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Abstract

Countries whose public finances rely heavily on oil and natural gas revenues face growing economic and institutional challenges
as the global transition towards renewable energy accelerates. Declining long-term demand for fossil fuels and expanding
decarbonization commitments increase pressure to diversify economic structures while preserving fiscal sustainability and social
stability. Despite the growing literature on energy transitions, research on hydrocarbon-dependent economies remains fragmented.
This study maps the principal research themes, conceptual relationships, and strategic dimensions associated with the transition
of hydrocarbon-dependent economies towards sustainable development. A bibliometric analysis of documents indexed in the
Scopus database was conducted using VOSviewer, applying keyword co-occurrence network analysis to identify thematic clusters
and reveal the intellectual structure of the field. The findings highlight interconnected domains, including economic diversification,
renewable energy deployment, fiscal sustainability, governance, institutional capacity, technological innovation, human capital
development, and sustainable development. The analysis suggests that successful transitions depend on integrated policy
approaches combining renewable energy investment, economic restructuring, institutional strengthening, and long-term fiscal
planning. It also reveals increasing academic interest in resilience-oriented development models designed to reduce dependence
on hydrocarbon rents. This study provides a systematic framework to support policymakers, researchers, and international
organizations in designing effective transition strategies and advancing sustainable economic transformation in resource-
dependent contexts.

Keywords: hydrocarbon-dependent economies; energy transition; economic diversification; fiscal sustainability; renewable
energy; sustainable development; bibliometric analysis.

1| Introduction

1.1| Background

Hydrocarbon-dependent economies occupy a central position in the global energy system and have
historically relied on oil and natural gas revenues as key drivers of economic growth, fiscal stability, export

earnings, and social development. For many resource-rich countries, particulatly in the Middle East, North
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Atfrica, Central Asia, and parts of Sub-Saharan Africa, hydrocarbon rents have financed public infrastructure,
welfare systems, industrialization programs, and economic modernization initiatives. However, the
accelerating global shift toward decarbonization, renewable energy deployment, and climate-oriented policy
frameworks is transforming the economic foundations upon which these countries have traditionally

depended [1], [2].

The transition toward low-carbon energy systems is being driven by a combination of technological
innovation, declining renewable-energy costs, increasingly stringent environmental regulations, and
international commitments under the Paris Agreement and the Sustainable Development Goals (SDGs). As
renewable-energy technologies become more competitive and climate policies progressively reduce fossil-fuel
demand, hydrocarbon-exporting countries face mounting pressure to adapt their economic structures to a
rapidly changing global environment [3], [4]. This transformation has intensified scholatly interest in
understanding how resource-dependent economies can maintain economic sustainability while reducing their
dependence on hydrocarbon revenues.

Recent research suggests that the challenges associated with hydrocarbon dependence extend beyond
environmental concerns. Excessive reliance on natural resource rents has been linked to economic volatility,
institutional weakness, reduced economic complexity, lower innovation capacity, and difficulties in achieving
long-term sustainable development. Studies grounded in the resource curse literature argue that abundant
hydrocarbon wealth may discourage diversification efforts, increase vulnerability to commodity-price
fluctuations, and weaken incentives for technological upgrading [5], [6]. At the same time, emerging evidence
indicates that resource-rich economies can successfully overcome these constraints when supported by
effective institutions, sound fiscal policies, human capital development, and strategic investments in
innovation and renewable energy infrastructure [7], [§].

The contemporary debate therefore increasingly focuses on the conditions under which hydrocarbon wealth
can be transformed from a source of vulnerability into a foundation for sustainable economic transformation.
Green finance, digitalization, technological innovation, renewable energy deployment, and governance
reforms are progressively identified as critical enablers of successful transition pathways. Rather than viewing
decarbonization solely as an environmental challenge, recent literature conceptualizes it as a comprehensive
process of structural economic transformation requiring coordinated reforms across financial, institutional,
fiscal, technological, and social dimensions [9], [10].

1.2 | Research Problem

Despite the rapid expansion of literature examining energy transition, decarbonization, renewable energy
adoption, and sustainable development, research concerning hydrocarbon-dependent economies remains
fragmented. Existing studies often focus on isolated dimensions of the transition process, such as renewable-
energy deployment, economic diversification, environmental performance, fiscal sustainability, or institutional
quality, without adequately capturing the complex interactions among these factors [11], [12]. Consequently,
policymakers and researchers frequently encounter difficulties in identifying the principal themes shaping the
intellectual evolution of this field and understanding how these themes are interconnected.

This fragmentation is particularly problematic because hydrocarbon-dependent economies face
multidimensional challenges that cannot be addressed through narrowly focused policy interventions. The
decline of long-term fossil-fuel demand has significant implications for government revenues, public
expenditure, labor markets, investment patterns, energy security, and social stability. Simultaneously, climate
commitments require substantial investments in renewable energy technologies, low-carbon infrastructure,
technological innovation, and institutional modernization [13], [14]. The coexistence of these economic and
environmental pressures generates a complex policy landscape that demands integrated, evidence-based
solutions.

Moreover, the literature increasingly recognizes that successful transition strategies vary according to national

circumstances, institutional capacities, resource endowments, and levels of economic development. While
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some countries have adopted ambitious diversification plans and invested heavily in renewable energy sectors,
others continue to rely overwhelmingly on hydrocarbon revenues. Understanding the principal research
streams and strategic dimensions identified within the academic literature is therefore essential for informing

future policy design and identifying factors that contribute to sustainable economic transformation [15], [16].
1.3 | Research Objectives

The primary objective of this study is to identify and map the principal themes, conceptual relationships, and
strategic dimensions associated with the transition of hydrocarbon-dependent economies toward sustainable
development. By applying bibliometric methods and keyword co-occurrence analysis, the study seeks to reveal
the intellectual structure of the field and identify the dominant topics that have emerged in recent academic
research [17], [18].

A second objective is to examine how different strands of literature converge around key transition challenges,
including economic diversification, renewable energy deployment, fiscal sustainability, governance,
innovation, human capital development, and environmental performance. Understanding these relationships
contributes to a more comprehensive interpretation of how resource-dependent economies can navigate the
transition toward low-carbon development pathways while maintaining economic resilience [19], [20].

Finally, the study aims to provide policymakers and researchers with a systematic framework that integrates
the principal findings emerging from the literature. Through the identification of thematic clusters and
conceptual connections, the research contributes to both theoretical understanding and practical policy
discussions regarding sustainable transformation in hydrocarbon-dependent contexts [21], [22].

1.4| Research Questions

To achieve these objectives, the study addresses the following research questions:

I. RQ1: What are the main research themes concerning the transition of hydrocarbon-dependent economies
toward sustainable energy systems and sustainable development?

II. RQ2: What strategic dimensions have emerged as critical for ensuring economic sustainability during the
transition process?

These questions guide the bibliometric investigation and provide the analytical foundation for interpreting
the thematic clusters identified through keyword co-occurrence analysis [23], [24].

1.5 | Contribution of the Study

This study contributes to the literature in three important ways. First, it offers a comprehensive bibliometric
assessment of an increasingly important field characterized by rapid growth and conceptual diversification.
By systematically mapping the literature, the study helps clarify the intellectual foundations and emerging
directions of research concerning hydrocarbon-dependent economies and sustainable transition strategies

[25], [26].

Second, the research identifies the principal conceptual relationships linking economic diversification, fiscal
sustainability, innovation, governance, renewable energy, and environmental performance. This integrated
perspective moves beyond fragmented analyses and highlights the multidimensional character of the
transition challenge faced by resource-dependent economies [27], [28].

Third, the findings generate practical insights for policymakers seeking to design effective transition strategies.
The results suggest that long-term sustainability requires coordinated reforms that simultaneously address
economic structure, institutional quality, technological capability, fiscal resilience, and environmental
objectives. Consequently, the study provides a useful analytical foundation for governments, international
organizations, and researchers interested in supporting sustainable development in hydrocarbon-dependent
economies [29], [30].
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2| Literature Review

2.1| Hydrocarbon Dependence and Economic Vulnerability

Hydrocarbon-dependent economies have traditionally benefited from substantial revenues generated through
oil and gas extraction, exports, and associated fiscal activities. These revenues have enabled governments to
finance public services, large-scale infrastructure projects, and industrial development programs. However, a
growing body of literature argues that prolonged reliance on hydrocarbon rents may generate structural
economic vulnerabilities that undermine long-term sustainability. Such vulnerabilities are commonly
examined through the lens of the resource curse, which suggests that resource abundance may weaken
economic diversification incentives, reduce productivity growth, encourage rent-secking behavior, and
increase exposure to external shocks arising from commodity-price volatility [5], [6].

Recent empirical studies indicate that excessive dependence on resource rents may constrain the transition
toward more diversified and resilient economic structures. Countries whose exports, fiscal revenues, and
investment patterns remain concentrated in hydrocarbon sectors frequently exhibit lower levels of economic
complexity and innovation than economies with broader productive bases. While resource wealth can initially
stimulate economic growth, the long-term sustainability of this model becomes increasingly uncertain as

global energy systems evolve toward lower-carbon alternatives [1], [7].

The literature further suggests that institutional quality constitutes an important moderating factor in the
relationship between resource abundance and economic performance. Strong governance systems,
transparent fiscal institutions, and effective public-sector management can significantly reduce the negative
effects commonly associated with resource dependence. Conversely, weak institutional frameworks often
exacerbate fiscal instability, inefficient resource allocation, and environmental degradation. Consequently,
several studies argue that the resource curse should not be viewed as an inevitable outcome but rather as a
risk contingent upon governance quality and policy choices [28], [31].

The acceleration of global decarbonization introduces additional challenges for hydrocarbon-dependent
countries. As renewable energy technologies expand and climate policies become more ambitious, long-term
demand for fossil fuels may decline, potentially reducing export revenues and fiscal resources. This situation
increases the urgency of developing diversified economic structures capable of generating sustainable growth
beyond hydrocarbon extraction. Accordingly, contemporary scholarship increasingly frames diversification
not as a complementary objective but as a strategic necessity for ensuring economic resilience during the
energy transition [13], [32].

2.2| Energy Transition and Decarbonization

The concept of energy transition refers to the gradual transformation of energy systems from fossil-fuel-based
structures toward low-carbon, renewable alternatives. Recent decades have witnessed a significant
acceleration of this process due to technological progress, declining renewable-energy costs, climate
commitments, and increasing public concern regarding environmental sustainability. Within hydrocarbon-
dependent economies, however, the transition presents a particularly complex challenge because economic
prosperity remains closely linked to fossil-fuel production and exports [16], [23].

Research increasingly demonstrates that the transition toward renewable energy is influenced by economic,
institutional, and technological factors that extend far beyond the energy sector. High levels of resource
dependence often discourage investment in clean-energy technologies because hydrocarbon revenues
continue to provide substantial short-term economic benefits. Several studies have found that excessive oil
and coal rents may delay renewable-energy adoption and reinforce long-term fossil-fuel dependence.
Nevertheless, appropriately managed resource revenues can also finance renewable-energy projects and
promote sustainable transformation when supported by effective policy frameworks [3], [33].
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The relationship between natural resource rents and renewable-energy development appears highly nonlinear.
While moderate resource revenues may provide important funding for energy-transition initiatives, excessive
dependence tends to create institutional and economic barriers that impede structural change. Recent
empirical evidence suggests that the effects of resource rents vary according to income levels, governance
conditions, and the composition of resource endowments. Natural gas, for example, is frequently described
as a transitional fuel that can facilitate decarbonization compared with more carbon-intensive energy sources
such as coal [2], [34].

The decarbonization literature also highlights the importance of energy efficiency. Improvements in energy
efficiency reduce carbon intensity, mitigate environmental pressures, and strengthen economic
competitiveness. Resource-rich countries that invest in energy-efficient technologies often experience greater
success in reducing emissions while sustaining economic growth. Consequently, contemporary research
increasingly presents renewable energy deployment, energy efficiency improvements, and technological
innovation as complementary pillars of sustainable transition strategies [35], [36].

2.3 | Economic Diversification Strategies

Economic diversification is widely recognized as one of the most important mechanisms through which
hydrocarbon-dependent economies can enhance resilience and reduce vulnerability to external shocks.
Diversification strategies seek to reduce dependence on extractive industries by promoting the development
of manufacturing, services, tourism, digital technologies, renewable energy industries, and knowledge-
intensive sectors. The literature consistently identifies diversification as a fundamental prerequisite for
sustainable economic transformation [4], [37].

Countries such as Saudi Arabia, Oman, and several Gulf Cooperation Council members have adopted
ambitious diversification agendas designed to reduce hydrocarbon dependence while fostering innovation,
entrepreneurship, and private-sector development. These initiatives often emphasize renewable energy
deployment, advanced technologies, infrastructure investment, financial sector modernization, and human-
capital development. The growing importance of digital industries and innovation ecosystems further reflects
the increasing integration of technological transformation within broader development strategies [15], [38].

At the same time, diversification remains difficult to implement successfully. Resource-rich countries
frequently face institutional inertia, labor-market rigidities, and strong economic incentives to maintain
existing extractive models. Several studies suggest that diversification efforts achieve better outcomes when
accompanied by governance reforms, educational investments, innovation policies, and industrial upgrading
programs. This finding supports the view that diversification is not merely a sectoral adjustment but a broader

process of structural transformation involving multiple dimensions of economic development [22], [20].

2.4 | Sustainable Development and Green Growth

The relationship between hydrocarbon dependence and sustainable development has become increasingly
prominent within contemporary academic and policy discussions. The traditional development model
adopted by many resource-rich economies has been largely based on the extraction and export of fossil fuels,
generating substantial fiscal revenues and economic growth. However, growing concerns regarding climate
change, environmental degradation, and long-term economic resilience have led scholars to question whether
such growth models remain viable under a rapidly decarbonizing global economy. Consequently, sustainable
development has emerged as a central framework through which researchers evaluate the capacity of
hydrocarbon-dependent economies to reconcile economic prosperity with environmental stewardship and
social well-being [21], [39].

The literature on green growth argues that economic expansion and environmental sustainability need not be
mutually exclusive objectives. Green growth strategies seek to decouple economic development from
environmental degradation by promoting renewable energy, technological innovation, resource efficiency,
and sustainable production systems. In hydrocarbon-dependent economies, this petspective has become
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increasingly relevant as governments must simultaneously address declining long-term fossil-fuel demand
while creating alternative engines of economic growth. Recent studies indicate that green growth performance
is influenced by factors such as trade openness, institutional quality, renewable-energy deployment, financial
development, and innovation capacity [11], [20].

Natural resource rents occupy a particularly complex position within this debate. On one hand, excessive
dependence on hydrocarbon revenues may reinforce carbon-intensive development models and delay
investments in cleaner technologies. On the other hand, resource rents can provide the financial resources
necessary to support renewable-energy infrastructure, environmental modernization, green industrial policies,
and sustainable economic diversification. The effectiveness of these investments depends largely on
institutional quality, governance effectiveness, and the strategic allocation of resource revenues. Consequently,
the literature increasingly emphasizes the importance of transforming resource wealth into productive and
environmentally sustainable assets rather than relying exclusively on extractive activities [17], [40].

Another important theme concerns the role of international integration in facilitating green transformation.
Globalization, Foreign Direct Investment (FDI), technological diffusion, and participation in international
markets may accelerate the adoption of environmentally sustainable practices and stimulate innovation. At
the same time, the literature recognizes that globalization may generate contradictory effects when
environmental regulations are weak or when economic growth remains heavily dependent on resource
extraction. Therefore, achieving sustainable development in hydrocarbon-dependent economies requires a
balanced approach that combines economic openness with strong institutions, effective environmental
policies, and long-term strategic planning [41], [42].

Recent research further suggests that sustainable development outcomes are strongly associated with
innovation systems and technological capabilities. Green innovation not only contributes to emission
reductions but also supports industrial upgrading, economic competitiveness, and employment creation. This
consideration is particularly important for resource-dependent economies seeking to develop alternative
comparative advantages in a low-carbon future. As a result, the concepts of green growth, innovation-led
development, and environmental sustainability increasingly appear as interconnected components of a
broader transformation agenda that extends well beyond the energy sector itself [18], [43].

2.5 | Public Finance Challenges in Resource-Dependent Economies

Public finance represents one of the most critical dimensions of the transition challenges facing hydrocarbon-
dependent economies. In many resource-rich countries, government revenues remain heavily concentrated
in oil and natural gas rents, making fiscal systems highly vulnerable to fluctuations in international commodity
markets. This dependence creates significant exposure to external shocks and complicates long-term
budgetary planning, particularly as global decarbonization strategies gradually reduce fossil-fuel demand. The
literature consistently identifies fiscal sustainability as a central prerequisite for a successful economic
transition because government revenues finance public investment, social expenditure, infrastructure
development, and economic diversification initiatives [12], [14].

The decline of hydrocarbon revenues poses substantial risks to fiscal stability, particularly in countries where
alternative tax systems remain underdeveloped. Studies demonstrate that excessive reliance on resource rents
may weaken incentives to develop broad domestic tax bases and reduce the effectiveness of public revenue
mobilization. Consequently, governments often face difficulties replacing declining hydrocarbon revenues
with sustainable fiscal instruments. This challenge becomes especially pronounced during periods of declining
oil prices or structural reductions in global fossil-fuel consumption, both of which can generate significant
fiscal deficits and constrain public investment capacity [5], [44].

A growing body of literature emphasizes the importance of fiscal reform as a mechanism for enhancing
resilience during the energy transition. Policy measures such as tax-base broadening, environmental taxation,
carbon pricing, subsidy reform, and improvements in public financial management are increasingly presented
as essential components of long-term sustainability strategies. Research suggests that fiscal reforms not only
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improve government revenue diversification but may also encourage more efficient resource allocation and
stimulate investment in low-carbon sectors. In this context, public finance is increasingly understood as an
active instrument for facilitating structural transformation rather than merely a mechanism for managing
hydrocarbon revenues [30], [41].

Sovereign Wealth Funds (SWFs) constitute another important area of discussion within the literature.
Resource-rich countries have increasingly used SWFs to stabilize public finances, accumulate savings for
future generations, and support economic diversification initiatives. Well-managed SWFs can reduce fiscal
vulnerability by buffering governments against commodity-price volatility and providing resources for
strategic investment in infrastructure, innovation, renewable energy, and human-capital development. Recent
studies suggest that countries that effectively channel resource revenues through long-term investment
vehicles are often better positioned to navigate economic transition processes and maintain macroeconomic
stability [1], [21].

The literature also highlights the importance of aligning fiscal policy with broader sustainability objectives.
Traditional fiscal frameworks based on hydrocarbon extraction may become increasingly difficult to sustain
under global climate commitments and energy-transition policies. As a result, governments are being
encouraged to integrate climate considerations into fiscal planning, redirect public investment toward
sustainable sectors, and strengthen the links between public finance and environmental objectives. This shift
reflects a broader recognition that fiscal sustainability, environmental sustainability, and economic
diversification are deeply interconnected dimensions of the transition process [24], [45].

3| Methodology
3.1| Bibliometric Analysis

This study adopts a bibliometric research design to examine the intellectual structure and thematic evolution
of the literature addressing the transition of hydrocarbon-dependent economies toward sustainable
development. Bibliometric methods have become increasingly important in sustainability, energy-transition,
and environmental research because they enable the systematic analysis of large volumes of scientific
publications, facilitating the identification of research trends, conceptual relationships, emerging themes, and
knowledge gaps. Unlike traditional narrative reviews, bibliometric approaches provide a more objective and

reproducible framework for mapping research fields and evaluating their evolution over time [17], [24].

The selection of a bibliometric methodology is particularly appropriate for this study because the literature
on hydrocarbon dependence, energy transition, renewable energy, economic diversification, and sustainable
development has expanded rapidly in recent years. The growing interdisciplinarity of the field has resulted in
the emergence of multiple research streams that span economics, energy policy, environmental studies, public
administration, finance, innovation management, and development studies. Bibliometric analysis allows these
diverse perspectives to be integrated into a comprehensive framework capable of revealing the principal
intellectual structures underpinning contemporary research [21], [39].

Among the available bibliometric techniques, keyword co-occurrence analysis was selected as the primary
analytical tool. Co-occurrence analysis enables the identification of conceptual relationships between research
themes by examining how keywords appear together within scientific publications. The resulting network
structures reveal the dominant topics within a field and illustrate the connections among different strands of
research. Previous studies have demonstrated that keyword-based mapping is particularly effective for

identifying emerging research fronts and understanding the conceptual architecture of sustainability-related

fields [25], [26].
3.2| Data Collection from Scopus

The bibliometric dataset was obtained from the Scopus database, one of the most comprehensive

multidisciplinary scientific repositories available for academic research. Scopus was selected because of its
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extensive coverage of high-quality peer-reviewed publications across disciplines relevant to energy transition,
sustainability, economics, environmental studies, and public policy. Furthermore, Scopus offers standardized
bibliographic information that facilitates the application of advanced bibliometric techniques and network
analyses [2], [4]-

To identify publications addressing the transition of hydrocarbon-dependent economies toward sustainable

development pathways, the following search query was applied to the Scopus database:

TITLE-ABS-KEY ( ("hydrocarbon-dependent econom*" OR "oil-dependent econom*" OR "petroleum-
dependent econom*" OR "tesource-dependent econom*" OR "resource-rich countt*" OR "oil-exporting
countt*" OR "gas-exporting countr*" OR "rentier state*" OR "oil revenues" OR "tesource rents" OR "fossil
fuel rents") AND ("energy transition" OR "green transition" OR "renewable energy transition" OR
decarbonization OR decarbonisation OR "low-carbon transition" OR "net zero" OR "clean energy" OR
sustainability OR "green growth") AND ( "economic diversification" OR "economic resilience" OR "public
finance" OR fiscal OR governance OR institution* OR innovation OR investment OR policy OR
development OR employment OR "human capital")) AND NOT TITLE-ABS-KEY (refinery OR drilling
OR pipeline OR reservoir OR geochemistry OR seismic OR catalyst OR combustion OR turbine)

The search strategy was designed to capture publications addressing the transition of hydrocarbon-dependent
economies toward sustainable, low-carbon development pathways. Particular attention was devoted to
concepts associated with resource dependence, energy transition, renewable energy, economic diversification,
fiscal sustainability, governance, and sustainable development. The resulting dataset contained publications
representing diverse geographical contexts, including major hydrocarbon-exporting countries in the Middle
East, North Africa, Sub-Saharan Africa, Central Asia, Latin America, and other resource-rich regions [13],
[12].

Because the field has experienced substantial growth in recent years, the dataset reflects an increasingly
diversified body of literature characterized by multidisciplinary perspectives. This diversity is valuable for
understanding the broad range of strategic dimensions associated with transition processes and for identifying

common themes that transcend regional and institutional differences [46], [47].
3.3 | Inclusion and Exclusion Criteria

To ensure analytical consistency and relevance, specific inclusion and exclusion criteria were applied during
dataset construction. Publications were included if they addressed one or more of the following dimensions:
hydrocarbon dependence, resource rents, fossil-fuel economies, energy transition, renewable energy adoption,
economic diversification, climate policy, fiscal sustainability, governance, technological innovation, or
sustainable development. Both empirical and conceptual contributions were considered, reflecting the
interdisciplinary nature of the field [3], [11].

Documents unrelated to the transition challenges of resource-dependent economies were excluded from the
analysis. Similarly, publications lacking sufficient bibliographic information or containing limited relevance to
the research objectives were removed during screening. The purpose of these procedures was to ensure that
the final dataset accurately represented the body of knowledge associated with sustainable transformation in
hydrocarbon-dependent contexts [48], [49].

3.4| Data Cleaning

Following data collection, a data-cleaning procedure was conducted to improve the accuracy and reliability of
the bibliometric analysis. This process involved the standardization of keywords, removal of duplicated
records, correction of spelling variations, and harmonization of synonymous terms. Such procedures are
essential because bibliometric networks may be distorted when identical concepts are represented by multiple
keyword variants [9], [29].
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Particular attention was devoted to terms associated with energy transition, renewable energy, resource rents,
sustainability, governance, economic diversification, and environmental performance. The harmonization
process ensured that conceptually equivalent terms were aggregated into coherent analytical categories,
thereby increasing the interpretability of the resulting network structures [10], [50].

After applying the inclusion and exclusion criteria and completing the data-cleaning procedures, the final
bibliometric dataset comprised 1,025 records retrieved from the Scopus database. This dataset served as the

basis for the subsequent keyword co-occurrence analysis and thematic mapping conducted using VOSviewer.
3.5 | Co-occurrence Analysis Using VOSviewer

The cleaned dataset was analyzed using VOSviewer, one of the most widely used software applications for
bibliometric visualization and network analysis. VOSviewer enables the construction of keyword co-
occurrence maps that reveal conceptual relationships among research themes through graphical network
representations. The software identifies clusters of highly interconnected keywords, which are subsequently
interpreted as thematic domains within the broader literature [27], [51].

In the resulting network, nodes represent keywords and links indicate the frequency with which terms appear
together within the same publications. Larger nodes correspond to more frequently occurring concepts, while
stronger links indicate more significant conceptual associations. By examining these patterns, it becomes
possible to identify dominant research areas and evaluate the intellectual organization of the field [7], [18].

To quantify the strength of relationships between keywords, the study adopted the Association Strength
normalization method implemented in VOSviewer. The association between two keywords i and j is
calculated as:
Cjj
AS = — 0 M
Wi * Wj

where AS; represents the normalized association strength between keywords i and j, ¢ denotes the number
of documents in which both keywords occur simultaneously, and wi and wi represent the total occurrences
of each keyword. Higher values indicate stronger conceptual relationships within the bibliometric network.
This normalization procedure reduces the dominance of highly frequent terms and improves the identification
of meaningful thematic structures.

In addition, the connectivity of individual keywords was assessed through the Total Link Strength (TLS)
indicator, which measures the cumulative strength of all links associated with a given keyword:

n
TLS; = z Lj, @)
j=1

where TLS represents the TLS of keyword i, lj corresponds to the strength of the link between keywords 1
and j, and nnn denotes the total number of connected keywords. Higher TLS values indicate greater
conceptual centrality and stronger integration within the overall network structure. This metric was
subsequently used to identify the most influential concepts in the literature and to support the interpretation
of thematic relationships among clusters.

The co-occurrence analysis generated six thematic clusters that collectively explain the principal dimensions
shaping contemporary research on hydrocarbon-dependent economies and sustainable transition pathways.
These clusters provide the foundation for the results and discussion sections that follow and support the
interpretation of the strategic factors emerging from the literature in response to the study's research questions
[17], [24].
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4| Results

4.1| Descriptive Analysis

The bibliometric dataset reveals a rapidly expanding and increasingly interdisciplinary research field focused
on the sustainable transformation of hydrocarbon-dependent economies. The temporal distribution of the
most relevant keywords demonstrates that scholarly attention has intensified considerably during the last few
years, with the majority of core concepts presenting average publication years between 2023 and 2025.
Keywords such as digitalization (2024.92), MMQR (2024.95), green innovation (2024.58), technological
innovation (2024.59), green finance (2024.46), and institutional quality (2024.67) indicate that recent research
increasingly emphasizes innovation, governance, and technological modernization as essential transition
mechanisms, complementing traditional concerns associated with hydrocarbon dependence and the resource
curse. This evolution aligns with recent studies highlighting the growing relevance of innovation ecosystems,
governance reforms, and digital transformation in supporting sustainable transition pathways within resource-
dependent economies [7], [18], [51].

The occurrence analysis further demonstrates that renewable energy (108 occurrences), natural resources (124
occurrences), environmental sustainability (93 occurrences), sustainable development (90 occurrences),
energy transition (78 occurrences), economic growth (76 occurrences), and sustainability (76 occurrences)
constitute the most influential concepts within the field. These findings suggest that contemporary research
increasingly integrates economic, environmental, and institutional perspectives rather than treating energy
transition as a purely technological challenge. The prominence of these themes is consistent with recent
literature that emphasizes the need for multidimensional transition frameworks combining renewable energy
deployment, economic diversification, institutional strengthening, and sustainable development objectives [2],

[11], [18].

Environmental concerns also occupy a prominent position within the literature. Keywords such as ecological
footprint (62 occurrences), CO, emissions (37 occurrences), carbon emissions (23 occurrences),
environmental degradation (18 occurrences), and environmental quality (16 occurrences) appear frequently
throughout the network. Their strong presence indicates that the performance of hydrocarbon-dependent
economies is increasingly evaluated through sustainability metrics rather than solely through traditional
indicators of economic growth. This finding reflects the broader shift toward integrating environmental
considerations into development strategies and supports previous studies arguing that long-term

competitiveness increasingly depends on environmental performance and climate resilience [24], [35], [40].

Analysis of TLS provides additional insight into the conceptual architecture of the field. Natural resources
(TLS = 253), renewable energy (TLS = 237), environmental sustainability (TLS = 184), economic growth
(TLS = 164), sustainable development (TLS = 159), and natural resource rents (TLS = 141) exhibit the highest
connectivity within the network. These values suggest that the literature is organized around a central debate
concerning how resource-rich economies can maintain economic prosperity while simultaneously adapting to
environmental and technological transformation. The strong connectivity of renewable energy and
sustainability-related concepts reinforces the argument that energy transition has become inseparable from
broader discussions concerning long-term development and economic resilience [2], [17].

Finally, the descriptive results indicate the emergence of new research frontiers centered on digitalization,
FinTech, green finance, human capital, and institutional quality. The relatively recent average publication years
associated with these concepts suggest that academic attention is progressively shifting from diagnosing the
consequences of hydrocarbon dependence toward identifying practical mechanisms capable of supporting
sustainable transformation. This evolution reflects the growing recognition that successful transitions depend
not only on renewable energy deployment but also on institutional effectiveness, financial modernization,
technological innovation, and human capital development [7], [9], [27].
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4.2 | Co-occurrence Network

The keyword co-occurrence network generated through VOSviewer reveals a highly interconnected
intellectual structure composed of six major thematic clusters. Rather than forming isolated research streams,
the clusters are linked by multiple shared concepts that collectively explain how the academic literature
conceptualizes the transition of hydrocarbon-dependent economies toward sustainable development. The
network structure demonstrates that contemporary research increasingly approaches transition processes
through multidisciplinary perspectives involving economics, environmental studies, governance, finance,
innovation, and public policy.

At the center of the network are several highly connected keywords, including renewable energy, natural
resources, environmental sustainability, economic growth, sustainable development, and natural resource
rents. These concepts function as intellectual bridges connecting otherwise distinct thematic areas and indicate
that discussions surrounding resource dependence increasingly intersect with debates concerning
environmental performance and long-term economic resilience. The centrality of these keywords supports
recent literature arguing that sustainable development in resource-rich economies requires integrated
strategies combining economic transformation and environmental objectives rather than treating these
dimensions separately [2], [11], [17].

The network also reveals a strong linkage between environmental and economic variables. Keywords such as
ecological footprint, carbon emissions, CO, emissions, and environmental degradation are closely associated
with economic growth, renewable energy, and natural resource rents. This pattern suggests that scholars
increasingly examine the environmental consequences of resource-dependent development while also
investigating how economic growth can be reconciled with sustainability objectives. Such findings are
consistent with emerging research emphasizing green growth, environmental efficiency, and sustainable
development as complementary rather than competing goals [11], [24], [43].

Institutional variables occupy another strategically important position within the network. Keywords
including institutional quality, governance, human capital, financial development, and trade openness display
strong relationships with both economic and environmental concepts. Their connectivity suggests that the
effectiveness of transition strategies depends significantly on governance capacities and institutional
frameworks. Recent empirical studies have similarly shown that countries characterized by stronger
institutions, greater human-capital accumulation, and more effective regulatory environments are generally
better positioned to transform natural resource wealth into sustainable development outcomes [7], [28], [31].

A further characteristic of the network is the growing prominence of innovation-related concepts. Keywords
such as green innovation, technological innovation, energy efficiency, FinTech, and digitalization occupy
important positions linking environmental sustainability with economic modernization. The increasing
relevance of these concepts reflects the emergence of a new generation of research that views innovation not
simply as a supporting factor but as a central driver of post-hydrocarbon development. This interpretation is
supported by recent studies highlighting the contribution of technological progress, digital transformation,
and green finance to sustainable economic restructuring and environmental improvement [9], [18], [29].

Finally, the co-occurrence network demonstrates a substantial degree of conceptual integration across all six
clusters. The repeated interaction among keywords associated with renewable energy, governance, innovation,
diversification, environmental sustainability, and fiscal management indicates that the literature increasingly
views transition challenges through a systemic lens. Consequently, successful transformation is presented as
a multidimensional process requiring coordinated interventions across economic, institutional, technological,
and environmental domains. This finding provides the conceptual foundation for the cluster analysis
presented in the following section and directly suppotts the study's objective of identifying the principal
strategic dimensions shaping sustainable transition pathways in hydrocarbon-dependent economies [23], [17].
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4.3 | Cluster Analysis

The co-occurrence analysis conducted through VOSviewer identified six interconnected thematic clusters
that collectively explain the major strategic dimensions shaping the transition of hydrocarbon-dependent
economies toward sustainable, low-carbon development pathways. Together, these clusters reveal that the
contemporary debate has evolved beyond environmental concerns alone and increasingly encompasses fiscal
sustainability, institutional transformation, technological innovation, governance quality, and economic
diversification.

climatagnange
. gnang

it o
hurmanicapital
digraligation

saudi@rasia

rene e eneggy consumption.
rasoungs curse P bt %F .

&onomic diersification natural resource rents » globalization
energyii@nsition -
naturalgesources
suﬁ'ainahl@empmenr sage
resource rencs patural resgirees rents SPCh.  natucalgesource
wade openness fenewaBleienergy £ APy taccor

econo%grom

clean energy green iiovation

= energy consumaton
energysecuny ﬁus:”blht
= y' tossuba2</ggb= amissions

envirapment tirbanjgtion & niatural resgurces -ent

decartagization bics

carbon emission

greenifinance
greenigrowth
chipe

fiscaipolcy minend rers

resourge rent

fossibfuels brics ecifiomies  carhon Weutrality

Fig. 1. Six interconnected thematic clusters.

Cluster 1 (green finance, innovation, and carbon neutrality pathways). This cluster highlights the
growing importance of financial and technological mechanisms supporting carbon neutrality objectives in
resource-dependent economies. The presence of terms such as green finance, FinTech, financial inclusion,
green innovation, and carbon neutrality suggests an emerging consensus that the green transition requires
more than energy-sector reforms; it also depends on transforming financial systems to mobilize capital toward
sustainable investments. Countries heavily dependent on hydrocarbon revenues must therefore develop
financial architectures capable of supporting renewable energy deployment, clean technology adoption, and
climate-resilient infrastructure [9], [30].

climatgghange
-

EA!.ld.QbIB Q - )
,,,,, \o@pclusion
\
, 3 “\.\ Elobalffpation
energyigpsitian natura‘ources \

\
sustai nabl‘/elopmen(

natural Fedgyrees rents D rafusigesource
trade agEnivEs rmm’e_nergy‘ b o oY o

+
A | L2

: econoigEx

\y )

mines rents

brics eainomies carbon Geutrality

Fig. 2. Cluster 1. Green finance, innovation, and carbon neutrality pathways.

The cluster further indicates that innovation-based financing mechanisms are increasingly viewed as
instruments for reconciling economic growth with environmental objectives. The strong connections among
carbon emissions, energy efficiency, and environmental quality suggest that resource-rich economies can
leverage digital finance, green financial markets, and innovation ecosystems to accelerate decarbonization
while preserving economic competitiveness. For hydrocarbon-dependent states, particularly those seeking to



Mapping the research landscape of the post-hydrocarbon transition ... 184

emulate the diversification trajectories of leading emerging economies, financial modernization appears to
constitute a critical enabler of long-term sustainability [10], [29].

Cluster 2 (energy transition, diversification, and the resource curse). This cluster represents the
conceptual core of the literature surrounding hydrocarbon-dependent economies. The simultaneous presence
of resource curse, oil rents, economic diversification, and energy transition reflects the central policy dilemma
faced by fossil-fuel-exporting countries: how to preserve economic stability while reducing dependence on
hydrocarbons. Numerous studies emphasize that excessive reliance on oil revenues creates structural
vulnerabilities, including institutional weakness, limited productivity growth, and insufficient diversification,
all of which may hinder the transition toward sustainable development [2], [3].
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Fig. 3. Cluster 2. Energy transition, diversification, and the resource curse.

The appearance of Saudi Arabia within this cluster is particularly significant, as the country has become a
prominent case study of large-scale economic transformation through Vision 2030 and renewable energy
investments. Research increasingly suggests that successful transitions require not only investment in clean
energy but also comprehensive reforms involving industrial diversification, fiscal restructuring, and
institutional modernization. Consequently, the cluster underscores economic diversification as the principal
strategic mechanism through which hydrocarbon-dependent economies can overcome resource dependence
and enhance long-term resilience [4], [13].

Cluster 3 (fiscal sustainability, renewable energy, and green growth). This cluster focuses on the
interaction between public finance, investment flows, and sustainable growth strategies. The association
between fiscal policy, FDI, renewable energy, and green growth suggests that fiscal governance plays a pivotal
role in determining whether natural resource wealth becomes an obstacle or a catalyst for sustainable
transformation. For many hydrocarbon-exporting countries, declining fossil fuel demand raises concerns
regarding future public revenue, making fiscal reform a critical component of the transition process [5], [12].
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Fig. 4. Cluster 3. Fiscal sustainability, renewable energy, and green growth.

The cluster also highlights the growing role of green investment and international capital in supporting
diversification efforts. Research increasingly shows that renewable energy deployment, sustainable FDI, and
environmentally oriented fiscal policies can contribute simultaneously to environmental quality and economic
development. This finding is especially relevant for oil- and gas-dependent economies seeking to offset future
revenue losses by fostering alternative growth sectors and attracting sustainability-oriented investment [11],

[41]

Cluster 4 (institutions, human capital, and environmental petrformance). This cluster emphasizes the
institutional and socio-economic foundations of successful energy transitions. The presence of institutional
quality, human capital, and financial development alongside environmental indicators such as ecological
footprint and carbon emissions indicates that transitions are influenced not only by energy systems but also
by broader governance capacities. Strong institutions improve policy implementation, strengthen regulatory
frameworks, and enhance the efficiency with which resource revenues are allocated toward productive and
sustainable investments [1], [31].
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Fig. 5. Cluster 4. Institutions, human capital, and environmental performance.

The cluster further highlights the importance of human capital development in supporting technological
adoption and innovation. Resource-rich economies frequently struggle to move beyond extractive sectors
because of insufficient investment in education, skills development, and knowledge-intensive industries.
Consequently, strengthening human capital and improving institutional effectiveness emerge as essential
conditions for achieving sustainable development while reducing environmental pressures. The literature
consistently suggests that countries with stronger governance structures are better positioned to transform
resource wealth into long-term economic prosperity [7], [8].
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Cluster 5. Technological Innovation and Sustainable Economic Growth

This cluster reflects the increasing recognition of innovation as a key driver of post-hydrocarbon development. The
connections among technological innovation, economic growth, and environmental sustainability suggest that
innovation capabilities play a fundamental role in decoupling economic expansion from environmental degradation.
Rather than viewing natural resource abundance solely through the lens of the resource curse, recent studies examine
how technological upgrading can transform resource-dependent economies into diversified and knowledge-based
systems [18].
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Fig. 6. Cluster 5. Technological innovation and sustainable economic growth.

The inclusion of globalization-related concepts further indicates that international knowledge diffusion and
technology transfer facilitate green transformation processes. For hydrocarbon-dependent countries,
investment in research and development, green technologies, and innovation ecosystems may create new
sources of competitiveness while reducing reliance on extractive industries. As a result, innovation emerges
as both an environmental and an economic strategy within the broader transition agenda [17], [19].

Cluster 6 (governance, digitalization, and climate resilience). The sixth cluster addresses the governance
dimension of environmental transformation, with particular emphasis on developing and resource-rich
economies. The presence of governance, climate change, digitalization, and renewable energy consumption
suggests that institutional capacity increasingly determines the effectiveness of transition policies. Poor
governance may reinforce dependence on natural resource rents and exacerbate environmental degradation,
whereas effective governance enhances climate resilience and supports renewable energy adoption [27], [28].
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The cluster also introduces digitalization as an emerging theme in the literature. Digital technologies support
energy efficiency, improve resource management, enhance policy monitoring capabilities, and facilitate the
integration of renewable energy systems. For many hydrocarbon-dependent economies, especially in Africa
and other developing regions, digital transformation is increasingly perceived as a complementary pathway to
sustainable development. The findings therefore indicate that future transition strategies must integrate
governance reforms, renewable energy deployment, and digital innovation into a coherent framework for
achieving long-term sustainability [38], [51].

5| Discussion

The results of the bibliometric analysis reveal that the literature on hydrocarbon-dependent economies has
undergone a significant conceptual transformation during the last decade. Earlier research was largely
dominated by debates surrounding the resource curse, commodity dependence, and macroeconomic
vulnerability. While these themes remain important, the co-occurrence network demonstrates that
contemporary scholarship increasingly adopts a broader and more integrated perspective that connects energy
transition, environmental sustainability, technological innovation, governance, public finance, and economic
diversification within a unified analytical framework [5], [6].

One of the most important findings is the central position occupied by renewable energy, natural resources,
environmental sustainability, sustainable development, and economic growth within the network structure.
These concepts exhibit the highest levels of occurrence and connectivity, indicating that the transition debate
has evolved from a narrow focus on hydrocarbon extraction toward broader discussions concerning
sustainable development pathways. This finding supports recent arguments that resource-dependent
economies can no longer rely exclusively on fossil-fuel revenues but must increasingly integrate environmental
and economic objectives into long-term development strategies [2], [11], [43].

The cluster analysis further suggests that the future competitiveness of hydrocarbon-dependent economies
will depend heavily on their ability to diversify their economic structures and reduce exposure to commodity
price volatility. Cluster 2 demonstrates that economic diversification remains the dominant strategic response
to the challenges generated by resource dependence. The strong association between resource curse, oil rents,
energy transition, and economic diversification indicates that scholars increasingly regard diversification not
as an optional policy objective but as a structural necessity. This obsetvation is fully consistent with the
experiences of countries such as Saudi Arabia and several Gulf states, where diversification programs have
become central components of long-term national development strategies [4], [15].

At the same time, the results indicate that economic diversification alone is unlikely to guarantee sustainable
development. Cluster 4 highlights the critical roles of institutional quality, human capital, financial
development, and governance effectiveness. The frequent co-occurrence of these concepts with
environmental indicators suggests that institutional capacity significantly influences transition outcomes.
Countries possessing strong institutions are generally better equipped to allocate resource revenues efficiently,
attract investment, promote innovation, and implement environmental regulations. Consequently, the
transition challenge appears to involve not only economic restructuring but also institutional modernization
and governance reform [7], [28], [31].

Another important insight emerging from the analysis concerns the increasingly prominent role of
technological innovation. Clusters 1 and 5 reveal that concepts such as green innovation, technological
innovation, green finance, energy efficiency, and digitalization occupy strategically important positions within
the intellectual structure of the field. These findings suggest that scholars are progressively moving away from
purely resource-based interpretations of development and toward frameworks emphasizing knowledge
creation, technological upgrading, and innovation-driven growth. The presence of these themes reflects
growing recognition that long-term sustainability depends not only on replacing fossil fuels but also on

transforming productive systems through innovation and technological modernization [7], [18].
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The emergence of green finance and FinTech within Cluster 1 further reinforces this interpretation.
Historically, discussions concerning hydrocarbon-dependent economies focused predominantly on public
revenues derived from natural resources. In contrast, contemporary research increasingly explores how
private capital markets, sustainable investment instruments, digital finance, and financial inclusion can
accelerate the transition toward low-carbon development pathways. The strong links among green finance,
carbon neutrality, energy efficiency, and environmental quality demonstrate that financial modernization is
now viewed as a critical component of sustainable transformation strategies [9], [29].

The findings also reveal a growing concern with fiscal sustainability. Cluster 3 shows that fiscal policy, FDI,
renewable energy, and green growth are closely interconnected. This result reflects increasing awareness that
hydrocarbon-dependent economies face significant fiscal challenges as global decarbonization reduces long-
term fossil-fuel demand. Consequently, many countties may be required to reform taxation systems, diversify
public revenues, redesign subsidy frameworks, and attract new forms of investment capable of supporting
economic transformation. The literature therefore increasingly views public finance not merely as a
consequence of resource dependence but as a strategic instrument for facilitating sustainable transition [5],

[12], [30].

The network analysis additionally highlights the growing importance of governance and digitalization,
particularly within developing and resource-rich regions. Cluster 6 suggests that climate resilience increasingly
depends on effective institutions and digital transformation. Digital technologies may improve monitoring
capabilities, facilitate renewable-energy integration, strengthen public-sector efficiency, and enhance resource
management practices. Furthermore, governance quality appears to moderate the relationship between natural
resource rents and environmental outcomes, reinforcing previous findings that institutional effectiveness
plays a decisive role in determining whether resource wealth becomes a development opportunity or a source
of vulnerability [27], [31], [51].

Taken together, the six clusters reveal a notable shift in the intellectual evolution of the field. Earlier
discussions focused primarily on how resource abundance generated economic and institutional challenges.
In contrast, contemporary literature is increasingly oriented toward identifying practical solutions capable of
supporting long-term sustainability. Renewable energy deployment, diversification strategies, fiscal reform,
innovation ecosystems, green finance, governance modernization, and human capital development
collectively emerge as mutually reinforcing components of a comprehensive transition framework. Rather
than acting independently, these dimensions interact continuously to shape the capacity of hydrocarbon-
dependent economies to achieve sustainable development within a rapidly changing global energy landscape
[17].

6 | Policy Implications

The findings of this study have important implications for policymakers operating in hydrocarbon-dependent
economies. The six thematic clusters identified through the co-occurrence analysis collectively demonstrate
that successful transition strategies cannot rely on isolated policy interventions. Instead, sustainable
transformation requires an integrated approach encompassing economic diversification, fiscal reform,
institutional strengthening, technological innovation, renewable energy deployment, and financial
modernization. The interconnected structure of the bibliometric network indicates that progress in one
domain is likely to influence outcomes in several others, reinforcing the need for coordinated, long-term
policy frameworks [17].

A first policy implication concerns the central importance of economic diversification. The prominence of
keywords such as the resource curse, oil rents, economic diversification, and energy transition confirms that
excessive dependence on hydrocarbon revenues remains a major structural vulnerability. Governments
should therefore prioritize the development of alternative growth sectors capable of generating employment,
investment, exports, and fiscal revenues beyond the extractive industries. Strategic investment in advanced

manufacturing, digital services, sustainable tourism, renewable energy industries, and knowledge-intensive
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activities can reduce exposure to commodity-price volatility while strengthening long-term economic
resilience [2], [4], [15].

The results also highlight the importance of maintaining fiscal sustainability throughout the transition process.
As global decarbonization efforts gradually reduce fossil-fuel demand, many hydrocarbon-exporting countries
are likely to experience increasing pressure on public finances. Policymakers should therefore implement fiscal
reforms designed to broaden revenue bases, reduce dependence on hydrocarbon rents, improve public
expenditure efficiency, and strengthen long-term fiscal planning. Environmental taxation, carbon-pricing
mechanisms, prudent SWEF management, and targeted incentive schemes for sustainable investment may help
governments simultaneously achieve fiscal and environmental objectives [12], [30].

Another important implication concerns the role of renewable energy as a cornerstone of transition strategies.
The central position occupied by renewable energy, green energy, carbon neutrality, and energy transition
within the network suggests that investment in clean-energy infrastructure should remain a strategic priority.
Resource-rich economies possess significant opportunities to leverage existing financial resources and energy-
sector expertise to expand renewable electricity generation, improve energy efficiency, and reduce carbon
intensity. Such investments may not only support environmental goals but also create new sources of
economic growth, industrial development, and international competitiveness [2], [3], [18].

The prominence of green finance, FinTech, financial inclusion, and green innovation further indicates that
financial-sector modernization should play a more prominent role in transition policies. Governments and
regulators can facilitate sustainable transformation by developing green bond markets, sustainable investment
frameworks, renewable-energy financing facilities, and innovation-support mechanisms capable of mobilizing
private capital. Expanding access to sustainable finance can accelerate the adoption of clean technologies
while reducing the fiscal burden associated with large-scale public investment programs [9], [10], [29]. The
analysis also emphasizes the importance of institutional quality and effective governance. Strong institutions
enhance policy implementation, improve regulatory certainty, increase investor confidence, and facilitate the
efficient allocation of public resources. Governance reforms should therefore accompany economic and
environmental policies. Measures aimed at strengthening transparency, accountability, public-sector
efficiency, and anti-corruption frameworks are likely to improve the effectiveness of transition strategies and
reduce risks associated with resource dependence [27], [28], [31].

Human capital development represents another critical policy priority. The presence of human capital,
technological innovation, and digitalization within the network reflects the growing recognition that
sustainable economic transformation requires a skilled and adaptable workforce. Policymakers should
prioritize educational reform, technical training, research capacity building, and lifelong learning initiatives to
support emerging industries and facilitate knowledge-intensive economic development. Investments in
education and innovation ecosystems can simultaneously strengthen productivity, technological capability,
and sustainable competitiveness |7].

Finally, the growing prominence of digitalization and technological innovation suggests that future transition
strategies should incorporate digital technologies as enabling tools for sustainable development. Artificial
intelligence, digital platforms, smart energy systems, data analytics, and digital governance mechanisms can
improve resource management, strengthen environmental monitoring, enhance energy efficiency, and
facilitate renewable-energy integration. Consequently, digital transformation should not be viewed as a
separate policy agenda but rather as a complementary instrument supporting broader economic,
environmental, and institutional objectives [27], [51].

Taken together, these findings indicate that the transition of hydrocarbon-dependent economies requires a
comprehensive policy framework that simultaneously promotes diversification, fiscal resilience, renewable
energy, innovation, governance reform, financial modernization, and human-capital development. Countries
that successfully integrate these dimensions into coherent long-term strategies are likely to be better
positioned to achieve sustainable development while maintaining economic stability in an increasingly
decarbonized global economy [17].



Mapping the research landscape of the post-hydrocarbon transition ... 190

7| Conclusions

This study examined the intellectual structure of the rapidly expanding literature on hydrocarbon-dependent
economies and their transition toward sustainable development through bibliometric and keyword co-
occurrence analysis. The results reveal a research field that has evolved considerably beyond traditional
debates on resource dependence and the resource curse. While concerns regarding oil rents, fiscal
vulnerability, and dependence on extractive industries remain important themes, contemporary scholarship
increasingly focuses on identifying practical mechanisms capable of supporting long-term economic
resilience, environmental sustainability, and structural transformation. The co-occurrence network
demonstrates that research is becoming progressively more interdisciplinary, integrating perspectives from
economics, energy policy, environmental studies, finance, innovation management, governance, and public
administration.

The analysis addressed the first research question by identifying the principal themes currently shaping the
literature. Six interconnected clusters emerged from the VOSviewer network analysis. These clusters focus
on: 1) green finance, innovation, and carbon neutrality, 2) energy transition, diversification, and the resource
curse, 3) fiscal sustainability, renewable energy, and green growth, 4) institutions, human capital, and
environmental performance, 5) technological innovation and sustainable economic growth, and 0)
governance, digitalization, and climate resilience. Collectively, these clusters demonstrate that sustainable
transition processes are multidimensional and cannot be adequately explained through single-variable
approaches. Instead, successful transformation requires the simultaneous consideration of economic,

environmental, financial, institutional, and technological factors.

The findings also provide a clear answer to the second research question regarding the strategic dimensions
required to support sustainable development in hydrocarbon-dependent economies. Economic
diversification emerges as the most consistently emphasized policy priority throughout the literature. The
strong associations between resource dependence, energy transition, sustainable development, and economic
resilience indicate broad scholarly consensus that diversification is essential for reducing vulnerability to
commodity-price fluctuations and long-term declines in fossil-fuel demand. However, the results further
reveal that diversification alone is insufficient. Sustainable transition requires complementary investments in
human capital, institutional quality, innovation ecosystems, renewable-energy infrastructure, and modern
financial systems capable of mobilizing resources toward low-carbon development pathways [4], [7], [17].

Another important contribution of the study concerns the growing significance of innovation and digital
transformation. Keywords such as green innovation, technological innovation, FinTech, digitalization, and
energy efficiency are among the most recent and rapidly expanding themes within the network. Their
prominence suggests that future development strategies will increasingly rely on technological modernization
as a mechanism for enhancing competitiveness while simultaneously addressing environmental challenges.
Similatly, the emergence of green finance and financial inclusion highlights the increasingly important role of
financial-sector transformation in accelerating the transition toward carbon neutrality and sustainable growth

1, [29]-

The analysis additionally emphasizes the fundamental role of governance and institutional effectiveness.
Strong institutions improve policy coordination, facilitate efficient allocation of resource revenues, strengthen
regulatory effectiveness, and enhance investor confidence. The close relationship between governance,
environmental sustainability, renewable-energy adoption, and economic performance suggests that
institutional capacity acts as a critical enabling condition for successful transition processes. Countries
characterized by stronger governance structures and greater investment in human capital appear better
positioned to convert natural resource wealth into sustainable and inclusive development outcomes [7], [27],

28], [31].

From a theoretical perspective, the study demonstrates that the literature is progressively moving beyond
deterministic interpretations of the resource curse. Rather than treating hydrocarbon wealth as an inevitable
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obstacle to development, recent research increasingly explores the conditions under which resource
endowments can support sustainable transformation. This shift reflects a growing recognition that policy
choices, governance quality, technological capabilities, financial innovation, and institutional development
significantly influence transition outcomes. Consequently, the contemporary literature presents resource
dependence not as a fixed constraint but as a challenge that can be successfully addressed through coordinated
and forward-looking policy interventions [5], [17], [31].

Despite these contributions, the study is subject to several limitations. First, the analysis relies exclusively on
publications indexed in the Scopus database. Although Scopus provides extensive coverage of high-quality
academic literature, relevant research indexed in other databases may not be fully represented. Second, the
findings are derived from bibliometric techniques that identify conceptual structures and thematic
relationships but do not directly evaluate causal relationships between variables. Third, the co-occurrence
analysis provides a global overview of the field and may not fully capture country-specific differences in
transition experiences, institutional capacities, or development trajectories.

Future research should therefore build upon these findings by exploring the evolution of transition strategies
within individual hydrocarbon-dependent economies and comparing their policy outcomes. Particular
attention should be devoted to the role of SWFs, green industrial policies, artificial intelligence, digital
governance, and advanced innovation ecosystems in facilitating sustainable economic transformation.
Additional research could also investigate how emerging technologies interact with renewable-energy
deployment, financial innovation, and institutional reform to accelerate the transition toward low-carbon
development. Finally, comparative studies examining different resource-dependent regions may provide
valuable insights into the contextual factors that determine the success or failure of transition strategies. Such
investigations would contribute to a more nuanced understanding of how hydrocarbon-dependent economies
can successfully navigate the complex challenges of sustainable development in an increasingly decarbonized
global economy [17], [51].
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