charging. While these
figures appear uncritical at first glance, a consideration of the social conse-
quences, as shown in Figure 6, reveals a significant problem in absolute terms.

In addition to those directly affected by the energy supply, there are also
exposed persons who are adversely affected by the side effects of storage tech-
nologies. Similar to renewable energies, storage facilities cause noise, which is
primarily attributable to ventilation systems, as well as waste heat, which can
be perceived locally. The integration of large storage parks also often requires
an expansion of the local grid infrastructure, which is reflected in increased
grid fees that may also affect uninvolved third parties. In the case study, ap-
proximately 1,000,000 people are affected in terms of energy, as the entire grid
area is integrated into the supply system. The number of people exposed de-
pends heavily on the population density in the respective region and the lo-
cation of the storage facility. A storage facility can cause noise emissions of
up to 70 dB in the short term, which can already be perceived as disturbing.
Taking into account sound propagation and population density in the Rhine-
Main area, which is around 2,000 people per square kilometer in urban areas,
this results in a figure of 6,276 people who are directly affected by noise emis-
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sions (TROX TLT GmbH, 2013; Regionalverband FrankfurtRheinMain, 2022).
This figure illustrates that even with moderate emissions and a limited num-
ber of plants, social and health impacts can occur that must be taken into ac-
count in the planning and implementation of such projects. In summary, it is
also evident at this level that the introduction and operation of storage tech-
nologies pose not only technical and economic challenges, but also social ones.
It is therefore essential to take into account social consequences such as noise
pollution, waste heat, and the impact on grid fees.

The mobility transition strengthens the polluter pays principle by shift-
ing responsibility for providing the necessary infrastructure and energy sup-
ply more toward national circumstances. While oil production and diesel re-
fining have historically taken place predominantly outside Germany, electric-
ity generation from renewable energies, the expansion of transmission infras-
tructure, such as in the case of the SiidLink project, and the implementation
of storage technologies for supplying electric mobility are increasingly taking
place within Germany. However, these developments are increasingly causing
discontent among the population, as the associated impacts on the environ-
ment and quality of life are directly felt at the local level.

In order to complete the evaluation of the social impacts of dynamic charg-
ing, it is necessary to assess the consequences for various exposed persons,
those affected by energy issues, and potential disaster victims in the context
of mobility provision.

In this context, those affected by energy are primarily those who live within
the network area of a specific network section. The planned ramp-up of dy-
namic charging will be limited to central corridors along highways. As already
explained, this requires the expansion of the local electricity infrastructure.
The associated costs will be passed on to the grid fees, which will lead to a local
financial burden for individual energy-affected persons. Based on the size of
the affected grid area in the case study, the number of energy-affected persons
can be estimated at around 1,000,000.

The negative impacts and the resulting number of people exposed can be
derived from the following aspects. The construction phase will lead to restric-
tions in the road infrastructure, such as traffic jams and traffic restrictions,
which may cause increased stress for those affected. With catenary line tech-
nology, maintenance work can usually be carried out during operation, reduc-
ing the number of people exposed and the severity of the disruption to everyday
life. During normal operation, the restrictions are considered less severe and
are primarily limited to visual impairments caused by the catenary line. Nev-
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ertheless, the number of people directly or indirectly affected is considerable
due to the high traffic density on the highways. In 2024, an estimated 172.3 mil-
lion people were affected by visual impairments along the highway. However,
studies conducted as part of the field trial show that after multiple trips on the
route, no significant changes in driving behavior or visual stress on road users
could be detected.

During the six-year field trial, there were no injuries or fatal accidents
that could be directly attributed to the catenary line system. The sophisticated
safety concept, which consists of a restraint system that allows vehicles to
bounce off in a controlled manner and an automated contact wire shutdown
in the event of damage, means that the technology can be classified as very
safe (Gurske et al., 2023). The complete figures from the analysis can be found
in Figure 7.

Figure 7: Affected, exposed and injured/fatalities for different infrastructures.*
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7. Discussion and recommendations for action

This discussion revisits the guiding question of how a policy and infrastruc-
ture governance framework for the ecological transformation of heavy goods
road transport—exemplified by the eHighway system—can reconcile ecolog-
ical effectiveness, social justice, and economic efficiency under conditions of
uncertainty and natural-monopoly characteristics. This analysis underscores
the central importance of infrastructure as a driving force for social, ecologi-
cal, and economic transformation. At the same time, it becomes clear that the
introduction of new infrastructure, such as the eHighway system, is associated
with a multitude of challenges that encompass technical, social, cultural, and
economic dimensions. To meet these challenges, targeted recommendations
for action and approaches to discussion are needed to enable a sustainable and
equitable transformation.

First, a holistic assessment of infrastructure is essential. Infrastructure is
notjust a technical system, but is deeply embedded in cultural and social prac-
tices. Decisions about its expansion or transformation must therefore be made
systematically and take into account the interactions between ecological, so-
cial, and economic dimensions. A striking example of this is the liberalization
of the energy industry, which was originally aimed at promoting social justice
and strengthening competition by opening up the market. However, high bar-
riers to market entry and existing market concentration initially had the op-
posite effect, as they consolidated the dominance of a few large players. It was
only with the rise of renewable energies that a decisive decentralization of en-
ergy supply was achieved, which not only increased competition but also made
a significant contribution to strengthening social justice.

An integrative perspective is necessary to take into account both long-term
climate goals and the social acceptance and cultural significance of existing
structures. In this context, the question arises as to how assessment frame-
works can be developed that adequately reflect both the ecological advantages
of new technologies and the social and cultural costs of their introduction. An-
other key aspect is promoting acceptance through transparent communica-
tion. The analysis shows that acceptance of new infrastructure depends heavily
on the perception of its benefits and risks. Although scientific studies classify
most concerns as unfounded, the survey results indicate that both the general
public and affected populations express reservations regarding the visual im-
pact of the catenary line infrastructure. To promote acceptance, broad-based
information campaigns are needed to explain the functioning and advantages
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of the eHighway system in an understandable way. In addition, the population
should be involved in planning processes at an early stage in order to identify
and address such reservations.

However, the transformation of infrastructure must not lead to an exacer-
bation of social inequalities. The analysis shows that smaller players and lower-
income population groups in particular could be disadvantaged by high in-
vestment costs or local burdens. At the same time, the decentralization of en-
ergy and mobility systems offers opportunities for greater regional value cre-
ation. Support programs that specifically target smaller players and low-in-
come households, as well as a fair distribution of the costs and benefits of new
infrastructure, for example through socially acceptable and decentralized net-
work charges, are therefore of central importance. This raises the question of
how social justice and economic efficiency can be reconciled in infrastructure
planning.

In addition, the long-term planning and high investment costs of in-
frastructure projects require a forward-looking and flexible design that can
respond to unforeseen developments. Resilient infrastructures must not only
meet current requirements, but also anticipate future technological and so-
cietal changes. Modular and adaptive infrastructure solutions that enable
gradual expansion and adaptation, as well as the integration of scenario
analyses into planning processes, are crucial in this regard. It remains to be
discussed how infrastructure projects can be designed to ensure both short-
term efficiency and long-term resilience.

Another key aspect concerns the regulation and design of market mecha-
nisms. The HHI analysis shows that natural monopolies—such as in the case of
catenary line infrastructure—require targeted regulatory intervention. This is
necessary to ensure fair competition and social justice on the one hand, and
to guarantee both ecological transformation and economic sustainability in
the long term on the other. At the same time, regulation must not hinder the
pace of innovation and market ramp-up. Specific regulatory mechanisms are
needed for new infrastructure sectors, such as dynamic charging, which can be
flexibly adapted to the respective market situation. A balanced market ramp-
up that takes into account both economies of scale and social and ecological
goals is essential. It is important to examine which regulatory approaches are
suitable for exploiting the potential of natural monopolies without jeopardiz-
ing social and ecological goals.

Technological openness and diversification are also decisive factors. A one-
sided focus on a single technology carries the risk of increasing social resis-
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tance and neglecting alternative solutions. A technology-neutral approach that
develops and evaluates different solutions in parallel, as well as support for pi-
lot projects and field trials to test the practical suitability are therefore of great
importance. The central question is how to design a technology-neutral strat-
egy that, on the one hand, taps into innovation potential, while at the same
time ensuring the urgently needed transformation toward an ecologically sus-
tainable future.

In summary, the transformation of infrastructure in the context of climate
protection requires a careful balance between ecological, social, and eco-
nomic goals. The eHighway system offers promising potential for making road
freight transport more sustainable, but faces challenges in terms social justice
and regulatory framework conditions. Successful implementation therefore
requires an integrative approach that reconciles technological innovations
with societal needs and cultural practices.
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Carbon Pricing in Practice
Interdisciplinary Insights to Improve the Effectiveness
of CO, Pricing

Michelle Alfers & Elias-Johannes Schmitt

Abstract: Following economic theory, carbon pricing is generally regarded as the opti-
mal policy to achieve a reduction in CO, emissions. In theory, a carbon price is char-
acterized by its cost-effectiveness, its flexibility as a market-based solution, and its rela-
tively straightforward implementation compared to other requlatory approaches. Mov-
ing from theory to practice, however, any political intervention inevitably encounters a
complexinterplay of political, economic, and social dynamics, leading to unintended con-
sequences that often undermine its effectiveness. Studying these dynamics is crucial to
avoid negative outcomes and re-evaluate the policy design to ensure its intended impact.
By analyzing existing carbon pricing measures, this chapter aims to address disciplinary
blind spots that hinder their effectiveness in reducing carbon emission. In doing so, we
identify two key areas: (1) Political feasibility as a concept that can be used to analyze
the implementation of carbon pricing depending on key social actors, and (2) behavioral
barriers, which result from actual behavior systematically deviating from the rational
actor assumptions typically assumed in economic models. We demonstrate that recog-
nizing these dimensions is crucial for designing effective and socially acceptable climate
policies.

Keywords: Carbon pricing; climate policy effectiveness; political feasibility; public ac-
ceptance; behavioral barriers; policy design

1. Introduction

Climate change and the associated environmental crises are undoubtedly the
central challenges of the coming years. For several decades, climate researchers
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have been warning of the negative effects on humanity and calling on politi-
cians and society to act quickly and profoundly.

From an economic perspective, the answer appears straightforward: to
address climate change and place societies on a sustainable path, putting a
price on carbon is regarded as the optimal (and often sufficient) solution.
However, several challenges arise in the development and implementation of
carbon prices (Stoll & Mehling, 2021):

First, the role of carbon pricing is increasingly questioned in scientific dis-
course—either as a standalone instrument or, in some cases, as a viable solu-
tion at all. Concerns have been raised about its capacity to drive the structural
transformations required for deep decarbonization.

Second, in political practice, strong resistance often hinders the introduc-
tion of new carbon pricing schemes. Once introduced, carbon prices usually
remain well below levels considered necessary for meaningful impact.

Third, empirical studies investigating the effectiveness of existing carbon
prices report mixed results, but most indicate insufficient emission reductions
to meet serious climate targets.

In this article, we argue that the focus on an ‘optimal’ carbon price is the
result of a purely economic perspective. By focusing on a supposedly optimal
carbon price, central aspects concerning its effectiveness are neglected and im-
plementation problems arise in practice. To support this argument, we first in-
troduce the standard-economic understanding of emissions as an externality
and show how a carbon price is determined on this basis (section 2.1). Follow-
ing this theoretical introduction, we briefly review the empirical evidence on
the effectiveness of carbon pricing policies in section 2.2. As we will show, there
is a significant inconsistency between theoretical predictions and the realized
effects of these measures. We then use the remainder of this chapter to dis-
cuss two central issues contributing to this discrepancy. First, we show how the
implementation of carbon prices is influenced by political feasibility. Whether
and to what extent a carbon price is implemented depends on various social
actors and their political power (section 3). Second, the effectiveness of carbon
prices as an instrument for reducing emissions crucially depends on human
behavior. In Section 4, we show how the assumption of rationality hinders the
design of an effective carbon price. Section 5 summarizes the central insights.

The aim of this article is to show that interdisciplinary cooperation is nec-
essary to design effective carbon prices and complementary policies. Students
and young economists in particular must broaden their disciplinary view at an
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early stage in order to uncover blind spots and to be able to support the design
of effective measures to mitigate climate change.

2. Carbon pricing in theory and practice

This section introduces the basic economic understanding of carbon emissions
as an externality. We show that current carbon prices can be traced back to the
theoretical work of Arthur C. Pigou and the modeling of William D. Nordhaus.
We then review the effectiveness of real carbon prices and show that they differ
greatly from those modeled.

2.1 The economic theory of carbon pricing

CO2 emissions are a typical example of a negative externality. In economics,
negative externalities refer to costs imposed on third parties who are not di-
rectly involved in the production or consumption of a good or service. Starting
with the standard textbook example, consider a factory that produces near a
settlement and emits polluting substances that harm the inhabitants of the ad-
jacent settlement (Coase, 1960). The damage caused in this way should be part
of the production costs of the factory, but the manufacturer only takes into ac-
count the capital and wage costs of production. As a result, the market price
does not reflect the true social costs of the good, preventing the economy from
reaching a social optimum through the interplay of supply and demand.

Pigou (1920) argued that in such cases, state intervention is legitimate to
correct this market failure. By imposing a tax equal to the social cost on the
manufacturer, the state forces it to internalize the damage caused by pollution
into the cost of production. Due to the higher market price, production and
consumption will be reduced until market equilibrium reaches the socially op-
timal level. Alternatively, the manufacturer can invest in technologies that re-
duce pollution until the marginal cost of prevention equals the marginal cost
of its damage. The Pigouvian tax is therefore understood as the most efficient
market solution as it provides incentives for a change in behavior at the lowest
absolute cost (Stern, 2006).

The Pigouvian model provides the theoretical foundation for modern
attempts to calculate an optimal price on carbon emissions (Nordhaus, 1991;
Stern, 2006). Accordingly, the carbon price is intended to reflect the social
costs of carbon (SCC). The SCC is defined as the negative change in the dis-
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counted value of economic prosperity resulting from an additional unit of CO2
emissions (Nordhaus, 2017; Nordhaus & Sztorc, 2013). Nordhaus developed a
model framework in the 1990s in which he links economic activity, greenhouse
gas emissions, the carbon cycle and the resulting economic damage of climate
change (Nordhaus, 1991). The Dynamic Integrated Climate-Economy (DICE)
model is built on a neoclassical growth framework and forecasts global pro-
duction from capital accumulation, job growth, and exogenous technological
progress, minus mitigation expenditures that reduce CO2 emissions (Nord-
haus, 1991, 2017). The emissions are entered into a simplified sub-model of the
carbon cycle, which converts them into atmospheric concentrations, and into
a reduced climate module, which translates the concentrations into global
mean temperature changes. A damage function then maps these temperature
increases in fractions of gross production, resulting in net consumption.
Net consumption is aggregated over time via a social welfare function that
includes a pure time preference and an inequality aversion parameter to gen-
erate a present value measure of well-being. The model then determines the
intertemporal allocation of resources between mitigation and consumption
by equating the marginal cost of emission reduction with the marginal wel-
fare loss due to additional warming. The carbon price from the DICE model
thus corresponds to the marginal discounted welfare loss from emitting an
additional ton of CO2.

To determine the optimal price, a cost-benefit analysis is carried out within
the DICE model. Here, the selection of a carbon price is understood as an in-
tertemporal maximization problem where the economic costs of mitigation
are weighed against the benefits of preventing climate damage.

In theory, the carbon price determined in this way is the economically op-
timal price. However, the DICE model is extremely sensitive with regard to
central model functions and parameter values (Dietz & Stern, 2015; Nordhaus,
2018; Stern, 2006). For example, the estimated carbon price for 2025 varies be-
tween values of $37 per ton of CO2 to $4185 per ton of CO2 depending on as-
sumptions such as the discount rate of future damages or the weighting of low-
risk high-impact events (Barrage & Nordhaus, 2024). Therefore, it is not pos-
sible to determine a clear carbon price, as the parameter values are subject to
great uncertainty (Heal, 2017).

While Nordhaus’s SCC is the best-known approach to calculating the
optimal carbon price, harsh criticism on its modeling assumptions and over-
all premise have led some researchers to develop alternative methods. For
instance, instead of developing the price based on a cost-benefit analysis to
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determine its economically optimal value, some researchers suggest starting
with a specific climate target and ‘back-calculating the price that is necessary
to reach this target (Marron & Toder, 2014). This method therefore prioritizes
ecological effectiveness over economic optimality, often rejecting the usage
of future discounting and putting higher emphasis on low-risk high-impact
scenarios. According to the model proposed in the well-known “Stern and
Stiglitz Report” (High-Level Commission on Carbon Prices, 2017), for exam-
ple, a global carbon price of $40-80 in 2020 would be necessary to keep global
warming below 2°C.

While many attempts have been made to calculate the ‘correct’ price, real-
ity often paints a different picture: Instead of careful cost-benefit assessments
or climate targets, real carbon prices are the result of political processes and
vary in the real world. Consequently, a substantial gap emerges between the
theoretically predicted and empirically observed effects of carbon pricing mea-
sures, as we will show in the following section.

2.2 Effectiveness of carbon pricing in practice

Following the theoretical discourse and increasing urgency to keep global
warming well below 2°C (IPCC, 2021), carbon pricing policies have been imple-
mented all around the world. At the time of writing, 80 pricing schemes—43
taxes and 37 emission trading systems (ETS)—have been implemented by
sub-national, national and supranational jurisdictions, covering 28% of global
carbon emissions (World Bank, 2025). The average carbon price is roughly $19
per ton of CO2, with prices ranging from less than $1 up to $158. The global
emissions-weighted price, which calculates the average price for all priced and
non-priced emissions, is around $5.

Despite the increasing adoption of carbon pricing schemes, only a minority
of prices reach the level predicted to be necessary for effective climate change
mitigation. In fact, less than 4% of priced emissions are covered by the afore-
mentioned $40-80 range (Pryor et al., 2021) and about half are priced with a
level below $10 (World Bank & Ecofys, 2018).

These differences in policy schemes and the existence of additional climate
policies make it difficult to assess and compare the effectiveness of these
pricing schemes in reducing carbon emissions. However, a growing body of
ex-post evaluations aims to quantify the impact on carbon emissions, and
some review papers and meta-analyses have been published to compare the
results of individual case studies.
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One of the first comprehensive meta-reviews by Green (2021) analyzes
thirty-seven quantitative ex-post evaluations, 70% of which focus on Euro-
pean schemes such as the European Union Emissions Trading System (EU-
ETS). Her review finds that, in most instances, the introduction of a car-
bon price yields only moderate average emissions reductions of 0—2 percent
per year. Among some notable exceptions is the United Kingdonrs carbon
price support mechanism, which reportedly achieved a 41-49 percent decline
in power-sector emissions between 2013 and 2017. Green attributes these
generally weak outcomes to the low price levels in most schemes, as well as to
political constraints and industry lobbying that have limited both the ambition
and public acceptance of more rigorous pricing policies. Overall, the review
suggests that carbon pricing can only promote marginal emission reductions,
mostly via fuel switching and incremental efficiency improvements, but is
insufficient to induce the transformation needed to substantially mitigate
climate change.

Débbeling-Hildebrandt et al. (2024) build on this foundation with a com-
prehensive quantitative meta-analysis covering 21 distinct carbon-pricing pro-
grams, synthesizing 483 individual effect sizes from 80 ex-post evaluations. Af-
ter correcting for publication bias, they estimate an average cumulative emis-
sions reduction of 6.8 percent since policy implementation, with individual
reductions ranging from 4 to 15 percent. Their findings also suggest that het-
erogeneity in observed effectiveness arises mainly from differences in policy
design and from contextual factors, including the duration of the pricing pol-
icy, the availability of complementary policies, and local economic conditions.
In contrast, price levels across countries, sectoral coverage, and the choice be-
tween tax and cap-and-trade explain relatively little of the variation in pol-
icy effectiveness. The authors interpret this to be the result of heterogeneous
abatement costs, leading price levels to have vastly different effects in different
countries. They also highlight that differences in effectiveness across schemes
do not negate the benefits of increasing carbon prices within schemes. How-
ever, due to the limited empirical evidence on high-level carbon prices, the ef-
fect of tax increases within pricing schemes cannot be adequately assessed.

Koppl and Schratzenstaller (2023) further complement these insights by
analyzing not only the ecological effectiveness, but also economic impacts of
various carbon pricing schemes. In terms of effectiveness, their findings con-
firm the evidence discussed so far—most pricing schemes result in some emis-
sion reductions, but effectiveness differs greatly across schemes and most ef-
fect sizes found so far are insufficient to achieve substantial changes in carbon
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emissions on their own. They also find that the use of revenues to finance im-
provements in energy efficiency can significantly contribute to carbon reduc-
tions. Finally, the authors highlight the importance of economic conditions,
including the structure of the energy system and availability of low-carbon al-
ternatives, for successful mitigation practices.

The observed findings on the economic impact of carbon pricing are more
inconclusive, however—while no reductions in GDP or employment could
be observed in the reviewed literature, the findings on competitiveness and
innovation are found to be rather sparse, partially due to measurement issues.
However, the evidence concerning the effect on innovation suggests that
carbon pricing alone is insufficient to drive the structural and technological
changes needed for deep decarbonization; instead, carbon taxes need to be
complemented by a wider policy mix, including subsidies, standards, and
infrastructure investments.

Overall, four recurring insights emerge from these reviews:

1. While carbon pricing seems to have the intended negative effect on emis-
sions, the reductions observed so far are far below the reductions needed
to reach any serious climate target.

2. Effect sizes vary greatly. Statistical analyses suggest that policy context
(e.g. the presence of other climate policies, the (macro)economic condi-
tions and emission-intensity of national industries, or the potential for
carbon leakage) plays a vital role in determining the effectiveness of carbon
pricing.

3. Carbon pricing seems to be a useful tool to incentivize substitution away
from carbon-intensive technologies and products aslong as cleaner alterna-
tives are available or efficiency improvements achievable. Its potential for
initiating the structural transformations needed for deep decarbonization,
however, remains questionable.

4. Despite rigorous efforts to calculate the optimal carbon price, few pricing
schemes come close to the supposedly optimal or necessary price levels dis-
cussed above. Instead, political feasibility often determines (and limits) the
price level implemented in practice. As Green (2021, 11-12) puts it, “after
nearly four decades of experience with carbon pricing, the empirical evi-
dence to date suggests that low prices are a feature of this policy, rather
thanabug.”.

‘https://doi.org/10. liby - Open Access - [-) EXRN

157


https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

158

Part lI-Challenging the Status Quo

Based on these findings, two problems of current pricing schemes become ev-
ident. On the one hand, political feasibility is a core issue, preventing prices
from being in ranges necessary to keep global warming below 2°C. On the other
hand, even high carbon prices do not seem to work as effectively as predicted by
economic models. Thus, the behavioral incentives intended by carbon pricing
seem to face some barriers that are not accounted for in those models.

We will discuss these two issues in more detail in the remainder of this

paper.

3. The general concept of political feasibility

The concept of political feasibility is prominently addressed in areas of transi-
tion research and focuses on possible pathways from a fossil to a decarbonized
society (Roberts et al., 2018). Techno-economic scenarios provide starting
points for what a sustainable society based on renewable energies could look
like. However, these scenarios are assessed with regard to their feasibility by
means of an economic cost-benefit analysis, and aspects of social and political
feasibility tend to be omitted (Hoffart, 2022; Hoffart et al., 2021; Jewell &
Cherp, 2020). It is precisely these political and social factors that are decisive
for the successful implementation and long-term stability of climate policy
measures (Cherp et al., 2018; Kallbekken, 2023). In particular, the long-term
stability of climate policy measures is demonstrated by the example of the
promotion of renewable energies in Germany. In the period from the 1990s to
the beginning of the 2010s, the expansion of renewable energies in Germany
was promoted across the board and received broad political and social support
(Kern & Markard, 2016). In the wake of the Euro crisis, political support for the
promotion of renewable energies declined as political will waned due to the
economic recession (Meckling, 2019).

This shows that the concept of political feasibility cannot be defined uni-
versally and instead depends on the social environment and temporal develop-
ments (Gilabert & Lawford-Smith, 2012). In contrast to technical or economic
feasibility, political feasibility is often used less precisely, sometimes vaguely
equated with political costs or judgments about political possibilities (Melt-
sner,1972). However, its analytical usefulness depends on explicitly naming the
political constraints at play. Political feasibility is not just about whether some-
thing is desirable, but whether it is feasible in practice (Jewell & Cherp, 2020;
Peng et al., 2021).
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Majone (1975) classifies these constraints on the basis of three dimensions.
First, a policy measure must have the necessary resources in terms of support
within politics: In order for a policy measure to be implemented in general,
policymakers must support it (Majone, 1975; Meltsner, 1972).

Second, policies are subject to distributional constraints. A political pro-
posal must be evaluated according to how it benefits and disadvantages differ-
ent groups of people. Coercing individuals or groups to accept decisions that
they see as unfair or overly burdensome can lead to appeal, litigation, and in-
effectiveness. This, in turn, can jeopardize the policy measure or the imple-
menting body itself. Thus, political feasibility is significantly influenced by the
distribution of costs and benefits across different social actors (Pierson, 1993).

As a third constraint, Majone (1975) refers to the institutional framework.
The implementation of policies follows certain institutional rules that exist
in the form of parliamentary procedures, rule of law and also cultural norms
(North, 1990). These institutional constraints are beyond the direct influence
of political decision-makers and represent structures that have grown over
the long term. They are understood as soft constraints that do not make the
feasibility of a policy measure impossible, but can make its implementation
less likely (Gilabert & Lawford-Smith, 2012).

These three aspects are the basic prerequisites for the conditions under
which a policy can be considered politically feasible. In the case of carbon pric-
ing, however, its political feasibility is not just central for the introduction, but
also the long-term perpetuation of the policy. Thus, two challenges emerge: On
the one hand, there must be the social and political will to implement carbon
prices. On the other hand, carbon prices must be accepted by society in the long
term. Since the introduction and existence of a carbon price is an inherently
political endeavor, various social actors must be brought into focus.

In the following subsections, we apply these three constraints to societal
actor groups that play central roles in the long-term implementation of climate
policies. In doing so, we will first address political actors, which, through their
role in government and opposition, determine the legislative implementation
and policy design of these measures.

3.1 Political feasibility within politics
In Western democracies, most states consist of parties that form the govern-

ment and parties that act in the opposition. Within this construct, there are
formal and informal frameworks that influence legislation and the political
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process in general. In order to initiate a carbon price, parties in government
must create majorities within the political process. Such majorities in the form
of coalitions can be understood as political resources as defined by Majone
(1975).

With a carbon price, the negative effects of the use of fossil fuels are to
be priced into the economic process and at the same time further economic
growth is to be made possible. Thus, political actors are exposed to a conflict of
goals within fossil economies. Their central task is to moderate different inter-
ests. On the one hand, the state pursues the containment of climate-damag-
ing emissions and strives to comply with international obligations. Emissions
must be reduced throughout the economic system and at the same time con-
tinuous economic growth must be sought. On the other hand, the state must
moderate different and often conflicting economic interests and meet the ex-
pectations of voters in order to continue to be able to act.

This conflict of goals is reflected in the design of a carbon price. To be
ecologically effective, it must make the use of fossil fuels unprofitable. As ex-
plained earlier, the carbon price would be significantly higher than its current
level and lead to massive conflicts within society that prevent the implemen-
tation or existence of a carbon price. For a long-term effective climate policy,
politicians and bureaucrats must design measures in such a way that they at
least weaken opposition and, in the best case, promote support (Edmondson
et al., 2019, 2020). In order to make policies resistant to negative pressures,
a carbon price must be flanked by other climate and social policies (Jordan &
Matt, 2014).

A central aspect here is the fundamentally regressive character of a car-
bon price, which negatively affects acceptance. To ensure that broad sections
of the population do not oppose a carbon price, it is necessary to link state rev-
enues through a carbon price with redistributive measures. On the part of in-
dustry representatives, funding programs are being demanded for a phase-
out of fossil fuels and the further development of renewable alternatives. At
the same time, such funding programs run the risk of manifesting technolo-
gies that contribute to further conflicts and open up the space for further influ-
ence by interest groups (Rosenbloom et al., 2019). In addition, the state has the
potential to determine economic development paths for long periods of time
through support programs (Pierson, 2000). For example, there is a risk that af-
ter the phase-out of coal and nuclear energy in Germany, the expansion of the
natural gas infrastructure could delay the transition to a decarbonized econ-
omy (Kemfert et al., 2022). The state must therefore ensure a long-term per-
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spective for the transformation path with the help of climate policy measures,
anticipating possible obstacles due to a lack of acceptance and resistance (Ed-
mondson et al., 2020).

This again highlights the complex interplay between politics, business and
the broader public. The introduction and maintenance of a carbon price is the
subject of constant social negotiation processes that are determined by the
structure of the political process.

In the following, another social actor group in the political process is dis-
cussed. The focus here is on interest groups that are influenced differently by
the distributional effect of a carbon price and therefore try to influence the de-
sign of a carbon price.

3.2 Political feasibility and organized interests

The introduction or adjustment of a carbon price influences the cost struc-
ture of companies or entire industries. For example, a carbon price increases
the production costs of carbon-intensive industries, whereas carbon-efficient
industries are relatively better off. Based on these distributional effects, ei-
ther support for or opposition to a carbon price can form (Edmondson et al.,
2019; Pierson, 1993). Interest groups’ are particularly interesting from a politi-
cal science and politico-economic perspective because, in contrast to the gen-
eral population, they have direct access to the political process through lobby-
ing (Klaver & Zeidler, 2019; Pierson, 1993).

In this context, the formation, mobilization and political influence of in-
terest groups do not only depend on the re-allocation of resources, but are
also conditioned by the market structure of the affected industries (Peng et al.,
2021). Kliiver and Zeidler (2019) show that both the size, measured in terms of
the number of companies, and the value added are reliable predictors of lobby-
ing activity within an economic sector. Interest groups in these sectors benefit
from synergy effects and the financial resources invested in political influence.
Notably, the results also show a reciprocal relationship between lobbying and

1 The term interest groups includes not only economic interest groups, but also NGOs and trade
unions. These are omitted from this consideration, as they are not considered here as direct rep-
resentatives of the economic interests of affected industries. Nevertheless, these interest groups
arealsoimportant actors in the political process and can support the implementation of a socio-
ecological transformation (Cremer 2024; Trappmann et al., 2024).
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parliamentary initiatives—as the number of administrative requirements in-
creases, so does lobbying, and the same applies vice versa.

In this way, established industries generally have an advantage over newer
industries in influencing the political process. This advantage in the basic eco-
nomic endowment and the resulting influence of interest groups can consoli-
date existing power structures over time and lead to path dependencies (Pier-
son, 1993;2000). This hinders the introduction or increase of a carbon price due
to the relatively strong power position of interest groups of fossil fuel indus-
tries. Michaelowa (2013) outlines the shift in the positioning of fossil interest
groups since the 1990s in Germany. Initially, exemptions from climate policy
regulations were obtained for certain industries. When pollution rights were
then freely distributed within the framework of the EU ETS and unexpected
profits could be achieved, the headwind weakened somewhat. In addition, an
industry formed around renewable energies and a broader social commitment
to environmental protection emerged.

On the part of industrial and corporate interest groups, the opposition to
climate policies uses common lines of argumentation. Possible losses in sales,
the reduction of investments, layoffs of employees or even the relocation of the
production site are cited as threatening scenarios in order to directly influence
the political process or to mobilize the general population against climate pol-
icy intervention via the media (Lockwood, 2013; Meckling, 2019). Thus, interest
groups of carbon-intensive industries generally have an effective lever and can
actively influence the political process.

The last actor group to be addressed is the broader public. Similar to eco-
nomic interest groups, it is also affected by distributional effects. The special
feature here is that the broader public does not directly influence the political
process. However, it can express its interests through its voting behavior.

3.3 Political feasibility and the broader public

The distributional effect of a carbon price has a significant impact on the
broader public in the form of income effects, the intensity of which varies
across the income distribution. On average, wealthier households cause more
COz2 emissions than low-income households. But these low-income house-
holds bear a higher burden from carbon pricing, as they have to spend a higher
proportion of their income on necessary consumption (Grainger & Kolstad,
2010). Thus, a carbon price in an unequal society has a regressive effect and
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places a greater burden on those households that have fewer opportunities to
adapt their consumption behavior (Muth, 2023).

Survey studies on the acceptance of carbon prices show that acceptance de-
pends largely on the social compatibility of a carbon price and the reuse of
government revenues. In general, a progressive distribution of costs is pre-
ferred, in which wealthier households pay relatively more and poorer or vul-
nerable ones are compensated proportionately (Klenert et al., 2018; Maestre-
Andrés et al., 2019). In addition, a targeted use of the revenues collected for
further climate protection measures is appreciated. (Levi, 2021; Maestre-An-
drésetal., 2019). If the revenues from carbon pricing simply flow into the state
budget, this tends to reduce the acceptance of carbon pricing (Klenert et al.,
2018; Mildenberger et al., 2022).

Certainly, the public acceptance of carbon prices depends on other factors,
such as the fundamental political attitude, confidence in the state’s ability
to act and the public debate (Maestre-Andrés et al., 2019; Mildenberger et
al., 2022; Savin et al., 2024). Nevertheless, a socially acceptable design of
carbon pricing is crucial in order not to risk the support of the population or
strengthen political forces that oppose climate protection.

Depending on the social compatibility of carbon prices, acceptance among
the broader public can lead to ecologically progressive political parties being
elected to government. To this end, however, socio-economic lines of conflict
must be considered and mechanisms of social cushioning included in the de-
sign of carbon pricing schemes.

4, Behavioral barriers

The previous chapter has addressed the question of how to implement and
maintain a sufficient carbon price given political interests and their influence
on the realizability of the measure. However, chapter 2 has shown that even
some historical carbon prices that have come close to or even exceeded the pre-
sumed optimal price level fail to induce the necessary emission reductions. Ap-
parently, therefore, there seems to exist an ongoing discrepancy between the-
oretical predictions and the realized outcomes of carbon pricing policies.

We argue that part of this misprediction lies in the way the standard eco-
nomic model portrays human behavior and behavioral change. Building on the
rational actor, the model describes a form of decision-making that, as empir-
ical studies have shown, can only be observed in some contexts and is not ad-
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equate to describe the everyday behavior that is ultimately resulting in most
carbon emissions (Frederiks et al., 2015). Instead, human behavior depends on
amultitude of both internal (e.g. values, perceptions, habits) and external fac-
tors (e.g. resources, infrastructure, social norms), which are interdependent
and shape behavior to different degrees based on the relevant context (Milfont
& Markowitz, 2016; Wang et al., 2021).

The following sections summarize the literature on how real-world behav-
ior differs from the standard economic model in the context of carbon pricing
and sustainable behavior. We start by investigating the role of the rational actor
in the standard-economic model of carbon pricing in more detail. Afterwards,
we discuss various empirical findings of ‘imperfect’ decision-making and the
role of voluntary pro-environmental behavior to understand how the ineffec-
tiveness of carbon pricing can be counterbalanced by additional, behaviorally
informed policies.

4.1 Rationality in Pigou's model

Like most standard-economic models, Pigou’s model (1920) places humans in
a world where markets are the only place of interaction and all decisions to be
made are economic in nature. The economic agent (homo economicus) follows
the basic principle of optimization—consumers maximize their private utility
and firms maximize their private profits. In a free market with full informa-
tion and no market power, the coordination of supply and demand via price
signals produces a pareto-efficient allocation of resources such that costs will
be minimized and welfare maximized. By means of a Pigouvian tax (here as
carbon price), the social costs are internalized into the individual cost calcula-
tions and a welfare-maximizing equilibrium is achieved again.

The initial idea of carbon pricing is therefore fundamentally based on the
assumptions of a rational, optimizing agent whose welfare depends exclusively
on economic cost-benefit considerations. While it cannot be denied that peo-
ple make cost-benefit assessments and that prices do in fact influence firm and
consumer behavior, behavioral research shows that there is far more to (eco-
nomic) decision-making (Milfont & Markowitz, 2016). But how do deviations
from the rational model affect the effectiveness of carbon pricing?

To answer this, we will first examine the basic characteristics of the rational
actor and consider how, in theory, a violation of these characteristics might
affect his reaction to a carbon price.
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Urbina and Ruiz-Villaverde (2019) define homo economicus based on five
distinct characteristics: Individualism, optimizing behavior, full rationality,
exogenous preferences and universality. We discuss each of these in turn.

First, individualism describes the assumption that the economic agent ex-
clusively considers his own interest. While this does not exclude social prefer-
ences per se, pro-social behavior itself can only be the result of self-interest.
In addition, the agent’s social environment does not influence the decision-
making process, i.e. his decisions are made in a ‘vacuum’.

Individualism is a central assumption for the economic model of carbon
pricing because it constitutes the fundamental source of the externality prob-
lem: Since agents only consider their own welfare, private costs and social costs
can deviate and need to be aligned by the Pigouvian tax. And as an agent’s so-
cial environment does not influence his choices, prices are the only way to alter
behavior.

A deviation from the individualism assumption itself must not necessar-
ily reduce the effectiveness of carbon pricing, but taxing emissions might be
less crucial to solving the climate problem. If we assume that most people care
about others and are willing to forego personal gains in order to act pro-so-
cially, other measures might be just as important to motivate sustainable be-
havior—information provision, norm-based messaging or collective projects
could encourage behavioral change without having to rely on the continued
upkeep of a monetary incentive. Even more, if unsustainable patterns of be-
havior are the result of people’s social context, price signals might actually be
less effective—in this case, motivating sustainable behavior via non-market in-
terventions would be even more crucial.

The second characteristic, optimizing behavior, expresses the utility- and
profit-maximizing motive described above. By this assumption, each decision
is made based on an elaborate, often intertemporal, cost-benefit-analysis
to optimize private gains. When social costs are adequately represented in
market prices, individual optimization will also lead to collective welfare
optimization.

If people do not optimize, price changes alone may fail to induce the
predicted shifts in behavior. Instead, people might rely on simple rules of
thumb (heuristics) or follow a “good enough” approach (satisficing), as has
been studied extensively by behavioral economists (Mullainathan & Thaler,
2000). In such cases, choice-architecture interventions—like setting green
options as defaults or providing targeted nudges—can compensate for the lack
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of optimization and induce low-carbon behavior more effectively (Frederiks
etal., 2015).

Third, the rational actor is assumed to possess full rationality, allowing him
to perfectly process all available information and choose the best option avail-
able. In the case of carbon pricing, it follows that agents are immediately aware
of the change in prices and instantly switch to a more sustainable (i.e. cheaper)
alternative. If the government communicates a fixed price path for the carbon
tax, the rational actor can flawlessly integrate those expected future prices into
his investment and consumption plans. Finally, homo economicus is not inter-
ested in the origin of the increased price, but will adapt his behavior to the tax
in exactly the same way as he does to usual market-based price changes.

If we loosen the assumption of full rationality, people either have in-
complete access to the relevant information or they are not able to perfectly
process them. Consequently, they might not notice or care about the price
changes. Moreover, they might be unable to identify or access lower-carbon
alternatives—in this case, the tax would merely raise costs without lowering
emissions, reducing material welfare without the environmental gain.

In addition, the concept of tax aversion shows that people do not react to
taxes the same way as they do to regular price changes (Kallbekken et al., 2011).
If they refuse to accept the tax, they might also deliberately ignore it and resist
the behavioral adjustment.

Fourth, the standard-economic framework treats individual preferences as
exogenous. While strong assumptions about the structure of preferences are
made to ensure the consistency needed for mathematical optimization—they
are usually assumed to be complete, transitive, and monotonic—the initial
process of forming preferences is beyond the scope of traditional economics.
Under the assumption of stable preferences, shifting relative prices is therefore
the only viable lever for influencing consumption patterns.

Treating preferences as endogenous, on the other hand, might show that
personal needs, desires and tastes are not stable, but shaped by context, learn-
ing or socialization (O’'Hara & Stagl, 2002). If the formation of preferences
depends on such external factors, carbon pricing would not be the only (or
even most effective) strategy to motivate more sustainable behavior. It would
even be possible that modern economic activity, expressing current socially-
shaped preferences, might be sub-optimal in terms of well-being compared to
an economy in which other things are valued and other goals pursued.

Lastly, the universality assumption claims that every person acts according
to the rational actor model, independent from context, culture or personality.

‘https://doi.org/10. liby - Open Access - [-) EXRN



https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

Michelle Alfers & Elias-Johannes Schmitt: Carbon Pricing in Practice

Thus, if everyone applies the same rational decision-making process in every
situation, a global and universal carbon price is the best instrument to achieve
the social optimum.

If instead we assume that people apply varying decision processes in dif-
ferent social roles, economic contexts and stages of life, policy instruments too
would need to consider these differences. For instance, promoting sustainable
consumption choices might require a different strategy from decarbonizing
the energy sector.

To summarize, we have demonstrated how the theoretical superiority
of carbon pricing fundamentally relies on assumptions of a perfectly ra-
tional actor. If those assumptions are violated, efficiency and effectiveness
might be strongly diminished, and other sustainability strategies and policy
instruments gain significance.

4.2 Price signals and behavioral change

Behavioral economics has indeed shown that people do not always act ratio-
nally, but that our behavior is often guided, for instance, by cognitive biases
and heuristics (Shogren & Taylor, 2008). This can lead to individuals not recog-
nizing or caring about price changes, or not having the willingness or capacity
to adjust their behavior. Consequently, people tend to stick to high-carbon con-
sumption patterns despite the additional cost of a carbon tax (Stoll & Mehling,
2021).

To solve the persistence of unsustainable patterns of behavior, under-
standing its root causes can help guide decision-makers in designing adequate
responses and interventions to complement the financial incentive of carbon
pricing.

The range of cognitive biases and behavioral anomalies studied by behav-
ioral economists has grown steadily in recent decades and found application in
various fields (Mullainathan & Thaler, 2000). The strand of literature focusing
on sustainable behavior such as household energy use (Wilson & Dowlatabadi,
2007), low-carbon transport (Gaker et al., 2010) or green consumer choice
(Sunstein & Reisch, 2014) has identified a subset of these biases that seem
particularly relevant to these contexts. We categorize them in two groups
according to how they influence the effect of carbon pricing: First, they affect
whether any behavioral changes are made at all, and second, they influence
the kind of behavior that is adopted instead.
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The first challenge then lies in ensuring that the carbon price provides suf-
ficient incentive for individuals to adjust their behavior in the first place. Em-
pirical research indicates that people exhibit strong inertia, favoring familiar
routines and only reluctantly modifying their existing habits even when be-
havioral changes would benefit them (Marechal & Lazaric, 2010). The cogni-
tive component of the same phenomenon has been studied under the notion
of status-quo bias — a systematic preference to maintain or repeat prior choices
even when better alternatives are available (Samuelson & Zeckhauser, 1988).
In general, habituation arises from a cognitive mechanism designed to min-
imize mental effort, reduce learning costs, and preserve one’s sense of com-
petence and self-control (Galla & Duckworth, 2015; Jager, 2003). Such strong
habits are especially relevant in every-day activities such as personal mobility,
dietary choices, and residential energy use (Wang et al., 2021) and have been
found to impede switches to low-carbon behaviors in these contexts (R & Pe-
rumandla, 2023; Watkins & Musselwhite, 2025). This highly habitual nature of
most carbon-intensive consumer behaviors has led some authors to declare
habits as the most important barrier to sustainable behavior (Huebner et al.,
2013; Wang et al., 2021).

The second challenge lies in ensuring that individuals who do respond to
the carbon price by altering their behavior do so in ways that effectively reduce
their carbon footprint.

Behavioral economics shows that the optimization assumption of tradi-
tional economic models does not apply to many real-world behaviors, but that
most decision processes are guided by heuristics, satisficing and social cues
(Frederiks et al., 2015). Satisficing refers to the human tendency to exert only the
effort needed to achieve a satisfactory rather than an optimal result. Instead of
systematically processing all available information to maximize utility, people
often settle for ‘good enougly or the first available option that meets minimum
requirements (ibid). Similarly, heuristics describe choice strategies that do not
rely on careful cost-benefit analyses, but use simple rules of thumb to reduce
the complexity of decision-making processes.

Consequently, consumers facing a carbon price might reduce high-carbon
behaviors or switch to less carbon-intensive goods, but do so in ways that are
not as effective as predicted. For example, consumers might rely mainly on
product marketing to choose more sustainable products, which can lead them
to overestimate the carbon reductions from products labeled as ‘eco-friendly’,
ultimately causing only minimal environmental impact despite the intention
to act more environmentally-friendly (Hossain et al., 2022). Indeed, survey ev-
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idence indicates that many consumers misjudge the carbon-reduction poten-
tial of various actions (Ipsos, 2021).

These findings underscore the difficulty of influencing consumption pat-
terns that have been reinforced by habit and familiarity, as well as encourag-
ing behavior change that truly decreases consumer’s carbon footprint. Conse-
quently, for carbon pricing to trigger meaningful emission reductions, a car-
bon price must be complemented by interventions that directly lower these
behavioral barriers. Promising approaches include implementing green de-
fault settings and opt-out programs that leverage inertia in favor of sustain-
able outcomes—for instance, making renewable energy the standard option
in new electricity contracts (Pichert & Katsikopoulos, 2008) or offering plant-
rich meals in school cafeterias by default (Marcano-Olivier et al., 2020). Sim-
ilarly, providing consumers with clear information on effective carbon-reduc-
tion strategies can steer their decision-making toward more sustainable prac-
tices.

4.3 Carbon taxes meet pro-environmental behavior

While the behavioral economics perspective is concerned with strategies to
correct behavioral failures and promote decisions that resemble that of the ra-
tional agent, it still follows the standard-economic argument that consumer
behavior must be regulated from the “outside” to achieve the social optimum.
In doing so, the economic perspective assumes that people have no intrinsic
incentive to make decisions for the sake of sustainability itself—a direct con-
sequence of the individualism assumption discussed above.

While most economists probably would not deny the existence of pro-en-
vironmental values, one argument for carbon pricing is that we do not have to
rely on moral considerations to solve the climate crises (Baranzini et al., 2017).

However, this argument faces two major problems.

First, carbon pricing and the focus on a purely economic solution has been
shown to interfere with pro-environmental behavior. Experimental research
shows that people’s intrinsic motivation to act pro-environmentally can be di-
minished or replaced by an extrinsic incentive that is aimed at promoting the
same behavior, such as the carbon price (Gowdy, 2008). This crowding-out effect
has been studied in other contexts by both psychologists (e.g. Deci, 1971) and
behavioral economists (e.g. Gneezy & Rustichini, 2000), but has gained more
attention with regards to carbon pricing in recent years.
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Experimental studies confirm that the price effect of a carbon tax intended
to reduce consumption is partially offset by an (openly communicated) carbon
tax (Grieder et al., 2021; Lanz et al., 2018), suggesting that consumer’s intrinsic
motivation to reduce emissions is indeed reduced by their awareness of the
tax. One explanation is so-called ‘moral licensing—paying a higher price for
carbon-intensive goods can make consumers feel they have ‘earned’ the right
to continue harmful behavior, as the extra cost is perceived as compensating
for the environmental damage (Stoll & Mehling, 2021).

This line of argument is further supported by evidence that earmarking the
tax revenues, i.e. using them to finance green projects or subsidize sustain-
able alternatives, further increases the willingness to buy a high-carbon good
(Grieder et al., 2021). Again, it is assumed that part of the perceived moral obli-
gation to act pro-environmentally is crowded out by the knowledge that the tax
revenues are utilized for sustainable purposes. In addition, consumers might
actively believe the product to be ‘greener’ as their purchase is indirectly used
to mitigate climate change elsewhere.

Interestingly, the observed negative effect of earmarked carbon taxes on
sustainable behavior mirrors the evidence that earmarking carbon prices in-
creases the acceptance of the policy. While the latter finding is often used to
recommend implementing carbon taxes and using the revenues for environ-
mental purposes, the former literature suggests avoiding explicit earmarking
to not reduce the effectiveness of the tax. Thus, the question of revenue use
seems to face a trade-off between public acceptance and behavioral effective-
ness.

In addition to the crowding-out effect, the economic focus on monetary
incentives might have another downside with respect to pro-environmental
behavior: Experimental evidence indicates that money itself can undermine
cooperative behavior, with the mere mention of money resulting in more self-
regarding attitudes and reduced pro-social decisions (Vohs et al., 2006). There-
fore, arguing that behavior is best regulated via economic incentives because
people inherently follow their own interest might turn out to be a self-fulfilling
prophecy.

Concluding the first problem of exclusive reliance on carbon taxes to mit-
igate climate change: In cases where people are self-motivated to reduce their
environmental impact, a carbon price that undermines this motivation can
lead to less effective emission reductions than would occur through their un-
aided, voluntary actions.
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Second, the economic perspective ignores the fact that extrinsic and in-
trinsic motivation have qualitatively different behavioral consequences.

Extrinsic motivation, on the one hand, faces the disadvantage that it of-
ten needs to be permanently maintained in order to trigger a lasting change
in behavior; once the incentive is removed, behavior is often found to revert
back to baseline levels, especially when the behavior change has not resulted in
new habits (James, 2005). Moreover, some studies find that the behavioral ef-
fect of the incentive declines over time as individuals get used to it, resulting in
the need to increase the size of the incentive to maintain persistent behavioral
adjustments (ibid).

Intrinsic and autonomous motivation, on the other hand, have been shown
to produce long-lasting behavioral patterns that are not only independent from
the existence of an extrinsic incentive, but which also deepen investment in
the behavior itself and improve peoples’ psychological well-being (Ryan & Deci,
2000). Indeed, individuals who act out of genuine concern for the environment
have been found to develop stronger habits and green lifestyles, which can pos-
itively influence others and foster a collective culture of sustainability (Faraz et
al., 2021). Research on the determinants of persistent pro-environmental be-
havior also confirm the importance of moral conviction, environmental values
and voluntary action (Bamberg & Méser, 2007).

Unfortunately, pro-environmental attitudes do not always translate into
pro-environmental behavior, as extensive research on the value-action-gap,
attitude-action-gap and intention-action-gap shows (Kollmuss & Agyeman,
2002). To bridge these gaps, efforts need to be made to remove structural
and institutional barriers hindering the adoption of sustainable behaviors.
For instance, providing a safe bicycle infrastructure, reliable public transport
and walkable environments have been found to be the key instruments for
reducing transport-related carbon emissions (Javaid et al., 2020). Similarly,
governments can promote longer product life spans by setting standards on
product durability and repairability or promoting business models that spe-
cialize on repair, refurbishment and repurposing of products (Milios, 2021).
Lastly, subsidies or ‘green’ loans can help lower-income households over-
come financial barriers that might otherwise prevent them from investing in
energy-efficient technologies (Wilson & Dowlatabadi, 2007).

Inlight of these findings, it becomes evident that placing singular focus on
carbon prices risks missing the chance to encourage meaningful, long-term
behavioral change through policies designed to close the value—action gap and
promote collective sustainable action.
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5. Conclusion

This article has outlined the basic, economic foundations of carbon pricing. Its
origins go back to Pigou, whose idea of taxing an externality to correct the mar-
ket failure it caused has laid the foundation for how economists understand
the problem of (and solution to) climate change today. Decades later, William
Nordhaus advanced Pigou’s idea by integrating it into formal climate-economy
models to derive a carbon price that balances the economic benefits of fossil
fuel use with the costs of climate change. Despite criticism on core modelling
assumptions, as well as on the overall approach that prioritizes economic op-
timality over effective environmental protection, Nordhaus’s work forms the
basis for most of today’s carbon prices.

As empirical evaluations show, however, the majority of carbon prices im-
plemented to date are neither as high as supposedly necessary, nor as effective
as predicted. We argued that two aspects, among others, lack in the economic
conceptualization of carbon pricing which hinder its effectiveness in practice:
The issue of political feasibility and the diversity of human behavior beyond the
assumptions of the rational actor model.

From a politico-economic perspective, the introduction and implementa-
tion of a carbon price are shaped by the heterogeneous interests and influ-
ence of societal actors. Political feasibility depends on the support of these ac-
tors, typically divided into the mass public, interest groups, and the political
elite. Consumers, who experience carbon pricing mainly through income ef-
fects, represent the central actors of the mass public. Social support depends
less on the price level itself than on compensatory measures that offset income
losses and facilitate sustainable choices. Interest groups, representing firms
and sectors, are likewise affected by distributional effects but can shape polit-
ical decisions through lobbying; their resources and interests must therefore
be considered in policy design. Finally, the state, composed of diverse political
actors, seeks to represent voter interests. The design of a carbon price can thus
create path dependencies that either reinforce or mitigate social inequalities.

The analysis of psychological and behavioral factors shows that carbon
pricing models fundamentally rely on the rational actor assumption, which
is central to their conclusion that putting a price on COz2 is the most efficient
solution to climate change. Real-life behavior, however, has been shown to reg-
ularly deviate from these assumptions, which ultimately reduces the observed
effectiveness of the policy. These findings highlight the need for behaviorally
informed and complementary policies to make the theoretical efficiency work
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in practice. This includes removing behavioral and structural barriers from
low-carbon choices, as well as fostering the sense of collective action and pro-
social attitudes necessary for people to practice sustainable behaviors on their
own volition and conviction. Finally, for those behaviors that are not easily
accessible or have high initial costs, subsidies and increased availability can
foster behavioral changes that carbon pricing alone cannot achieve.

In sum, our analysis of the political-economic, psychological and behav-
ioral economic factors shows that a carbon price alone is not an effective mea-
sure to sufficiently reduce carbon emissions. Based on these findings, we argue
that, in addition to economic factors, a broader, interdisciplinary view is cru-
cial when designing a carbon price in order to make the policy both socially
acceptable and ecologically effective. Economists must include such interdis-
ciplinary factors in their analyses if they want to make a goal-oriented contri-
bution to the socio-ecological transformation of our societies.
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The Ecological Price of Inequality
How Wealth Disparities Shape Sustainable Development

Michelle Alfers

Abstract: Environmental degradation and global income inequality are widely recog-
nized as two of the defining crises of the 21st century. In political practice, they are usu-
ally treated as two separate challenges, requiring separate sets of interventions. Growing
research, however, suggests that both are deeply interconnected and that economic in-
equality is not just a separate concern, but a core component of sustainable development.
This chapter provides an overview of the literature investigating the effect of economic
inequality on environmental degradation. Theory suggests that various channels drive
this relationship via political, economic and social pathways. After discussing each of
these pathways, the chapter reviews empirical findings on the inequality-environment
link from a wide range of national contexts. Although studies report mixed findings, some
patterns emerge with respect to national income levels and environmental indicators.
By mapping the three underlying pathways and synthesizing results across countries,
the chapter shows where equality can serve as a lever for environmental improvement
and where trade-offs must be managed, pointing to integrated policy designs and prior-
ities for future research.

1. Inequality and environmental degradation—two separate crises?

Environmental degradation and increasing economic inequality are among
the most pressing crises of current times.

Ecological crises, including climate change, biodiversity loss, pervasive
pollution and growing freshwater scarcity, are tightly linked and accelerate
rapidly. The IPCC’s latest report shows warming of about 1.1 °C, already with
escalating, widespread risks from extremes and slow-onset changes (Calvin
et al., 2023). Global biodiversity is in steep decline, with IPBES estimating

‘https://doi.org/10. liby - Open Access - [-) EXRN



https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

184

Part lI-Challenging the Status Quo

about 1 million species at risk of extinction due to land and sea-use change,
overexploitation, pollution, invasive species and climate change (Watson et
al., 2019). Pollution remains the largest environmental risk to health, causing
about 9 million premature deaths annually (Fuller et al., 2022). Synthesizing
these trends, the updated planetary boundaries assessment concludes that six
of nine Earth-system limits are already transgressed (Richardson et al., 2023).
Overall, the continuous increase in global economic activity poses a serious
threat to the planet.

Despite the associated growth in global wealth, not everyone benefits
equally from it—in most countries, economic inequality continues to in-
tensify (Milanovic, 2024), leading to numerous adverse social and economic
outcomes. The persistence of absolute poverty, inadequate access to basic
needs, and lack of social inclusion remain a fundamental problem, especially
in low-income countries. Studies demonstrate that both absolute and relative
poverty seriously undermine physical and mental health (Pickett & Wilkin-
son, 2015), making it even more difficult for individuals to escape persistent
poverty.

Beyond its impact on individual well-being, inequality is linked to a va-
riety of macroeconomic and societal challenges. For instance, it is associated
with weakened resilience against recessions and economic crises (Kumhof et
al., 2015). On a societal level, socioeconomic inequality has been shown to con-
tribute to the destabilization of systems by deepening social fragmentation
and polarization, leaving room for populism (Engler & Weisstanner, 2021) and
fostering violent crime rates (Fajnzylber et al., 2002).

In sum, both individual well-being and systemic stability are significantly
impacted by strong degrees of inequality.

Moreover, solving these two crises is severely complicated by the fact that
both are deeply interconnected. As research on the issue of carbon inequality
shows, both the responsibility for and the burden of environmental degra-
dation are distributed highly unequally: Globally, the richest 10 percent are
responsible for nearly half of consumption-based CO2 emissions, while the
bottom 50 percent emit only a tenth of global CO2 (Bruckner et al., 2022).
Historically, the countries that are now among the richest in the world have
contributed most to the current carbon budget: The USA, UK and today’s EU
countries have emitted nearly half of global cumulative emissions since 1751
(Ritchie, 2019), a share that increases even more when colonial rule is taken
into account (Evans & Viisainen, 2023). At the same time, the consequences
of climate change and environmental degradation have a disproportionate
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impact on the poorest households, as people in low-income countries are
exposed more frequently to climate disasters, have fewer resources to protect
themselves against them, and rely more heavily on natural resources and
ecosystem services for their everyday living (Adger et al., 2003; Barbier &
Hochard, 2018).

In the context of environmental protection, inequality further intensifies
the trade-offs between economic interests and mitigation efforts: When sus-
tainability requires changes in lifestyles and investments in cleaner technology
and infrastructure, negotiations about who carries which share of the burden
are often unavoidable. Consequently, issues of social fairness and acceptability
have become a crucial component of (and obstacle to) environmental policies
(Maestre-Andrés et al., 2019).

In addition to the questions of climate justice and the feasibility of envi-
ronmental policies, a growing strand of literature has emerged over the last 30
years studying the direct linkages between economic inequality and ecologi-
cal degradation. The overarching goal of this line of research is to understand
whether income inequality, on an aggregate level, is conducive or obstructive
to sustainability—or, as a result, whether policymakers can either utilize a win-
win relationship to achieve both higher levels of equality and sustainability or
whether they have to carefully manage a trade-off between both goals.

This strand of literature focuses on two questions: 1) What are the underlying
pathways through which inequality affects the environment? and 2) What is the empir-
ical evidence of the inequality-environment relationship across countries and time?

The first question has been discussed extensively on a theoretical basis.
While various mechanisms have been proposed, the literature focuses on three
pathways, two of which act through households’ consumption patterns and
one through the distribution of political power. Since these pathways suggest
contradictory effects, however, they alone cannot provide a definite answer.

As aresult, more attention is being paid to the empirical evidence. Despite
a growing number of studies, the results do not provide a clear picture, either.
In addition to mixed findings, estimates have been found to be sensitive to
country-specific contexts, use of indicators for inequality and environmental
impacts, as well as choices of data and methodology.

The aim of this chapter is to review this literature addressing the effect of
economic inequality on environmental degradation. While neither theoretical
considerations nor empirical evidence provide a definitive answer, the chap-
ter attempts to provide a structured overview of the current state of research.
Section 2 discusses possible political, economic and social pathways underly-
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ing the inequality-environment link. In section 3, I summarize the empirical
evidence on the relationship, highlighting some patterns that emerge despite
the overall mixed findings. Section 4 concludes with a summary of policy im-
plications and open points for future research.

2. The pathways from inequality to sustainability

While many studies try to establish a general link between inequality and envi-
ronmental degradation, this aggregate relationship seems to emerge from an
interaction between various underlying mechanisms. Several approaches have
been used to study these mechanisms, e.g. by investigating the role of different
societal actors and decision instances (Islam, 2015), using a scale-composition-
technique approach (Berthe & Elie, 2015; Clement & Meunie, 2010) or taking a
complex adaptive systems perspective (Leach et al., 2018). Most papers, how-
ever, explain the inequality-environment link by distinguishing between eco-
nomic and political pathways.

From this analytical perspective, the economic pathways operate via the
consumption and investment decisions of households, whereas the political
pathways investigate the role of power, voter interests and political priorities in
the determination of environmental policies. In more recent papers, the social
dimension is discussed as well, showing how social and cultural consequences
of inequality shape environmental attitudes.

As not only the theoretical, but also most empirical papers are guided by
this classification, I will discuss the three pathways in more detail in the fol-
lowing sections.

2.1 Political pathways

Among the first authors to link environmental degradation and economic in-
equality was Boyce (1994). Using a political economy framework, he demon-
strated how inequality can exacerbate environmental harm through power dy-
namics favoring the wealthy.

He adopts the standard welfare-economic model of externalities as his
point of departure. In this framework, polluting activities yield short-term
economic gains but also impose costs on the general public. When these
gains and costs are unevenly distributed across the population, certain actors
derive net benefits from such activities, while others bear net costs. In equi-

‘https://doi.org/10. liby - Open Access - [-) EXRN



https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

Michelle Alfers: The Ecological Price of Inequality

librium, the level of pollution should be set to maximize overall welfare. Given
diminishing marginal benefits from the pollution-generating activity and
increasing marginal costs from pollution, the socially optimal level of activity
is determined by the standard condition in which marginal benefit equals
marginal cost.

Boyce contends that this optimal outcome can only be achieved if no power
asymmetries exist between net beneficiaries and net cost bearers. Where such
asymmetries do exist, the level of pollution is no longer determined by the opti-
mal benefit-cost criterion, but instead by the so-called ‘power-weighted social de-
cision rule’ (PWSDR) whereby more powerful actors have greater influence over
public decision-making. Depending on whether power is concentrated among
the winners or losers of polluting activities, the resulting pollution level will
deviate upward or downward from the social optimum. Consequently, greater
power inequality leads to larger deviations from the socially optimal level.

Building on this formal model, Boyce argues that a) political power is usu-
ally correlated with income and b) income correlates with being a net benefi-
ciary of polluting activities. As a result, powerful actors who benefit from pol-
lution are able to assert their interests via the PWSDR, resulting in higher pol-
lution levels.

Boyce justifies the assumption that wealthy individuals have a stronger
preference for pollution on two grounds (Torras & Boyce, 1998). First, he argues
that the wealthy benefit disproportionately from polluting activities because
they are more likely to own polluting firms, hold greater asset portfolios and
maintain higher levels of consumption. As a result, they generate greater
producer and consumer surplus, which they have an interest in protecting.
Second, wealthy individuals are more likely able to protect themselves from
the consequences of pollution, for example by relocating to less polluted areas
or by using their financial resources to secure priority access to otherwise
scarce goods and services.

Accordingly, strong inequality creates conditions in which high levels of
pollution persist, with the associated costs disproportionately borne by low-
income groups that lack the political influence to prevent them. In the context
of political decision-making, this dynamic manifests as insufficient environ-
mental protection and inadequate climate mitigation policies.

Boyce's line of argument, also known as the equality hypothesis, is promi-
nently challenged by Scruggs (1998), who argues that the link between inequal-
ity and environmental quality is more complex and mediated by institutional
structures and the distribution of preferences.
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Scruggs mainly challenges Boyce’s claim that the wealthy systematically
prefer environmental degradation. He argues that, if the environment is con-
sidered a normal or superior good, higher-income individuals may instead
demand more protection, meaning inequality could under some conditions
improve environmental outcomes. He also questions the assumption that
the wealthy can fully shield themselves from pollution, noting that global
problems like climate change are public, not private, bads.

Empirically, Scruggs points to evidence that environmental concern is of-
ten stronger among higher-income groups, drawing on Inglehart’s theory of
culture shift according to which post-materialist values can only emerge once
aminimum level of prosperity and material security is acquired. He concludes
that environmental preferences cannot be reduced to income alone but result
from a complex interplay of economic, cultural, and individual factors.

Finally, Scruggs disputes Boyce's notion that political outcomes simply re-
flect power-weighted preferences. Instead, institutional rules, advocacy dy-
namics and voting behavior shape the outcome of democratic processes. Thus,
even if higher equality strengthened pro-environmental interests, the result-
ing collective choices might not automatically lead to more environmental pro-
tection.

Considering both positions, the political economy arguments can thus
lead to inequality being either conducive or obstructive to environmental
quality, depending on which assumptions about environmental interests and
the mechanisms of political influence are true in a given empirical context.
Berthe and Elie (2015) summarize this point by identifying three questions
that need to be asked in order to test the suitability of the different arguments:

1. Whatare different social groups’ overall interests in terms of protecting the
environment?

2. How have these interests been transformed into political positions?

3. Are these positions reflected in political decisions?

While these two theoretical positions dominate the inequality-environment
literature, other political pathways may play a role as well.

First, both positions investigate how political interests directly translate
into public decision-making. However, political decisions are not only influ-
enced by contemporary interests and institutional structures, but also by gen-
eral beliefs about welfare, economic dynamics and the role of the government.
In the short term, public opinion has been shown to be significantly affected
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by the media (DellaVigna & Kaplan, 2007), which can be biased towards the in-
terests of the wealthy if media ownership is concentrated in these groups. In-
deed, studies confirm this influence of elite and business interests in various
contexts (e.g. Gilens & Page, 2014; Popiel, 2018).

In the long run, political and economic thinking is strongly influenced by
academia, think tanks and policy networks, often reflecting the interests of
privileged groups and contributing to the preservation of existing power bal-
ances (Campbell & Pedersen, 2014). Therefore, existing power asymmetries do
not only influence which interests are prioritized in political decision-making,
they can also influence the formation of interests in the first place.

Second, inequality can shape environmental policy by shifting political pri-
orities from long-term concerns to short-term issues. The social consequences
of inequality—lacking access to necessities in low-income groups, increased
support needs in times of crises, unequal opportunities in education and em-
ployment, etc.—require political attention and resources that could be reduced
in the long run if structural changes were implemented to permanently re-
duce inequality (O'Neill, 2020). Instead, policies prioritizing the preservation
of the status quo tend to apply short-term ‘damage control’ measures to cush-
ion the consequences of inequality (Stiglitz, 2015), forcing political attention
away from other long-term concerns such as environmental protection.

In sum, most of these political pathways suggest that inequality acts as a
barrier to sustainable development, making reductions in income and power
disparities an important tool to combat environmental degradation. However,
the role of environmental preferences across the income distribution plays in
an important role in these dynamics—if high-income groups with significant
political power care more about the environment than lower-income groups,
inequality could actually lead to better environmental protection.

2.2 Economic pathways

The economic pathways underlying the inequality-environment link focus on
how households’ consumption patterns would be affected by income redistri-
bution measures.

As discussed earlier, high-income groups are responsible for the majority
of resource use and pollution, both within and across countries. For instance,
Bruckner et al. (2022) find that carbon footprints of the top 10 percent incomes
in the US are about 40 times higher than those of the top 10 percent in Nigeria,
and over 500 times higher than the footprints of Nigeria’s bottom 10 percent.
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Globally, they report that the top 1 percent emit more CO, than the bottom 50
percent combined.

These extreme degrees of carbon inequality should undoubtedly serve as
a warning to recognize the role and responsibility of high-income groups in
the ongoing global environmental crisis. Nevertheless, they are more indica-
tive of the impact of extreme wealth on the environment rather than the impact
of wealth inequality per se. Wealthy households have a disproportionately higher
ecological footprint than poorer households, but they also have disproportion-
ately high incomes. Whether redistributing this income would mitigate or ex-
acerbate the environmental footprint of consumption depends on the extent to
which lower-income households spend the additional income on more or less
resource-intensive goods. In other words, it depends on the resource intensity
of the average dollar spent across the income distribution.

The inequality-environment literature addresses this problem using the
marginal propensity to emit (MPE) framework (Holtz-Eakin & Selden, 1995),
describing how emissions associated with each dollar earned change with
increasing income. In the case of constant MPE, redistribution should not
affect consumption-based emissions because each dollar ‘contains’ the same
amount of emissions. If the MPE is increasing, redistribution would benefit
the environment as a dollar used in lower income groups is associated with
fewer emissions than one in higher income groups. If it is diminishing, redis-
tribution would worsen environmental degradation as more money is spent
on emission-intensive goods after redistributing it.

Studies investigating the environmental impact of consumption patterns
in Western countries tend to support the diminishing marginal propensity to
emit (DMPE) hypothesis, i.e. the average carbon intensity of consumption de-
creases with higher income (Grunewald et al., 2017; Wan et al., 2022). This ob-
servation is linked to two underlying effects:

First, the marginal propensity to consume (MPC) usually diminishes with
increasing income (Drescher et al., 2020). Compared to lower-income house-
holds, higher incomes devote a smaller proportion of their income to con-
sumption, directing more towards savings or investment instead. Wealthy
households spending less income on consumption therefore have a lower
ecological footprint of consumption relative to their income than households
with higher MPC.

Second, the composition of consumption patterns also changes across the
income distribution. Analyses of household expenditure data suggest that, at
least in high- and middle-income countries, the average carbon and resource
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intensity (i.e. the impact per dollar) tends to diminish with increasing income
as well (Ivanova et al., 2016). Lower-income households usually spend a larger
share of their income on carbon-intensive necessities such as food and hous-
ing, while higher-income households tend to buy more services, higher-qual-
ity (i.e. more durable) goods, as well as high-efficiency appliances (Bjelle et al.,
2021; Druckman & Jackson, 2016). Rich households also tend to have a higher
willingness to pay for expensive products and brand mark-ups (Fassnacht &
Dahm, 2021), which have a lower environmental impact per dollar compared
to less expensive substitutes with comparable material and energy inputs.

While most studies support the evidence of diminishing MPC and MPE,
estimates of exact elasticities vary considerably across countries (Berthe & Elie,
2015), indicating that other economic and socio-cultural factors might play a
role in determining consumption patterns in a given context. Static analyses
using data of historical consumption patterns to test the effect of redistribu-
tion may therefore fail to capture dynamic connections between inequality and
consumption. Consequently, understanding how inequality itself shapes con-
sumption patterns via economic and social mechanisms is crucial to assess the
ecological effect of redistribution.

One of these dynamic effects is captured by the concepts of conspicuous con-
sumption and status competition, representing the second economic pathway fre-
quently discussed in the inequality-environment literature. Based on Veblen's
Theory of the Leisure Class (1899), conspicuous consumption describes the pur-
chase of expensive and highly visible goods that are not consumed for individ-
ual utility, but to signal wealth, status and social position to others. According
to Veblen, wealthy individuals engage in conspicuous consumption to differen-
tiate themselves from lower social classes. In doing so, they create status com-
petition that lower-income groups respond to by trying to emulate the con-
sumption patterns of the rich—Keeping up with the Joneses'—resulting in a
‘consumption arms race’ across income groups.

Veblen's theory is applied to the inequality-environment relationship to de-
scribe how inequality affects consumption patterns via social norms. In highly
unequal societies, differences in social status are more pronounced and visible,
which intensifies status competition and therefore demand for status goods.
This can lead to more resource-intensive consumption patterns via three direct
effects: First, status competition can cause a scale effect by stimulating total
demand—as demand for status goods rises across all income groups, overall
consumption levels increase (Bertrand & Morse, 2016). Second, the environ-
mental impact of consumption increases if status goods are more resource- or
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emission-intensive than the average non-status good. Evidence for this com-
position effect has been found in the context of SUV purchases (Grinblatt et
al., 2008), travel (Josiassen & George Assaf, 2013) and housing (Fligstein et al.,
2017). Third, there is some evidence that status competition can increase peo-
ple’s working hours, affecting both economic growth and individual consump-
tion levels (Bowles & Park, 2005).

As before, the consumption pathways lead to conflicting implications: On
the one hand, the DMPE findings suggest that reducing income disparities
will harm the environment by allocating income towards households with
more resource-intensive consumption patterns. On the other hand, the Ve-
blen approach indicates that higher equality can mitigate status competition
and overconsumption, leading to lower absolute and possibly less resource-
intensive lifestyles. The total impact of redistribution would thus depend on
the net effect between the two.

Finally, it should be noted that the arguments surrounding the economic
pathway focus mostly on consumption, ignoring the role of investments in a
household’s environmental footprint. Although it is difficult to assign the envi-
ronmental impact of production processes to investors rather than final con-
sumers, the role of capital income cannot be ignored in a discussion on the
effects of inequality. Compared to labor income, it is significantly more con-
centrated among the population, with the top 10 percent receiving a dispro-
portionate share of dividends and profits (Bengtsson & Waldenstrém, 2018).
Hence, lower marginal propensities to consume among the rich may be offset
by higher investment shares. Indeed, Chancel (2022) finds that most emissions
caused by the top 1 percent stem from investments rather than consumption.

The environmental effects of redistribution via changes in investment be-
havior are hard to predict, mainly because of the interaction of scale and tech-
nique effects: While investments contribute to expanding production levels,
they can also promote efficient production processes via innovation and tech-
nology. Nonetheless, incorporating investment and capital income alongside
consumption in the analysis may reveal an important piece in the inequality-
environment puzzle.

2.3 Social pathways

Income inequality can affect environmental degradation through several social
pathways, which explain how inequality influences environmental concern via
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social norms, societal cohesion, and environmental awareness. As before, sev-
eral mechanisms stand out.

The first one directly builds on the conspicuous consumption pathway dis-
cussed above. In addition to the effects of status competition on demand, it has
been argued that cultures expressing social hierarchies mainly though mate-
rial goods foster materialism and consumerism (Kasser, 2003), influencing not
only individual consumption choices but general attitudes on life and well-be-
ing. As such, they can also feed back into attitudes on sustainability. For in-
stance, materialism has been shown to be related to lower environmental con-
cern, possibly because people view sustainability and the necessary changes
in lifestyles as a direct threat to their social status and identity (Kilbourne &
Pickett, 2008).

Second, inequality has been found to reduce pro-environmental attitudes
by weakening social cohesion and a sense of solidarity. Research suggests that
societies with higher economic inequality and steeper social hierarchies show
lower levels of trust in institutions and among citizens, strongly mediated by
perceived societal (un)fairness (Rothstein & Uslaner, 2005). This can reduce
people’s desire to advocate for others and be concerned with the common good
(Power et al., 2016).

There is strong evidence that this effect also feeds into environmental con-
cern, behavior and policy support. Generalized trust, for example, is linked to
general pro-environmental behavior (Zheng et al., 2025) and has been found
to reduce the gap between environmental concern and action (Tam & Chan,
2018). Similarly, Harring & Jagers (2013) report that higher interpersonal trust
increases support for carbon taxes. With respect to social norms, Vesely et al.
(2020) find that pro-environmental acts are perceived as signals of coopera-
tiveness that, in turn, elicit more cooperation from others. Overall, this evi-
dence suggests that societies with strong social cohesion produce a sense of
collective responsibility for current and future generations, which is an essen-
tial prerequisite for mobilizing collective efforts toward environmental sus-
tainability (Wilkinson et al., 2010).

The third social pathway concerns the role of education. Economic inequal-
ity is typically associated with inequality in educational attainment (Gregorio
& Lee, 2002). Education, in turn, is related to environmental awareness, atti-
tudes and behaviors, (Meyer, 2015), including behaviors such as organic food
choice (Dimitri & Dettmann, 2012), bicycle-use (Cole-Hunter et al., 2015) and
green voting (Schumacher, 2014).
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Table 1: Overview of theoretical pathways

. Hypothe-
Type of pathway Mechanism ‘yp
sized effect

Political Equality hypothesis and PWSDR (Boyce, 1994) +

PWSDR with increasing environmental prefer- -

ences over income (Scruggs, 1998)

Influence of elites on political and economic be- +

liefs

Political priorities and short-termism +
Economic Diminishing marginal propensity to emit -

(DMPE)

Veblen effect and status competition +
Social Materialism and consumerism +

Social cohesion and collective responsibility +

Education +

Description: Overview of political, economic and social pathways. The three main mech-
anisms discussed in the literature are printed in bold. Positive effects of inequality on
environmental degradation represent a ‘win-win' relationship, negative ones a trade-off

between improved equality and environmental quality.

How does education raise pro-environmental attitudes? While the role of
environmental knowledge itself is smaller than commonly expected (Kollmuss
& Agyeman, 2002), the process of engaging with environmental topics gen-
erally seems increase awareness (Zsoka et al., 2013). Furthermore, there is evi-
dence that education can foster civic engagement and voter participation (Dee,
2004), which can increase environmental concern via the social cohesion path-
way. Indeed, Meyer’s (2015) observed positive effect of education on several
pro-environmental behaviors suggest a higher concern with social welfare as
one of the underlying mechanisms.

Summarizing the findings on the three types of pathways, this chapter il-
lustrated the multidimensionality and context-dependency of the inequality-
environment relationship. The social and most political pathways indicate that
higher equality is beneficial for the environment, whereas the economic path-
ways suggest conflicting effects (see table 1 for an overview).
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To gain insights into the overall net effect of these pathways, the next sec-
tion turns to studies investigating the relationship empirically across countries
and for various measures of environmental degradation.

3. Evidence of the inequality-environment relationship

Empirical studies investigating the inequality-environment relationship have
been growing steadily since the 1990s. Starting with the pioneering study by
Torras and Boyce (1998), who aimed to test Boyce's (1994) equality hypothesis,
many papers followed to empirically investigate the relationship in various na-
tional contexts.

3.1 Research designs and methods

Most of the empirical studies discussed below use panel data to test the rela-
tionship within or across countries.

To measure inequality, the majority of analyses apply the Gini coefficient.
Theoretically, a coefficient of o reflects perfect equality, a value of 1 means all
income would be concentrated in one person. Empirically, national Gini co-
efficients lie in a range from 0.2 to 0.8, with a global pre-tax average of 0.67
(Chancel, 2022; WID, 2025). Income redistribution can significantly lower this
value—in OECD countries, for instance, the Gini coefficient changes from 0.46
to 0.32 after taxes and transfers (OECD, 2025).

Environmental impacts are measured with a variety of indicators. A small,
early group of studies investigates the role of local pollutants such as water or
air pollution, as well as deforestation and biodiversity loss. Over time, more
analyses started focusing on per-capita CO, emissions or footprints, now mak-
ing up the majority of papers in this branch of literature. Some more recent
studies further apply the ecological footprint, which measures the amount of
biologically productive land and water required to sustain a person’s or pop-
ulation’s consumption patterns (Wackernagel & Lin, 2023). I will discuss each
group of studies in turn.

All models control for GDP or GDP per capita. Other common control vari-
ables include urbanization rates or population density, share of manufactur-
ing as % of GDP, energy consumption, measures for political rights and trade
openness.
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3.2 Local pollutants and biodiversity loss

In order to test Boyce’s (1994) equality hypothesis, Torras and Boyce (1998) are
the first to empirically examine the relationship between inequality and pol-
lution. They analyze the effect on seven indicators of water and air pollution,
including sulfur dioxide (SO,), smoke, heavy particles, dissolved oxygen (O,)
and fecal coliform, in an international sample of 58—82 countries. Apart from
using the Gini coefficient as a measure of income inequality, they also include
indicators for political rights, literacy and civil liberties to test for the role of
inequality in political power.

Their results show a clear difference between low- and high-income coun-
tries. In low-income countries, income inequality has a significant positive ef-
fect on most pollution indicators, confirming Boyce's equality hypothesis. In
high-income countries, however, effects are either non-significant or negative.
With respect to political rights and literacy, results generally show positive sig-
nificant effects on nearly all pollution indicators, although the relationship is
stronger in low-income countries. The authors conclude that the hypothesized
role of power inequalities in environmental protection is confirmed, though its
channel through income inequality is weaker than the direct channel via polit-
ical rights, especially in high-income countries.

Other studies build on this initial analysis to test the effect of inequality on
pollution across a variety of contexts (see table 2 for an overview).

Some studies support the hypothesized positive relationship. In an inves-
tigation of 113 Chinese cities, Wang et al. (2021) find that inequality correlates
with increased smog and pollution levels. Persson et al. (2023) report that
smoke rises with higher inequality across countries, while SO, depends on
country context: in rich democracies, inequality is associated with higher SO,,
but in poor non-democracies, the Gini index is non-significant, suggesting
other factors are more relevant. Similarly, Clement and Meunie (2010) confirm
a positive effect on water pollution in developing countries, but a negative one
in transitioning countries.

However, other studies do not support the inequality-pollution link. Ka-
suga and Takaya (2017) test it in Japanese cities and find that inequality was
associated with worse air quality in the 1990s, but the effect disappeared in the
2000s. They find no significant effect for water pollution. Clement and Meu-
nie (2010) likewise report no significant effects for SO, across developing and
transitioning countries. They do, however, find a positive effect for the interac-
tion between income inequality and power inequality, suggesting that income
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inequality may indirectly increase pollution via power relations, as posited in
Boyce's equality hypothesis.

Several studies further investigate inequality’s effects on biodiversity loss.
Mikkelson et al. (2007) show that higher inequality exacerbates biodiversity
loss across countries and US states, a finding confirmed by Holland et al. (2009)
in a larger cross-country sample. Heerink et al. (2001) also find a positive rela-
tionship for deforestation in a cross-country analysis. Similarly, Ceddia (2019)
reports that income, land and wealth inequality significantly increases agricul-
tural expansion in 10 Latin American countries.

In sum, the evidence linking inequality to water and air pollution is mixed,
with most results indicating either positive or non-existing associations de-
pending on the geographical context. All evidence on biodiversity loss and its
proximate drivers, however, points towards positive connection, confirming
the detrimental effect of inequality on the environment.

Table 2: Empirical studies (local pollution and biodiversity loss)

Environmen- .
Study - Sample Timespan  Effect
tal indicators
Torras and Water pollu- 58 countries 1977-1991 +(LIC)
Boyce (1998) tion ns (HIC)
Heerink et Water pollu- 33—46 coun- 1985 +
al. (2001) tion tries
Clement Water pollu- 83 developing 1988—2003  +(LIO)
and Meunié tion and transition —(MIC)
(2010) countries
Kasuga and Water pollu- Japanese cities 1990—2009  ns, butindirect
Takaya (2017)  tion effect
Torras and Air pollution 19—42 coun- 1977-1991 +(LIC)
Boyce (1998) tries ns (HIC)
Heerink et Air pollution 31-38 countries 1985 ns
al. (2001)
Clement Air pollution 83 developing 1988-2003 ns
and Meunié and transition
(2010) countries
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Environmen-

Study . Sample Timespan Effect

tal indicators
Kasuga and Air pollution Japanese cities 1990—2012 +in1990s
Takaya (2017) ns in 20008
Persson etal. Air pollution 35 countries 1971-1992 ns (LIC)
(2023) +(HIC)
Heerink et Deforestation 52 countries 1961-1986 +
al. (2001)
Ceddia Agricultural 10 Latin Ameri- 19902010  +
(2019) expansion can countries
Mikkelson et Biodiversity US states; 45 1969—-2004 +
al. (2007) loss countries (time lag)
Holland et Biodiversity US states, 50 1975—2007 +
al. (2009) loss countries (time lag)

Description: Overview of studies investigating the effect of inequality on local pollution
or biodiversity loss. ‘+' = positive effect (win-win); ‘-’ = negative effect (trade-off); ‘ns’ =

non-significant; LIC, MIC, HIC = low-, middle- and high-income countries.

3.3 CO, emissions

While earlier studies focus onlocal types of pollution, alarger body of literature
investigating the link between inequality and CO, emissions has emerged from
the 2010s on. Overall, the studies yield mixed findings, though some patterns
can be observed—most noticeably with respect to countries’ development level
(table 3).

Among studies reporting exclusively positive associations between in-
equality and emissions, the majority analyze medium- or low-income con-
texts. Zhang and Zhao (2014) and Hao et al. (2016) confirm the positive
relationship for China, noting substantial regional variation and particularly
strong effects in the developed eastern provinces. Baloch et al. (2020) report
thatboth poverty and income inequality increased CO, emissions in 40 African
countries, a finding they further validate for consumption-based emissions in
the BRICS countries (Baloch & Danish, 2022). Yang et al. (2022) corroborate
this finding in a sample of 42 developing countries. In the US context, two
studies lend support to the equality hypothesis, though with variation: Baek

https://doi.org/10. libr - Open Access - ) TR



https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

Michelle Alfers: The Ecological Price of Inequality

and Gweisah (2013) find positive effects in both the short and long run, while
Liu et al. (2019) identify a reversal to negative effects in the long run.

Conversely, a few studies provide evidence for a negative association, in-
dicating a trade-off relationship between climate change mitigation and in-
equality reduction. Heerink et al. (2001) and Wan et al. (2022) report this neg-
ative relationship using cross-sectional data of 64 and 217 countries, respec-
tively. Ravallion et al. (2000) confirm this finding in 42 countries but note that
the effect is weaker in high-income economies. They conclude that, in the long
run, low inequality combined with high income growth may reduce emissions
and eventually eliminate the inequality-emissions trade-off.

A third group of cross-country analyses provides evidence for different
effect directions depending on the national income of the countries involved.
Among these, Ehigiamusoe et al. (2022) examine the relationship in 70 coun-
tries, finding a positive effect of inequality in low-income countries, but a
negative one in high-income countries. They also investigate the effect of
poverty, which was related to higher CO, emissions in low-income countries.
Chen et al. (2020) provide evidence for a positive inequality-emissions link in
developing countries as well, but apart from a few negative effects in countries
with very high per-capita emissions, inequality in most developed countries
is found to be unrelated to emissions. Similarly, Wu and Xi (2020) observe
that higher inequality reduces CO, emissions in high-income countries, but
cannot confirm any significant association in low-income countries.

Interestingly, Grunewald et al. (2017) and Rojas-Vallejos and Lastuka (2020)
come to the opposite conclusion; in a panel dataset of 158 and 68 countries,
respectively, their findings indicate a trade-off between equality and emission
reductions in low- and middle-income countries, and a win-win relationship
in high-income countries.

Table 3: Empirical studies (CO2 emissions)

Environmen- Time

Study Lo Sample Effect
tal indicators span

Baek and Gweisah CO, per US states 1967—2008 +

(2013) capita

Zhang and Zhao Cco, Chinese 1995-2010 +

(2014) provinces
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Environmen-

Time

Study L. Sample Effect
tal indicators span
Haoetal. (2016) CO, per Chinese 1995-2012  +
capita provinces
Liuetal. (2019) CO, per US states 1997—2015  +(short term)
capita — (long term)
Balochetal. CO, per 40 African 20102016 +
(2020) capita countries
Khan and Yahong CO, per 18 Asian de- 2006-2017 +
(2022) capita veloping coun-
tries
Baloch and Danish Consump- BRICS 1994—2018 +
(2022) tion-based
co,
Yangetal. (2022) CO, per 42 developing 1984—2016 +
capita countries
Grunewald et al. CO, per 158 countries 1980—2007 —(LIC)
(2017) capita +(HIC)
Rojas-Vallejosand ~ CO, per 68 countries 1961—2010 —(LIC)
Lastuka (2020) capita +(HIC)
Chen etal. (2020) CO, per 17 G20 coun- 1988—2015 + (LIC)
capita tries —orns (HIC)
Wu and Xi (2020) CO, per 78 countries 1990—2017 ns (LIC)
capita —(HIC)
Ehigiamusoe et al. CO, per 70 countries 20002018 +(MIC)
(2022) capita —(HIC)
Hubler (2017) CO, per 149 countries 1985—2012 Ksor—
capita
Jorgenson etal. Co, US states 1997—2012  ns (Gini)
(2017) + (income top
10%)
Kasuga and Takaya  CO, Japanesecities  1990—2012 ns
(2017)
Wolde-Rufael and CO, per China, India 1971-2010 ns
Idowu (2017) capita
Khan etal. (2018) CO, per Bangladesh, 19802014 + (Bangladesh)
capita India, Pakistan — (India / Pak-
istan)
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Environmen- Time
Study Lo Sample Effect

tal indicators span
Mader (2018) CO, per 28 countries, 2000-2014 ns

capita US states

1997—2014

BaleZentisetal. Consump- 109 countries 1990—2014 Non-linear
(2020) tion-based

GHG emis-

sions p.c.
Ravallionetal. CO, per 42 countries 19751992 —
(2000) capita (+long term)
Heerink etal. CO, per 64 countries 1985 -
(20071) capita
Wan etal. (2022) CO, per 217 countries 1960—2021 —

capita

Description: Overview of studies investigating the effect of inequality on CO, emissions.
‘+’ = positive effect (win-win); ‘-’ = negative effect (trade-off); ‘ns’ = non-significant; LIC,

MIC, HIC = low-, middle- and high-income countries, respectively.

Lastly, some studies report mixed or non-significant results. Khan et al.
(2018) find a positive association in Bangladesh, but negative ones in Pakistan
and India. Balezentis et al. (2020) identify a non-linear relationship in a sample
of 109 countries, where the effect depends on the level of inequality. Jorgenson
etal. (2017) find no effect of the Gini coefficient on US state-level emissions, but
using the top 10 percent income share shows a positive association with CO,
emissions, leading the authors to assume that this indicator is more accurate
to capture the underlying Veblen and political economy effects.

Generally non-significant results, however, have been found for China and
India (Wolde-Rufael & Idowu, 2017) and Japanese cities (Kasuga & Takaya,
2017), as well as in two cross-country analyses (Hiibler, 2017; Mader, 2018).

Overall, the inequality-emissions link remains unclear despite the grow-
ing body of empirical analyses. Some studies indicate that reducing inequality
may lead to emission reductions, mainly in low- and middle-income countries,
but this result is not universally supported. Likewise, the negative (trade-off)
association found for some high-income countries cannot be supported by all
studies, either. In the CO, context, therefore, there is no evidence for a uni-
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versal or linear relationship, but likely a strong impact of context-dependent
factors and dynamics.

3.4 Ecological footprints

The last group of studies focuses on the general environmental impact of eco-
nomic activity. Interestingly, these studies paint a somewhat clearer picture
than those covering only CO,-Emissions, although some areas of uncertainty
remain (table 4).

Again, Boyce and colleagues conduct the first analysis using a composite
measure of environmental degradation, the environmental stress indicator,
which includes water and air pollution, energy use, waste production, and oth-
ers (Boyce et al., 1999). Instead of using a single-equation model, they apply
a recursive model to test the multiple hypothesized stages from income in-
equality over political inequality to environmental stress. Their results sup-
port the equality hypothesis across US states in the early 1990s—higher income
and racial inequality predict higher power inequality, which in turn predicts
less environmental policy, resulting in higher environmental stress. Taken to-
gether, these effects match the political pathway proposed by Boyce (1994).

Table 4: Empirical studies (composite environmental indicators)

Environmen- Time

Study L. Sample Effect
tal indicators span
Boyce etal. Environmen- US states 1990s +
(1999) tal stress
index
Ekeocha Ecological 46 African 1996-2014  +
(2021) footprint countries
Khan and Ecological 18 Asian de- 2006-2017 +
Yahong (2022)  footprint veloping
/Khanetal. countries
(2022)
Uzarand Ecological US states 1965—2017  + (via cropland
Eyuboglu footprint component)
(2023)
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Environmen- Time
Study Lo Sample Effect

tal indicators span
Kazemzadeh Ecological 25 countries 1970—2016  + (lower quantiles)
etal. (2021) footprint ns (higher quantiles)
Ehigiamusoe Ecological 70 countries 2000-2018 +(MIC)
etal. (2022) footprint —(HIC)

Description: Overview of studies investigating the effect of inequality on environmental
stress and ecological footprints. “+' = positive effect (win-win); ‘-’ = negative effect (trade-

off); ‘ns’ = non-significant; MIC, HIC = middle- and high-income countries.

While no follow-up study applies a recursive model, some more recent pa-
pers test the inequality-environment relationship using the ecological foot-
print (EF) as another composite indicator of environmental degradation.

Uzar & Eyuboglu (2023) examine the impact of inequality on EF in the
United States as well, finding a positive effect over the entire period of
1965-2017. However, an investigation of the components of the EF reveals
that the positive association is mainly related to cropland use, not fishing
grounds or the carbon footprint. In contrast, Khan and Yahong (2022) find
that inequality increases both CO, emissions and EF among Asian developing
countries. They also find the reverse effect of environmental degradation on
increased income inequality, suggesting a reinforcing feedback loop between
inequality and deteriorating environmental quality. Khan et al. (2022) extend
the analysis by including the role of poverty, which is also found to increase
ecological footprints. Likewise, the positive effect of inequality on EF and CO,
emissions is confirmed by Ekeocha (2021) in a sample of 46 African countries.

Finally, two studies yield somewhat mixed results. Kazemzadeh et al.
(2022) find that inequality results in higher EF across 25 countries, but the
effect turns non-significant in higher quantiles. Similarly, Ehigiamusoe et al.
(2022) investigate a sample of 70 countries, finding that inequality increases
EF, but only in middle-income countries. In high-income countries, on the
other hand, the effect turns negative.

Therefore, the evidence suggest that for environmental footprints, too, a
country’s national income level seems to be a relevant factor in the inequality-
environment relationship.
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3.5 Synthesizing the findings

As shown in this section, the link between inequality and various measures of
environmental degradation is everything but clear, depending heavily on con-
text, time, and type of environmental indicator. Despite the large number of
contradictory findings and mixed results, though, some patterns can be ob-
served across studies.

First, results are less diverse in the case of local pollutants, biodiversity loss
and ecological footprints compared to CO, emissions. Apart from the negative
effect in Ehigiamusoe et al. (2022) for high-income countries, all other stud-
ies in these groups find either positive or non-significant associations. These
results suggest that in cases where the effect of environmental degradation is
directly perceived, such as in the case oflocal pollution, inequality plays a larger
role in preventing mitigation efforts. Several authors have linked this finding to
astrong political pathway: Powerful individuals can shield themselves from the
effects of local pollutants, leaving less powerful groups to bear the burden. By
contrast, in more equal settings, where the interests of all are considered, gen-
eral improvements in environmental quality are more easily achieved (Berthe
& Elie, 2015; Clement & Meunie, 2010; Uzar & Eyuboglu, 2023).

Second, inequality is more frequently associated with increased environ-
mental degradation in low- and middle-income countries, whereas the reverse
pattern is more commonly observed in high-income countries. The underlying
pathways therefore seem to hold different weight depending on the national
income or development level of a country. Some authors attribute this find-
ing to the influence of institutions and regulations, as well as the role of ab-
solute poverty, which tends to exacerbate environmental pressures as low-in-
come populations often rely on resource-intensive means of subsistence (Bar-
rett et al., 2011). Indeed, three empirical studies in the current sample (Baloch
etal., 2020; Ehigiamusoe et al., 2022; Khan et al., 2022) test the role of poverty
as an underlying mechanism in the inequality-environment link, unanimously
confirming the detrimental impact of poverty on CO, emissions and ecological
footprints.

Third, in terms of study design and interpretation, surprisingly little atten-
tion has been paid to social and cultural factors. The majority of studies only
discusses the three dominant pathways—the role of political power and influ-
ence, the marginal propensity to emit, and the Veblen effect — and use them to
interpret their results. Understanding the social effects of inequality and how
they lead to sustainable lifestyles or increased environmental protection might
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shed some light on the persistence of mixed findings in the empirical litera-
ture.

Fourth, very few studies in the current sample explicitly test the underly-
ing pathways, focusing only on the significance and effect signs of the general
inequality-environment link. Among those studies that do investigate under-
lying mechanisms, most focus on the political pathway. As discussed above,
Torras and Boyce (1998) and Boyce et al. (1999) find support for Boyce's equality
hypothesis in low-income countries and the US. Additional studies confirm the
importance of political power and rights for local pollution (Clement & Meunie;
Kasuga & Takaya, 2017; Persson et al., 2023) and ecological footprints (Ekeocha,
2021). In contrast, research explicitly testing mechanisms for CO, emissions
remains more limited. Two studies (Baloch & Danish, 2022; Jorgenson et al.,
2017) employ the income share of the top 10 percent as an alternative mea-
sure of inequality, arguing that it more accurately reflects political economy
dynamics and Veblen effects. Both find this measure to be positively associ-
ated with CO, emissions. In addition, Yang et al. (2022) show that institutional
quality moderates the positive link between inequality and emissions, thereby
indirectly supporting Boyce’s hypothesis that the limited political influence of
poorer groups contributes to environmental degradation.

Beyond that, only one study in the current sample, Rojas-Vallejos and Las-
tuka (2020), tests the interaction between multiple pathways. They observe that
the consumption effect dominates for most income levels, but its magnitude
diminishes as income rises, with the political effect dominating at higher-in-
come levels—explaining their somewhat divergent finding of a positive effect
in high-income and a negative one in low-income countries.

All in all, this review emphasizes the importance of further empirical
research into the mechanisms—particularly the economic and social path-
ways—underpinning the inequality-environment relationship, rather than
focusing solely on the aggregate link.

4. The way forward

Overall, the empirical evidence confirms the complex and context-dependent
nature of the inequality-environment relationship. Although a variety of un-
derlying political, economic and social pathways has been proposed and in-
vestigated, they alone do not seem sufficient to explain the mixed findings. To
further advance the understanding of this topic, future research is needed to
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a) examine the dynamic interplay between the different pathways, b) under-
stand which societal conditions activate individual pathways to different de-
grees, and c) investigate other mechanisms besides the three pathways domi-
nating the literature.

The question of whether income redistribution measures lead to beneficial
outcomes for the environment or whether they result in a trade-off with en-
vironmental protection cannot be answered with certainty. Still, the literature
has provided some suggestions.

For lower-income economies, where inequality poses a serious humanitar-
ian challenge due to its association with absolute poverty, evidence indicates
that inequality reductions can directly or indirectly lead to better environmen-
tal quality. Consequently, policymakers can use a win-win strategy to achieve
both social equity and environmental protection to a certain degree.

In higher-income countries, the opposite seems to be the case, suggest-
ing that policymakers need to find strategies that specifically combat social
inequality without exacerbating environmental destruction. Given that these
countries are responsible for the majority of resource use and greenhouse gas
emissions, itis crucial to consider the environmental consequences of inequal-
ity reductions.

When it comes to designing these policies, the literature discussed in this
article can help identify important features, as well as measures to avoid. On
the one hand, the findings regarding the diminishing marginal propensity
to emit point towards the danger of using progressive taxation to exclusively
boost households’ disposable income in lower- and especially middle-income
brackets. Instead, using a share of the revenues for environmental protec-
tion, sustainable infrastructure and clean technologies could contribute to
weakening the trade-off between inequality and environmental degradation.
In addition, a variety of public investments can increase well-being without
relying on economic gains and resource use—education, healthcare, social
protection and community services, accessibility, or culture and arts can
significantly curb welfare for the entire population.

On the other hand, policymakers could aim to strengthen the pathways
leading from higher equality to better environmental outcomes. By making use
of the social pathway, for instance, investments in procedural fairness, public
goods and civic infrastructure could be used to restore a sense of solidarity and
trust, which can increase support for sustainable policies as well.

Taken together, this chapter has shown that global income disparities and
environmental degradation are not separate crises, but that the path to sus-
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tainable development is shaped by political, economic and social consequences
of inequality. Whether this path is enhanced or impeded by narrowing the in-
come gap depends on a variety of factors. Some of these factors are known and
explored, others are yet to be identified.

The chapter has presented a synthesis of existing research on the links be-
tween inequality and the environment. Although the literature on this topic is
expanding, many of the underlying dynamics remain unclear. Further investi-
gation is needed to develop more robust policy guidance on managing trade-
offs and enhancing synergies between inequality reduction and environmen-
tal protection. Only by designing policies that deliberately align distributional
fairness with environmental protection can we achieve equity, well-being, and
a livable planet for all.
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Individual-Level Predictors of Climate
Misinformation Susceptibility

Marvin Fendt!, Fabian Reinwarth? and Peter Adriaan Edelsbrunner®

Abstract: Misinformation poses a substantial challenge for consensus on critical issues
like climate change. While research has identified numerous psychological drivers of
misinformation susceptibility, the interplay between belief systems, knowledge, and
deliberation may benefit from further investigations. This study (N = 675) investigates
these factors to better understand individual differences in judging and sharing climate-
velated information. Participants reported their manipulation judgement, sharing
intentions, and analytic thinking for posts that contained manipulation strategies (ad
hominem attacks, false dichotomies, cherry-picking data, setting impossible expecta-
tions, pseudo-experts) and credible control posts. Participants also reported predictors
including political opinion, conspiracy thinking, climate knowledge, and persuasion
knowledge (i.e. awareness of persuasive attempts). Using Bayesian regression models,
we found that, while our participants were generally better at identifying manipulative
than credible content, a more progressive political opinion, higher formal education,
higher climate knowledge, and higher persuasion knowledge were associated with
better sharing decisions, better manipulation judgements, and more analytic thinking.
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Findings on the Big Five personality traits were mixed with less agreeable participants
making better sharing decisions and less conscientious participants engaging more in
analytic thought. While we found that longer deliberation times were connected to more
analytic thinking, they were not credibly associated with manipulation judgments and
even slightly worse average sharing decisions. These findings support the idea that for
polarized topics such as climate change, belief may be at least as important as objective
knowledge. Interventions should address the complex interplay between identity, beliefs,
knowledge, and deliberation.

1. Introduction

The Internetis a rich repository of curious, harmless, and valuable content, but
it is also home to malicious actors propagating falsehoods to manipulate un-
suspecting recipients (Kbaier et al., 2024). Misinformation can often outpace
countermeasures, such as fact-checking, which take time to produce and dis-
tribute (Roozenbeek et al., 2022). Misconceptions derived from misinforma-
tion range from harmless inaccuracies to drivers of notable problems, includ-
ing undesirable behaviors, increased polarization, and distrust in science and
credible institutions (Cook et al., 2023; Van Bavel et al., 2024). Misinformation
therefore poses a substantial societal challenge that necessitates a multidisci-
plinary response to mitigate its impact (Kozyreva et al., 2024).

Climate change misinformation presents a peculiar case: Climate change
is a complex, high-stakes scientific issue that has been targeted by organized,
well-funded disinformation campaigns for decades (Herasimenka et al.,
2025). However, most citizens do no longer believe outright climate denial
(Leiserowitz et al., 2025). Disinformation campaigns have therefore moved
from denial to delay, strategically exploiting the inherent uncertainties of
scientific modeling and public discourse to sow doubt, confuse the public,
and ultimately delay or prevent policy action (Lamb et al., 2020). Exposure
to misleading information, such as cherry-picked statistics, can lower public
support for climate mitigation policies (Cook, 2022).

Belief in climate misinformation is not an isolated fallacy but often en-
trenched in a broader belief system (Ziegler, 2017). Therefore, this cross-
sectional study aims to investigate the individual drivers of belief in climate
change misinformation. We focus on conspiracy beliefs (Uscinski et al., 2017),
climate knowledge (Visschers, 2018), skepticism towards persuasive attempts
(Fendt, Scheibenzuber, et al., 2025), and analytic thinking (Pennycook & Rand,
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2019). Furthermore, we explore the ongoing debate over whether judging
falsehoods and detecting credible information are two distinct processes (Kiili
et al., 2023) or one overarching process (Pennycook et al., 2024).

2. Theoretical Framework

Misinformation refers to any false or inaccurate information, including errors,
misunderstandings, or unverified content, that people may create and share
(Ecker et al., 2022). Unlike disinformation, which is deliberately deceptive,
misinformation can arise innocently or unintentionally. While some types of
misinformation arguably cause little harm, such as hoaxes by satirical outlets,
disinformation can have devastating impact on societies (Abudu et al., 2023).
Although the content examined in this study largely qualifies as disinforma-
tion, we use the broader term "misinformation” because it is often difficult to
undoubtedly prove a spreader’s intent to deceive.

While high-quality information often requires time for thorough quality
control and states the limitations of current knowledge, misinformation of-
ten presents holistic solutions quickly (Ecker et al., 2022). Consequently, mis-
information can spread quickly in situations of uncertainty, where counter-
measures and high-quality information have yet to be implemented (Van Der
Linden, 2022). Since it is impossible to reach the entire audience of initial mis-
information with debunking, research has also focused on measures to pre-
vent and slow the spread of misinformation by reducing the intention to share
(Roozenbeek et al., 2022). While spreading misinformation can have monetary
benefits, ideological motives, like sowing social discord, are arguably a larger
threat to society (Bakir & McStay, 2018; Lazer et al., 2018).

Misinformation can be found about the same topics as credible informa-
tion, including but notlimited to health, politics, nutrition, and climate change
(Ecker etal., 2022). If people are exposed to misinformation, they may develop
false beliefs that range from simple misconceptions to the outright rejection of
factual evidence. Climate change misinformation is a well-researched example
where disinformation campaigns have increased polarization and opposition
to climate change policies (Lamb et al., 2020; Ziegler, 2017). While research ar-
gues that belief in misinformation does not necessitate undesirable actions,
there have been numerous incidents where misinformation has sparked re-
sistance to renewable energy projects like wind turbines (Winter et al., 2022).
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Beyond defining misinformation, a central challenge in its study is how to con-
ceptualize and measure an individual’s susceptibility to it.

Research has debated whether discriminating information quality should be
conceptualized as an overarching ability (e.g. Roozenbeek et al., 2022), two
distinct processes (e.g. Fendt et al., 2023), or something else (Tay et al., 2024).
An overarching credibility discernment score that indicates a tendency to
trust credible information and distrust dubious information is compelling
and arguably easy to interpret—a higher score indicates greater tendency for a
person to believe credible information over misinformation (Pennycook et al.,
2024). However, discernment can also yield ambiguous results, because people
who distrust all information would still receive a medium score, since they
do not favor unreliable over credible information. Furthermore, discernment
does not indicate whether people trust information too easily. Meta-analytic
evidence by Sultan et al. (2024) illustrates this limitation: discernment ability
appears to increase with age which originates from a lower level of trust in all
information that is more pronounced for dubious than credible information.
Conversely, more educated people seem to trust credible information dispro-
portionately more than misinformation. And lastly, discernment, often scored
by equally weighing credible and dubious information, may not resemble peo-
ple’s information diet that mainly leans towards credible information (Altay et
al., 2023; Kbaier et al., 2024).

Separate scores on credible information and misinformation may be
harder to interpret but come closer to recent findings that detecting credible
and dubious information may be two separate processes (Fendt et al., 2023;
Fendt, Scheibenzuber, et al., 2025; Kiili et al., 2023). However, dichotomously
categorizing information may still not capture the nuances of real-world
misinformation that often uses ambiguous language, greyscales, and logical
fallacies instead of presenting outright falsehoods (Lazer et al., 2018; Tay et
al., 2024). Apart from the theoretical lens through which belief in misinforma-
tion can be measured, individual characteristics are essential for identifying
predictors of misinformation susceptibility.

Decades of research (e.g. Ecker et al., 2022; Sultan et al., 2024) have identi-
fied numerous factors, which we group into cognitive abilities, belief systems,
and stable personal traits. Perhaps the most studied factors relate to how peo-
ple think, including their tendency for analytical thought and their existing
knowledge. Higher analytic skills are robustly associated with better credibility
discernment (Sultan et al., 2024). Drawing from dual-process theories of cog-
nition, individuals tend to either follow a route of analytic, slow, and motivated
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investigation or intuitive, fast, and unmotivated reception. According to this
view, people often fall for misinformation because they rely on their initial, in-
tuitive gut reactions (Bago et al., 2020; Pennycook & Rand, 2019). People mostly
engage analytically with information if their intuitive flow is interrupted or
if the information contradicts their beliefs or is utterly unbelievable (Schwarz
et al., 2021). While intuitive assessments are fast and often reasonably accu-
rate (Modirrousta-Galian et al., 2025), this unmotivated route can leave people
prone to biases exploited by misinformation, as they rely on cognitive short-
cuts based on familiarity or belief consistency (Ecker et al., 2022; Epsteinetal.,
2023). The analytical path requires high motivation and cognitive resources to
scrutinize claims and sources (Fendt, Muth, et al., 2025; Swami et al., 2014).
This can also be indicated by the time taken to reflect on information credibil-
ity, which can notably improve the accuracy of credibility assessments (Fazio,
2020).

In general, studies have found a relationship between higher content knowl-
edge and the ability to correctly judge the credibility of information in that do-
main (Fendt, Scheibenzuber, et al., 2025; Flanagin et al., 2020; Lucassen et al.,
2013). However, recent studies have yielded mixed findings on the protective
role of knowledge on politicized topics such as climate change (Ecker et al.,
2022; Edelson et al., 2024). In other words, people with higher science literacy
and education may not be the most concerned about climate change (Kahan et
al., 2012). Formal education may also serve as an indicator of prior knowledge,
again without a credible relationship (Sultan et al., 2024). Knowledge and ed-
ucation may not be neutral tools, but instead serve primarily to effectively seek
out, interpret, and argue for evidence that supports a person’s pre-existing po-
sition on politicized topics. In some cases prior knowledge may even be coun-
terproductive if misinformation blends novel, false claims with known, correct
claims (Benegal & Scruggs, 2018).

While cognitive style explains how people process information, their pre-
existing belief systems often determine why they accept or reject it, particularly
for politicized topics (Benegal & Scruggs, 2018; Compton et al., 2021; Faragd
et al., 2023; Fendt, Scheibenzuber, et al., 2025). One such system is a person’s
persuasion knowledge. The process of reading misinformation can be conceptu-
alized as an episode in which a malicious actor (persuader) tries to persuade
a reader (recipient) of a claim (Cuteanu, 2024). Persuasion attempts are not
exclusive to misinformation, but malicious actors often employ manipulative
strategies such as logical fallacies or outright falsehoods, while credible actors
mostly root their attempts in facts and logic (Arce, 2024; Cook et al., 2023). Over
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the course of their lives, people develop a lay theory of persuasion attempts,
encompassing their tactics, goals, and agents. When people recognize such
an attempt, persuasion knowledge is activated and triggers coping behaviors
such as increased skepticism, critical evaluation, and counter-arguing (Eisend
& Tarrahi, 2022). This is directly related to misinformation, where knowledge
about the persuasive nature of malicious actors can help people remain skep-
tical of dubious information and resist persuasion attempts (Chen & Cheng,
2019).

Belief in conspiracy theories is another factor deeply intertwined with mis-
information susceptibility (O'Mahony et al., 2023). Conspiracy theories offer
holistic yet misleading explanations during times of uncertainty, often pro-
viding a false sense of control and closure in response to existential threats
or stressful situations (Liekefett et al., 2023). They can also serve as a vehicle
for social belonging by making people feel part of a knowledgeable in-group,
often doubting the cognitive abilities and motives of the out-group (Bowes et
al., 2023). Research has found that a conspiratorial mindset is one of the few
factors that is consistently associated with general misinformation suscepti-
bility, including both political and non-political content (Bowes et al., 2023).
Their compelling nature makes conspiracy theories particularly persuasive and
resistant to correction. As a result, a large fraction of the global population, in-
cluding nearly half of the citizens in the United States of America, endorses
at least one conspiracy theory, while few interventions can permanently re-
duce these beliefs (Oliver & Wood, 2014; Van Prooijen & Douglas, 2018; Wal-
ter & Drochon, 2022). As argued by Imhoff and Bertlich (2024), conspiratorial
worldviews form a self-sealing belief system of epistemic distrust towards of-
ficial sources (e.g. governments, science, and mainstream media) and trust
in alternative, anti-establishment sources. This system is almost impossible
to correct due to a deeply entrenched distrust in most correction institutions
(Lewandowsky et al., 2013).

Finally, on politicized topics like climate change, an individual’s political
opinion and overarching worldview may be more influential determinants than
cognitive abilities alone. For politicized information, the primary goal of infor-
mation processing often shifts from determining credibility to affirming iden-
tity (Swire-Thompson et al., 2020). In general, if information is coherent with
a person’s political views, they are more likely to accept it as true, regardless
of its actual credibility, as long as it is not utterly unbelievable (Sultan et al.,
2024).
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Stable characteristics such as demographics and core personality traits
provide a context for an individual’s susceptibility to misinformation. The
influence of demographic variables is often more complex than popular nar-
ratives suggest. Several studies found that older people make worse overall
sharing decisions but judge information credibility slightly better, mostly
because of a higher skepticism towards information in general (Sultan et al.,
2024). Contrary to common belief, most studies find no credible education
effects, because even people involved in higher education are often susceptible
to misinformation (Breakstone et al., 2021; Sultan et al., 2024). Lastly, most
studies have not found a credible gender effect, even though some studies
found that men may be more susceptible to climate misinformation due to a
higher average climate susceptibility (Larzabal-Fernandez et al., 2025; Sultan
etal., 2024).

When it comes to other stable characteristics, some explanations for why
people fall prey to misinformation point to specific personality traits. The Big
Five model is the most widely accepted model for personality traits, compris-
ing the five factors of openness to experience, conscientiousness, extraversion,
agreeableness, and neuroticism (John et al., 2012; Johnson, 2017). Openness
to experience is the willingness to engage with new things and think outside
the box. Conscientiousness is the tendency to be organized and plan carefully.
Extraversion is the tendency to draw energy from social interactions and is
characterized by sociability and assertiveness. Agreeableness is the tendency
to be cooperative and considerate in interpersonal relationships. Neuroticism
is characterized by emotional instability and a tendency toward negative emo-
tions such as anxiety and stress. A review by Calvillo et al. (2024) found mod-
est correlations between personality traits and a tendency for believing and
sharing misinformation: Believing and sharing misinformation was associ-
ated with higher extraversion, lower conscientiousness and lower agreeable-
ness, while higher neuroticism was associated with sharing misinformation.
While ideology may primarily explain the motivation for believing and sharing
misinformation, personality traits may better explain how people approach in-
formation in general.

3. Current Study

Building on the outlined theoretical framework, our present study aims to
investigate the individual-level drivers of credibility judgments about climate
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change information. We focus on manipulative strategies as a measurable
component of misinformation (similar to Cook et al., 2023). Specifically, we
examine the ability to identify manipulative and credible content (manipu-
lation discernment) and the willingness to share credible over manipulative
content (sharing discernment). While analytic thinking is a known predictor
of discernment, less is known about the individual factors that promote an
analytical mindset. Therefore, we also examine analytic thinking as an out-
come. We will assess the predictive power of several individual characteristics
including demographic variables (age, gender, educational background), cog-
nitive and belief-system factors (conspiracy thinking, persuasion knowledge,
political opinion and prior content knowledge) and stable personality traits
(the Big Five). We report discernment for clarity, but our formal hypotheses
are tested by including an interaction on the trustworthiness of the content
being evaluated (manipulative vs. credible).

Our investigation is guided by the following research questions:

Research Question 1: To what extent do demographic, cognitive, and
belief-system factors predict participants’ a) manipulation discernment, b)
sharing discernment, and c) analytic thinking?

This question addresses the combined influence of our selected predictors
on credibility assessment, sharing intention and analytic thinking. Given
mixed findings on demographics, we expect that age will be positively as-
sociated with general skepticism but do not expect gender or education to
be credible predictors of manipulation and sharing (Sultan et al., 2024). In
line with robust evidence, we expect that higher conspiracy beliefs and lower
analytic thinking will be associated with lower manipulation and sharing
discernment (O'Mahony et al., 2023; Pennycook & Rand, 2019). Based on initial
findings by Fendt et al. (2025), we expect that higher persuasion knowledge
will be associated with better manipulation and sharing discernment. Finally,
because climate change is a highly politicized topic where worldviews can su-
persede factual knowledge (Edelson et al., 2024; Flanagin et al., 2020; Swire-
Thompson et al., 2020), we expect that more conservative political opinion
will be associated with lower manipulation and sharing discernment, but that
there will be no credible effect of content knowledge.

Research Question 2: What is the predictive power of the Big Five person-
ality traits to explain a) manipulation discernment, b) sharing discernment,
and c) analytic thinking?

While Research Question 1 (RQ1) primarily examines demographic, cogni-
tive, and belief factors, this question focuses on the role of stable dispositional
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traits via the Big Five. Based on prior research (Calvillo et al., 2024), we expect
that lower conscientiousness, indicating less thoroughness and lower agree-
ableness, indicating higher antagonism, will predict worse manipulation and
sharing discernment.

Research Question 3: What is the predictive power of the time spent eval-
uating information to explain a) manipulation discernment, b) sharing dis-
cernment, and c) analytic thinking?

Drawing from dual-process theories that contrast fast, intuitive thinking
with slow, deliberate thinking (Pennycook & Rand, 2019), we use the time par-
ticipants spend on each judgment as a behavioral proxy for cognitive delib-
eration. This aligns with recent studies suggesting that misinformation sus-
ceptibility may be related to a failure to engage with information analytically
(Bago et al., 2020). We therefore expect that individuals who spend more time
evaluating information will better identify manipulative content and less likely
share it.

To answer these questions, our study presented participants with eight
synthetic social media posts. These posts either contained one of five manipu-
lative strategies (false dichotomies, ad hominem attacks, cherry-picking data,
setting impossible expectations, and pseudo-experts) or were presented as a
non-manipulative control version. We calculate two of our primary outcomes,
manipulation and sharing discernment, using scores of participants’ ratings
for manipulative and non-manipulative (control) social media posts (similar
to Roozenbeek et al., 2022). The third outcome, analytic thinking, is opera-
tionalized as a sum of participants’ self-reports of analytically assessing each
stimulus. Our predictors for research question 1 are age, gender, conspiracy
thinking (Uscinski et al., 2017), persuasion knowledge (Fendt, Scheibenzuber,
etal., 2025), political opinion, and content knowledge (Visschers, 2018). To an-
swer research question 2, we use the Big Five personality traits (Rammstedt et
al., 2017) which were measured in only a subsample of n = 224 participants due
to data loss. To answer research question 3, we will use the task time on each
stimulus as the predictor variable, serving as a behavioral proxy of cognitive
reflection. We will analyze the data in R using a multivariate Bayesian linear
regression model for each research question.
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4. Methods

This study employed a cross-sectional design to investigate the factors related
to discerning and sharing online information. This study was approved by the
university’s ethics committee prior to data collection and preregistered as part
of alarger project. All participants gave informed consent. Supplementary ma-
terials including analysis script and dataset are available on osf.io/rtép8/.*

41 Participants

We collected 697 complete responses in a science museum in Southern
Germany. We asked participants at the end of the study whether they had
answered every question honestly and carefully, assuring them this would not
result in any penalty, and excluded those who stated they had not (n = 22). This
resulted in a final sample of N = 675 participants, spanning a wide age range
from 9 to 80 years (M =33.67, SD =15.51). Gender distribution was balanced
(53% male, 45% female, 1% non-binary). Most of the participants were involved
in higher education (18% lower secondary education degree, 18% A-levels, 48%
university degree, 7% PhD). Our sample size allowed us to detect a smallest
predictor effect of B = .03 with either BF > 5 or BF < 0.5 with above 90% power.
Due to unforeseen data loss, only 224 participants provided Big Five personal-
ity covariates. This subsample allowed us to detect a smallest predictor effect
of B = .10 with either BF > 5 or BF < 0.5 with above 90% power.

4.2 Measures

Dependent variables are manipulation discernment, sharing discernment,
and analytic thinking. Predictors are age, gender, political opinion, conspiracy
thinking, persuasion knowledge, content knowledge, the Big Five personality
traits, and trustworthiness. We report the raw scores for descriptive statistics
but use the z-standardized scores in our analyses for easier interpretation.
Manipulation. Participants’ ability to discern manipulative intent was as-
sessed by randomly showing them 8 stimuli in a version that randomly either
did or did not contain a manipulative strategy. Participants rated each post
on a 7-point Likert scale from 1= absolutely not manipulative to 7 = absolutely
manipulative. We then summed the ratings on control items to a control score

4 Retrieved November 1, 2025.
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and the reverse coded ratings of manipulative items to a misinformation score.
That means, rating a manipulative item with a ‘7’ (absolutely manipulative) con-
tributed to a higher misinformation score, while rating a control item with a ‘7’
(absolutely not manipulative) contributed to a higher control score. Discernment
(M =0.98, SD =1.64) was calculated as the sum of the manipulative and the con-
trol score. A higher discernment score indicates a tendency to correctly judge
whether information is manipulative or not (Roozenbeek et al., 2022). Our for-
mal inferential test of discernment is modeled via an interaction term, as de-
tailed in the Analysis section.

Sharing. Participants indicated for each post how likely they would share
it (1 =absolutely not to 7=absolutely). Ratings for misinformation and con-
trol posts were summed separately. Discernment (M =0.87, SD =1.35) was again
calculated as the sum of the manipulative and the control score. That means,
higher discernment indicates a tendency to share more trustworthy posts in-
stead of manipulative ones. Again, our primary analysis tests this effect using
an interaction term in the regression model.

Analytic thinking. Participants indicated for each post whether they had
judged it intuitively (= 0) or analytically (=1). The answers were then summed
(M =5.31, SD =2.11), with higher scores indicating more analytic verdicts and
lower scores indicating more intuitive judgments.

Predictor variables. We measured age, gender (female, male, non-bi-
nary), political opinion, conspiracy thinking, content knowledge, the Big Five
personality traits, and trustworthiness as covariates. We measured political
opinion (M =3.49, SD =1.29) with a single item on a 7-point Likert scale (1 =very
progressive to 7 =very conservative). We assessed participants’ climate knowl-
edge (M =15.91, SD=2.63, w =.74), on a 4-item scale by Visschers (2018) with
5-point Likert responses (1 =totally disagree, 5 =totally agree). We measured
conspiracy thinking on a 4-item scale by Uscinski et al. (2017) with 5-point
Likert responses (1 = totally agree, 5 = totally disagree) that were then summed
(M=14.48, SD=3.81, w=.84). We measured persuasion knowledge, which we
conceptualize as participants’ knowledge of persuasive attempts by misinfor-
mation creators, on a short scale derived from Fendt et al. (2025) with 5 items
ona7-point Likert scale (1 = totally disagree, 7 = totally agree), which were then
scored (M =25.25, SD =6.05, w = .85).

We recorded the time (M = 15.07, SD = 16.51) participants took to answer for
each post, which we logarithmized due to a right-skew (4.45).

We included the Big Five personality traits using the 10-item scale by Ramm-
stedt et al. (2017) with 2 items on a 5-point Likert scale, each for openness
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(M =4.72, SD=1.97, W =.68), conscientiousness (M =7.17, SD =1.54, W =.40),
extraversion (M = 6.33, SD =1.70, w = .64), agreeableness (M =5.90, SD=1.57,
w =.39), and neuroticism (M =5.51, SD =1.80, w = .64).

4.3 Materials and Procedure

We administered the study via Qualtrics. Participants were recruited face-to-
face by the researchers in a science museum in Southern Germany and partici-
pated voluntarily. After providing informed consent, participants provided de-
mographic information. Then, participants saw 8 stimuli that were designed
to look like social media posts (following the principles of Cook et al., 2023;
Roozenbeek et al., 2022).

These posts (see Figure 1) either contained or did not contain one of five
manipulative strategies: false dichotomies, ad hominem attacks, cherry-pick-
ing data, setting impossible expectations, and presenting pseudo-experts as
credible sources.

- False dichotomies imply that only two options exist, often diametrically op-
posed, with one depicted as undesirable (e.g., “Either we save the climate
or our hardworking citizens will lose their jobs and starve”).

«  Adhominem attacks unfairly target an opponent’s credibility instead of their
argument, often implying hypocrisy (e.g., “You can't believe such a ridicu-
lous-looking person”).

«  Cherry-picking data involves selecting only supportive cases, often favoring
anecdotal evidence over statistics (e.g., “Climate change can’t be that bad
because there was still snow in the alps last winter”).

«  Impossible expectations set unattainable standards for proof (e.g., “I only be-
lieve in climate change, if 100% of the experts agree”).

«  Pseudo-experts are individuals with expertise in unrelated fields who use
their academic titles to spread misinformation (e.g., someone with a PhD
in computer science pretending to be a scientific expert in climate change).
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Figure 1: Sample post containing a false dichotomy.

\ Martin Mortens
(@ marmort

In the end, the question is always: do we sacrifice the
economy or risk a little global warming? The answer is
obvious to me!

Note. The false dichotomy can be identified by only presenting two viable
options (economy vs. climate). This technique is often accompanied by steering
the audience towards the desired option (i.e., risk a little global warming).

These synthetic social media posts were randomly drawn from a pool of
stimuli in a planned missing-data design following this procedure:

1) Each participant randomly saw stimuli related to two out of five manipu-
lation strategies (false dichotomies, ad hominem arguments, cherry-pick-
ing, impossible expectations, pseudo-experts).

2) For each strategy, four out of six possible stimuli were randomly selected.

3) Each of these four posts was then randomly shown in a version that con-
tained a manipulation strategy or the non-manipulative control version.

For each of the eight posts presented, participants indicated their manipula-
tion rating, sharing intention, and analytic thinking. After seeing the stimuli,
participants provided data for the covariates and feedback before they were
debriefed.

To illustrate the randomization, we outline a hypothetical participant
Adam. The randomizer selected that Adam receives posts that may contain
false dichotomies or cherry-picking. The randomizer selected the cherry-
picking posts 1, 3, 4, and 6. Adam receives post 1 in the misinformation ver-
sion, which says: “If global warming really exists, why was last winter colder
than the previous one?”. He rates the credibility of the post as absolutely not
credible (1) and would never share such a post (7) based on his gut feeling (0).
He would then receive the post 4 in a control version that says: “Ralf says he
works a lot. I still think short breaks are important to stay as productive as
possible”. Adam is fairly sure that this post does not contain a manipulative
strategy (2) and would therefore potentially also share it (3), but still analyt-
ically thinkings whether the post contains a manipulative strategy (1). After
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filling out the cherry-picking posts, Adam fills out four posts that may contain
false dichotomies to finally provide covariates and feedback. Since Adam said
to have answered carefully and in good faith, we include his response in our
analysis.

44 Analysis

All statistical analyses were conducted in R 4.5 using the brms 2..23 package. Af-
ter scoring the individual scales, we z-standardized all continuous predictors
and dependent variables prior to analysis, implying that the parameter esti-
mates can be interpreted as effect sizes. We estimated a multivariate regres-
sion model for each research question using Bayesian statistics, which pro-
vides advantages in model estimation, but features parameters that can be in-
terpreted like those in frequentist models (Edelsbrunner et al., 2024).

For research question 1, we estimated a multivariate multilevel regres-
sion model in which the dependent variables were the scores on credible and
manipulative stimuli (manipulation, sharing, and analytic thinking), nested
within participants. The multilevel structure allowed us to include scores akin
to discernment as well as an interaction between trustworthiness and the
predictors to assess whether judgment on credible and dubious stimuli might
differ. The predictors were age, gender, political opinion, conspiracy thinking,
persuasion knowledge, and content knowledge as well as their interaction
with trustworthiness.

For research question 2, due to a misconfiguration of the platform the first
two thirds of our participants did not see the Big Five covariates. Since imput-
ing such a large percentage of missing variables would have greatly reduced
the meaningfulness of the predictor estimates, we estimated a separate model
for this partial sample (n = 224) that included the Big Five covariates but was
otherwise identical to the previous one. We compared the demographics and
performance of the subsample with our other participants to find no credible
differences.

For research question 3, we estimated a model in which the ratings of in-
dividual posts (manipulation, sharing, and analytic thinking) were the depen-
dent variables, nested for each participant. The predictors were the logarith-
mized task time and its interaction with trustworthiness.

For model estimation, we used four chains with 5,000 draws each (1,000 of
which were treated as burn-in). We specified weakly informative priors, which
are Student t-distributions with 3 degrees of freedom, locations of 0, and scales
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of 10 for variance parameters. All models converged without issues, indicated
by R =1.00 for all parameters, no divergent transitions during estimation and
visual inspection of posteriors (which were all strongly unimodal), and mixing
in posterior trace plots.

Regarding modelinterpretation, we assessed overall model fit with a Bayesian
R?, which can be interpreted like the frequentist equivalent (R?,4j). We inter-
pret the medians of posterior distributions as parameter estimates. Because
Bayesian models do not rely on p values, we instead examined highest density
intervals, representing the range of parameter values covering the central 90%
of the posterior (90% HDIs). If the 90% HDI does not include 0.00, we inter-
pret this as evidence that the effect deviates from zero (Sorensen et al., 2016).
While there is no scientific consensus on the range for reporting HDIs yet, we
decided to use 90% intervals because recent research increasingly favors these
intervals and they are also more reliable than 95% intervals (Edelsbrunner et
al., 2024; McElreath, 2018).

5. Results

The main model (RQ1) for predictors of manipulation discernment (R? = .226),
sharing discernment (R*=.543), and analytic thinking (R*=.053) explained a
moderate amount of variance (see Table 1). Manipulation and sharing discern-
ment correlated weakly, r=.19, SE =.03, manipulation discernment and an-
alytic thinking, r=.03, SE = .02, as well as sharing discernment and analytic
thinking, r= .06, SE = .03, shared no meaningful correlation.

Several individual characteristics were associated with better overall per-
formance on manipulation discernment. Participants were better at identifying
manipulative content than credible content, B=-.99. A more progressive
political opinion, B = -.08, higher conspiracy thinking, B = .09, higher climate
knowledge, B =.12, higher persuasion knowledge, B =.08, and higher formal
education, B = .05, were associated with better manipulation discernment.

Higher sharing discernment was associated with a more progressive political
opinion, B =-.07, higher conspiratory thinking, B = .14, more climate knowl-
edge, B = .05, and more persuasion knowledge, B =.07.

More analytic thinking was associated with a more progressive political
opinion, B=-.05, more climate knowledge, B =.10, more persuasion knowl-
edge, B =.08, and higher formal education, B =.03.
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We found several interaction effects. For manipulation discernment, there
was an interaction between trustworthiness and climate knowledge, B =-.11,
indicating that people with more climate knowledge were better at judging
credible content than manipulative content. For sharing discernment, higher
conspiracy thinking interacted with trustworthiness, B = .11, suggesting those
high in conspiracism were better at making sharing decisions for manipula-
tive content than for credible content. The interaction with climate knowledge
was negative, B =—-0.24, indicating that those with more knowledge were par-
ticularly better at making appropriate sharing decisions for credible content.
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In the Big Five model with our subsample (see Table 2), we observed sev-
eral effects. For manipulation discernment, there was a negative interaction
between trustworthiness and conscientiousness, B = -.17. Higher sharing dis-
cernment was associated with lower agreeableness, B = -.10. There were inter-
actions with trustworthiness for openness, B = .18, and agreeableness, B = .18,
indicating that more agreeable and open participants were better at identify-
ing reliable information than misinformation. Furthermore, lower conscien-
tiousness was associated with more analytic thinking, B = -.14, and interacted
with trustworthiness, B = .28.

6. Discussion

In our information-driven world, the ability to critically evaluate information
and make responsible sharing decisions is essential to reduce susceptibility to
and the spread of misinformation. After decades of research, many predictors
have been assessed to form a notable research body (e.g. Calvillo et al., 2024;
Ecker et al., 2022; Sultan et al., 2024). However, open questions about the in-
terplay of beliefs, stable individual characteristics demographics and their in-
fluence on judging and sharing information remain.

This study sought to address these questions by assessing how cognitive
abilities, belief systems, and personality traits predicted participants’ ability to
discern manipulative content, their intention to share it, and their use of an-
alytic thinking. Overall, we found three key patterns. First, in line with recent
research, participants were generally skeptical of manipulative content and of-
ten identified it more readily than credible content (similar to Modirrousta-
Galian et al., 2025). Second, belief systems, particularly political orientation,
and conspiracy thinking, were powerful predictors, often in complex and in-
teractive ways. Third, less agreeable participants made more accurate sharing
decisions, while more conscientious participants reported judging informa-
tion more intuitively. Constantly, taking more time to scrutinize information
yielded slightly better average results.

6.1 The Influence of Beliefs and Demographics
Our first research question sought to identify the strongest predictors of ma-

nipulation discernment, sharing discernment and analytic thinking. When it
comes to demographics, we observed negligible gender and age effects. While
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the meta-analysis by Sultan et al. (2024) suggested that older individuals may
exhibit greater general skepticism toward all information, we did not find such
atendency in our study. This may indicate that effects driven by social identity
and beliefs can overshadow age-related skepticism, especially on highly polar-
ized and domain-specific topics like climate change. However, higher formal
education predicted better manipulation discernment and analytic thinking,
suggesting that formal education could be a protective factor against climate
misinformation. This may be because formal education teaches the mecha-
nisms behind climate change which could result in a deeper understanding of
the issue.

When it comes to beliefs, political opinion played a role in predicting per-
formance. More politically progressive participants showed better manipula-
tion discernment, made better sharing decisions and approached information
more analytically. In line with meta-analytic findings, our participants’ credi-
bility assessment may have been partially motivated by their worldview as cli-
mate change is a topic where scientific consensus aligns more closely with a
progressive mindset (Pfinder & Altay, 2025). This explanation is further sup-
ported by the finding that progressive participants reported engaging more
analytically with the posts. While the relationship between analytic thinking
and better credibility discernment is well-researched (e.g. Faragé et al., 2023;
Swami et al., 2014), this could indicate that progressive participants were sim-
ply more motivated to engage with posts on such topic analytically.

However, conservative participants detected misinformation better than
credible information. This does not necessarily mean conservatives spot false-
hoods better overall, but rather that their performance on the two types of con-
tent was different (in line with Sultan et al., 2024). This may indicate that con-
servative participants were reluctant to share information on climate change
in general, but this aversion was strongest for content that appears manipula-
tive (Benegal & Scruggs, 2018).

Counterintuitively, conspiracy thinking was associated with better discern-
ment. However, the interaction with trustworthiness suggests a more com-
plex situation: While individuals low in conspiracy thinking distinguished be-
tween sharing credible and manipulative content, this effect diminishes for
those with a more conspiratorial mindset. This supports theories that frame
conspiracies as a self-sealing system of epistemic distrust (Imhoff & Bertlich,
2024; Lewandowsky et al., 2013). We interpret the higher average discernment
score not as pro-social accuracy, but as an artifact of broad-spectrum distrust:
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Participants with a conspiratorial mindset were reluctant to share and believe
any posts.

In line with our expectations, climate knowledge predicted more meaning-
ful sharing decisions and better manipulation discernment, while participants
also approached information more analytically. This may align with aforemen-
tioned effect of ideological congruency, since climate knowledge is a highly
polarized topic. Furthermore, this effect seemed to be weaker for identifying
dubious information. Knowledge alone may therefore not suffice to withstand
manipulation in general, which again raises the need for complementary sup-
port to meaningfully scrutinize information (Breakstone et al., 2021; Sultan et
al., 2024).

Similarly, higher persuasion knowledge was linked to more analytic thinking,
more meaningful sharing decisions, and better manipulation discernment.
This is in line with the findings of Fendt et al. (2025), who also found a
straightforwardly positive role for persuasion knowledge. This does not come
as a surprise, since persuasion knowledge also indicates skeptical awareness
towards persuaders (Eisend & Tarrahi, 2022). In other words, participants who
had already been skeptical towards misinformation outlets better recognized
and withstood their persuasion attempts. However, the negative interaction
for sharing discernment suggests that while knowledge of persuasive tac-
tics helps to correctly evaluate credible posts, it appears less effective when
deciding whether to share manipulative content.

Beyond the predictors for each outcome, we found that believing and shar-
ing information was only weakly connected in our sample. This suggests that
accurately judging information as manipulative does not automatically trans-
late into a reluctance to share it and vice-versa. First, in line with Baribi-Bartov
et al. (2024), many people may be “few-sharers” who rather err on the side of
caution. Our sample may therefore have already been rather careful about their
decisions. Second, individual may not feel the need to share such informa-
tion if they grew up with a deep believe that anthropogenic climate change is
common knowledge—as much as they wouldn't share a post outlining that the
earth is not flat. Third, sharing motives are complex and not always driven by
accuracy; people may ironically share information they know is false to ridicule
it or warn peers.
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6.2 Big Five Personality Traits

Our second research question focused on the role of the Big Five personality
traits. We found only a credible association between higher agreeableness and
lower sharing discernment. This is consistent with Calvillo et al (2024), who
also identified mostly inconsistent correlations and may suggest that person-
ality traits are less influential drivers than belief systems. While paradoxical
at first, this effect may indicate a particular skepticism towards dubious in-
formation, since more agreeable participants detected credible information
better than misinformation. This aligns with the core idea that agreeable
individuals are motivated by trust, compassion, and harmony (Reizer et al.,
2023), rather than distrust and suspicion, the former being potentially more
useful drivers in our society (Altay et al., 2023).

The positive interaction effect for openness on sharing discernment aligns
well with theory, suggesting that open-minded individuals shared credible in-
formation more than dubious content. Unexpectedly, lower conscientiousness
was associated with more self-reported analytic thinking. We can only specu-
late on the reasons for that finding, but maybe analytic thought is the “modus
operandi” for more conscientious people, whereas for less conscientious peo-
ple deliberate thought is a notable event that they actively remember and re-
port. However, the reliability of our agreeableness and conscientiousness sub-
scales was low, which calls for caution in interpreting these results.

6.3 The Role of Deliberation Time

Our third question examined task time as a behavioral proxy for deliberation.
Counterintuitively, we found no meaningful association between deliberation
time and manipulation discernment and a negative association with sharing
discernment. This finding does not seem to align with previous research sup-
porting the idea that misinformation susceptibility may often be a failure of
deliberation, where individuals rely on their fast, intuitive gut reactions rather
than more effortful analytical thought (Faragé et al., 2023; Pennycook & Rand,
2019). However, longer deliberation time was still associated with more ana-
lytic thinking.

Analytic thinking may have been triggered by motivated reasoning, where
people investigate analytically only when information contradicts their beliefs
(similar to Kahan et al., 2012). In that case, participants may not have used an-
alytical thought for accuracy-focused evaluation but to justify their pre-exist-
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ing positions—a rationalization that participants would have experienced as
analytic thought. In line with our previous arguments, participants’ cognitive
effort may have been hijacked to serve ideological goals on a polarized topic
such as climate change.

6.4 Implications for Research and Practice

While our study was mainly exploratory, the results contribute to misinfor-
mation research in several ways. First, they provide another datapoint against
purely information-deficit models, especially in the context of politically polar-
ized topics, supporting motivated reasoning as one central driver for beliefs in
this domain (Swire-Thompson et al., 2020). This may suggest that practition-
ers, for example at schools, should consider the social environment and beliefs
of learners to incorporate more holistic approaches that include character de-
velopment in long-term curricula rather than a sole content-focus.

Second, we found that participants identified misinformation more accu-
rately than credible information, strengthening the argument that these might
be two distinct processes. Future research should investigate the specific cog-
nitive processes required to identify different types of information. This could
especially inform the design of meaningful interventions that do not foster
general skepticism but also increase trust in established institutions and cred-
ible information (similar to Altay et al., 2024). Persuasion knowledge remains a
plausible influence on detecting certain manipulation strategies, but its mea-
surement may need to be more specific to the manipulation tactics being de-
ployed.

Third, our results demonstrate that there appears to be no single strong
predictor of recognizing manipulation. Instead, we found a constellation of
small effects involving climate knowledge, persuasion knowledge, and polit-
ical opinion. This complexity may underscore the need for multifaceted ap-
proaches to explain and combat misinformation susceptibility.

6.5 Limitations and Future Directions

This exploratory study, while carefully prepared and conducted, has several
limitations. First and foremost, we found only small effects for our predictors,
which may indicate that we overlooked crucial variables, such as social me-
dia behavior or media literacy. Furthermore, we assessed political opinion on a
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one-item scale, whereas recent discussions shift towards a multi-dimensional
assessment.

Our data was collected from visitors at a science museum, resulting in a
highly educated sample that limits the generalizability of our findings. Fur-
thermore, the museum setting may have primed participants to be more ana-
lytical or, conversely, caused cognitive fatigue after a day of learning.

We experienced substantial data loss for the Big Five personality traits, lim-
iting the predictive quality of these results. Also, the reliability of the conscien-
tiousness and agreeableness subscales was very low. Additionally, our synthetic
stimuli may not have captured the complexity and emotional resonance of real-
world misinformation as they were lacking most of the surrounding informa-
tion, such as the author. Future studies may want to recreate more authentic
environments like clickable mock social media pages.

Finally, the cross-sectional nature of our data does not allow for causal
claims. For example, we cannot determine whether a conspiratorial worldview
causes a particular sharing style or if that style is merely one component of a
broader conspiratorial identity. Future research should employ experimental
designs, for example, by training participants to direct skepticism towards
suspicious actors rather than all information.

7. Conclusion

Our study contributes to a deeper understanding of the factors driving judg-
ments about climate misinformation. The findings support the conclusion that
a person’s political identity and belief systems are as powerful as their objective
knowledge in predicting their judgments. Interventions aimed at mitigating
the spread of misinformation should address the complex interplay of iden-
tity, ideology, and the social motivations that govern our behavior online.
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Who owns the present, owns the future?

Rethinking socio-ecological transformations through
infrastructure ownership

Carlotta Terhorst

Abstract: In the face of rising global temperatures and their devastating consequences,
the urgency of socio-ecological transformation is increasingly evident. However, transfor-
mative change remains difficult to achieve. This contribution attempts to examine how
infrastructure ownership influences the speed and direction of the socio-ecological trans-
formation. An initial theovetical discussion on the role of infrastructure ownership in
the transformation is empirically exemplified by an analysis of the European Union’s
strategic turn toward hydrogen as a key energy carrier, despite scientific debates about
its scalability and capacity. A thematic analysis of selected documents during the policy-
making process reveals that the narrative of private, profit-oriented incumbent compa-
nies mirrors the policy shift on the EU level. Thus, it shows that private, profit-oriented
ownership of incumbent infrastructures and related power dynamics can delay transfor-
mative change. Ultimately, the contribution emphasizes the need for critical research to
start with material conditions and their subsequent power dynamics when examining
the reality of socio-ecological transformations.

1. Introduction

Recent heat waves, wild fires, and devastating floods in Europe and many
other places in the world, have demonstrated the urgency of socio-ecological
transformation. The Intergovernmental Panel on Climate Change (IPCC) has
repeatedly warned that incremental changes are not enough; only transforma-
tive shifts in energy, production, and consumption patterns can keep global
warming below critical thresholds (IPCC, 2023). Yet, despite widespread
recognition of this imperative, today, transformative change towards a cli-
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mate-friendly future seems further away than ever. Even without taking
current developments in the US, and their drastic consequences, into account,
the 1,5 °C goal is now almost impossible to achieve (IPCC, 2023). So, the
question remains: Why do transformation efforts often fail?

A growing body of scholarship has sought to answer this question by
focusing on the role of infrastructures as possible barriers to socio-ecologi-
cal transformation by creating “carbon lock-ins” (Unruh, 2000; Geels et al.,
2016). While this perspective provides a first valuable insight in the dynamics
at work, it treats technical infrastructures as mere socio-technical systems.
More recent work in various disciplines of the social sciences hints at seeing
infrastructures rather as socio-political objects that are politically chosen and
heavily shape questions of costs and burdens in the transformation (Malm,
2016; Kropp, 2024; Wansleben & Terhorst, 2025). Building on Chancel & Rehm
(2024), this contribution highlights the interplay between inequality and the
climate crisis by looking at the ways in which infrastructure ownership shapes
both the possibilities and limits of socio-ecological transformation. In the
following sections, the contribution first gives an overview of how social sci-
ence literature engages with the role of infrastructures in the socio-ecological
transformation. Then it expands this literature by revisiting Chancel & Rehmn's
(2024) notion of ownership carbon inequality. Their study shows that carbon
emissions are not distributed equally among individuals or countries but are
deeply linked to ownership structures: those who own and control productive
assets, e.g. factories, vehicles, power plants, also own the means by which
carbon is emitted. This insight compels us to look beyond individual con-
sumption patterns and toward ownership emissions. In addition, ownership
shapes not only who profits from infrastructures but also whose interests
guide their design, deployment, and maintenance. Finally, the contribution
refers to an empirical example of a policy decision for a certain infrastruc-
ture where profit-driven and centralized ownership hindered deep ecological
transformation: The European Union’s turn towards hydrogen as a key energy
carrier in the beginning of the 2020s. This empirical example is analyzed by a
first consideration of ownership structures of incumbent infrastructure and
points to an important forum for policy influence: The Gas Regulatory Forum,
or Madrid Forum. In a second step, a thematic analysis of the presentations of
this forum is conducted. By theoretically discussing the role of ownership in
socio-ecological transformation and showing empirically how influential this
incumbent forum was in the policy-making process, this contribution aims to
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lay the groundwork for a more materially grounded answer to the question of
why transformation efforts fail.

2. Infrastructures & the socio-ecological transformation:
an emerging topic in the social sciences

Infrastructures have become increasingly central to debates on climate protec-
tion across a wide range of social science disciplines. Across social science dis-
ciplines, infrastructures are often understood as interconnected systems and
facilities designed to provide, store, and transform goods and services for col-
lective use, forming the foundation for essential public services like water, en-
ergy, healthcare, and transportation. The longest tradition of looking at infras-
tructures can be found in the transition studies literature. Transition scholars
emphasize that infrastructures are not merely technical, but deeply embedded
socio-technical systems that can both enable and constrain sustainability tran-
sitions. Publications in this field of study have established the idea of “lock-in’-
effects of existing systems, highlighting how material, institutional, and eco-
nomic path dependencies constrain the pace and direction of change (Unruh,
2000; Geels et al., 2016; Seto et al. 2016). Critically reflecting on those lock-in ef-
fects, Andreas Malm (2016) powerfully argues that fossil-fuel infrastructure is
not a neutral structure but a material force that actively shapes and constrains
social choices. He writes:

“The choice to travel in [cars] rather than in trams or buses or on bicycles is
conditioned by a vast infrastructure of oil terminals, petroleum refineries,
asphalt plants, road networks, gasoline stations—not to [mention] the film
industry, the lobbying groups, the billboards—which did not fall from the
sky in this moment but was built up over time, eventually amassing such
weight and inertia that other modes of transportation are now excluded, or
atleast prevented from rising to predominance. This is what some refer to as
‘carbon lock-in’: a cementation of fossil-fuel-based technologies, deflecting
alternatives and obstructing policies of climate-change mitigation.” (Malm,
2016, 7)

The concept of carbon lock-in underscores how deeply entrenched infrastruc-
tures privilege carbon-intensive technology and obstruct climate mitigation.
But existing infrastructures are not creating carbon lock-in by their mere ex-
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istence, rather, it’s a political choice which infrastructure is chosen and how
it is designed. This point of view is often claimed by scholars in the field of
heterodox economics. The foundational economy gives importance to infras-
tructures because they shape the social, economic, and ecological conditions
of specific regions and are crucial for ensuring equal access and societal par-
ticipation. Thus, it situates infrastructures at the core of a politics of provi-
sioning and advocates for socio-ecological infrastructures (Birnthaler et al.,
2021; Foundational Economy Collective, 2022). Relating to this call to revalue
the everyday infrastructure that sustains social life, Kohei Saito's work pushes
these insights into a more radical ecological and systemic critique. Drawing
on Marx’s theory of the metabolic rift, he argues for a shift away from mass
consumption and toward public goods that serve collective needs: compact,
energy-efficient cities with strong public transit, minimal packaging and ad-
vertising sectors, and a greater focus on properly maintained, socially owned
infrastructure (Saito, 2020). Recently also more and more sociological liter-
ature has acknowledged that only a profound change in infrastructure sys-
tems will limit climate change and its consequences (Neckel 2022; Kropp, 2024;
van Dyck et al., 2024; Wansleben & Terhorst, 2025). Those sociological discus-
sions of the role of infrastructures in the socio-ecological transformation high-
light their immense relevance for understanding the nexus between inequal-
ity and the climate crisis. Kropp (2024) holds that social differences between
rich and poor and between the provision of resources in the Global South and
their use in the Global North are anchored and perpetuated in infrastructure
systems. Similarly, Wansleben & Terhorst (2025) argue for the strategic im-
portance of infrastructures for the investigation of inequality in the climate
crisis. By distinguishing between ‘upstream’ concentrated versus diffuse in-
vestment requirements and between profit-oriented versus public welfare-ori-
ented institutional embedding of infrastructures, they also offer an initial an-
alytical framework for analyzing such infrastructure-related distributional ef-
fects (Wansleben & Terhorst, 2025). This interdisciplinary body of work high-
lights that infrastructures are not neutral structures, but they shape who ben-
efits from transformation, who bears its costs, and which futures remain vi-
able. In this light, infrastructures must be understood not only as technical
challenges, but as political objects—and the investigation of such is essential,
especially to understand the nexus between climate crisis and inequality.
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3. Oninequality and ownership of infrastructures

Interlinkages between inequality and the climate crisis have empirically been
demonstrated by the team around Lucas Chancel associated with the World
Inequality Lab for the past years (Chancel & Piketty, 2015; Chancel et al., 2023).
Chancel’s recent work with his colleague Yannick Rehm adds one dimension
of inequality that is especially interesting to look at within the discussion of
infrastructures in the socio-ecological transformation: ownership-based car-
bon inequality. Their research explores the carbon footprint of individuals by
incorporating emissions from both consumption and asset ownership, such
as real estate, equities, and pensions and introduces a novel framework: own-
ership-based emissions (Chancel & Rehm, 2024). Key findings reveal signifi-
cant inequality in carbon emissions across wealth groups in the United States,
Germany, and France. The wealthiest 10% emit far more CO,-equivalent an-
nually when ownership emissions are included, compared to their consump-
tion-only emissions.’ According to their study, the top 10% wealthiest people
on the planet are responsible for 70-85% of emissions tied to capital owner-
ship, with wealth-related emissions being more unequal than wealth distribu-
tion itself due to the carbon intensity of assets owned by the wealthy. Look-
ing at future developments of such inequality, Chancel and his team argue in
arecent publication that the way capital for the green transition is funded and
owned, whether by the public or private sector, could significantly impact the
global distribution of wealth in the future (Chancel et al., 2025). If governments
take the lead and retain ownership of climate-related infrastructure, public
wealth could grow substantially. In contrast, if private actors dominate these
investments, the wealth gap could widen, with the top 1% potentially captur-
ing an even larger share of global assets (Chancel et al., 2025). Thus, decisions
made today about how to finance climate investments, especially in renewable
infrastructure, will have long-lasting effects on economic inequality. But not
only do incumbent ownership structures deeply affect future inequality sce-
narios, they also heavily influence how socio-ecological transformation is tak-
ing place. Van Dyk et al. (2024) make the claim that the ownership of infras-
tructures, such as energy supply, transport systems, and digital networks, can
represent key obstacles to achieving a sustainable and just transformation. In

1 Ownerhip-based emissions: 102 tonnes in the US, 50 tonnes in Germany, and 38 tonnes
in France vs. Comsumption-based emissions: of 52 tonnes in the US, 18 tonnes in Ger-
many, and 16 tonnes in France.
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their work, private ownership of infrastructure is critically examined, as it is
often geared toward profit maximization, which can exacerbate social inequal-
ities and ecological damage. At the same time, they discuss how alternative
forms of ownership, such as commons or public infrastructure, could play a
crucial role in advancing the socio-ecological transformation (van Dyck et al.,
2024). A prominent example of their claim is the continued existence of fossil
fuel infrastructure, particularly natural gas facilities, in regions where private
companies have a strong interest in maintaining these assets. This vested in-
terest can significantly slow down the transition to renewable energy sources,
a point that will be discussed in more detail later in this text. Taking these con-
siderations together, they hint at a research avenue for understanding barri-
ers for socio-ecological transformation: The way infrastructures, the intercon-
nected systems and facilities designed to provide, store, and transform goods
and services for collective use, are organized and owned. Especially looking
at ownership and organization of those infrastructures that need to be trans-
formed for an ecological future, such as energy infrastructure, seems essential.
Therefore, to understand the processes of socio-ecological transformations, it
appears crucial to pose the following questions: Who owns the incumbent in-
frastructures today, and how do these ownership structures influence the pos-
sibilities for transformation?

4. The European Union’s turn to hydrogen

One productive line of inquiry to find out how ownership structures influence
the possibilities for transformation is to investigate policy cases that delay or
divert deep transformation, particularly where incumbent actors succeed in
reshaping climate agendas to preserve their assets and influence.

4.1 Case selection & description

A compelling case to explore in light of the posed question is the European
Union’s strategic turn” toward hydrogen as a key energy carrier. In her 2022

2 Important to note here is that this shift, that is explained in detail below, does not nec-
essarily describe a shift within the European industry sector towards using hydrogen,
it only describes a noticeable shift of focus on hydrogen and other renewable gases in
the strategy documents and directives of the European Union from 2020 onwards.
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State of the Union address, European Commission President Ursula von der
Leyen highlighted that hydrogen could be a potential game-changer for Eu-
rope’s energy system. However, before 2020, unlike the steady rise of the im-
portance of renewables in policy discourse over the decades, hydrogen had not
been a central focus in the EU’s renewable energy transition. While interest in
hydrogen dates back to the 1970s oil crisis, technological and structural chal-
lenges kept it on the sidelines, with investments favouring other energy solu-
tions. Recently, this has shifted. Many EU member states have introduced na-
tional hydrogen strategies, increased funding for hydrogen projects, and in-
tegrated hydrogen more prominently into energy policies. Germany has, for
example, even set up a National Hydrogen Council and a Hydrogen Coordina-
tion Office to follow through on its goals of producing, importing and using
hydrogen in all industry sectors.® At the EU level, strategy documents like the
“A Hydrogen Strategy for a Climate-Neutral Europe” and “REPower EU” reflect
this growing emphasis. New is also the European Hydrogen Bank, which has
awarded nearly €1 billion to 15 renewable hydrogen projects through its sec-
ond auction.* Yet, the rapid embrace of hydrogen as a “solution fuel” overlooks
ongoing scientific debates about its scalability and capacity. Fossil fuels domi-
nate current hydrogen production due to the availability of energy inputs and
the higher costs and limited technology associated with alternative hydrogen
production methods (Moraga et al., 2019; Nikolaidis and Poullikkas, 2017). As
of 2023, most hydrogen is produced using natural gas and coal without car-
bon capture and storage (CCS) technology, while less than 1% is derived from
renewable energy electrolysis. Notably, carbon dioxide emissions from hydro-
gen production have risen by 1.5% compared to 2022 levels (IEA, 2024, 2022,
2021; Lagioia et al., 2023). This hydrogen is primarily used in heavy industries
like refining and steel production. Critics highlight the lack of scalable, cost-
competitive technology for clean hydrogen production in the short term (Lofter
et al., 2022). In Europe, challenges in producing green hydrogen domestically
have prompted energy partnerships with regions such as Latin America and
MENA. Concerns persist about future hydrogen availability and pricing rela-
tive to other fuels, especially as integrating hydrogen into energy grids requires
substantial investment. This includes either building new hydrogen-specific

3 Cermany’s National Hydrogen Strategy: https://www.bundeswirtschaftsministerium.
de/Redaktion/EN/Hydrogen/Dossiers/national-hydrogen-strategy.html

4 More information on the European Hydrogen Bank: https://energy.ec.europa.eu/topi
cs/eus-energy-system/hydrogen/european-hydrogen-bank_en
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infrastructure or retrofitting existing gas systems, which is complicated by hy-
drogen’s unique chemical properties. These factors increase the risk of leaks,
require higher system pressure, and necessitate significant retrofitting or re-
construction, potentially entrenching reliance on fossil fuels for transporta-
tion (Baasch et al., 2024; Hollenhorst, 2023; Lagioia et al., 2023; Moraga et al.,
2019). Thus, framing hydrogen as a green solution for the EU’s sustainable fu-
ture remains highly contentious. Rather, it might lead to the cementation of
an energy infrastructure relying on natural gas for decades to come, instead of
transforming the European energy system sustainably.

4.2 Method

If analyzed through the lens of infrastructures as socio-technical systems, the
described case could be simply interpreted as a case of carbon lock-in: the in-
cumbent gas infrastructure in Europe functions here as a barrier to deep trans-
formation and steers the European Commission towards a decision that keeps
the infrastructure alive. However, and here is the critical point, such an expla-
nation completely misses an understanding of why this happens. Here, the
look at ownership structures and power is essential. Especially in this case,
where the shift toward hydrogen came so suddenly, ownership structures of in-
cumbents and their power in political decision-making might also explain the
suddenness of the turn. To understand why the European Commission opted
to shift its focus on hydrogen as an energy carrier, the analysis thus started
with what was argued for previously: the ownership structures of incumbent
infrastructure. Those were examined through already existing literature. This
contextual analysis led to the focus one specific event: the Gas Regulatory Fo-
rum, also called the “Madrid Forum”, a forum set up by the European Commis-
sion, to meet with the gas industry twice a year. A systematic thematic analysis
of all presentations held at the 32" Madrid Forum in 2019, which took place
th_g™h 019 and the 33" Madrid Forum on October 234-24™ 2019,
was then employed to reveal the discursive strategy and narratives of the gas

on June 5

industry prior to the noticeable shift in 2020 in EU strategy papers. Those pre-
sentations were held by representatives of think tanks, companies, or business
associations invited to the forum by the European Commission. All 65 available
documents were collected from the official website of the European Commis-
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sion.’ The collected texts were prepared for analysis by converting them into
.txt files and then imported into the MAXQDA software® for coding and anal-
ysis. The thematic analysis of this data set was then conducted following the
six-phase framework proposed by Braun and Clarke (2006):

First, the researcher immersed herself in the data by reading and rereading
the transcripts to gain a deep understanding of the content.

Second, the researcher coded the data systematically by inductively identi-
fying meaningful segments of text.

Third, the researcher then grouped the codes into broader themes by iden-
tifying patterns and relationships across the data.

Fourth, the researcher reviewed and refined the themes to ensure they ac-
curately represent the data.

Fifth, the researcher named the themes.

Sixth, the researcher organized the themes into a coherent narrative and
supported it by illustrative quotes from the data.

Itis acknowledged that thematic analysis is an inherently interpretive method,
and the findings may be influenced by the researcher’s own biases. But to mini-
mize the biases and ensure reliability, another researcher independently coded
a subset of the texts.

4.3 Context & Ownership

In 2019, Corporate Europe Observatory published the results of its study on
the ownership of gas infrastructure in Europe. The report shows that gas
pipelines are concentrated in the hands of a few powerful Transmission Sys-
tem Operators (TSOs), many of which are partially or fully state-owned, while
also involving major institutional investors. Companies like Italy’s Snam,
Spain's Enagis, France’s GRTgaz, Belgium’s Fluxys, and Germany’s Open
Grid Europe control large portions of the continent’s pipeline networks and
Liquefied Natural Gas (LNG) terminals. These operators are often backed by

5 Documents were retrieved from: https://commission.europa.eu/publications/32nd-m
adrid-forum-presentations_en & https://commission.europa.eu/publications/33rd-m
adrid-forum-presentations_en

6 MAXQDA is a software program for analyzing various types of data, including text, au-
dio, video, images, and survey results. MAXQDA helps organizing, coding, and analyz-
ing data, as well as visualizing relationships and patterns within the data.
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sovereign investment arms—such as Cassa Depositi e Prestiti Reti S.p.A. (CDP
Reti) in Italy—and global financial actors like BlackRock and Lazard Asset
Management, which hold significant shares. Furthermore, these companies
are not merely passive infrastructure managers; they play an active role in
shaping EU energy policy through bodies like ENTSO-G, the European Net-
work of Transmission System Operators for Gas. This dual position, owning
physical infrastructure while participating in regulatory planning, enables
them to safeguard and extend their assets, often pushing for continued gas
investments under the guise of energy security or transition. Consequently,
Corporate Europe Observatory comes to the conclusion that the result is a
structurally embedded system where gas interests can delay decarbonization
efforts and influence the trajectory of Europe’s energy transition (Corporate
Europe Observatory, 2019). In addition, Szabo (2022) notes that a unified
industry coalition emerged around the idea that gas infrastructure could
support the transition by transporting decarbonized fuels, such as hydrogen.
This narrative shift also allowed gas incumbents to position natural gas as
the foundation for a low-carbon future through blue hydrogen. According to
Szabo (2023), industry actors, particularly transmission system operators and
gas producers, used forums like the European Gas Regulatory Forum, where
critical voices are systematically excluded, to influence the European Com-
mission. Therefore, to understand how the gas industry influenced the policy-
making process, it is essential to look at what happened at the European Gas
Regulatory Forum. The turn towards hydrogen in EU strategy papers hap-
pened between 2019 and 2020. In the European Green Deal, published in 2019,
hydrogen only had a minimal role, while it gained prominence in the policy
discussion on the transition in 2020 with the publication of the ‘Hydrogen
Strategy for a Climate-Neutral Europe’. Thus, the following analysis will focus
on the European Gas Regulatory Forums in 2019. In 2019, the European Gas
Regulatory Forum met twice, once in June and once in October.

4.4 Findings of thematic analysis

The thematic analysis revealed six distinct themes that were discussed most in
the presentations: “Hydrogen and Low-Carbon Gases”, “Gas Infrastructure”,
“Market-Based Solutions”, “Potential Sectors for Hydrogen Use”, “Sector Cou-
pling and Integration” and “Carbon Capture and Storage (CCS)”. However,
there is a significant difference in the frequency of their occurrence within the
Madrid Forum presentations (see Figure 1).
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Figure 1: The figure shows how often concepts that were clustered in the 6 themes were
coded throughout the 65 documents.

Frequency of themes

Based on the analysis of all presentations during the European Gas Regulatory Forum (Madrid
Forum) in May and in October 2019

Hydrogen and Low-Carbon Gases

Market-Based Solutions

Potential Sectors for Hydrogen Use
Sector Coupling and Integration
Carbon Capture and Storage (CCS)

Source: own illustration of results with www.datawrapper.de

The theme that came up the most throughout the documents was named
Hydrogen and Low-Carbon Gases. It summarizes all segments of the texts that
dealt with hydrogen and low-carbon gases and their role in the decarboniza-
tion of European industries. Decarbonized, low-carbon gas, such as blue
hydrogen, is often discussed as a good solution to reduce emissions. Gas
Infrastructure Europe (GIE) writes, for example: “decarbonized gas which could
substantially decrease the emission of greenhouse gases”. In addition, equal
importance for decarbonization is given to low-carbon cases and renewable
gases. The consultancy company Navigant, holds, for instance: “Not scaling up
renewable and low carbon gas and decommissioning gas infrastructure will
lead to unnecessary costs.” Here, also cost-efficiency of the use of low-carbon
gases is mentioned.

Related to this main theme, additional attention was also given to the CCS
technology and its prospects for decarbonizing hydrogen. All segments of the
text referring to this technology were summarized in the theme “Carbon Cap-
ture and Storage (CCS)”. Especially given the scarcity of green hydrogen, CCS
is framed as necessary for the energy transition. The voice of Europe’s national
energy regulators at both the EU and international levels, the Council of Euro-
pean Energy Regulators (CEER) writes for example: ,Nevertheless, to reach the
ambitious 2050 emission target, in the long-term the use of natural gas has
to be faded out or, at least, drastically reduced, unless decarbonisation tech-
nologies such as Carbon Capture and Storage (CCS) are widely deployed.“ In
addition, it using CCS is also seen as the most cost-effective way of produc-
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ing hydrogen. The International Association of Oil &Gas Producers (IOGP) writes on
this for example: “CCS is a proven technology necessary to achieve climate neu-
trality in Europe in a cost-efficient manner, and to enable negative emissions.
All credible scenario modelling shows that CCS will be essential to meeting the
targets set by the Paris Agreement.”

Hydrogen and low-carbon gases, including those produced with CCS are
discussed frequently to be essential in the decarbonization of all so-called
hard-to-abate sectors. The theme “Potential Sectors for Hydrogen Use” sum-
marizes text segments that specify certain sectors for hydrogen use. Long-
distance transport and energy-intensive industries are mentioned the most.
This holds true not only for gas and industry actors, but also for electricity
sector participants. Eurelectic, the European electricity industry’s leading
association, even holds: “Europe should strive to maintain leadership in green
molecules, including green hydrogen, which are needed to decarbonize,
especially specific segments of industrial activity and heavy-duty transport”.

A significant amount of attention is also given to the potential application
of hydrogen for sector coupling and integration, including discussion of its
role as storage and the application of power-to-gas (P2G) technology. All text
segments that discussed hydrogen concerning these were summarized in the
theme “Sector Coupling and Integration”. For many participants in the Madrid
Forum, sectoral integration is crucial for decarbonizing the energy sector, and
hydrogen is regarded as an especially useful tool. This view is shared across the
board, from energy regulators to gas and electricity industry members. Gas In-
frastructure Europe (GIE) highlights, for example, the “key role of Power to Gas
(P2G) in coupling electricity and gas systems as well as between important de-
mand sectors.” And even Eurelectic, agrees with this and states that “significant
benefits and synergies can be found through the coupling of electricity and gas
sectors.”

One conviction that runs through most of the documents is that market-
based solutions are considered more important than regulations for the de-
carbonization of the European energy systems. Text segments that express
this belief are summarized in the theme “Market-Based Solutions”. This argu-
ment is often expressed as a more general push for a ‘technologically neutral
approach to regulation. This insistence on technological neutrality implies
levelling the playing field by not ensuring favourable conditions for specific
energy carriers over others; for example, not punishing ‘low-carbon’ solutions
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in favour of renewables. In this context, Guarantees of Origin (GOs)’ are
discussed as a potential solution. In the presentations of the Madrid Forum,
the demand that GOs should also be issued for low-carbon gases appears
frequently. The European think tank Hydrogen Europe holds, for example, that
GOs should be extended to cover renewable and low-carbon gases, because
“this would provide a consistent means of proving to final customers the origin
of renewable and low-carbon gases, including hydrogen, facilitating greater
cross-border trade in such gases.”

And lastly, the theme “Gas Infrastructure”, relates to all passages that dis-
cuss the role of gas infrastructure in energy systems and its readiness for hy-
drogen. First of all, there is a broad consensus among the analyzed documents
that it is important to consider the repurposing of gas infrastructure for de-
carbonization. The Brussels-based association Gas Infrastructure Europe (GIE),
representing the interests of European gas infrastructure operators, argues,
for instance, to view “gas infrastructure and green gases as a key pillar of a sus-
tainable energy system.” In addition, it is often argued that using the gas in-
frastructure is the most cost-effective solution to ensure hydrogen integration
into the energy sector. The International Association of Oil &Gas Producers (IOGP),
a global forum for the upstream oil and gas industry, writes, for example: “CO,
can be transported in existing steel pipelines, driven by compressors, without
the need for costly infrastructure upgrades.” This statement also suggests the
readiness of existing gas infrastructure to integrate hydrogen. The Brussels-
based, non-profit organization that advocates for the widespread adoption of
biogas and biomethane as sustainable solutions, the European Biogas Associ-
ation (EBA), states in its vivid claim: “Gas infrastructure exists—use it!”

In contrast, what appeared only to a limited extent was a critical perspec-
tive on the technical capacity and scalability of hydrogen. Critique was limited
to the recognition that green hydrogen is scarce. The feasibility of CCS technol-
ogy also went largely unquestioned. The Madrid Forum participants adhered to
the notion that hydrogen can be successfully scaled up; recognition of techno-
logical immaturity was only considered in the context of advocating for more
financial investment to achieve guaranteed maturity. Furthermore, gas indus-
try actors in the Madrid Forums insisted on the readiness of existing gas in-

7 COs are electronic certificates that prove a specific amount of energy was produced
from renewable energy sources. They are traded and used to demonstrate the renew-
able origin of electricity, ensuring transparency and preventing double-counting.
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frastructure to integrate hydrogen. There were no discussions about the actual
feasibility of doing so.

45 Discussion

What the findings of the thematic analysis clearly show is that there had in-
deed, as Szabo (2023), mentioned, been a consensus among industry actors
that hydrogen will be one of the key energy carriers for the future. But instead
of focusing on renewable hydrogen, most actors promoted low-carbon hydro-
gen, produced from natural gas, as well as blue hydrogen, produced from gas
with Carbon Capture and Storage (CCS) technology. In addition, gas infras-
tructure is argued to be “hydrogen-ready”, even though the scientific commu-
nity shows that this is not yet the case (Baasch et al., 2024; Hollenhorst, 2023;
Lagioiaetal.,2023; Moragaetal., 2019). In general, there is little to no reference
to controversial discussions in academia. And if we look at the legal translation
in the revision of Renewable Energy Directive from 2023, the themes empha-
sized in the Madrid Forum can be detected. In the legal text, it says that the
European Commission encourages Member States to support renewable hy-
drogen via contracts for difference, subsidies, or quotas and a binding target
is set. But only 42% of hydrogen used in industry must be renewable by 2030,
and 60% by 2035. And it also allows Member States to issue GOs for low-carbon
hydrogen (e.g., blue hydrogen) if emissions are significantly lower than those
from fossil fuels (European Union, 2023). Thus, not only did the presented nar-
rative seem to have influenced EU strategy papers, but also legislative action.
Now, what does this mean in the context of ownership? The case of the Euro-
pean Union's policy decision to turn towards hydrogen reveals how strong the
influence of incumbent infrastructure owners is. The thematic analysis of the
Madrid Forum documents shows that the narrative created by the companies
owning the pipelines and supplying gas seems to be the one adopted by the
European Commission—a narrative that ignored scientific knowledge but se-
cured the material interests of incumbents.

5. Conclusion
Efforts to tackle the climate crisis are often not reaching its goals. A growing

body of literature suggests that this could be caused by existing infrastructures
and the way they are designed. This chapter expanded on this thought by draw-
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ing on the notion of ownership-based emissions (Chancel & Rehm, 2024), and
demonstrated how ownership of infrastructures and related power dynamics
can hinder transformative change. To illustrate this, it provided the example of
the European Union’s strategic turn toward hydrogen. With the help of exist-
ing research on the gas industry, it has revealed that incumbent actors, partic-
ularly those owning gas infrastructure, have leveraged their power to reframe
hydrogen as a key energy solution, despite its reliance on fossil fuels and lim-
ited scalability. This contribution reminds us that the socio-ecological crisis
we are facing today demands critical research that does not ignore the effects
of material conditions and related power asymmetries, but puts them at the
heart of its work. Who owns the material foundations of societies, such as, for
example, gas grids, shapes not only who benefits from current arrangements
but also determines who has the power and responsibility to drive or resist
change. Thus, to understand current failures in dealing with climate change,
we must ask: who owns what, and what does that mean for power, responsi-
bility and resistance? Not addressing this question has far-reaching political
implications. The failure to incorporate a clear analysis of ownership in pol-
icy has contributed to public backlash. Carbon pricing mechanisms like CO,
taxes, for example, designed as well-intentioned as tools for emissions reduc-
tion, frequently impose disproportionate burdens on low-income households,
while leaving large corporate polluters untouched. Moreover, ownership in-
terests can, as discussed in this contribution, act as barriers to transforma-
tive change. Fossil fuel companies, and infrastructure providers are not pas-
sive stakeholders, but actively shape policy outcomes to protect their assets. To
deepen the understanding of such dynamics, efforts in critical research on the
socio-ecological transformation should begin with a critical analysis of exist-
ing ownership structures. While the analysis in this contribution simply used
ownership as a starting point for contextualizing its case and determining cru-
cial events to analyze, future research could expand on this by combining a
deep analysis of ownership structures e.g. though ownership mapping with
qualitative methods of similar cases. Such a combination might deeply en-
hance our understanding of the dynamics in socio-ecological transformation.
It also allows us to reevaluate the transformation of infrastructures as a politi-
cal struggle over ownership and to imagine alternative scenarios. Public own-
ership, cooperative models and community-based governance offer viable al-
ternatives to concentrated corporate control. Reclaiming infrastructure for the
common good could redistribute power, reduce inequality and vulnerability,
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and might even strengthen democracy. Consequently, a social and ecological
future begins with the question: Who owns the present?
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Qualitative Scenarios for supporting regional
public foresight
Insights from practical student projects

Elias-Johannes Schmitt

Abstract: In the face of mounting challenges such as limited financial and human re-
sources, global forces like climate change and digitalization exert increasing pressure on
cities and municipalities. To address the uncertainties inherent in these developments,
the qualitative scenario method offers a structured approach for exploring diverse future
pathways by involving a broad spectrum of stakeholders. At Ruhr University Bochum,
students have collaborated with representatives from the Bochum municipal adminis-
tration and civic stakeholders to develop forward-looking scenarios that not only com-
municate scientific insights and raise awareness of potential futures but also serve as a
basis for long-term strategic planning. In one case study, students devised four scenarios
outlining various impacts of climate change on the city, while in a second, they partnered
with the Smart City Innovation Unit to examine the implications of digitalization for
municipal governance. This article discusses how qualitative scenarios can support ve-
gional public foresight and the value of the scenario planning as participatory method,
while also addressing the inherent limitations of the method in the context of regional
public foresight.

Keywords: qualitative scenarios; public foresight; scenario planning; participatory
methods

1. Introduction
In recent decades, municipalities have been confronted with a wide range of

challenges. As climate change progresses, extreme weather events such as heat
waves, droughts, and heavy rainfall are occurring more and more frequently
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(Stott, 2016). In recent years, for example, more record summers have been
recorded in Germany and in 2021, entire parts of municipalities were destroyed
by heavy rainfall (Ludwig et al., 2023). In addition, there are extreme situa-
tions such as the Corona pandemic, in which cultural institutions, schools,
and childcare facilities were closed and employees had to shift to working from
home or deal with loss of income in short-time work. In addition, the migra-
tion movement from the Middle East since 2015 and the war refugees from
Ukraine since 2022, municipalities have been faced with the challenge of of-
fering people accommodation and prospects. At the same time, the precari-
ous financial situation and the increase in cyber-attacks on public institutions
further threaten municipalities’ room for manoeuvre. Furthermore, munici-
palities must manage broad structural transformations in the transport sector
and energy supply in order to implement the change from a carbon-based to a
sustainable society locally. From this, the claim can be derived that municipal
management is more difficult today than ever (Roos & Schmitt, 2022).

These areas of tension do not seem to be easing in the near future and
present municipal decision-makers with the task of developing long-term
strategies to enable democratic and solidary coexistence on the ground.

This article addresses two different groups. On the one hand, it is shown
to what extent qualitative scenarios can support municipal decision-makers
in the development of long-term strategies to deal with multiple challenges.
For this purpose, the scientific method of scenario planning is first introduced
(section 2). The focus is on the purpose of scenarios and the emergence of fore-
sight methods since the 1950s. Subsequently, the development process of qual-
itative scenarios is outlined on the basis of four phases (section 3).

On the other hand, with the help of a detailed description of two student
practical projects, it is shown how teachers and lecturers can implement the
method of scenario planning in practice (section 4). Both student projects were
carried out at the Faculty of Management and Economics at the Ruhr Uni-
versity Bochum. Here, students developed qualitative scenarios together with
representatives of the city of Bochum and civil society. In the first practical
project, the students developed four qualitative scenarios that describe life in
Bochum in the year 2046. In these scenarios, the focus is on the effects of cli-
mate change and the associated environmental and social lines of conflict. In
the second practical project, students turned to the topic of digitization and
the role of Bochum as a smart city. In close cooperation with the Smart City
Innovation Unit (SCIU) of the City of Bochum, five scenarios have been cre-
ated.

‘https://doi.org/10. liby - Open Access - [-) EXRN



https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

Elias-Johannes Schmitt: Qualitative Scenarios for supporting regional public foresight

Based on the project descriptions, section 5 discusses the implications and
limitations of applying scenario planning methods for public foresight. The
students’ experiences are compared with current discourses in the scientific
literature. The article ends with a conclusion.

2. Scenario development as a scientific method

In this section, the concept of scenarios will be introduced and the emergence
of scenario development as a scientific method will be described. The section
concludes with a brief overview of the scientific fields in which scenarios are
applied.

2.1 Definition of Scenarios

Figure 1: The scenario cone.

Source: adapted from Pillkahn (2008, 175).

In order for scenarios to support systemic thinking and holistic strategic
planning, they must meet various characteristics.

First and foremost, scenarios must be possible. To this end, scenarios must
be able to occur in principle and be based on well-founded assumptions about
the future (Amer et al., 2013). In addition, the scenarios must paint a plausi-
ble picture of the future that is believed and accepted by users of the scenarios
(Schmidt-Scheele, 2020). To ensure the plausibility of the scenarios, they must
be consistent. Consistency is characterized by the fact that the assumptions
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about future developments do not contradict each other from present factors.
The individual components of the scenarios must therefore be logically com-
patible (Gausemeier et al., 1998; Schldsser, 2022).

Since qualitative scenarios are often developed with or for organizations
such as companies or municipalities, scenarios must be relevant and helpful.
They should be able to support decision-makers (Chermack, 2018; Durance &
Godet, 2010). To this end, scenarios must systematically and comprehensively
prepare complex relationships in a coherent manner (Amer et al., 2013). In ad-
dition, the development process of the scenarios must be prepared transpar-
ently. This means that the assumptions, materials and conclusions of the sce-
narios are made available to users (Durance & Godet, 2010).

In the following, the emergence of the scenario method will be briefly out-
lined and the difference between predictive, normative, and explorative sce-
narios is described.

2.2 The Origin and Application of scenario development

The following subsection explains three exemplary applications of the term
scenario in more detail, highlighting the purpose of three different types of
scenarios: predictive, normative, and explorative (Schmidt-Scheele, 2020).

Scenario methods emerged in the 1950s to develop more effective war
tactics in military contexts. The main aim was to test different strategies
in simulated environments and to use the allocation of scarce resources as
efficiently as possible in order to achieve the best possible outcome (Bradfield
etal., 2005; Mayer, 2009). In the course of the 1960s, the field of application ex-
panded and scenarios were increasingly used in contexts to improve political
and social decision-making processes (Amer et al., 2013; Kahn & Wiener, 1967).
Social and political contexts are characterized by complexity and uncertainty
(Roos, 2015, 2017). The application of scenario methods to social and political
systems marks the beginning of modern scenario methods (Bradfield et al.,
2005). Thus, from the 1960s onwards, scenarios were no longer used only
to predict well-structured problems. Rather, scenarios are used to examine
changes in the entire system. Scenario methods focus on the interactions
between the influencing factors and system dynamics in order to gain insights
into possible options for decision-makers (Hoffart et al., 2021).

Basically, scenarios can be divided into three categories: predictive, norma-
tive, and explorative. These categories are based on three fundamental ques-
tions that can be asked of the scenarios from a user perspective.
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Predictive scenarios address the question "What will happen?” (Borjeson et
al., 2006). This question is accompanied by the development of scenarios that
assess the probability of each scenario (Hoffart et al., 2021). Computer-aided
forecasting models are often developed for this purpose, which extrapolate
past and present data into the future (Amer et al., 2013). Examples of such sce-
narios include emission scenarios that simulate long-term emission pathways
(Schmidt-Scheele, 2020). It is important to note that scenarios are generally
to be distinguished from forecasts, as they explore a range of possible futures
rather than identifying the most likely future possible (Amer et al., 2013; Cher-
mack et al., 2001; Hoffart et al., 2021). Even though predictive scenarios are
assigned to scenario planning, they are more traditional forecasts.

Normative scenarios are goal-oriented and address the question of how a cer-
tain goal or scenario can be achieved (Borjeson et al., 2006; Hoffart et al., 2021). In
this context, both desirable and undesirable futures are taken into account in
the creation of scenarios. Based on the target state, it is then analyzed which
planning steps are necessary to achieve this state. Therefore, normative sce-
narios are particularly suitable for political and strategic contexts (Durance &
Godet, 2010).

Explorative scenarios are designed to address the question “What can
happen?” (Borjeson et al., 2006) by mapping out a wide spectrum of plau-
sible futures without attempting to predict which will occur. Their con-
struction and selection rest explicitly on the principle of plausibility: each
scenario must be internally coherent and grounded in rigorous analysis
of past and present trends, yet no scenario is assigned a probability of re-
alization (Schmidt-Scheele, 2020). Instead, they focus on identifying key
uncertainty factors—ranging from technological breakthroughs to socio-
political shifts—and examining the complex interrelationships among them
(Amer et al., 2013; Durance & Godet, 2010). By depicting alternative pathways,
explorative scenarios enable us to anticipate how changes from the status quo
might unfold and to prepare for a variety of contingencies. Typical examples
include context scenarios, which explore possible future social, environmen-
tal, and political conditions, and socio-technical scenarios, which illuminate
the dynamics of major systemic transitions (Hoffart et al., 2021). Ultimately,
the exploratory purpose of these scenarios is not to forecast the most likely
future but to reveal the breadth of what could happen, thereby enriching
strategic decision-making under deep uncertainty (Amer et al., 2013).

In summary, scenarios can be classified based on their aim: predictive sce-
narios focus on predicting what will happen (often quantitative and probabil-
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ity-based), normative scenarios focus on achieving a desired future state (goal-
directed and value-laden), and explorative scenarios focus on understanding
the range of what could plausibly happen (plausibility-based and uncertainty-
focused). Scenarios in general serve as a tool to explore multiple possibilities
under uncertainty, rather than providing single-point forecasts.

3. The Development Process of Qualitative Scenarios

Figure 2: The four phases of the scenario development process.

Source: Hoffart et al. (2021, 6).

The scenario field is used to develop a systematic representation of the in-
terdependencies between different levels of the system. These can span differ-
ent sectors and jurisdictions (Hoffart et al., 2021). In order to systematically
capture the scenario field, qualitative methods such asliterature analyses, par-
ticipatory system mapping, or expert interviews are used (Ernst et al., 2018).
The aim is toilluminate as broad an environment as possible in order to be able
to identify a wide range of influencing factors. By means of the scenario envi-
ronment, influencing factors are then compiled for the different levels of the
system and evaluated according to their influence and uncertainty.

There are two ways to do this. On the one hand, a resource-saving and on
the other hand a more resource-intensive method can be used to determine
the influence and uncertainty of the factors (Pillkahn, 2008). Both approaches
are used to identify key factors that can have the strongest influence on the
development of the system. In system field analysis—as a resource-intensive
method—all influencing factors are plotted in a matrix and the mutual influ-
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ence of each factor on the others is assessed on the basis of an ordinal scale
(Gausemeier et al., 1998). Since this approach was not used in the practical
examples covered in this article, this approach is omitted here. A detailed de-
scription and practical application can be found in Hoffart et al. (2021).

Figure 3: A general Wilson Matrix.

Source: Adapted from Pillkahn (2008, 203).

The Wilson matrix can be understood as a more resource-efficient method
(Pillkahn, 2008). Each factor is assessed in terms of its systemic impact and
uncertainty with a view to future development. The rating scale is ordinal and
extends from 1 to 10, where 10 expresses the strongest impact on system or the
highest uncertainty.

In the context of the practical examples presented here, the Wilson ma-
trix was used to classify the influencing factors and thus identify the decisive
key factors. Figure 3 shows a Wilson matrix as an example. The impact of the
factors is plotted on the ordinate. The abscissa indicates the degree of uncer-
tainty of a factor with regard to its possible development. The matrix can then
be divided into different quadrants. A common subdivision can be seen in the
Wilson Matrix shown here (Pillkahn, 2008). Factors that have a small impact on
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the system, regardless of how uncertain their development is assessed, tend to
be less relevant for the design of the scenarios. Particularly interesting for the
further development of the scenarios are those factors that have a high impact.
Depending on the degree of uncertainty, these can be divided into certain and
critical factors. Certain factors are factors for which there are relatively precise
estimates, even over long periods of time. Critical factors have both a high in-
fluence and a high degree of uncertainty. They are particularly interesting from
the point of view of scenario development, as they allow great freedom in the
further design of the factors. These critical factors tend to be the key factors
of the scenarios (Gausemeier et al., 1998). However, certain factors that have
a particularly strong impact can also be included in the set of key factors. The
selection of key factors is not only based on the structural assessment of their
impact and uncertainty. Rather, the selection of key factors also depends on the
purpose of the scenarios and the interests of the stakeholders involved (Ernst
etal., 2018).

After the key factors have been identified, projections are developed in
phase 2. Projections express different possible developments of the key fac-
tors. As arule, atleast two projections should be formulated for each key factor
(Haigh, 2019; Pillkahn, 2008). When formulating projections, it is important
that they reflect contrary developments. For example, if one defines a price as
a key factor, two obvious projections would be that the price will either rise
or fall. Depending on the key factor and system environment, the number of
projections varies (Hoffart et al., 2021).

In phase 3, the projections of the key factors are merged into consistent
scenarios. As in phase 1, a resource-saving approach as well as a resource-in-
tensive approach can be used for this purpose. The resource-intensive method
is consistency analysis (Pillkahn, 2008; Weimer-Jehle, 2006). This method is
based on the pairwise comparison of two projections of different key factors.
Here, the simultaneous occurrence of the projections in a future is evaluated.
Thus, the logical consistency of the pairwise occurrence of the projections is
determined. This evaluation also takes place with an ordinal scale. Depending
on the number of projections, consistency analysis can extend over a large set
of projections and thus ties up large human resources and, if necessary, com-
putational capacities (Weimer-Jehle, 2023; Weimer-Jehle et al., 2016). As part
of the practical examples, we used morphological analysis as a resource-saving
method.
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Figure 4: General example of the morphological analysis.

Source: adapted from Pillkahn (2008, 204).

Phase 4 includes the interpretation, preparation, and communication of
the scenarios. The depth and design of the visions of the future depends on the
desired scope and the area of application. If the scenarios are used for public
communication or as educational tools, then the focus is on communicating
the scenarios. For this purpose, the scenarios can be prepared into stories in
text form or transferred to other creative visualizations. In principle, there are
no limits here (Pillkahn, 2008). If the scenarios are further processed in scien-
tific contexts or in strategic planning, the focus is more on the interpretation
and analysis of the systemic relationships of the key factors and projections in
the individual scenarios. For example, qualitative scenarios are used in the de-
velopment of emission pathways within the framework of the IPCC (Kriegler
et al., 2014; O'Neill et al., 2014; van Vuuren et al., 2014), in the concrete simu-
lation of transformation paths of energy systems (Hoffart et al., 2021; Pregger
et al., 2020; Prehofer et al., 2021; Vogele et al., 2017) or in scientific advice to
municipal decision-makers (Nilsson et al., 2017; Volkery & Ribeiro, 2009).

In the following section, two student projects are presented in which mas-
ter’s students from the Faculty of Management and Economics at the Ruhr-
University Bochum have developed qualitative scenarios for and with the city
of Bochum. These student projects show the didactic added value and strategic
potential that lies in the development of qualitative scenarios. Municipalities
in particular have a special role to play in times of crisis. They can be understood
as representatives of politics and have the opportunity to shape transforma-
tion processes in a participatory and inclusive way in the immediate vicinity of
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the population and to absorb the negative effects of the transformation. (Roos/
Schmitt, 2022).

4. Application of Qualitative Scenario Development
for Public Foresight

Due to advancing technological progress, automation, and digitalization, the
task profile of universities is shifting. It is no longer just about preparing
knowledge and bringing it closer to students. In the digital age, knowledge is
archived and easily accessible. Rather, it is about empowering students to deal
with complexity and uncertainty. Systemic and critical thinking can be named
as two central building blocks here (Roos, 2024). The task profile of universities
has thus evolved from the transfer of knowledge to the intertwined transfer
of knowledge and skills in dealing with complex and uncertain issues (Ehlers,
2020). In order to meet these new challenges, seminars have been offered at
the Faculty of Management and Economics in recent years that deal with the
systematic and scientific recording of future developments. The two practical
projects presented below take up this claim.

In the first practical project Climate-resilient Bochum 2046, the question was
"What are the specific impacts of climate change on Bochum and what can be
done to prepare for it?”. In the second practical project Smart City Bochum 2040,
the students were confronted with the topic of advancing digitalization. The
focus was on the influence of digitization on the municipal administration and
its possibilities for action.

To address these topics, students of the Faculty of Management and Eco-
nomics have developed qualitative and explorative scenarios at the regional
level. In the first practical project, the scenarios were developed for the city
of Bochum. The students worked primarily independently and had the results
evaluated by the Climate and Sustainability Unit of the City of Bochum'. In
addition, the local working group of Scientists for Future provided its assess-
ment of a sustainable city of Bochum in the light of the potential local effects of
climate change (Ehrhardt et al., 2022). In the second practical project, scenar-
ios were developed together with representatives of the Smart City Innovation

1 The evaluation took place in the form of a presentation of the results of the scenarios
and an interview with Sonja Eisenmann as Head of the Climate and Sustainability Unit
of the City of Bochum (Piittbach, 2022b).
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Unit (SCIU) of the city of Bochum. The students of the Ruhr University Bochum
prepared the development process and developed exploratory scenarios in two
workshops with members of the SCIU.

These two projects show how the scientific method of scenario planning
can be integrated into university teaching and collaborations between the uni-
versity and the municipal administration can be established.

In the following section, the course and structure of the two practice
projects is outlined. Both practical projects spanned a total of two semesters
and focused on different phases of scenario development.

41 First practical project: Climate-resilient Bochum 2046

The first practical project spanned from April 2021 to April 2022 and included
two seminars. In the first seminar, the students were introduced to the topic
of the regional impacts of climate change and familiarized themselves with ex-
tensive teaching materials on qualitative scenario development. In the second
seminar, the students concentrated on the scientific processing of the scenar-
ios. Table 1 shows the four phases of scenario development and which tasks
were implemented by the students in the first and second seminar. A special
feature of the seminars was the project-oriented way of working. Instead of
frontal teaching in the form of lectures, the teaching materials on the method
of qualitative scenario development and the role of sustainability in macroeco-
nomics were made available to the students in an interactive online course. The
students and lectures then came together in seminar sessions and discussed
the teaching materials together and trained practical steps of scenario devel-
opment. For this purpose, there were several smaller group works in which his-
torical stories from the last 30 years were collected, pop cultural narratives of
the future were assessed and one’s own attitudes towards the future were dis-
cussed. The aim of the joint work phases was not primarily to impart knowl-
edge, but to engage creatively and critically with the future.
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Table 1: Overview of development phases for scenarios for the project Climate-vesilient

Bochum 2046.

Phase1

Phase 2

Phase3

Phase 4

1.1. Objective &
time horizont
provided by lec-
tures

1.2. Students
researched re-
sponsibilities of
municipalities
&influence fac-
tors

1.3. Applying

2.1. Students devel-
oped projections
for key factors

2.2. Discussion of
key factors with
lecturers

3.1. Morphological
analysis to construct
scenarios

4.1. Developing
narratives in form of
persona

4.2. Presentation of
scenarios to S4F and
CSU Bochum

4.3.Second seminar
on scientific prepa-
ration of scenarios
4.4. Preparation of
student anthology

Wilson Matrix
to define key
factors

Source: own contribution based on the seminar documents.

In the first phase, the lecturers gave the students the question of the sem-
inar and the time horizon for the exploratory scenarios. In addition, group
work phases were planned in which the students were able to consolidate the
method and already collect the first possible influencing factors. In their own
work phases, the students researched the areas of action and responsibility of
the city of Bochum and collected concrete influencing factors that can impact
the scope of action of the city of Bochum against the background of advancing
climate change. In order to narrow down the influencing factors collected and
identify important drivers, the students applied the Wilson Matrix.

In phase 2, nine key factors covering political, ecological, techno-eco-
nomic, and social factors could be identified together. In small groups, the
students developed projections for the individual key factors, which were then
discussed and adapted with the lecturers. In phase 3, the students developed
four scenarios together with the lecturers based on morphological analysis. In
the end, qualitative scenarios could be developed that define the framework
conditions of the city of Bochum in 2046.

The fourth phase of scenario development was ultimately divided into two
parts. In the first part, the students each wrote a term paper as part of their
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final course assessment. These term papers dealt with different aspects of the
scenarios. The seminar papers addressed the local effects of climate change,
prepared the method of qualitative scenario planning, backed up the scenar-
ios with scientific evidence and developed narratives to communicate the sce-
narios. In order to communicate the significance of the developed scenarios,
so-called personas® were designed. This creative form of writing is about fic-
tional characters going about their everyday lives in the respective scenarios
and thus bringing the reader closer to the meaning of such a future (Torma/
Aschemann-Witzel, 2024).

The second part of the fourth phase includes the second seminar. This semi-
nar came about because the students expressed a desire to continue developing
their scenario work beyond the framework of the first seminar by promoting
the further processing and communication of the developed scenarios. In this
seminar, the students worked almost independently. The aim was to produce a
student anthology® in which the method and the results are prepared in such
away that they can serve as a working basis for interested parties and employ-
ees in the municipal administration. To do this, the students had to partially
rewrite the existing texts from the term papers, compile a more solid empiri-
cal basis for the individual scenarios and enter into direct communication with
the Climate and Sustainability Office of the City of Bochum. The anthology was
compiled over seven months. After the publication of the student anthology,
excerpts were presented in a public reading at the Bochum Theatre.

Table 2 lists the four scenarios that emerged in the practical project. The
scenarios describe mixed futures in which the negative effects of advancing
climate change take different forms. Particularly interesting are the social up-
heavals that will emerge in the city of Bochum in 2046 as a result of global
developments. The scenarios vividly present the tensions between economic
prosperity and socially acceptable redistribution and the dealing with climate
refugees.

2 The scenario description in the form of personas can be viewed in the German-lan-
guage student anthology (see Eckert, 2022; Leusmann, 2022; Piittbach, 2022a; Voll-
bracht, 2022).

3 The student anthology was edited by the lecturers. The individual contributions were
written by the students of the seminars (see Roos et al., 2022).
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Table 2: Overview of the four scenarios of the project Climate-vesilient Bochum 2046.

Scenarios

Description

Waste Land 2046 —
“We Told You So”
(Alfers/Ruhfaut,
2022)

This worst-case scenario depicts Bochum in 2046 as the locus

of pervasive system and ecosystem collapse. Extreme weather
events, failing supply chains, and dwindling natural resources
result in severe shortages of water, food, and energy. Widespread
unemployment and social unrest dominate daily life, while only
affluent households with off-grid power systems maintain re-
liable access to electricity. Motorized transportation has largely
broken down; most inhabitants travel on foot or by bicycle. Trust
in political institutions has all but vanished, and public protest
remains absent, as citizens have lost all hope in governmental
intervention.

Greentopia—“Too
Cood to Be True”
(Alfers, Kruse, etal.,
2022)

In this hybrid utopian-dystopian future, a rigorous sustainability
agenda in Germany and Bochum has successfully averted ma-
jor climate catastrophes. A pervasive “sustainability mind-set”
combined with stringent consumption and production regula-
tions ensures stable resource provision and a clean environment.
However, elevated energy costs and strict usage limits place sig-
nificant burdens on households and businesses, giving rise to

a small yet vocal protest movement. The majority of residents
nonetheless accept these constraints as necessary for long-term
ecological stability.

Economy First—
“Business as Usual”
(Alfers, Westhof, et
al., 2022)

Under this growth-oriented narrative, policymakers and corpo-
rations prioritize “green” innovation-driven expansion without
implementing substantive social redistribution. Large firms em-
brace virtual working models, which exacerbates income and
spatial segregation: wealthy populations inhabit secure suburbs
or gated communities, while inner-city districts experience in-
creasing poverty. Smart-city technologies are deployed chiefly for
efficiency gains and surveillance, and broad segments of the pop-
ulace see little benefit from overall prosperity. The middle class
continues to contract, and public scepticism toward digitalization
intensifies.
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Scenarios Description

Rotten Oasis—“Let’s  This scenario combines moderate climate impacts with a phase

Make Things Better”  of economic stabilization, thereby averting acute systemic crises.

(Alfers, 2022) A collective awareness of sustainability emerges, yet political ur-
gency and financial resources for adaptation measures remain
insufficient. During periods of drought and extreme rainfall,
water and energy rationing are enforced, while technical inter-
ventions—such as air-conditioning units, facade greening, and
communal “cooling shelters"—become commonplace. Local bio-
diversity suffers, and supply chains for industrial goods are robust
but consumer-goods provisioning remains vulnerable. Municipal
authorities respond reactively, and citizen-led initiatives assume
primary responsibility for climate adaptation and the mainte-
nance of social cohesion.

Source: The summaries and translations of the scenarios were created by the author.

The close and self-organized cooperation between students and lecturers
in the practical project Climate-resilient Bochum 2046 and the resulting an-
thology gave the reason to continue the format. The second practical project
will be presented in the next section.

4.2 Second practical project: Smart City Bochum 2040

The second practical project also spanned two seminars from April 2023 to April
2024 and focuses on the Smart City concept of the City of Bochum. Within
the concept, innovation scouting and urban foresight on technological poten-
tials and negative consequences for the urban population is planned. At the
beginning of the seminar, the students of the practical project familiarized
themselves with the topic of the smart city and the method of qualitative sce-
nario development with the help of the methodological self-study course. In
this practical project, the focus was on the collaborative development of sce-
narios together with representatives of the SCIU. For this purpose, two one-
day workshops were organized, which the students planned and carried out
together with the lecturers. Before the workshops took place, the students re-
hearsed the development of scenarios in fast forward under the guidance of the
lecturers. For this purpose, there were several seminar sessions in which the
basic concepts of scenario planning were explained and the creation of scenar-
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ios was rehearsed. Table 3 shows the course of the practical project with regard

to the workshops. The trial run of the students is not explicitly listed.

Table 3: Overview of development phases for scenarios for the project Smart City

Bochum 2040.

Phase1

Phase 2

Phase3

Phase 4

1.1. Scenario field
defined by stu-
dents & lecturers

2.1. Developing of
projections with
SCIU members

3.1. Morphologi-
cal analysis with
members of SCIU

4.1. Public presen-
tation of scenarios
to SCIU

1.2. Collection of to construct sce- 4.2.Second sem-
influence factors narios inar to further
with SCIU mem- develop visual
bers communication of
1.3. Applying Wil- scenarios

son matrix with
SCIU members

Source: own contribution based on the seminar documents.

In phase 1, the students defined the scenario field and the time horizon.
The basis for this was public strategy papers of the city of Bochum, in which
central topics and development paths of the city up to 2030 are outlined (Stadt
Bochum, 2017; 2022). The first workshop took place about 6 weeks after the
start of the seminar. At this workshop, influencing factors were collected on
the basis of the scenario field. The students used participatory brainstorm-
ing methods. The members of the SCIU were divided into two groups and
each group was supervised by students. The aim was to collect influencing
factors, discuss their systemic significance, and assign them to the PESTEL*
categories. In the second part of the first workshop, the influencing factors
collected in this way were evaluated according to their systemic influence
and uncertainty using the Wilson matrix. Finally, the factors classified in this
way were discussed together and 12 key factors were identified. In this way,
complex and supra-regional trends could be translated to the regional level
(Nilsson et al., 2017) and the development of explorative scenarios for the city

4 PESTEL is an acronym of the terms Political, Economic, Social, Technological, Environ-
mental and Legal and serves as a strategic orientation framework.
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of Bochum could be prepared. After the first workshop, the students further
specified the key factors collected and developed projections for each key
factor. For this purpose, the notes from the first workshop from the discus-
sion rounds were used to align the descriptions of the key factors and their
projections as closely as possible to the ideas of the members of the SCIU.

In the second workshop, phases 2 and 3 were combined. First, the devel-
oped projections were discussed together with representatives of the SCIU and
then scenarios were developed by means of morphological analysis. The stu-
dents took the scenarios developed in this way into the seminar sessions and
developed narratives, analysed the systemic relationships and reflected the re-
sults back with the SCIU. This resulted in five scenarios.

As before, the fourth phase of the project is divided into two parts. The con-
clusion of the first seminar was a public presentation of the scenarios, dur-
ing which the development process was presented and the scenarios were dis-
cussed. The second part of phase 4 was implemented in a second seminar. The
focus was on the creative preparation and broader communication of the re-
sulting scenarios. Comparable to the creation of the student anthology, the stu-
dents formed working groups that dealt with different areas of responsibility.
The goal was to develop a video that conveys the central aspects of the scenar-
iosin a scientifically sound way. To this end, the students contacted advertising
and graphics agencies, drafted a script, interviewed scientists about the vari-
ous focal points of the scenarios and organized a final event in which the results
were presented to a wider public (RUB, 2024).

Table 4 lists the five scenarios developed and includes a brief description.
Central topics of the scenarios are the development of the global security sit-
uation, the financial situation of the city of Bochum and the structure of dig-
italization. Both the international geopolitical balance of power and the local
implementation of digital services in private or public hands play a central role
here. The scenarios can rarely be assigned to a dystopia or utopia and can thus
be used as cause for thought for the further development of the smart city con-
cept.
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Table 4: Overview of the five scenarios of the project Smart City Bochum 2040.

Scenarios

Description

Plenty of
Light with
a touch of
shadow

By 2040, Bochum benefits from deep global integration and success-
ful digitalization: stable, diversified supply chains and a sustainable
energy infrastructure underpin a thriving economy. Key public services
have been partly privatized, yet a strong sense of community—fueled
by citizen engagement and private foundations—ensures social co-
hesion and effective crisis management. Although municipal budgets
remain tight, widespread trust in digital technologies and robust cyber-
security enable seamless communication and low levels of crime.

The Division

In 2040 the world has fractured into national blocs. “America First”
politics and trade conflicts have stalled globalization, leading to dein-
dustrialization in Germany, the disappearance of the middle class, and
asurge in populism and right-wing policies. In Bochum, empty cof-
fers and high unemployment have driven privatization of essential
infrastructure and pervasive surveillance, while affluent groups se-
clude themselves in gated communities. Smart-city technologies are
deployed primarily to control disadvantaged populations.

We —But not
all

Amid climate change and social tensions in the 2040s, tightly knit local
communities emerge in Bochum, but mutual mistrust deepens be-
tween them. Despite ecological pressures and constrained household
budgets, the broader population remains indifferent toward digitaliza-
tion and smart-city initiatives. Key services such as infrastructure, ed-
ucation, and healthcare are largely privatized, and shortages of skilled
workers combined with low urban density hinder progress.

Digitalization
as the last
hope

By 2040, Bochum faces economic stagnation and depleted municipal
funds, yet progressive policies and a creative civil society view digital
transformation as the key to renewal. Through targeted partnerships
and investments in education and training, the city strengthens its
digital competencies and develops innovative solutions for mobility,
energy, and administration. Digitalization becomes the driving force
behind sustainable growth and renewed social cohesion.
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Scenarios Description
The Great Following a period of global cooperation to combat climate change,
Crash society has become fully digitalized: Al-optimized supply chains, intel-

ligent energy distribution, and interconnected communication define
daily life. Then an unforeseen threat—whether an “Al virus” or cyber
terror attack—brings all digital infrastructure to its knees within days.
In Bochum, supply chains falter, panic buying spreads, and without In-
ternet-based administration and services, societal functions grind to a
halt.

Source: The summaries and translations of the scenarios were created by the author.

The description of the two practical projects is intended to show how versa-
tile the scenario planning method can be used. On the one hand, the practical
projects have contributed to students of the Faculty of Management and Eco-
nomics dealing with interdisciplinary issues. On the other hand, the students
were able to gain experience in dealing with experts from municipal admin-
istration through the independent structure of the seminars and had to orga-
nize project management independently. In the following section, the applied
method of scenario planning and the experience gained in the two practical
projects against the background of regional political decisions will be reflected.

5. Reflections about Qualitative Scenarios
for regional public foresight

The description of the two practical projects shows how flexibly the scenario
planning method can be applied. It can be applied in various degrees of depth
and professional expertise. While scenarios developed by students will in-
evitably be more superficial than those developed by experts of the respective
fields, current debates in the scientific literature can be transferred to the
practical projects. Regardless of the depth of the scenarios developed, the pro-
cess encourages collaborative work between the participants and promotes
the reciprocal transfer of knowledge between universities and practice.

In the following section, the core benefits and limitations of qualitative sce-
nario planning as a foresight method will be discussed and the experiences of
the two practical projects will be reflected against this background. Project di-
aries and reflection reports of the students, which they have written to accom-
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pany the projects and discussed with the lecturers in feedback meetings, serve
as the basis for this reflection.

The work in the practical projects has clearly shown that scenario planning
is a method with which complexity and uncertainty of long-term develop-
ments can be captured and communicated in a structured form (Durance/
Godet, 2010; Hoffart et al., 2021). Particularly in regional contexts such as ur-
ban and spatial planning, decision-makers are confronted with complex and
transdisciplinary challenges (Dixon/Tewdwr-Jones, 2021). These experiences
are also reflected in the students’ reports, which highlight the competence
development of design thinking and ambiguity tolerance (Ehlers, 2020). In
addition, there is a strong focus on the integration of inter- and transdisci-
plinary dimensions, which are addressed in public foresight in the form of
social, technological, economic, environmental, political, legal, and value-
based (STEEPVL) factors (Szpilko, 2020). This confronts regional decision-
makers with a holistic problem and enables them to develop strategic de-
cisions as a group through the participatory development of shared visions
(Burrows/Gnad, 2018; Ravetz/Miles, 2016; Rijkens-Klomp/Van Der Duin,
2014). Here, existing thought patterns and assumptions about the future are
challenged and compromise is supported by the joint development of futures
(Amanatidou, 2017).

Although this process was not evaluated on the part of the municipal ad-
ministrative employees in the course of the practical projects, the students re-
port joint learning effects in their project diaries. This showed that the stu-
dents were able to broaden their economic view from their studies. Above all,
the close cooperation with the SCIU in the Smart City Bochum 2040 project
showed the students how administrative work processes differ from academic
work. These different logics represent a central challenge in the application of
scenario planning processes in public foresight. The scientific approach to the
future focuses on systemic relationships between inter- and transdisciplinary
factors, which are analyzed in time horizons of decades. Whereas the strate-
gic work of administrations and public organizations tends to take place over
shorter periods of up to 15 years. This is a structural conflict that can hinder
the development process and the practical use of public foresight for political
work in municipalities (Bourgeois et al., 2017; Rijkens-Klomp/Van Der Duin,
2014; Tatar et al., 2020). However, the SCIU is a special working unit within
the municipal administration. The members of the SCIU work in different ar-
eas of the city administration and at the same time belong to a working unit
that deals with long-term developments of a smart city and is granted fixed
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working hours for this purpose. As a result, the SCIU offers great potential for
incorporating findings from scenario planning into the day-to-day work of the
municipal administration.

In addition to communicating with the city administration, the students
had to moderate different perspectives and interests in their own group.
Although this also led to tensions because the workload was distributed highly
unequally at times and students held conflicting opinions about the contents
of the anthology, this was actively addressed in the group and led to the de-
velopment of communication skills and the strengthening of one’s own self-
efficacy. The students emphasise the self-organised character of the project
work, which strengthens the group structure and encourages students to
proactively stand up for themselves and the project. In particular, the acqui-
sition of offers from various publishers for the publication of the student
anthology in the project Climate-resilient Bochum 2046, as well as the contact
with graphic designers for the preparation of the scenarios in the Smart City
Bochum 2040 project, confronted the students with rather unusual tasks that
are not required in regular studies. The students reported that they regularly
had to leave their comfort zone due to the varied tasks and at the same time
had the feeling that the project team supported them in these steps.

Within the practical projects, the lecturers were able to gain insights into
the personal development of the students through the diaries and feedback
discussions. However, this also reveals a fundamental problem of the scenario
planning method. The learning effects described by the students cannot be
directly attributed to the scenario planning method itself. Although the col-
laborative nature of the method promotes democratic decision-making and
self-efficacy, these effects are difficult to attribute directly to the scenario
method (Amanatidou, 2017; Rijkens-Klomp/Van Der Duin, 2014; Tatar et al.,
2020). Especially in economics studies, the focus is often on written exams as
a form of examination. Here, scenario planning proves to be a helpful method
for breaking up isolated teaching and learning formats and bringing those
involved into direct exchange. Especially against the background of advancing
digitalization, the mediation and testing of collaborative and transdisciplinary
approaches plays a greater role (Ehlers 2020).

In addition to the process-oriented effects of scenario planning, which
have a positive effect on group dynamics in an organization and the individual
development of strategic thinking in complex and fundamentally uncertain
contexts, scenario planning is subject to material limitations. The presentation
of the two practical projects shows that scenario planning is a time-consum-

‘https://doi.org/10. liby - Open Access - [-) EXRN

289


https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

290

Part Ill-Reimagining Transformation

ing and financially intensive method. Both projects lasted one year each. Of
course, this is partly due to the university context, where semester times have
to be adhered to and exams have to be collected. Nevertheless, well-founded
scenario planning can extend over several months to years and requires in-
tensive group processes to be effective (Durance/Godet, 2010; Hoffart et al.,
2021). The two practical projects took place as part of regular courses and the
publication and visualization were partly co-financed by university funding
programs. Thus, in addition to the personnel leave, there were no additional
costs for the city of Bochum. Nevertheless, the high intensity of scenario
planning can be a central obstacle in the practical application of public fore-
sight. However, this use of time and personnel resources is not inherent in the
scenario planning method, but is much more due to the complex challenges of
participatory processes and a sound scientific foundation.

6. Conclusions

This article has shown that qualitative scenario planning offers a systematic
method for addressing uncertainty in long-term municipal strategy develop-
ment. The method is based on identifying a scenario field, isolating key factors,
formulating projections, and combining them into consistent futures. Rather
than predicting the most likely outcome, scenario planning seeks to map out
plausible alternatives that can challenge assumptions, highlight systemic in-
terdependencies, and provide a structured basis for strategic reflection.

The two student projects presented here illustrate how this scientific
approach can be adapted in practice. In both practical projects, students
experimented with the method, engaged with municipal stakeholders, and
translated abstract foresight concepts into narratives and visualizations.
These projects demonstrate that universities can serve as experimental spaces
where exploratory foresight methods are tested, refined, and foster transdis-
ciplinary exchange. They also reveal the dual challenge of linking academic
processes—which operate with long time horizons and systemic perspec-
tives—to administrative practice, which is often bound by shorter planning
cycles and functions in different institutional logics.
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Beyond profits
An exploration of energy commoning practices in local
energy communities

Hannah Charlotte Miiller

Abstract: The future of both societal and climate resilience is uncertain. Each faces
growing pressures that are deeply interconnected. As climate crisis intensifies, its con-
sequences extend far beyond environmental degradation. Rising temperatures and ex-
treme weather events now coincide with growing inequalities and distrust in democratic
institutions. Regarding climate cvisis, the energy transition is a central undertaking
for reaching climate neutrality amongst various sectors, i.e. industry, housing, and
mobility. Within this extensive transformation the ways in which energy is consumed,
produced, and distributed will undergo drastic change. In context of growing instability,
distrust, and inequality there is a need for viable pathways to adapt and change the
existing energy system while making it more vesilient, equitable, and inclusive. Em-
powering citizens and fostering their participation in the energy transition can not only
advance the transformation but also strengthen democratic values and a sense of efficacy
amongst individuals and communities. The concept of energy commoning offers a lens to
explore the transformative capacities of collective energy initiatives. Energy commoning
refers to practice-related activities and values along the line of production, distribution,
and consumption of renewable energy. To gain a deeper understanding of the concept,
this study examines energy communities as sites of energy commoning. By exploring
the practices associated with commoning within these communities, the discussion
gains both practical grounding and valuable insights into how energy commoning can
contribute to more equitable and socially sustainable futures.
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1. From Eroding Confidence to Collective Action

Democracies around the world appear to be under pressure as trust in repre-
sentative institutions declines (Valgardsson et al., 2025, 18-20). In Germany,
recent empirical studies underscore a troubling erosion of societal confidence
in the capacity of the government to respond effectively to pressing challenges.
Social cohesion and trust in democratic values appear increasingly fragile.
The Mitte-Studie, published in 2023, describes a population under strain from
overlapping crises—such as the COVID-19 pandemic, the Russian invasion
of Ukraine, inflation, and climate change—where 42% of the respondents
report heightened insecurity and more than half express a retreat toward
nationalistic and authoritarian orientations, often accompanied by declining
trust and weakened support regarding democratic institutions (Zick, Kiipper
& Mokros, 2023, 227-30). Moreover, studies have shown that while support for
climate protection in Europe and Germany remains high, public confidence
in the ability to address climate crisis has dropped significantly (Frick et al.,
2025, 4—6).

This growing disconnect between persistent environmental concern and
limited trust in the collective ability to take adequate action is particularly
evident in the energy transition. The transformation of energy sector faces not
only substantial technological and infrastructural challenges, but also social
and political hurdles that cannot be overcome by investment in technology
alone (Cloke et al., 2017, 263). Top-down measures and profit-driven decision-
making harbor the risk of aggravating frustration and undermining the ur-
gency and inclusivity required for rapid transformation. Rather than allowing
trust to erode further, there is an urgent need for viable alternative pathways
that empower, motivate climate action, and rebuild trust (Apajalahti & Kungl,
2022, 222-3). Those pathways evidently need to address questions of exclusion
and inequality. The burdens and responsibilities in context of climate crisis
are distributed highly unequally (Chancel et al., 2023). While the global north
is not only responsible for a disproportionately large share of global CO,
emissions it also tends to have greater capacity to shape energy systems and
exploit natural resources than the global south. In addition, the consequences
of climate change, like flooding and desertification, have a greater impact
on the global south (Deivanayagam et al., 2023). Similarly, energy poverty
persists as a critical issue, on global as well as regional and local scales. Lower-
income communities often face higher energy costs, limited access to clean
technologies, and greater vulnerability to price shocks and infrastructural
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deficits (Belleflamme, 2018; Chancel et al., 2023). Subsequently, questions
of social justice and equitable participation are increasingly recognized as
central aspects of a successful energy transition. However, many mainstream
approaches to energy transition remain centered on market-based mecha-
nisms or technological innovation; they risk reinforcing existing disparities
unless explicitly designed to address them (Cloke et al., 2017, 263—4). No single
technology or policy can integrate environmental, social, and economic objec-
tives across all societal groups and system domains. Instead, the complexity
and interconnectedness of transformative efforts demands approaches that
are dynamic, participatory, and context-sensitive (Sovacool, 2021). There is a
consensus across disciplines within the scientific community that the energy
transition does not only entail the restructuring of the energy system through
technological adaptation and policy changes; it requires multifaceted and
decentralized strategies (Bernstein & Hoffmann, 2019; McCauley, et al., 2019;
Oliver et al., 2023). Consequently, alternative approaches that move beyond
conventional economic paradigms and top-down policies, emphasizing suf-
ficiency, equity, and human wellbeing need to be examined (Vogel & Hickel,
2023, 766).

One promising example of such an approach is the emergence of energy
communities, which offer new pathways for more inclusive and participatory
energy systems. By providing a form of decentralized and horizontal organi-
zation they have the capacity to democratize energy production, distribution,
and consumption (Broska et al., 2022). They enable collective action and citi-
zen-led renewable energy systems that allow for the production and provision
of energy not as a commodity but as a common resource. The framing of en-
ergy as a common resource, that should be accessible and serve the common
good has close connections to the concept of energy commons. Unlike market-
based models that treat energy as a commodity, the energy commons perspec-
tive reimagines energy as a collectively governed resource, foregrounding rela-
tional, social, and ecological dimensions over profit maximization (De Angelis,
2017; De Angelis & Harvie, 2014). Beyond considering energy as a common re-
source, energy communities are also valued for their ability to “[...] increase
awareness, knowledge, and intention to adopt low-carbon technologies and
other sustainable measures” (Broska et al., 2022, 2). Within this context, the
concept of energy commoning can offer a valuable lens for exploring socially
and culturally embedded practices performed by energy communities (Brandt-
ner et al., 2023). Energy commoning, understood as a dynamic, ongoing pro-
cess of collectively managing shared resources, highlights the relational and
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practical dimension of energy (Bollier, 2021). It draws attention to how com-
munities organize, negotiate, and sustain collective action, embedding energy
transitions within local cultures, values, and everyday practices (Kaandorp et
al., 2024). This focus on relationality and practice stands in contrast to purely
economic or technocratic approaches, offering a richer, more holistic under-
standing of what a just and effective energy transition might entail. More-
over, energy commoning extends beyond shared resources and goods, such as
means of energy production, distribution infrastructure, and renewable en-
ergy itself, that are often referred to as energy commons. The concept of com-
moning highlights the social connections, cultural practices, and relationships
within energy communities, while also embracing diverse ways of knowing,
performing, and imagining energy (Cloke et al., 2017, 264). By understanding
energy commoning as a transformative practice, it can challenge the status
quo and create community-centered alternatives. The collective engagement
in commoning practices within energy communities can foster trust and cohe-
sion and empower democratic participation (De Angelis, 2017; Holloway, 2010).

This text aims to explore energy commoning within local energy commu-
nities as a promising pathway for local energy transition. By investigating how
collective practices shape values, governance, and social relations, it responds
to the urgent need to move beyond narrow technological fixes and top-down
approaches. The following analysis contributes to the practical understand-
ing of energy commoning, grounding it in real-world cases, focusing on the
research question: How do local energy communities engage in energy com-
moning, and how do these practices influence their shared values and activ-
ities? To answer this, the article first lays out the conceptual foundations of
energy commons, emphasizing commoning as a dynamic, practice-oriented
lens that captures the diverse ways communities collectively manage energy. It
then synthesizes theoretical and empirical research from case studies to map
the field and identify key themes. Building on these insights, the article pro-
poses an analytical framework to further examine energy commoning and its
potential in the energy transition. Ultimately, this work aims to explore how
energy commoning can empower citizens, foster social cohesion, and rebuild
trust contributing to a more inclusive, democratic, and resilient energy tran-
sition capable of addressing effects of both climate and societal crises.
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2. From resource-based Commons to relational commoning

This section introduces the evolving concept of energy commons and presents
energy commoning as a dynamic lens for exploring energy communities.
The notion of energy commons that are neither governed by the market nor
controlled top-down by the state can be traced back to Ostronrs (1990/2005)
work on common-pool resources (CPR). Her contribution marked a signifi-
cant development in commons theory addressing the tragedy of the commons
and privatization paradigms (Ostrom, 1990/2005). Garrett Hardin's concept
of the "tragedy of the commons” describes a world in which individuals,
inevitably acting in their own self-interest, exploit shared resources with-
out contributing to their maintenance, ultimately undermining collective
outcomes (Hardin, 1968, 1243-8). This view of human behavior and shared
resources reinforces the assumption that commons are inherently vulnerable
to overuse and mismanagement, thereby requiring oversight and regulation
by either a centralized state authority or private entities to ensure their sus-
tainability. Ostrom (1990/2005) opposes this top-down approach by providing
empirical evidence from around the world showing that communities can
and do successfully self-govern shared resources. However, both Hardin and
Ostrom’s foundational works conceptualized commons primarily as tangible,
often finite resources—such as fisheries, forests, or irrigation systems. This
resource-based view, while influential, is limiting: it overlooks the intangible
and non-depletable dimensions of commons, such as social relationships,
collective processes, and shared knowledge, which are central to the practice
of commoning (Brandtner et al., 2023, 920). Ostront’s later work began to
address these dimensions, notably with the concept of “knowledge commons”
(Hess & Ostrom, 2007, 66—8); however, her frameworks remained anchored in
the governance of defined systems.

A broader shift in commons research since the 1990s—sometimes called
the “New Commons” (Hess, 2008)—has moved the field beyond natural re-
sources, incorporating digital, urban, and collaborative commons as well as
their social and cultural embeddedness. More recent scholars such as De Ange-
lis (2017) have called for a deeper shift—from managing resources to enacting
alternative social relations—which signifies a “social turn’, emphasizing
collective action, cultural embeddedness, and the relational constitution of
commons (Bollier & Helfrich, 2012; De Angelis & Harvie, 2014; Linebaugh,
2008). Yet, as Bauwens et al. (2024) note, literature on social or relational
commons remains fragmented, and definitions often remain fuzzy. Bollier
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(2021, 351) highlights that “[...] a commons consists not just of a resource, but
of a community that manages a resource by devising its own rules, traditions,
and values [...]”. However, despite this recognition, he continues to anchor the
commons in the realm of resources. In contrast, De Angelis and Harvie (2014)
argue for a more radical approach: seeing the commons not as a resource,
but as a site of social practice and contestation, where alternative value sys-
tems are enacted. This approach shifts the focus from the materiality of the
commons to the social relations, practices, and contestations that constitute
commoning. They emphasize that commoning is not merely a means of man-
aging resources but is inherently transformative, capable of generating new
forms of social organization, cooperation, and value creation (Bollier, 2021,
351-2; De Angelis & Harvie, 2014). This shift away from static definitions of
the commons toward an understanding rooted in commoning—emphasizing
practices, relationships, and processes—offers a compelling lens for exploring
various fields (Euler, 2018, 15).

2.1 Energy Commoning: Definitions and Analytical Value

The field of energy commons exemplifies these theoretical developments.
While the energy transition is often framed in terms of technological de-
ployment, market incentives, and regulatory design, such approaches risk
neglecting the social and relational practices that are integral to fostering
transition and engaging communities (Bauwens et al., 2024, 9-10; Sovacool,
2014, 25). This gap is especially consequential for energy commons, where the
viability and transformative potential of community-led initiatives depend on
precisely these social dynamics (Caffentzis & Federici, 2014, i102).

Energy commons are frequently linked to the idea of energy democracy
(Atutxa et al., 2024; Feldpausch-Parker et al., 2021; Nadesa et al., 2023). Ac-
cording to Burke and Stephens (2017, 37), energy democratization involves
three interconnected aims: resisting the dominance of fossil fuel-driven en-
ergy agendas, reclaiming social and public control over renewable energy
sources, and restructuring energy systems to promote democratic participa-
tion and environmental sustainability. Together, these goals position energy
democracy as a transformative process that challenges existing power struc-
tures while advancing more equitable and ecologically responsible forms of
energy governance that are closely tied to the idea of commoning. Especially
regarding renewable energy sources like sunshine and wind the commons
concept is positioned as a means to oppose the extraction and enclosure of
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natural resources by centralized market actors “[...] reconceptualizing energy
as a commons rather than as a commodity, owned and managed by commu-
nities deploying systems of rules for energy conversion and use.” (Burke, 2021,
209). Regarding energy democracy, commoning is particularly significant
when considering the intersection of energy, wealth, and justice. By focusing
on the practices and relationships that constitute commoning, scholars and
practitioners can better understand how collective energy initiatives might
address, rather than reproduce, existing inequalities in access, participation,
and value creation (De Angelis & Harvie, 2014). In doing so, energy common-
ing becomes not only a technical or organizational alternative but a potential
vehicle for advancing social justice and mitigating the deep-seated inequities
through democratic and collective action.

Yet, the practical reality is complex. State involvement—especially in
grid infrastructure and regulation—remains significant, and many energy
communities operate within hybrid models that blend market, state, and
collective logics (Burke & Stephens, 2017, 39). Following Ostrom (2005) the
commons should be neither state-led nor controlled by private organizations.
This raises the question: Is it meaningful to speak of energy commons when
collective organization is partial, or when communities are embedded in
larger networks and legal frameworks? Szulecki (2018, 35-6) suggests shifting
focus from whether energy, its modes of production, distribution and man-
agement qualify as commons to how communities navigate and reshape these
structures through collective action. In a similar vein, Brandtner, Douglas,
and Kornberger (2023, 921) propose the notion of relational commons as they
promote a “[...] theory of meaningful social interaction, not a theory of prop-
erty or natural resources [...]” highlighting relational and social phenomena as
fundamental to the commons.

Drawing on De Angelis’s (2017) notion of boundary commoning, Hol-
loway’s (2010) idea of “cracks in capitalism,” and Euler’s (2018) call to shift from
goods-based to practice-based definitions, in the following, I conceptualize
energy commoning as an analytic and empirical lens for studying relational,
social, and informational commons. Energy commoning thus refers to the
ongoing, collective social practices through which communities engage with,
reshape, and co-produce energy systems (Kaandorp et al., 2024). It is less
about full ownership or ideal-typical governance, and more about the rela-
tional, informational, and procedural dimensions of collective action. This
broad definition enables the inclusion of investment-driven cooperatives,
regionally networked communities, and hybrid models, provided they are
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grounded in collective practices and shared governance. Local energy commu-
nities are likewise defined broadly and not limited to a type of organization
or size constraints: they may be geographically rooted but can also operate
at regional scales or as part of wider networks, provided their activities are
collectively organized and they engage in the production, distribution, or
management of renewable energy (Atutxa et al., 2020).

Despite growing interest and ongoing research in energy commons and
communities, there is often little differentiation between tangible, intangible,
goods-based and social commons. This conceptual fuzziness is understand-
able, given the interconnected nature of energy systems, but it risks obscur-
ing the social practices, relationships, and knowledge flows that constitute en-
ergy commons and shape communities. Especially when linking energy com-
mons and energy communities, the existence of commoning is often simply
assumed without critical examination of the degree, forms, or implications of
these practices. This article addresses this gap by adopting a practice-oriented
lens: rather than debating whether an initiative is truly a commons, it inves-
tigates how communities navigate state and market constraints, co-produce
energy systems, and enact commoning through everyday relationships, gover-
nance, and knowledge-sharing. By foregrounding the procedural, relational,
and knowledge-based dimensions of energy commoning, this approach offers
a more nuanced and inclusive framework for understanding the transforma-
tive potential of collective energy initiatives. Furthermore, the lens of com-
moning also foregrounds forms of value creation that are often overlooked in
conventional economic frameworks—such as trust, solidarity, social inclusion,
and environmental care—thus enabling a richer understanding of the trans-
formative capacities of collective energy initiatives.

3. Methodology

The following analysis aims to explore energy commoning by not only engag-
ing with the concept on a theoretical level but also by examining case studies
that relate energy communities to energy commons and commoning. For this
reason, an integrative literature review is conducted to systematically draw on
existing theoretical and empirical work, not only to summarize key findings
but to distill central themes and conceptual insights by identifying patterns
and connections, thereby synthesizing the findings in a comprehensive frame-
work (Snyder, 2019, 335—-8). While this study adopts a practice-oriented lens to
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understand energy commoning, it draws primarily on academic literature that
documents and analyzes practical cases. This approach was chosen for several
reasons. First, the field of energy commoning is still emerging and much of
the available knowledge is captured in published case studies and empirical
analyses grounded in research projects. Second, academic publications often
provide rich descriptions of community practices alongside critical reflection
informed by both practical perspectives and theoretical foundation. However,
it must be acknowledged that such accounts may carry theoretical biases or
interpretations shaped by authors’ frameworks. The analysis therefore is con-
ducted cautiously, drawing from a diverse range of publications. Finally, given
constraints related to time, resources and access existing literature represents
an efficient way to map current knowledge and various representation of com-
moning practices in energy communities. Regarding the extent of research,
it should be noted that this is an explorative review. It does not capture the
full scope of research on energy commons and commoning. Instead, it offers
a focused analysis that highlights and integrates key issues related to energy
commoning and energy communities.

3.1 Sample selection

As illustrated in Figure 1, relevant academic and grey literature was identi-
fied using the Scopus database, chosen for its broad coverage of publications.
The search included all English-language publications available as of May 2025,
with no limitations on the starting date, thereby broadening the scope of the
relevant literature.

Based on the research question the search was narrowed down to “energy
commons” and “energy commoning” and restricted to potentially relevant
subject areas—social sciences (SOCI), energy (ENER), environmental science
(ENVI), earth and planetary sciences (EART), arts and humanities (ARTS) and
business and management (BUSI)—as well as curated document types—arti-
cle (ar), book chapter (ch) and book (bk).!

1 The initial search query was formulated as follows: TITLE-ABS-KEY ("energy commons”
OR "energy commoning") AND ( LIMIT-TO ( SUBJAREA,"SOCI" ) OR LIMIT-TO ( SUB-
JAREA,"ENER") OR LIMIT-TO ( SUBJAREA,"ENVI" ) OR LIMIT-TO ( SUBJAREA,'EART")
ORLIMIT-TO (SUBJAREA,"”ARTS") OR LIMIT-TO (SUBJAREA,"BUSI") OR LIMIT-TO (SUB-
JAREA,"ECON") OR LIMIT-TO (SUBJAREA,ACRI") OR LIMIT-TO (SUBJAREA,"HEAL") )
AND ( LIMIT-TO ( DOCTYPE,"ar") OR LIMIT-TO ( DOCTYPE,'ch") OR LIMIT-TO ( DOC-
TYPE,"bk"))
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Figure 1: Sample selection

The initial literature search produced 40 entries for further screening. The
relevance of each paper was assessed, selecting only those that engaged explic-
itly with energy commons or energy commoning, either through theoretical
analysis or empirical examination. Particular attention was given to studies
situated within the context of energy sharing, collective energy governance or
energy communities. Papers were excluded if they used the term commons in
abroader or unrelated sense, for example, referencing fossil fuels (e.g., oil and
gas) as common-pool resources or human energy (e.g., motivational, physical,
or emotional energy) as a collective resource. In addition, publications primar-
ily focused on the technological integration of energy systems, or the digital
and IT dimensions of energy production and management were also excluded,
as they fell outside the conceptual scope of this review. The literature search was
complemented by manually adding relevant papers identified through previ-
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ous work.” Ultimately, a total of 13 publications (n=13) were included in the final
sample for the full-text thematic analysis. For a structured overview of the pa-
pers included see Table 2.

3.2 Thematic analysis

Core themes and key dimensions of energy commoning were identified using
a deductive thematic analysis approach, drawing on established frameworks
in qualitative research (Ahmed et al., 2025; Braun & Clarke, 2006; Fereday &
Muir-Cochrane, 2006). As a result of scoping coding a coding guide was devel-
oped based on concepts and categories found in the selected literature (see Ta-
ble 1). This thematic coding guide provided a structure for examining underly-
ing patterns, tensions, and interconnections within the sample. The deductive
guide provided the foundational structure for the subsequent thematic analy-
sis, while also allowing space for inductive insights to emerge during the cod-
ing process (Braun & Clarke, 2006). This blended approach, using deductively
derived themes while remaining open to inductive findings, ensured both the-
oretical grounding and responsiveness to additional insights (Fereday & Muir-
Cochrane, 2006). The dimensions, themes and codes sketched out in the the-
matic coding guide not only enabled a systematic exploration of underlying
practices of energy commoning but also served as a fundamental base for the
development of the analytical framework.

Table 1: Thematic coding guide

Key dimension Themes Codes

Relational Collective governance e.g. democratic decision-making
processes, polycentricity

Participation e.g. financial investment, commu-
nity action
Collective engagement e.g. trust, care

2 After careful consideration, one supplementary article was selected based on its di-
rect thematic relevance. While supplementing systematic searches with targeted ad-
ditions can introduce potential bias, this step was taken transparently and is supported
by the article’s clear relevance and contribution to thematic completeness.
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Key dimension Themes Codes
Social In-/Exclusion e.g. financial power, housing stock
(In-)Justice e.g. social cohesion, spatial in-

Socio-economical sustain-
ability

Informational Types of knowledge

Knowledge exchange and
informal learning

Transparency and data
collection

equalities

e.g. support for the local economy,
consumption behavior

e.g. community values, operational
knowledge

e.g. information sharing, active
communication

e.g. horizontal privacy, awareness
campaigns

4. Results

The review focused on how the examined contributions conceptualize, frame,

and evaluate energy commoning in local energy communities. While not all

papers explicitly used the term energy commoning, each selected study was
included based on its substantive engagement with the concept, whether
through exploring how communities and practices shape the constitution of

energy commons, or by highlighting the transformative potential of reimagin-

ing energy systems beyond commodity logics, emphasizing democratization

of the energy system and social justice. Regarding the number of publications

over time, a slight upward trend from 2024 on is notable, though given the total

number of publications reviewed (n=13) this incline can only be understood as

a first indication and needs to be examined more broadly.
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Figure 2: Number of publications on energy commons and commoning research over
time 2015-May 2025.

Source: Own illustration

The reviewed publications originate from a wide range of journals, reflect-
ing diverse disciplinary perspectives, including energy studies (e.g. Yang et
al., 2021), social sciences (e.g. Campbell, 2024), geography (Hastie et al., 2025),
law (e.g. Hoops, 2025), and technology (e.g. Giotitsas et al., 2015). While most
contributions are from peer-reviewed journals, one reviewed work is part of
an edited book (Cervas & Giancatarino, 2017). In terms of methodological ap-
proaches, empirical case studies constitute the largest share of the sample, rep-
resenting over 60 percent of all studies reviewed (see Table 2). This indicates a
strong emphasis on real-world, context-specific inquiry within the field. The
prominence of case studies is consistent with broader trends in commons re-
search, as noted in previous reviews (Bauwens et al., 2024; van Laerhoven et
al., 2020). Case studies offer detailed insights into localized practices and dy-
namics, underscoring the importance of understanding how commons oper-
ate within diverse and often complex social-ecological systems. Though not
all the publications can be classified as case studies, they are all at least par-
tially empirical and reference specific spatial contexts. The spatial references
concentrate in western Europe but the articles reviewed also include examples
from the US, Chile, Nepal and South Korea (see Table 2).
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Table 2: List of analyzed articles

Author

Approach

Spatial reference

Yang, S., Chen, W., & Kim, H.
(2021)

Kaandorp, C., Moreno Pessoa, I.
T., Pesch, U.,vande Giesen, N., &
Abraham, E. (2024).

Hastie, H., Dawney, L., & Butler,
C. (2025)

Giotitsas, C., Pazaitis, A., &
Kostakis, V. (2015)

Atutxa, E., Zubero, I., & Calvo-Soto-
mayor, . (2024)

Hoops, B. (2025)

Acosta, C., Ortega, M., Bunsen, T.,
Koirala, B., & Ghorbani, A. (2018).

Lee,]., Byrne, J., & Seo, J. (2023)

Atutxa, E., Zubero, I., & Calvo-Soto-
mayor, . (2020)

Campbell, B. (2024)

Cervas, S., & Giancatarino, A.
(2017)

Islar, M., & Busch, H. (2016)

Melville, E., Christie, I., Burning-
ham, K., Way, C., & Hampshire, P.
(2017)

Comparative case
study

Single case study

Qualitative study

Conceptual study

Comparative empiri-
cal study

Comparative empiri-
cal study

Single case study

Case study

Comparative empiri-
cal study

Single case study

Case study

Comparative case
study

Single case study

Seoul, South Korea

Amsterdam, Nether-
lands

Multiple UK cities, UK

Kythnos, Greece &
Huatacondo, Chile

Various initiatives,
Spain

Various initiatives,
Germany

Haarlem, Netherlands

Delaware, USA &
Seoul, South Korea

Rubi, Barcelona &
Basque Country, Spain

Chitwan District, Nepal

California & Philadel-
phia, USA
Samsg, Denmark &

Feldheim, Germany

Multiple neighbor-
hoods, UK

Regarding the conceptualization of the commons, the sample reflects the
diversity of commons and commoning in academic literature. Approximately
half of the reviewed publications align with a goods-based commons concept.
The authors refer to means of energy production (Yang et al., 2021), energy in-
frastructures (Giotitsas et al., 2015), energy cooperatives (Acosta et al., 2018;
Hoops, 2025; Melville et al., 2017), or locally produced renewable energy (Islar
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& Busch, 2016) as commons. However, it is essential to note that the publica-
tions identified as aligning with a goods-based conception of the commons, to
varying degrees, extend beyond merely framing the commons as shared re-
sources. For example, Islar & Busch (2017, 315) describe how common good
in the context of energy is “[...] structured around ‘socially-related’ commons
such aslocally produced energy, the local economy and internet access.”. In the
same vein, Melville et al. (2017, 14) highlight the potential small-scale commons
approaches “[...] to motivate more sustainable energy consumption practices,
whilst providing social benefits of a greater sense of belonging, agency and
social connection [...]". The reviewed publications explicitly going beyond the
goods-based concept highlight practices of commoning that encompass val-
ues of care (Campbell, 2024; Hastie et al., 2025), democratic participation (Cer-
vas & Giancatarino, 2017) and community building (Atutxa et al., 2024; Lee et
al., 2023) as well as collective governance (Atutxa et al., 2020; Kaandorp et al.,
2024).

4.1 Exploring dimensions of energy commoning

During the thematic analysis, publications with a clear reference to common-
ing or those exploring the social and relational aspects of energy commons
offered relevant insights into the relational, social, and informational dimen-
sions of the commons. These findings provided the initial foundation for the
thematic analysis. In addition, the publications grounded in a goods-based
conception contributed valuable insights and revealed meaningful thematic
intersections that enriched the analysis.

Energy commoning is widely understood not as a fixed structure, but as
an evolving set of social practices, relationships, and governance processes.
It entails collective ownership, participatory decision-making, and shared
responsibility in managing energy systems. Practices include peer-to-peer
microgrid operations (Giotitsas et al., 2015), democratic decision-making
processes (Cervas & Giancatarino, 2017), time-donation or resistance funds
(Atutxa et al., 2024) and community-driven warmth provisioning (Hastie et
al., 2025). Commoning emphasizes cooperation, trust, and decentralization,
contrasting them with market logics and centralized energy infrastructures.
It is embedded in cultural, social, and material contexts, as seen in Nepal’s
biogas systems (Campbell, 2024) or the local contexts of community energy
projects in Germany and Denmark (Islar & Busch, 2016).

‘https://doi.org/10. liby - Open Access - [-) EXRN

3n


https://doi.org/10.14361/9783839424506 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

312

Part Ill-Reimagining Transformation

4.2 Relational dimension

The relational dimension of commoning focuses on how energy is governed,
how actors interact with one another, and how collective agency is exercised.
Several studies underscore the centrality of participatory governance in shap-
ing these relationships. Atutxa et al. (2024), in their comparative study of
Spanish energy commons, show how sociocratic models are employed to build
consent-based, transparent governance, navigating inequality and ensuring
all members are heard in decision-making processes. In their prior research
on the scalability of energy communities Atutxa et al. (2020) identify loss of
participation as a consequence of growth in communities. This implies that
the size of communities plays a significant role in shaping the active engage-
ment and participation of their members. The empirical findings of the study
suggest that as the single communities grow “[n]etworks are created on the
basis of joint action and mutual trust and knowledge” to enable energy com-
mons to expand and grow (Atutxa et al., 2020, 12). In Amsterdam, Kaandorp
et al. (2024) illustrate how relational energy commoning is enacted through
intermediaries like Platform 02025, which connects citizens, professionals,
and state actors to challenge the centralized and technocratic nature of the
urban heat transition. Commoning practices in this case include free advi-
sory services, peer exchange events, and lobbying, all aimed at reconfiguring
the governance structure of energy systems to increase local influence and
procedural justice.

Melville et al. (2017) highlight the interconnectedness of energy commons
and accountability. Their UK-based study of a community demand-response
trial aimed to explore how community accountability for individual energy
consumption shapes everyday energy practices. The interviews conducted
showed that despite privacy concerns and time restrains the participants
welcomed the idea to take responsibility on a local level as it “[...] appealed
to their sense of community, desire to connect with others, compassion and
recognition of different people’s needs and circumstances, and the desire to
work together with others in mutually supportive relationships” (Melville et
al., 2017, 19).

Regarding diverse forms of collective organization, Hoops (2024) identifies
five types of energy commons among German cooperatives, revealing a wide
spectrum from participatory self-management to investment-oriented mod-
els with passive membership. This “empirical reality of disbursed dividends
and the normative ideal of an Energy Commons without any financial pur-
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pose [...]” (Hoops, 2025, 23) contrasts commoning practices and more conven-
tional, market-oriented energy governance. The case of investment-oriented
initiatives demonstrates that acts of commoning, such as shared ownership,
collective decision-making, or localized governance, can still emerge within
frameworks that are partially embedded in market logics. Rather than a strict
binary, the boundary between commoning and mainstream energy provision
appears porous, with practices potentially drifting toward or away from com-
mons-based principles over time. This highlights both the conceptual flexibil-
ity of commoning and its analytical usefulness in capturing hybrid forms of
energy governance that operate at the intersection of economic profits, civic
engagement, and institutional normalization.

4.3 Social dimension

The social dimension of energy commoning concerns itself with questions of
equity, inclusion, mutual support, and everyday routines. Campbell’s (2024)
ethnographic work in Nepal offers a vivid account of layered commoning in a
rural biogas initiative, where collective practices—such as shared access to pas-
tures and reciprocal herding—were foundational to the biogas system. Here,
energy commoning was embedded in broader patterns of everyday life and
cultural meaning, rather than being limited to technical or financial arrange-
ments. When political leadership disrupted access to communal land, it desta-
bilized the energy system, demonstrating the fragility of the commons under
shifting governance regimes. This illustrates how commons and commoning
can propose a means to overcome inequalities and pluralize wealth production
and value creation but also highlights their ongoing vulnerability to structural
power and economic inequalities, as such initiatives can still be overtaken or
undermined by broader political or economic shifts.

Hastie et al. (2025) push this analysis further into the urban context by ex-
ploring “warm spaces” in the UK during the energy crisis of 2022-2023. These
spaces, often hosted in libraries or community centers, provided not only
physical warmth but also social connection, food, and access to care, functions
which reframe energy provision as a shared, caring infrastructure. Though
not formal commons, these spaces enacted commoning through relational,
needs-based provisioning and anti-stigmatizing design. Within the warm
spaces different “[...] hubs offering communal digital and computing access,
community spaces providing parent and child groups, skills-based activities
and board games” emerged (Hastie et al., 2025, 2). The study highlights how
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everyday practices of care, especially in times of crisis, can temporarily realign
local energy systems toward social solidarity and inclusion.

Other studies foreground the relevance of commoning practices for eco-
nomic inclusion. Acosta et al. (2018), in their case of the DE Ramplaan solar
cooperative in the Netherlands, emphasize the importance of flexible design,
mutual trust, and phase-based development in making the project accessi-
ble and socially robust. Similarly, Cervas and Giancatarino (2017) document
how energy democracy movements in California and Philadelphia mobilize
resources for solar investment in low-income and renter communities, using
tools like Green Zones and Energy Investment Districts to institutionalize
energy equity.

Social inequalities—including wealth disparities and energy poverty—are
particularly pronounced within the social dimension of energy commoning.
Factors like financial resources, place of residence, or proximity to infrastruc-
ture can limit the ability of marginalized groups to access clean energy solu-
tions or participate in community initiatives. Entrance fees that restrict mem-
berships, for example, can be exclusive (Atutxa et al. 2024; Hoops 2025). To
overcome this restriction, some communities offer alternatives like “resistance
funds based on mutual support and solidarity [or] the option to donate time
instead of money [..]” (Atutxa et al., 2024, 20).

Spatial disparities also play a crucial role in determining the capacities
of individuals and communities to partake in energy commoning. In the
mini-PV case studies of Seoul (Yang et al., 2021), high-density housing was
perceived as an obstacle preventing the inhabitants from using PV-systems to
locally and collectively produce renewable energy in their living environment.
They were able to overcome this difficulty. Leadership from apartment office
managers, combined with the creative use of shared resources (e.g., collective
repair funds), facilitated collective ownership of decentralized solar systems.
In Spain, Atutxa et al. (2024, 24) found out that communities are facing “[...]
spatial and material limits” which will force them to decline new members
when there is no more space to increase their energy production further. Fur-
thermore, spatial inequalities like the distribution of heating infrastructures,
the quality of housing development, or segregation patterns can limit access
to and the potential of energy commoning in local contexts (Kaandorp et al.,
2024).
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4.4 Informational dimension

Informational commoning refers to the process by which knowledge is cre-
ated, shared, and utilized to empower collective action and decision-making.
Many energy commons rely on informal learning, peer exchange, and networks
shaped by situated knowledge rather than top-down information pipelines.
In Amsterdam, Kaandorp et al. (2024) show how civic platforms function as
knowledge intermediaries, enabling distributed learning about heating alter-
natives and rights. In addition, a number of regular networking and knowl-
edge-sharing events were recorded and partially attended by the researchers,
like the monthly “energy breakfast” (Kaandorp et al., 2024, 3).

Melville et al. (2017) add nuance by showing the limits of information shar-
ing in a UK-based community demand-response pilot. While collective incen-
tives were welcomed, participants resisted mutual monitoring or publicizing
household-level data due to fears of surveillance and social pressure. This high-
lights the fine line between transparency and coercion in informational com-
moning, as well as the need for trust-sensitive design when energy data is in-
volved.

Lee, Byrne and Seo (2023) place knowledge production at the heart of their
conceptual model of energy democracy. They argue that energy transitions re-
quire not just technological diffusion but the cultivation of what they term an
interactive set of ”[...] motivating, operational, and organizing principles” (Lee
et al., 2023, 60); each rooted in shared values, democratic structure, and local
context that are closely tied to knowledge and empower communities to imag-
ine and realize sustainable and just futures. Informational commoning thus
becomes a cornerstone of civic capacity, enabling communities to articulate
alternatives and navigate complex transitions.

In their Californian case study, Cervas and Giancatarino (2017) highlight
how campaigns fostered community engagement and broader public out-
reach. A similar dynamic can be observed in Feldheim, Germany. Islar and
Busch (2016) describe how Feldhein’s ambitious renewable energy project
gained significance over time, particularly through external attention and
interest. As a response, the village established the Neue Energien Forum, an
information center for renewable energy, reflecting a shift toward broader
public engagement and knowledge sharing.

The informational dimension of energy commoning also addresses in-
equality. Access to knowledge, technical expertise, energy literacy and the
availability of information about renewable energy options is often unequally
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distributed along the lines of wealth and education (Sovacool et al., 2019). This
can reinforce existing divides, as those with greater resources are better able
to navigate complex systems, access subsidies, or adopt new technologies. Ef-
fective commoning thus depends on creating inclusive learning environments
and transparent communication strategies that empower all community
members, regardless of socioeconomic status (Hastie et al., 2025).

4.5 Towards an energy commoning framework

Concluding this iterative review process, beginning with a deductive thematic
coding guide and evolving through close engagement with both empirical and
conceptual literature, I developed a framework that structures and presents
the key insights gained. Rather than merely summarizing findings, this
framework is designed to operationalize the diverse dimensions of energy
commoning for future research and practice. The initial coding guide served
as a starting point, focusing on relational, social, and informational aspects;
however, ongoing analysis revealed the necessity to adapt and broaden these
categories in response to the complexities encountered within energy com-
moning practices. This approach aligns with methodologies in related fields,
where frameworks are dynamically shaped by integrating theoretical synthe-
sis with empirical evidence to identify context-sensitive, practice-oriented
dimensions (Bauwens et al., 2024). In developing the analytical framework,
special attention has been paid to how each dimension interacts with the
structural realities of wealth inequality, exclusion and trust in the energy
transition. In the following section, each dimension is presented and briefly
described. The framework provides general themes, key aspects and guiding
questions for each dimension. This format is chosen to make the framework
applicable to empirical research settings, as it, for example, can serve as
a starting point for developing interview guides. It allows for both broad
exploration and more targeted research designs depending on the context.
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Table 3: Analytical Framework regarding the Relational Dimension of Commoning

Themes

Key Aspects

Guiding Questions

Collective Governance

Participation & Engage-
ment

Community Practices

Modes of governance
(e.g., sociocracy, energy
democracy); integration
into broader networks,
size/scope of the organiza-
tion

Active participation, em-
powerment, mobilization,
shared responsibility

Community events, in-
formal communication,
member integration

How are decisions made?
How do members relate
to each other?Is the
community networked?

Is active participation
expected or required?
What roles do members
take on?

How do members in-
teract regularly? How
are new members inte-

grated?

The relational dimension focuses on the modes of collective governance,
participation, and the enactment of agency within energy communities.
The literature consistently highlights that the success and durability of energy
commons depends not only on formal rules or ownership structures but on the
quality of relationships, trust, and mutual engagement among participants.
This dimension was adapted from the initial coding guide to place greater
emphasis on the diversity of governance models (e.g., sociocracy, polycen-
tricity), the fluidity of participation (ranging from active to passive forms),
and the importance of informal community practices such as peer exchange,
regular events, and the integration of new members. These aspects reflect the
theoretical shift from resource-based to practice-oriented understandings
of the commons, where the focus lies on how collective agency is enacted
and negotiated in everyday settings. When analyzing collective governance
and participation, it is essential to consider how economic and social status
influences who can participate and whose voices are heard in decision-mak-
ing processes. In addition, the size and scope of a community can drastically
impact how members interact and relate to one another and the community
as awhole.
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Table 4: Analytical framework regarding the Social Dimension of Commoning

Themes Key Aspects Guiding Questions

Inclusion & Accessibility Time donations, finan- What mechanisms en-
cial contributions, entry sure inclusivity? What
barriers, fee waivers may exclude partici-

pation or can reinforce
existing inequalities?

Equality & Justice Social/spatial inequali- How are benefits shared?
ties, fairness in benefit Are different needs and
distribution, internal experiences considered?
tensions

Everyday Practices Routine tasks in energy What daily tasks are
production and mainte- involved in operating the
nance; local or circular system? What routines
economic activities shape participation?

The social dimension addresses issues of inclusion, equity, and the repro-
duction of everyday life within energy commoning. While the initial coding
focused on exclusion, justice, and socio-economic sustainability, the literature
review underscored the need to broaden this dimension to capture the mul-
tiple ways in which energy commons intersect with social inequalities, access
barriers, and local livelihoods. The studies reviewed highlight that commoning
is not only about distributing benefits, but also about creating mechanisms for
participation (e.g., solidarity funds, time donations), negotiating internal ten-
sions and embedding energy practices in the routines and values of local com-
munities. This dimension is therefore shaped by both distributive and proce-
dural justice concerns, aligning with theoretical arguments that stress the so-
cially embedded and transformative potential of commoning. Value creation
and wealth within energy commons are plural and extend well beyond eco-
nomic considerations, encompassing intangible outcomes such as community
cohesion, mutual support, and the advancement of social justice. The frame-
work addresses social commoning as it shapes both individual and collective
capacities for change.
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Table 5: Analytical framework regarding the Informational Dimension of Commoning

Themes

Key Aspects

Guiding Questions

Knowledge Generation

Knowledge Sharing &
Learning

Situated knowledge,

know-how, 'learning by
doing, development of
shared norms and goals

Peer learning, informal
training, collective trou-
bleshooting, learning

How is knowledge devel-
oped and maintained?
How are shared values
shaped?

How is knowledge ex-
changed in daily prac-
tice? Who has access to

events key knowledge?

Transparency & Communi- Internal communication, How is information

cation openness of decision- shared within and out-

making, external commu-  side of the community?
nication, data handling How transparent are

processes?

The informational dimension explores how knowledge is generated,
shared, and mobilized to empower collective action in energy commons. The
initial coding guide focused on types of knowledge, knowledge exchange, and
transparency. However, the literature review revealed additional nuances,
such as the role of informal learning, peer-to-peer networks, and the tensions
between transparency and privacy. This dimension was thus refined to include
not only the mechanisms of knowledge production and dissemination but also
the cultivation of shared values, the design of inclusive learning environments,
and the management of information flows within and beyond the community.
Theoretical work on the commons emphasizes that informational commoning
is crucial in building civic capacity and enabling communities to articulate
and pursue alternative energy futures.

In summary, the analytical framework presented here is the result of
a combination of deductive coding and inductive adaptation, shaped by
the interplay between theoretical perspectives and empirical findings. By
foregrounding the relational, social, and informational dimensions, the
framework offers a comprehensive and flexible tool for analyzing the dynamic
processes of energy commoning and for understanding how these processes
are shaped by, and in turn shape, broader questions of justice, inclusion, and
sustainability in the context of energy transitions.
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5. Concluding remarks

In this contribution, energy commoning has been assessed as a promising ap-
proach to energy transition. One that transcends profit-driven logics and cen-
ters added values such as social cohesion, trust, and community empowerment
as integral outcomes of restructuring energy systems Against the backdrop of
intensifying climate crises, rising inequalities, and eroding trust in democratic
institutions, this research explored energy commoning as a promising path-
way for fostering societal and climate resilience. Within the context of energy
transition the concept of energy commoning served as a dynamic and practice-
oriented lens for analyzing collective action within local energy communities.
Building on an integrative literature review, this contribution has synthesized
key themes across relational, social, and informational dimensions, resulting
in the development of an analytical framework to guide future empirical and
theoretical research in this field. The analysis demonstrates that energy com-
moning is not a fixed structure or set of rules, but an evolving constellation
of practices, relationships, and governance processes embedded in diverse lo-
cal contexts. The analysis demonstrates how energy commoning is not merely
an alternative model for resource management, but a dynamic set of practices
deeply embedded inlocal contexts, practices that have the potential to reimag-
ine how energy systems are governed, experienced, and shared.

By examining local energy communities through a practice-oriented lens,
this study has moved beyond narrow technological fixes or top-down policy
approaches. Instead, it reveals how collective action, rooted in relational ties,
social inclusion, and knowledge sharing, can generate new forms of agency
and belonging. The multidimensional analytical framework developed here
captures these complexities by foregrounding three interrelated dimensions:
relational (how governance structures foster participation and trust), social
(how inclusion, equity, and everyday routines shape access), and informa-
tional (how knowledge is produced, shared and mobilized). These dimensions
are not static categories but reflect ongoing negotiation processes within
communities as they respond to shifting challenges and opportunities.

The findings underscore that successful energy commoning depends on
more than formal ownership or infrastructure; it is sustained by mutual trust,
participatory decision-making, flexible organizational models, and mech-
anisms for overcoming exclusion. Yet persistent barriers remain: economic
disparities can limit participation; spatial inequalities affect access; infor-
mational divides risk reinforcing existing power imbalances. As such, while
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energy commoning offers significant promise for building more equitable
and resilient systems at the community level, its transformative potential
will depend on addressing these structural challenges. The concept of energy
commoning is frequently linked to the democratization of energy systems.
However, the review produced little results regarding the capacity of energy
commoning in facing political uncertainty and fostering trust in democratic
institutions. There appears to be a tension—which require further investi-
gation—between the transformative potential and radical change of energy
commoning on the one hand, and, on the other, the need to collaborate with
local administrations and build functional networks that bridge state, market,
and civil society.

It is important to acknowledge several limitations inherent to this review.
Regarding the relatively small sample (n=13) as well as the broad and cross-
disciplinary field of commons and commoning, the review does not capture
the full diversity of energy commoning practices. Additionally, nuances and
debates within the literature on energy commons may not be fully addressed.
Furthermore, the landscape of energy commoning is rapidly evolving, with
new initiatives, policies, and crises (such as energy price shocks or climate
events) continually reshaping the field. As such, the findings and framework
presented here should be seen as provisional and subject to ongoing revision.
Moreover, the framework has not yet been applied to new empirical material
or a specific case study. It is intended to guide future research and support
the analysis of energy commons in diverse contexts. Further development
and the practical application and evaluation of the framework are neces-
sary to improve and validate the proposed dimensions, themes and guiding
questions.

Looking forward, future research is necessary to gain a better understand-
ing of the transformative potential of energy commoning. For this purpose,
the proposed analytical framework should be applied and tested across diverse
contexts to assess its robustness and refine its dimensions. Comparative stud-
ies could illuminate how different governance models, policy environments,
and cultural settings shape energy commoning practices in local contexts and
over time, while also clarifying how these practices intersect with broader pat-
terns of trust, social cohesion, and inequality. Greater attention is needed to
how energy commoning can address barriers to participation for marginal-
ized groups and foster genuine inclusion and equity, rather than inadvertently
reproducing existing divides. Further investigation into the role of policy, in-
stitutional frameworks, and hybrid governance models will be essential to un-
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derstanding the enabling and constraining factors that shape energy common-
ing on the ground. Transdisciplinary and participatory approaches, involving
practitioners and community members, will enrich theoretical development
and ensure that future research remains grounded in lived realities.

Ultimately, this article argues that empowering citizens through participa-
tory forms of collective action, such as those embodied in energy commoning,
is essential for advancing just transitions capable of addressing both climate
change and deepening social divides. By operationalizing key themes across
relational, social, and informational domains—and remaining attentive to is-
sues like exclusion or trust—the proposed framework supports both critical
scholarship and practical experimentation toward more inclusive democratic
futures. In doing so, it responds directly to the urgent need for viable path-
ways that make our energy systems not only greener but fairer—and ultimately
more resilient in the face of interconnected societal challenges and climate cri-
sis.
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