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Abstract: The study of Sustainability Transitions (STs) has emerged as an interdisciplinary
research field aimed at understanding and guiding societal transformations toward sus-
tainability. While significant advancements have been made in analyzing socio-technical,
economic, and policy dimensions, spatial aspects of STs have been largely overlooked.
This study contributes to the field by conducting a systematic literature review and bib-
liometric analysis of academic research on the Geography of Sustainability Transitions
(GST). Using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) framework, this study identified and analyzed 63 scientific publications indexed
in SCOPUS (1995–2024) to examine trends, regional distribution, author profiles, thematic
focuses, and main advances. Results highlight a concentration of research in the Global
North, with major contributions from Europe and North America, while studies from the
Global South remain scarce. The analysis also reveals six dominant transition themes:
urban transitions, energy transitions, industrial transitions, transport transitions, circular
economy, and agri-food transitions. Each of these themes is discussed in terms of spatial
dynamics, governance mechanisms, and the role of regional contexts in shaping transition
pathways. The study underscores the need for a more spatially inclusive approach in
transition research, advocating for greater integration of geographical perspectives in sus-
tainability studies. Future research should emphasize the role of local and regional factors
in transition processes, addressing disparities in transition capabilities between different
territories. By doing so, this work contributes to a more comprehensive understanding of
how STs unfold across diverse spatial contexts. Identifying the observed research gaps,
the study acts as a catalyst for interdisciplinary analytical reasoning and reinforces the
geospatial effect within the broader field of STs.

Keywords: sustainability transitions (STs); geography of sustainability transitions (GST);
PRISMA framework; research trends; geographical scope

1. Introduction
At the end of the 1990s, an interdisciplinary and transdisciplinary research field

emerged, dedicated to anticipating and adapting transitions to sustainability challenges:
Sustainability Transition studies (STs). This field resulted from the intersection between
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transition research and sustainability science, which is defined by practical problems and
theories on the interactions between natural and social systems. Over the past two decades,
there has been a significant increase in academic interest in STs [1]. It is important to
highlight that the coronavirus disease (COVID-19) pandemic had a significant impact on the
dynamics surrounding ST. There has been a noticeable rise in the number of studies focusing
on STs in recent years, reflecting growing academic interest and the field’s expanding
relevance across various disciplines. The still ongoing COVID-19 pandemic has contributed
to growing interest in the resilience of social and environmental systems, highlighting
the urgency of addressing global environmental and social challenges. However, until
recently, the literature on this topic largely neglected the spatial dimensions of STs [2,3]. The
influences of environmental changes on productive and social systems are a growing topic
of interest in academic, business, and governmental circles worldwide. These repercussions
manifest as ongoing transformations toward a reality in which environmental sustainability
guides social and/or economic development. These change processes are referred to as ST,
thus giving rise to a new research agenda in academia [4].

The decarbonization of energy and transport systems, agriculture that promotes
biodiversity and ensures food security, waste and water management, and sustainable
urban development are some examples of the transformations of STs on the agenda in
academia [3,5]. Among the various research themes of this agenda is geography, and
particularly, the geography of sustainability transitions (GST). Therefore, this study aims to
map trends, author profiles, regional distribution, thematic focuses, and main advances
within the theme of GST. Using the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) framework, this study identified and analyzed 63 scientific
publications indexed in SCOPUS (1995–2024).

Currently, the STs field encompasses distinct approaches that seek to understand
and operationalize the governance, which motivated a literature review to proceed with
a bibliometric analysis aimed at understanding the academic production on GST. For its
development, relevant scientific literature on GSTs was identified and analyzed, with the
present study adopting a quantitative approach and focusing on publications in English.
The process included three phases: (i) selection of the literature; (ii) bibliometric analysis;
and (iii) discussion of the main areas of STs and directions for the future.

The paper is structured into several sections. Following this introductory section,
there is a literature review on sustainability transitions and the GST. After the theoretical
discussion, a section on the research methodology follows. Subsequently, the main GSTs
are addressed. Finally, the discussion and conclusions of the research are presented.

2. Literature Review—From Sustainability Transitions to Geography of
Sustainability Transitions

GSTs encompass the geographical concepts and methods that contribute to under-
standing these processes. Their emergence in the research agenda stems from the lack of
a spatial approach in transition analysis. In this sense, the theoretical perspective of ST
studies is strengthened by contributions from regional studies and economic geography [6].
Regional studies contribute to the discussion on specialization and regional diversification
as foundations for regional development [7]. On the other hand, economic geography
enriches the debate on transitions by understanding the nature, spatiality, and radicality
of innovations [6]. By combining these approaches, it becomes possible to gain a deeper
understanding of geographical inequalities and the spatial diversity of ST trajectories and
their impacts [8].

Questions such as why transitions occur in certain places, how they develop in dif-
ferent geographical contexts, and the role of relationships across different spatial scales
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have largely been ignored. Although there have been significant contributions on urban
sustainability and low-carbon transitions, the GSTs have remained in the background [9].
Within this framework, questions arise, such as why do some regions manage to advance
toward STs trajectories and socioeconomic development while others do not? What are the
regional specificities that explain success in some regions and stagnation in others?

In this context, transition analysis benefits from conceptual tools such as related
variety (the study of regional productive and technological diversification), resource-based
enclaves, multi-level governance, value creation, and proximities (geographical, social,
cognitive, organizational, and institutional) between agents [10]. Like sustainability science,
ST studies are characterized more by their research purpose than by predefined methods or
objectives, emphasizing action orientation, integrated assessment, and interdisciplinarity.
The focus is to bring science closer to individuals, which requires significant changes in
the organization and conduct of science. These studies seek to understand the dynamics
and mechanisms of ST, considering the role of human action and the adoption of diverse
approaches and perspectives.

According to Loorbach et al. (2017) [11], The concept of sustainability transitions has
been a topic of debate in both academic and public spheres. It has developed through a
diffuse international field of applied and fundamental research (. . .) that is increasingly
global and encompasses a wide range of sectors, domains, and social issues (p. 601).

ST studies are now considered a socially relevant research field, considering the
magnitude of global sustainability challenges. The growing academic interest reflects
the perception of STs as processes of social change essential for addressing contemporary
challenges [1,12–14].

3. Methods and Data
3.1. PRISMA Model to Conduct Literature Review in Geography of Sustainability Transitions

This section provides a review of various studies conducted at an international scale
on GST. The literature review focused on international studies. The PRISMA guidelines [15]
were followed, as they are recognized for improving the quality and transparency of
systematic reviews (Figure 1).
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We adopted the latest version of PRISMA, which emphasizes transparency and quality
in the selected studies. First, by mid-2024, a review of records in the SCOPUS database
was conducted to identify relevant literature using the following keywords: “Geographies
AND transition AND sustainability.” The Boolean method was used to include combi-
nations of keywords appearing in the titles, keywords, or abstracts of the records. The
term “Geography of Sustainability Transitions” (Figure 1) produced 64 records in Scopus
(including unavailable records). The choice to use the SCOPUS database for the analysis
is based on three main considerations: (i) the high quality of the indexed sources, such as
peer-reviewed journals, which ensure reliable data; (ii) its global coverage, which allows for
comparative and international analysis; and (iii) its academic recognition, being one of the
most respected and reliable databases in the scientific community, ensuring the relevance
and credibility of the obtained results. In addition to the records identified in the SCOPUS
database, highly cited articles on Sustainability Transitions were included to ensure the
comprehensiveness and relevance of the study.

The first stage of the review process was to define keywords to identify relevant sources
of literature from the Scopus database for the period 2023 to 2024. This search resulted, as
mentioned before, in 64 records (including unavailable records). In the second stage, after
obtaining the relevant publications, records that were unavailable or not relevant based on
the title were excluded (n = 9). Subsequently, the remaining 55 records were included in
the list of potential articles for review. In the third stage, the literature selection process
involved the selection and full review of the records, with 12 records being excluded for
not being related to GST. Among these 12 records, 3 were not intrinsically linked to GSTs
but rather to other types of transitions, as the keywords may have led to a divergence in the
relevance of the information obtained, which falls outside the intended scope of analysis.
Additionally, 9 were related to Evolutionary Economic Geography rather than ST. In the
final stage, for inclusion in the systematic review, documents that were connected to the
topic, considered the most relevant in the context of GST, and produced before 2023 were
selected (n = 20). These documents correspond to the period from 1995 to 2019. The 20
included records formed the set of publications proposed for this study (n = 63).

3.2. Contextualization of the Various Studies: Bibliometric Analysis

This section analyzes various studies conducted at an international scale on GST.
Research on STs has emerged as an approach to dealing with the uncertainty caused by
climate change [16]. While it has primarily focused on countries in the Global North, the
Global South has also witnessed significant development. There is a gap in the bibliometric
analysis of the evolution of research on STs and its geographical distribution. Recognizing
this gap, the following question arises, which this section aims to address:

RQ1: How has research on GSTs evolved between 1995 and 2024, and how has this evolution been
reflected in geographical dynamics?

ST research saw its first publication in 1994, authored by Kemp [17]. However, until
2002, the growth of literature in this field remained stagnant.

Thus, we focused on analyzing 63 publications. A grid was developed to identify these
works, presenting them based on the publication title, author(s), year, and where it was
published. Additionally, the STs category addressed in the study and the geographical scale,
when applicable, were categorized, along with some additional observations. The literature
review on GSTs can be useful in addressing various dimensions related to sustainability
and geographical development, such as the following:

• Understanding how GSTs impact economic models, including the development of
green industries and the circular economy, e.g., refs. [18–20].
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• Analyzing how they address natural resource management issues, considering conser-
vation practices and efficient resource use, e.g., refs. [21–23].

• Examining how they approach equity and social justice issues, such as equitable access
to resources and community participation in planning and decision-making processes,
e.g., refs. [24–26].

• Understanding how they promote resilience in urban and rural areas, considering
sustainable urban planning, urban agriculture, community resilience building, and
climate change adaptation, e.g., refs. [27,28].

• Identifying governance systems and environmental policies that support GST, such as
incentive policies, environmental regulations, public–private partnerships, and civil
society participation, e.g., refs. [29–31].

• Understanding the role of technological innovation in advancing GST, including
clean technologies, renewable energy, greener transportation, and green infrastructure
development, e.g., refs. [32–35].

• Identifying the impact of this scientific field on population health and well-being,
such as access to healthy food, air and water quality, the consideration of traditional
sustainability practices, and respect for cultural diversity, e.g., refs. [36–38].

3.3. Variables for Analysis and Classification

The bibliometric analysis adopted in this study aims to provide a more detailed
understanding of the relevant academic production on this topic. Thus, the section focuses
on a quantitative-qualitative approach, identifying key patterns and relationships among
the themes.

To enhance the analysis, we divided the variables into two distinct phases: (i) author-
ship profile and key authors; and (ii) classification of GSTs typologies.

Typically, studies using bibliometric analysis begin by examining the evolution over
time. However, a recent article [16], along with other studies, indicates that there has been
a significant increase in research addressing STs over time. Our study is not merely to
demonstrate temporal evolution but to characterize the studies by analyzing academic
support, the geographical gaps within GSTs that persist to this day—especially between
the Global North and the Global South—and the various GSTs that have raised academic
attention.

4. Results and Discussion
4.1. Background—Authors and Spatialisation of the Research

The main authors of the studies included in the literature review show a significantly
concentrated geographical distribution, with a notable preponderance of authors and
academic institutions located in the countries of the Global North (Table 1). Countries such
as the Netherlands (n = 10), the United Kingdom (UK) (n = 8), and Norway (n = 4) are
clearly represented as the main contributors to GST.

This geographical concentration raises important questions about the existing gap
between the Global North and the Global South. The absence of authors from academic
institutions in Global South countries suggests a disparity in representation and partici-
pation in these studies, which may limit the diversity of perspectives, experiences, and
approaches reflected in the analyzed literature.

Due to the geographical disparities between the Global North and the Global South
highlighted in Table 1, a cartographic representation was developed to illustrate the distri-
bution of studies included in the literature review. This map represents the distribution of
studies by country or locality, according to the adopted scale of analysis (Figure 2). The 20
included records formed the set of publications proposed for this study (n = 63).
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Table 1. Main geography of Sustainability Transition authors included in the literature review.

Author Studies’
Number Institution Institution’s

Country References

Coenen, L. 4 Applied University of
Western Norway Norway e.g., refs. [10,28,39,40]

Truffer, B. 3 Utrecht University The Netherlands e.g., refs. [1,39,41]

Raven, R. 3 Monash Institute for
Sustainable Development Australia e.g., refs. [1,34,42]

Frantzeskaki, N. 3 Utrecht University The Netherlands e.g., refs. [24,28,40]

Verbong, G. 2 Eindhoven University of
Technology The Netherlands e.g., refs. [32,42]

Marvin, S. 2 University of Sheffield UK e.g., refs. [9,43]

Loorbach, D. 2 Erasmus University
Rotterdam The Netherlands e.g., refs. [24,40]

Hodson, M. 2 University of Manchester UK e.g., refs. [9,43]
Hansen, T. 2 University of Copenhagen Denmark e.g., refs. [10,44]
Castán Broto, V. 2 University of Sheffield UK e.g., refs. [40,43]

Binz, C. 2
Swiss Federal Institute of
Aquatic Science and
Technology

Switzerland e.g., refs. [23,45]

Berkhout, F. 2 King’s College London UK e.g., refs. [29,42]

Environments 2025, 12, x FOR PEER REVIEW  6  of  24 
 

 

Truffer, B.  3  Utrecht University  Netherlands  e.g., refs. [1,39,41] 

Raven, R.  3 
Monash Institute for Sustainable 

Development 
Australia  e.g., refs. [1,34,42] 

Frantzeskaki, N.  3  Utrecht University  Netherlands 
e.g., refs. 

[24,28,40] 

Verbong, G.  2  Eindhoven University of Technology  Netherlands  e.g., refs. [32,42] 

Marvin, S.  2  University of Sheffield  UK  e.g., refs. [9,43] 

Loorbach, D.  2  Erasmus University Rotterdam  Netherlands  e.g., refs. [24,40] 

Hodson, M.  2  University of Manchester  UK  e.g., refs. [9,43] 

Hansen, T.  2  University of Copenhagen  Denmark  e.g., refs. [10,44] 

Castán Broto, V.  2  University of Sheffield  UK  e.g., refs. [40,43] 

Binz, C.  2 
Swiss Federal Institute of Aquatic Science 

and Technology 
Switzerland  e.g., refs. [23,45] 

Berkhout, F.  2  King’s College London  UK  e.g., refs. [29,42] 

This geographical concentration raises  important questions about  the existing gap 

between the Global North and the Global South. The absence of authors from academic 

institutions  in  Global  South  countries  suggests  a  disparity  in  representation  and 

participation in these studies, which may limit the diversity of perspectives, experiences, 

and approaches reflected in the analyzed literature. 

Due to the geographical disparities between the Global North and the Global South 

highlighted  in  Table  1,  a  cartographic  representation was  developed  to  illustrate  the 

distribution  of  studies  included  in  the  literature  review.  This  map  represents  the 

distribution of studies by country or locality, according to the adopted scale of analysis 

(Figure 2). The 20 included records formed the set of publications proposed for this study 

(n = 63). 

 

Figure 2. Spatial distribution of geography of Sustainable Transition studies worldwide by country 

and city. 
Figure 2. Spatial distribution of geography of Sustainable Transition studies worldwide by country
and city.

As noted by the main authors of these studies, there is a marked predominance of
studies and academic institutions located in the countries of the Global North. There is a
significant concentration of the application of transitions in three specific areas: Northern
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Europe (e.g., Germany, Denmark, Norway, and the Netherlands), North America (United
States), and South and Southeast Asia (e.g., India, China, and Thailand).

4.2. Types of Geography of Sustainability Transitions

In the 64 studies in our database on which we based this bibliometric analysis, we
identified several different types of GTSs. The most frequently covered GTSs are shown in
Table 2, along with some studies that deal with these same transitions.

Table 2. Types of geography of Sustainability Transitions most addressed in the studies included in
the literature review.

GSTs Type Studies’ Number References

Urban 19 e.g., refs. [28,38,46]
Energy 14 e.g., refs. [19,30,47]

Industrial 8 e.g., refs. [20,48,49]
Transport 5 e.g., refs. [32,33,41]

Circular Economy 4 e.g., refs. [18,50]
Agri-food 4 e.g., refs. [51,52]

In the current context, where environmental concerns, social justice, and economic
equity are at the forefront, these transitions represent essential pathways for building a
more sustainable and resilient future for present and future generations. These transitions
will be explored further, with an analysis of their distinct characteristics and geographical
implications. Special attention is given to the identification and location of the main
GSTs currently. This section aims to provide a comprehensive overview of the different
approaches and ongoing initiatives, offering a contextualized understanding of the global
landscape of GST.

4.2.1. Domains and Gaps in the Geography of Sustainability Transitions

STs are geographical processes—they are not generalized but occur in specific locations
with distinct characteristics. Historically, the ST literature has neglected the importance of
the geographical contextualization of these processes [10,53].

In a conceptual analysis, Shove and Walker (2007) [54] highlight the relevance of
contextual factors, such as the political environment and the prior knowledge of local
actors, in transition processes. Later, geographers emphasized the necessity of a detailed
analysis of local specificity in STs [55].

Studies adopting the GSTs approach primarily focused on the experiences of European
Union (EU) countries. Besides being a group of so-called developed countries with several
global leaders, the debate on the impacts of climate change, as well as possible technological
alternatives to address them, has been a key agenda in EU policies [8]. Several researchers
in the GSTs field highlight that transitions should be analyzed through three key theoretical
concepts: scales [56], places [56], and spaces [8,10].

The study of GST scales suggests the need to go beyond the formally defined bound-
aries of urban, regional, national, or global categories. As highlighted by Binz et al.
(2020) [8], these territorial categories do not account for the fluidity, permeability, and mul-
tiscale in which transitions are embedded. Thus, the structures that delineate transition pro-
cesses, seemingly spatially confined, should be viewed through the lens of multiple coexist-
ing scales. Consequently, the analysis of sociotechnical regimes (mesoscale), sociotechnical
landscapes (macro trends), and technological niches (microscale)—the structures—should
consider a multi-scalar perspective. The places of transitions emphasize the importance
of local specificities in realizing transitions, highlighting the diversity of experiences in
productive and technological transformation in each location [53].
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The spatiality of GSTs underscores the relevance of spatial factors and processes for a
better understanding. For example, emphasis can be placed on the diversification of spatial
knowledge diffusion models, the unequal spatial distribution of skilled human resources,
and the technological and institutional capacities of different regions [56]. Following these
principles, the main geographical perspectives of transitions were synthetized.

While the six types of STs are often treated as distinct analytical categories, potential
synergies and interdependencies among them can be identified. Recognizing these con-
nections can clarify their individual roles, deepen understanding of each transition type,
and underscore their specific relevance in practice. Urban transitions, for example, inter-
sect significantly with energy and transport transitions, especially in the development of
sustainable infrastructure and urban mobility systems. Likewise, industrial transitions are
closely tied to circular economy initiatives and sustainable agri-food practices, particularly
when framed within territorial innovation strategies. In environmental studies, acknowl-
edging these synergies and interdependencies is essential. It reflects the understanding
that effective sustainability transitions demand an integrated approach—one that treats the
environment as a complex, interconnected ecosystem. Such an approach must account for
the cumulative impact of human activities not just at the local scale, but also in terms of
their broader influence on global environmental systems.

i. Agri-food transitions

The primary challenge faced by agriculture is the search for a balance between pro-
ductivity and long-term sustainability. Agricultural soils exhibit the negative impacts
of industrial farming practices: compaction adversely affects soil structure, nutrient and
organic matter depletion reduces fertility, and wind and water erosion degrade arable
land. Additionally, excessive runoff and nutrient removal from agriculture cause significant
damage to aquatic environments [57]. Challenges in the agri-food system related to social
aspects are also frequently highlighted, with specific concerns about unequal access to food
and the exploitation of agricultural and food workers. Moreover, the negative economic
effects of hunger and obesity are receiving increasing attention from policymakers. Fo-
cusing on this challenge, it is important to analyze organic agriculture, a specific set of
agricultural practices that prioritize ecological sustainability [58]. Organic agriculture is
characterized by lower dependence on non-agricultural inputs and more efficient integra-
tion with ecosystem service functions. Most publications highlight the positive impacts of
organic farming on soil fertility, biodiversity conservation, and natural resource protection,
e.g., refs. [59–61].

Some studies on agri-food transitions explore alternative food networks and how
these networks contribute to social inclusion, economic resilience, and environmental
conservation, e.g., refs. [52,62–64]. Similarly, the study by Banos (2023) [21] examines the
STs to “new” forest products, addressing the relationship between resource geography and
agri-food sustainability. It highlights how sustainable natural resource management can
drive the transition toward more sustainable and resilient food systems.

Beyond more sustainable agricultural practices, some studies [65–67] emphasize the
interconnection between human, animal, and environmental health and how this relation-
ship influences food safety and quality. These studies promote more sustainable agricul-
tural practices, ultimately contributing to the mitigation of the environmental impacts of
food production.

For example, several cities have developed urban food strategies, leading to new
alliances between consumers and food producers, as well as between urban centers and
surrounding rural areas. Alternative Food Networks (AFN), urban food strategies, and
other forms of civic regulatory assemblies are thus playing a critical role in addressing local
and regional food insecurity and food sovereignty [68].
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In Australia, the proposal for a national food policy resurfaced on the political agenda
in 2009, catalyzed by coordinated efforts between public health and food industry stake-
holders [69]. Organizations such as the Public Health Association of Australia (PHAA),
the Dietitians Association of Australia (DAA), Dairy Australia, Meat & Livestock Aus-
tralia (MLA), the National Farmers’ Federation (NFF), and the Australian Food & Grocery
Council (AFGC) played an active role in this process. Multiple meetings between public
health and food industry representatives led to the development of key documents aimed
at better understanding the impacts of food production on the environment and public
health. Additionally, these discussions established guiding principles for implementing a
new National Food and Nutrition Policy in Australia.

In Denmark, awareness of the social, economic, and environmental costs of food waste
has grown in recent years, driven by both civil society and the government [70]. Efforts to
combat food waste initially emerged as a consumer-driven movement. The organization
“Stop Spild Af Mad” (Stop Wasting Food) has been at the forefront of this movement,
aiming to raise awareness of food waste [71]. This movement is supported by Danish
consumers, members of the European Parliament, Danish parliamentarians, chefs, and
culinary personalities. The Danish Consumer Council also launched a campaign to increase
consumer awareness of food waste.

Agri-food transitions seek to address the challenges of food production in a world with
a growing population and limited natural resources, promoting more sustainable farming
practices, reducing food waste, ensuring food security, and fostering more sustainable and
resilient food systems.

ii. Industrial transitions

Industry, as the primary producer of essential goods for daily life, plays a cen-
tral role in the global economy. However, its processes often rely on large amounts of
energy, frequently derived from fossil fuels, resulting in high greenhouse gas (GHG)
emissions [51,72,73].

In recent years, growing awareness of the intersection between economic and eco-
logical crises has led many governments to develop plans for a New Green Deal. This
new paradigm seeks to address systemic challenges by promoting social and industrial
transformations toward more sustainable modes of production and consumption [49].
Industrial transitions to sustainability have emerged as one of the key challenges and
opportunities for economies at all stages of development in the 21st century [7]. Some
academic literature [2,74]. has been dedicated to understanding the necessary conditions
for these transitions, examining the co-evolution of new technologies, market changes, user
practices, political and cultural discourses, and governmental institutions from a systemic
perspective. Historically, industrial growth has progressed through a series of phases,
initially increasing resource intensity and pollution [75,76], followed by later industrializa-
tion phases that tend to consume fewer resources and generate less pollution [77,78]. This
pattern often results in countries learning from more advanced economies’ technologies
and practices [42]. However, as sustainability concerns grow, simply imitating the practices
of so-called developed countries may no longer be sufficient [42]. The pursuit of sustainable
innovation must begin within individual countries. This requires a broader approach that
considers not only technological innovation but also changes in social and technological
practices [42].

The decarbonization of industry has become a critical goal in achieving net-zero emis-
sions by 2050 [79]. However, this represents a complex sociotechnical challenge requiring
radical changes in production, consumption, and regulatory systems. It also demands
massive investments in technology [80,81], financing, and transformative policies [82,83].
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Beyond the technical and economic challenges, industrial decarbonization has social
implications, particularly for societies heavily dependent on industry [49]. Transitioning to
a more sustainable economy may require significant economic and identity shifts in these
societies [20].

The International Energy Agency [84] reports that direct industrial CO2 emissions
reached 8.5 Gt of carbon dioxide in 2020, accounting for nearly one-quarter (24%) of
all global emissions [79]. Specifically in Europe, industry is one of the largest emitters,
responsible for more than 20% of total emissions, including indirect emissions [85]. Sectors
such as iron and steel, cement, and chemicals contribute significantly to these emissions [73].

Industrial decarbonization has become a priority for the EU, aiming at the decarboniza-
tion of the European economy [86]. Some countries, such as Germany and the UK, have
already made progress in reducing industrial GHG emissions [73]. In 2018, these same
countries managed to reduce their emissions by 30% and 46%, respectively, compared to
1990 levels [87]. This reduction is partly due to the UK’s transition from a manufacturing-
based economy to a service-oriented economy, leading to a decline in direct emissions [73].
Both the UK and Germany have set ambitious targets to reduce GHG emissions by 2030.
For example, the UK launched the Clean Growth Strategy (CGS) and Industrial Strategy,
making significant investments in industrial decarbonization and carbon storage technolo-
gies [73]. Similarly, Germany has established clear emission reduction targets, driven by
the EU Emissions Trading System (ETS) [88]. As carbon prices increase and climate policies
tighten, accelerating industrial decarbonization becomes crucial for maintaining the com-
petitiveness of these countries. This requires substantial investments in clean technologies,
infrastructure, and environmental policies to effectively address climate change [73].

iii. Economy transitions

The transition to a sustainable economy, with a focus on the circular economy, emerges
as a critical response to the challenges posed by the prevailing economic rationality. The
accumulation of capital over the years has eroded the ecological foundations of production,
leading to overexploitation of natural resources and environmental degradation. However,
there is now a vision that considers the values and potential of nature [18].

Environmental economics, represented by a neoclassical approach to natural resources
and pollution, proposes integrating ecological costs and the preferences of future gen-
erations into the economic system [18]. The valuation of natural resources is subject to
ecological temporalities that do not necessarily align with economic cycles, requiring a
broader understanding of the social processes that underpin the value of nature. In this
context, the concept of ecological distribution emerges as an attempt to address the unequal
burden of ecological costs. However, its implementation often remains within the logic
of dominant economic rationality, unable to transcend the limits imposed by this same
rationality [89]. Ecological economics, on the other hand, challenges the notion of valuing
nature as capital, recognizing the interdependence between economic and ecological pro-
cesses. From this perspective, the environment is conceived not as productive potential
but as a limit and a cost that must be acknowledged by the economic system [90]. The
circular economy emerges as a fundamental approach to operationalizing this transition,
particularly in the context of sustainable urban development [91].

The circular economy aims to retain the value of resources and avoid the use of virgin
materials and waste, prioritizing recycling, reuse, and reducing resource consumption [92].
However, its implementation requires a profound shift in how industries manage their op-
erations, seeking economic prosperity without depleting natural resources [93,94]. Through
specific actions and practices, such as eco-design, reuse, and recycling, the circular econ-
omy has the potential to promote sustainability at local, national, and even global scales,
presenting a viable alternative to the currently dominant economic paradigm [95,96]. In
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China, the concept of the circular economy was introduced in the 1990s. It originated from
cleaner production, industrial ecology, and ecological modernization thinking, inspired by
implementation examples from Europe, the United States, and Japan [97].

iv. Energy transitions

Societies shape their economic structures, geographies, and international relations
through the ways they secure and transform energy to perform useful activities [98]. Signif-
icant changes in energy fuels and technologies often drive broad social and geographical
transformations, such as the transition from wood and waterpower to coal in the 19th
century or from coal to oil in the 20th century [99].

Since the 19th century, global CO2 emissions from fossil fuel combustion have risen
from nearly zero to over 31 Gt per year [100]. This increase has made energy consumption
the primary source of GHG emissions [72,84]. In the 21st century, the energy challenge is to
promote a new transition toward a more sustainable energy system, ensuring universal
access to energy services and a reliable supply from efficient and low-carbon sources [98].

The energy transition for sustainability involves the development of new forms—and
new geographies—of energy production, consumption, and work to ensure the availability
and accessibility of energy services in a carbon-constrained world [84]. This transition
presents a variety of possible geographic futures, ranging from low-emission electricity
production by large remote players (such as nuclear or offshore wind energy) to highly
decentralized forms of domestic microgeneration [101,102]. Although the concept of energy
transition is widely adopted in energy studies and energy policies in some countries, there
is still no consensus on the desired final state [98]. In some parts of the Global South, energy
transition may mean an increase in the availability and accessibility of modern energy
services, potentially leading to higher carbon intensity in certain cases [102,103]. In Europe,
the multi-level approach to socio-technical transitions has been essential in addressing
structural changes in energy systems over time [2,32]. While this approach is valuable, its
attention to geographical space is often limited. However, energy systems are inherently
spatial, with infrastructures and activities geographically distributed. The geographies
of energy transition involve both changes in the distribution of energy activities within
a given space and geographical interactions between different territories [104]. Energy
transitions also have significant implications for the spatial organization of local, regional,
and global economies. The globalization of industrial activity since the 20th century has
been driven by declining transport costs, which have resulted in the international division
of labor and changes in the geographical location of economic production [105]. In the
UK, this transition is defined in government policy as a shift toward a greener, low-carbon
future, with a target of reducing CO2 emissions by 80% by 2050 [98]. The primary political
goal is initially to decarbonize the electricity sector (40% of electricity from low-carbon
sources by 2020) and then to expand the use of electricity more broadly to meet the emission
reduction target [106]. Energy policy is beginning to recognize the spatial dimensions of the
energy transition, with initiatives such as the UK Renewable Energy Roadmap and the UK
Foresight Programme on Sustainable Energy Management and the Built Environment [107],
which analyzes geographic options for transitioning to sustainable energy systems [98,108].

Despite the progress achieved by pioneering countries such as Germany and the UK
in decarbonizing their energy systems, there is still a long way to go to replace fossil fuel
use on a global scale. Fossil fuels must remain an essential part of the transition strategy in
the short to medium term [2].

v. Transport transitions

Transitions in transportation for sustainability are a vital component of global initia-
tives to mitigate climate change and promote environmentally responsible practices. Travel
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plays a fundamental role in daily life, providing socioeconomic, cultural, and educational
benefits [33]. However, as globalization advances and communication infrastructures
expand, carbon emissions from the transport sector significantly contribute to the current
climate crisis [109]. The shift towards a sustainable transport model has thus become an
urgent necessity [110]. The challenge of achieving significant reductions in carbon emis-
sions in the transport sector is a reality we face. However, there are examples of successful
initiatives, particularly in urban areas, where demand management, investments in public
transport, and incentives for cycling and walking have shown positive results. The priority
has been to create accessible urban environments with services and facilities nearby, thereby
reducing the need for individual car travel [33].

With his works entitled “Unsustainable Transport: City Transport in the New Cen-
tury” [110] and “Cities, Mobility and Climate Change” [33], David Banister highlights the
need for a paradigm shift in how we perceive urban mobility. The sustainable mobility
paradigm proposes reducing the need for travel and promoting greater use of public trans-
port and active transport modes, such as walking and cycling. This requires an integrated
approach to urban planning, territorial development, and transport policies, with the
goal of creating more compact, accessible, and less car-dependent areas [111]. Mobility
management and territorial development policies play a crucial role in promoting more
sustainable transport systems. Demand management, pricing strategies, investments in
public transport infrastructure, and the creation of pedestrian-friendly urban spaces are
essential strategies to achieve this goal [108]. Additionally, the integration of Information
and Communication Technologies (ICT) into transport systems can improve efficiency and
reduce the need for travel [109]. In the so-called developed countries, such as those in
Europe, where the tradition of urban planning is stronger, there is greater acceptance of the
interconnection between mobility and climate change [110]. However, challenges remain,
especially regarding urban sprawl and continued dependence on private cars [111].

The sustainable mobility approach is not just about reducing car use but rather re-
thinking how we design and plan our territories [110]. The creation of more accessible,
compact, and people-centered environments is essential to promote a successful transition
to sustainable transportation.

vi. Urban transitions

Urban transitions have emerged as a key focus area, reflecting the growing concern
with the development and sustainability of urban areas. Cities have become crucial hubs
for implementing and advancing transitions toward sustainability, standing out as places
where innovations in related systems have been particularly significant [40,112–119].

A literature review conducted by Marc Wolfram and Niki Frantzeskaki [120] on the
urban role in STs highlights a growing focus on urban environments in transition studies
and an increasing interest in urban studies to investigate the dynamics of these transitions.
Urban transitions for sustainability have gained prominence, particularly in the transport
sector, given its importance in reducing energy consumption and CO2 emissions, and
addressing the challenges posed by urban population growth [121].

Initiatives such as Urban Living Labs (ULL), featured in the book “Urban Living Labs:
Experimenting with City Futures” by Marvin et al. (2018) [122], have emerged as experi-
mental spaces for designing, testing, and learning how social and technical innovations
in real-time contribute to a more sustainable approach in urban environments [122–124].
Similarly, Urban Transition Labs (UTL) have emerged as a promising approach to tack-
ling these challenges, integrating research and innovation processes in collaboration with
communities to develop sustainable solutions in urban settings [125–128].

The relationship between experimentation and institutional change has been under-
explored in the context of urban transitions to sustainability. Experimentation is viewed
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to induce changes that can lead to a fundamental transformation of existing systems, fa-
cilitating networking, collaboration, and learning processes [24,42]. On the other hand,
STs are conceptualized as institutional change processes aimed at deinstitutionalizing ex-
isting configurations while institutionalizing new and more desirable ones [129]. Cities
have emerged as key sites for transformative changes due to their complexity, stakeholder
interrelations, resource concentration, and diversity of socio-economic actors [40].

An important initiative is the Basque Declaration [130], which outlined new pathways
for European cities and towns to create productive, sustainable, and resilient urban areas
for a livable and inclusive Europe. The Declaration aimed to support and accelerate socio-
cultural, socio-economic, and technological transformation and was developed in 2016 in
the Basque Country. The event gathered political representatives from 541 cities/regions
and 221 organizations.

In October 2024, Aalborg, Denmark, will host the 10th European Conference on
Sustainable Cities and Towns. The transformative actions of this platform focus on three
key domains (Sustainable Cities Platform [130]:

• Socio-Cultural

− Ensuring equal access to municipal services.
− Engaging citizens through participatory implementation (citizen science).
− Encouraging civic and private sector involvement at the local level.
− Promoting social innovation by supporting inclusion.
− Cultivating a shared economy.

• Socio-Economic

− Capitalizing on local economies and production.
− Creating and closing local value chains.
− Applying innovative financing approaches.
− Implementing sustainable procurement principles.
− Advancing the transition to a circular economy.

• Technological

− Wisely selecting and applying smart technologies.
− Accelerating sustainability and innovation through public procurement.
− Ensuring equal access to digital information/services.
− Supporting open data standards.
− Preparing policies for socio-cultural changes driven by innovation.
− Challenges in Urban Transitions to Sustainability.

Despite the importance of cities in promoting ST, significant obstacles remain, in-
cluding complexity, inertia, and perceptual and institutional barriers [27,131,132]. In the
specific case of urban transitions to sustainability, where cities serve as the epicenter of
this transition, an integrated approach to multiple transitions is required (e.g., transporta-
tion, energy, economy, and water management). Particular attention is given to current
challenges, the measures needed for the transition from a modern to a contemporary city,
and the importance of implementing solutions. This also includes a focus on the benefits
provided by Nature-Based Solutions (NBSs) and the effectiveness of these solutions when
urban planning integrates the city.

4.2.2. Evolution and Diversification of Sustainability Transitions Studies Considering the
Sustainable Development Goals

A comparative analysis of the periods 1995–2014 and 2015–2024 reveals a substantial
evolution in the scope and focus of STs research (Table 3). The establishment of this division
is substantiated by the introduction of the 17 Sustainable Development Goals (SDGs) by
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the United Nations in 2015. These goals have served as a unifying global framework
for sustainable development, providing a comprehensive and coordinated approach to
addressing environmental issues and achieving SDGs.

Table 3. Comparison between the periods 1995–2014 and 2015–2024 in studies on Sustainability
Transitions and Geography of Sustainability Transitions.

Criteria 1995–2014 2015–2024

Number of identified types 7 11

Main types Economy, Education, Energy,
Industrial, Transport, Urban, Water.

Agri-food, Biodiversity and
Conservation, Digital, Economy,
Energy, Industrial, Tourism,
Transport, Urban, Waste, Water.

Studies with territorial application 30% 80%
Predominant Scale National Local

Presence of the Global South
(Countries) India, South Africa, Thailand

Bangladesh, Cameroon, China,
Colombia, Egypt, India, Indonesia,
Iran, Kazakhstan, Kenya, Malaysia,
Nigeria, Pakistan, Philippines, South
Africa, Sri Lanka, Thailand, Vietname

Theoretical Framework Mostly conceptual Theoretical-empirical integration

Between 1995 and 2014, studies on STs had a narrower thematic focus, with only seven
types identified—primarily centered on urban, transport, and industrial transitions. In
contrast, the period from 2015 to 2024 saw a marked broadening of scope, with eleven
distinct transition types emerging. These include agri-food, biodiversity and conservation,
digital technologies, economy, energy, industrial, tourism, transport, urban, waste, and
water transitions. This expansion reflects the growing complexity and inclusivity of the
sustainability agenda, as it increasingly addresses interconnected challenges across ecolog-
ical, technological, and socio-economic domains. Additionally, a considerable shift was
observed in the territorial application of these studies. From 1995 to 2014, approximately
70% of the studies did not include an applied case study, instead focusing on theoretical or
generalized frameworks, often at the national level, e.g., refs. [28,36,43].

In the more recent period, this percentage dropped to 20%, indicating a stronger
emphasis on empirical analysis and local-scale applications, e.g., refs. [20,23,49].

This trend has the potential to enhance the understanding of context-specific dynam-
ics and the practical implementation of STs. A notable geographical broadening is also
observed. Prior to the SDGs, ST studies were mainly concentrated in a few Global South
countries—India, Thailand, and South Africa. However, in the post-2015 period, there has
been a notable expansion in the representation of Global South contexts. This development
can be attributed to an ongoing effort to address previous geographical imbalances and
promote a more equitable global implementation of the SDGs.

In the field of the GST, the proliferation of transition typologies has expanded from the
initially recognized seven to eleven types, reflecting the growing complexity and diversity
of ST. The comparison of themes observed between the analyzed periods demonstrates not
only the relevance of the field of STs and the maturation of scientific thinking within this
discipline but also the consolidation of certain domains (STs types) that structure recent
scientific production.

Among these, two already stand out, suggesting the theoretical maturation of their
respective transitions—urban transitions (with 19 studies distributed across 19 localities,
7 of which are associated with the Global South) and Energy transitions (with 14 studies
across 13 localities, 10 of which are associated with the Global South). Four others are
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beginning to emerge—Industrial, Transport, Circular Economy and Agri-food transitions—
each represented by a sparse number of four to eight studies, distributed across five to
eight localities.

The prominence of studies on energy transitions in Global South contexts (with 10 out
of 13 localities associated with the Global South) can be explained by several factors:

i. Access to clean and affordable energy is a central priority of the 2030 Agenda, en-
shrined in SDG 7. This has led to a significant mobilization of resources, policies, and
scientific attention at the global level, particularly directed toward areas where energy
access remains limited or unequal.

ii. Energy transitions are frequently operationalized through technologies adapted to
local realities, such as off-grid solar systems, bioenergy, and mini-grids, which are
widely implemented in Global South countries. These represent sustainable energy
alternatives and serve as living laboratories for experimentation and scientific analysis
of ongoing transitions.

These six ST domains have facilitated the growing inclusion of Global South countries
in local case studies, offering rich empirical insights and contributing to theoretical develop-
ment, while also reflecting increased attention to territorial dynamics beyond the traditional
Europe-North America axis. Moreover, a methodological evolution is evident, with more
studies articulating theoretical frameworks with local empirical analysis in various con-
texts, including sectoral planning [133]. This articulation is particularly visible in cases
where sustainability is explored through local-scale initiatives, alternative food systems,
or decentralized technologies—aligning with the SDGs and the increasing recognition of
territorial specificity within the GST, thereby fostering a more nuanced understanding of
STs across diverse social-political contexts [134,135].

5. Conclusions
The intersection between geographical science and ST studies has been fundamental

in understanding the contemporary challenges of adapting to and anticipating transitions
toward sustainability. This convergence highlights the importance of spatial approaches
in analyzing the social, economic, and environmental changes needed to achieve a more
sustainable future. ST studies emerged as an interdisciplinary and transdisciplinary field,
resulting from the combination of transition research and sustainability science. The need
to integrate the spatial dimension into these analyses is emphasized, recognizing the crucial
role of geography in understanding regional specificities and the geographical contexts
of transitions. A bibliometric analysis indicated a significant concentration of studies and
authors in Global North countries, pointing to a scientific gap in Global South countries
within STs studies. This geographical imbalance underscores the urgent need to promote
greater interdisciplinarity in research on GST. The geographical distribution of studies
reflects the predominance of regions such as Northern Europe, North America, and South
and Southeast Asia. The studies included in the bibliometric analysis identified various
types of GST, such as energy decarbonization, sustainable agriculture, and sustainable
urban development.

STs are inherently geographical processes, occurring in specific locations with unique
characteristics. Although the literature has previously overlooked the importance of
geographical contextualization, more recent studies emphasize the significance of spatial
and geographical factors such as scales, places, and spaces in STs analysis. Considering
multiple scales, from technological niches to sociotechnical landscapes, is fundamental to
understanding the complexity and specificity of transitions.

(i) Agri-Food Transitions—in agriculture, balancing productivity and sustainability is
a central challenge. Alternative food networks are emerging as important practices
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that promote ecological sustainability. Sustainable management of natural resources
is essential for transitioning to resilient and sustainable food systems.

(ii) Industrial Transitions—industry plays a central role in the global economy but is
also a major GHG emitter. Industrial decarbonization is crucial to achieving net-zero
emissions, requiring radical changes in production and consumption systems as well
as investment in clean technologies. Examples from countries like Germany and the
UK demonstrate significant progress in reducing industrial emissions.

(iii) Economic Transitions—the transition to a sustainable economy, particularly circular
economy models, addresses the challenges posed by conventional economic rational-
ity. The circular economy seeks to retain resource value through recycling and reuse,
promoting sustainability without depleting natural resources. This approach requires
deep changes in industrial operations and consumer practices.

(iv) Energy Transitions—involves the development of new energy production and con-
sumption systems with low carbon emissions. A fundamental transition to reduce
global CO2 emissions and promote access to sustainable energy services. Specific
geographic policies and initiatives, such as those in the UK, are essential to achieving
these goals.

(v) Transport Transitions—vital for mitigating climate change and promoting sustainable
mobility. Creating accessible urban environments, investing in public transport, and
promoting active mobility, such as cycling and walking, are essential for reducing car
dependency and associated carbon emissions.

(vi) Urban Transitions—cities are crucial hubs for STs due to their complexity and con-
centration of resources. Initiatives such as ULL and UTL demonstrate how social and
technical innovations can be implemented in urban environments to promote sustain-
ability. However, institutional barriers and complexity remain significant challenges.

Despite debates on their contribution to GHG emissions and vulnerability to climate
change, cities are increasingly recognized as key actors in addressing these challenges.
NBSs have emerged as essential approaches to generating social, environmental, and eco-
nomic benefits, facilitating climate adaptation and ST. Humanity is currently facing a global
polycrisis, arising from the uncontrolled interconnection of vital natural and social systems,
posing a threat to human survival. The accelerated urbanization of recent decades has
led to environmental impacts and diminished the quality of life in urban communities.
Infrastructure expansion and population concentration have contributed to soil imperme-
abilization, exacerbating environmental issues. A predominantly anthropocentric approach
limits understanding the interactions between urban systems and the environment. Given
the environmental impacts, STs are imperative to achieve ecologically sustainable cities.
The management of these transitions should foster social learning processes, with initiatives
such as UTL offering an efficient approach. Another critical factor is land expropriation
for the common good. These processes should be directed toward projects that benefit the
community and preserve the environment, ensuring a balance between community needs
and the protection of natural resources and biodiversity.

Several measures to promote urban sustainability align with NBSs. These solutions
integrate natural elements to address urban challenges (e.g., flooding, pollution, and
extreme weather events), enhancing urban resilience and sustainability. Green and blue
infrastructures should be interconnected and multifunctional, fostering biodiversity while
providing recreational spaces alongside addressing major urban issues. Additionally,
these solutions contribute to the development of biophilic cities, improving quality of life
and reconnecting communities with nature. NBSs enhance urban resilience and generate
environmental, economic, and social benefits. Overall, they help create healthier and more
inclusive environments by integrating natural elements into urban landscapes.
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The geographical focus of the selected studies reveals an imbalance in global research
production, especially concerning transitions in the Global South. Still, this points to clear
directions for future research. One such direction is the inclusion of additional databases
beyond Scopus to capture relevant work that might currently be excluded. While Scopus
is a widely recognized and comprehensive database—often indexing everything found
in Web of Science and more—it is not exhaustive. Broadening the database scope could
help uncover underrepresented perspectives and contributions. As the target year of 2030
approaches, the expansion in the number and depth of analysis is particularly relevant in
the context of the SDGs. The inclusion of additional sources may enable a more accurate
identification of best practices implemented, distinguish the contexts where progress has
been made towards achieving the SDGs, as well as georeference the territories where targets
have not yet been met. The implementation of this strategy would facilitate the replication
of effective methodologies in contexts that encounter elevated levels of complexity in
the GST.

GSTs represent a relevant and necessary dimension to advance the sustainability
agenda and can be seen as a potential next phase following the SDGs, given the growing
concern over the intensification of climate change and its consequent impacts on society
and the environment.

This work has assembled a series of studies that contribute to deepening the intrinsic
relationship between STs and the spatial distribution of these processes, which is designated
as GST. By integrating the fields of geography and transition studies, the necessity of
incorporating the territorial dimension in the implementation of optimal practices and the
identification of spatial patterns of sustainable innovation is accentuated.
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