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This study synthesizes the literature on renewable energy
consumption, electrification, structural transformation, and economic
development based on metadata from 44 articles and academic works.
Using a metadata-based systematic literature review approach, the
articles are classified into five clusters: the energy-growth nexus,
energy transition and energy justice, electrification and development,
growth and structural transformation, and the Indonesia/Kalimantan
context concerning biomass, trade, and sectoral development. The
findings indicate that the relationship between energy and growth is
not uniform, but depends on the type of energy, the quality of
electricity supply, energy costs, institutional capacity, sectoral
economic structure, and the ability of regions to connect energy
resources with productive value chains. Electrification contributes to

welfare, employment, productivity, and industrialization when
electricity access is accompanied by reliability and productive
utilization. This review emphasizes the need to integrate macro-level
energy-growth analysis, micro-level evidence on electrification,
energy justice perspectives, structural transformation theory, and
regional economic context to explain low-carbon development more
comprehensively.
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1. INTRODUCTION

Energy is a fundamental input in economic development because it supports production activities, mobility,
industrialization, and improvements in household welfare. Over the last two decades, academic debate has evolved from
the simple question of whether energy consumption drives economic growth into a more complex analysis of energy types,
supply quality, costs, emissions, and the institutions governing energy transition [1]-[10]. The energy-growth nexus
literature shows that the relationship between energy consumption and economic growth is not universal, because the
direction of causality and the magnitude of effects vary across countries, periods, estimation methods, and economic
structures.

At the same time, the energy transition agenda in developing countries increasingly requires a balance among
economic growth, energy security, social justice, and emission reduction. Studies on Vietnam and Asia show that the
successful development of solar energy, wind energy, and coal phase-out is determined not only by technical potential,
but also by policy design, financing, institutional capacity, and cross-sectoral coordination [11]-[14]. The energy justice
perspective extends this discussion by asking who receives the benefits, who bears the costs, and which groups are often
marginalized in the transition process [15], [16].
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At the micro and meso levels, electrification functions as a development instrument that can improve household
welfare, employment opportunities, service quality, firm productivity, and industrialization processes. However, empirical
literature shows that electricity access alone is not always sufficient. The developmental impact of electrification depends
strongly on service quality, supply reliability, affordability, and the ability of households and firms to use electricity
productively [17]-[24]. Electrification therefore should not be understood merely as the expansion of power grids, but as
a process that connects energy with economic and social activities.

The perspectives of economic growth and structural transformation provide the theoretical foundation for
understanding why energy matters for development. Growth theory emphasizes factor accumulation, productivity,
institutions, and cross-country income differences [33]-[38], whereas the structural transformation literature emphasizes
the movement of labor and resources from low-productivity sectors toward higher value-added activities [25]-[32], [39],
[40]. Within this framework, energy and electricity can be positioned as enabling infrastructure that supports
industrialization, economic diversification, and long-term productivity growth.

To strengthen the contextual relevance for Indonesia, particularly Kalimantan, this review also incorporates four
additional articles by P. Y. Usaid and colleagues. The article on a biomass energy system based on palm oil waste broadens
the renewable energy discussion from the perspectives of business models and value chains [41]. Meanwhile, studies on
exports, the trade sector, regional agricultural expenditure, and village funds provide empirical context regarding regional
economic performance, sectoral structure, and poverty reduction in Kalimantan [42]-[44].

Although the available literature is relatively extensive, these studies often develop along separate trajectories: some
focus on the macro relationship between energy and growth, others on energy transition policy, others on the impacts of
electrification, and others on structural transformation. This article therefore aims to synthesize the literature
systematically and develop an integrative framework linking renewable energy, electrification, structural transformation,
and economic development.

2. METHOD

This study applies a metadata-based systematic literature review approach. The review corpus consists of 44 articles
and academic works, comprising the initial 40 articles in the metadata file and four additional works by P. Y. Usaid and
colleagues that are relevant to biomass, regional economic performance, trade, and agricultural development. The
reviewed literature includes both classic and contemporary publications from 1954 to 2026, enabling a long-term mapping
of the relationships among energy, electrification, structural transformation, agricultural development, trade, and economic
growth.

The inclusion criteria in this review are: (1) academic works that discuss the relationship among energy,
electrification, economic growth, development, or structural transformation; (2) empirical articles, conceptual articles,
handbook chapters, or working papers that are relevant as theoretical foundations; and (3) works with minimum
bibliographic metadata, including author, year, title, publication source, and DOI where available. Articles or works were
excluded when they did not have substantive relevance to energy, electrification, economic development, or structural
transformation.

The extraction stage was conducted by reading the metadata on title, year, journal or publication source, and
substantive focus of each article. Each article was then coded into five main clusters: (1) the renewable and non-renewable
energy-growth nexus; (2) energy transition, renewable energy policy, and energy justice; (3) electrification, welfare,
employment, and productivity; (4) economic growth, agriculture, productivity, trade, institutions, and structural
transformation; and (5) the Indonesia/Kalimantan context, covering palm oil biomass, regional economic performance,
the trade sector, regional agricultural expenditure, village funds, and poverty.

This approach has limitations. First, the review is metadata-based and therefore does not replace a more detailed full-
text assessment of each article. Second, the review corpus is a curated list and cannot be claimed to be an exhaustive
representation of the entire global literature. Nevertheless, this approach is useful for mapping conceptual structures,
identifying research clusters, and formulating a more targeted future research agenda.

3. RESULTS AND DISCUSSION

Based on the metadata mapping, the literature can be grouped into five broad and mutually complementary clusters.
The first cluster positions energy as a macro variable in economic growth models. The second views energy as an arena
of policy, transition, and social justice. The third discusses electrification as a micro- and meso-level development
mechanism. The fourth connects energy with growth, agriculture, trade, productivity, and structural transformation. The
fifth strengthens the Indonesia/Kalimantan context through studies of palm oil biomass, exports, the trade sector, and
regional agricultural expenditure [41]-[44].
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Literature cluster Articles Main focus Main synthesis
Energy-growth nexus [1]-[10] Renewable/non-renewable | The direction of causality depends
energy and growth. on country context, method, energy
type, and economic structure.
Energy transition and [11]-[16] Renewable energy policy, | Transition requires institutions,
energy justice coal phase-out, and energy | financing, social legitimacy, and a
justice. fair distribution of benefits.
Electrification and [17]-[24] Electricity access, Impacts increase when electricity is
development employment, welfare, and | reliable, affordable, and used
productivity. productively.
Growth and structural [25]-[40] Productivity, agriculture, Energy supports productivity shifts
transformation manufacturing, toward higher value-added
institutions, and trade. activities.
Indonesia/Kalimantan [41]-[44] Palm oil biomass, exports, | The regional context shows that
and biomass context regional trade, agricultural | energy transition should be
spending, village funds, connected with local value chains,
and poverty. trade, fiscal capacity, and sectoral
development.

3.1. The evolution of the energy-growth nexus: from consumption relationships to transition quality

The energy-growth nexus cluster shows that renewable and non-renewable energy consumption has a complex
relationship with economic growth. Early panel and causality studies report varied findings, ranging from the growth
hypothesis, conservation hypothesis, feedback hypothesis, to the neutrality hypothesis [1]-[10]. These divergent results
suggest that energy cannot be understood as a single homogeneous variable. Renewable energy, fossil energy, energy
intensity, emissions, and trade openness have different implications for growth.

Methodologically, this cluster relies heavily on panel data, error correction models, and causality approaches. Its main
strength lies in the ability to compare countries and periods, but its limitation is the tendency to treat energy as a macro
aggregate that does not fully capture energy service quality, industrial structure, and the productive use of electricity. This
review therefore interprets the energy-growth nexus as an initial foundation that needs to be enriched with the literatures
on electrification, energy transition, and structural transformation.

3.2. Energy transition in developing countries: policy, institutions, and justice

The second cluster highlights that energy transition in developing countries is not merely a technological substitution
from fossil fuels to renewable energy. Studies on Vietnam show that the success of solar and wind energy is influenced
by policy instruments, incentive structures, public-private coordination, and the capacity of the state to manage coal phase-
out [11]-[13]. In the Asian context, the green development agenda also requires strategies that can maintain economic
growth while reducing carbon intensity [14].

The article on a bankable biomass energy system based on palm oil waste extends this argument by showing that
renewable energy transition in developing countries must consider financing feasibility, business models, value-chain
coordination, and optimization of waste utilization as an energy source [41]. Thus, energy transition is not only
technological, but also organizational, financial, and business-ecosystem based.

In the broader Asian context, green development requires integration between economic growth and energy
transformation [14]. However, the energy justice literature broadens this argument by emphasizing the importance of
feminist, anti-racist, Indigenous, and postcolonial perspectives in understanding who benefits from and who bears the
burdens of transition [15]. In addition, the unequal allocation of climate research funding shows that global knowledge
production and financing do not always favor the regions that need them most [16].

3.3. Electrification as a micro- and meso-level development mechanism

The electrification literature provides evidence that is closer to the mechanisms of development. Studies from
Vietnam, South Africa, Brazil, Nicaragua, and India show that electricity access can influence household welfare, labor
force participation, business opportunities, productivity, and industrialization [17]-[24]. This evidence extends the energy-
growth nexus by explaining the micro-level channels through which energy is linked to economic output.

However, the findings are not uniform. Electricity access can generate substantial impacts when costs, quality, and
supply reliability support productive activities. Conversely, the impact of electrification may weaken when electricity is
expensive, unstable, or not accompanied by the capacity of households and firms to use electricity in economic activities
[22]-[24]. This finding is important because it shifts the policy focus from electrification alone toward productive
electrification.
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3.4. Structural transformation as a bridge between energy and long-term growth

The growth and structural transformation cluster provides a lens for explaining why energy and electrification can
produce long-term development effects. The structural transformation literature emphasizes that sustainable growth occurs
when labor and resources move from low-productivity activities toward higher-productivity sectors [25], [26], [39], [40].
In this process, energy and electricity function as prerequisites for mechanization, processing, transportation,
manufacturing, and modern services.

The literature on agriculture and development shows that agricultural productivity can become an initial source of
transformation through labor release, increased rural income, and local economic diversification [27]-[32]. Meanwhile,
cross-country growth theory emphasizes the roles of human capital accumulation, institutions, trade, and export product
quality in explaining income differences [33]-[38]. By connecting these two streams, energy can be viewed as an enabling
factor that accelerates sectoral transformation when combined with investment, skills, institutions, and market integration.

3.5. Indonesia/Kalimantan context: biomass, trade, and sectoral development

Four additional articles strengthen the Indonesia and Kalimantan context in this synthesis. The study on a biomass
energy system based on palm oil waste shows that regional renewable energy potential is determined not only by feedstock
availability, but also by bankable business models, value-chain coordination, and the ability to connect plantation actors,
waste processing, financing, and energy markets [41]. Palm oil biomass can therefore be positioned as a bridge between
energy transition, local resource downstreaming, and regional economic strengthening.

Studies on exports of goods and services, the contribution of the trade sector, regional agricultural expenditure, and
village funds extend the structural transformation argument at the regional level [42]-[44]. This literature indicates that
regional economic performance depends not only on aggregate growth, but also on sectoral composition, local government
fiscal capacity, external demand, and agricultural productivity. Within this SLR framework, these findings confirm that
energy and electrification should be read together with local sectoral dynamics: reliable electricity and economically
valuable renewable energy generate developmental impacts when connected to trade, agro-industry, and productive public
spending.

3.6. Integrative synthesis framework

The synthesis of the five clusters shows that energy affects development through four main channels. First, the
macroeconomic channel concerns the relationship among energy consumption, output, investment, and economic growth.
Second, the micro-productive channel concerns how electricity access and quality affect households, employment, firms,
and productive activities. Third, the structural channel concerns the role of energy in supporting the shift from low-
productivity sectors toward higher value-added sectors. Fourth, the regional and value-chain channel concerns how
renewable energy, biomass, trade, fiscal capacity, and agricultural development interact in regional economic contexts
[41]-[44].

The integrative framework emerging from this review positions energy as enabling infrastructure. On the input side,
energy type, electricity quality, costs, and reliability determine the capacity of the economy to generate output. On the
mediation side, institutions, policies, financing, and social justice determine how energy is distributed and utilized. On the
output side, the impacts of energy are reflected in growth, welfare, employment, productivity, and structural
transformation. Energy therefore does not operate in isolation, but works through broader economic and institutional
systems.

3.7. Research gaps and future research agenda

First, future research should move from bivariate energy-growth nexus models toward multidimensional models that
incorporate electricity quality, sectoral structure, institutions, inequality, and emissions. Second, research should connect
micro-level evidence on electrification with macro-level transformation, for example by tracing how electricity access
affects firm productivity, labor reallocation, and sectoral diversification.

Third, the energy transition literature needs to integrate energy justice perspectives more strongly. Renewable energy
policy should not be evaluated only through installed capacity or investment, but also through the distribution of access,
affordability, public participation, impacts on fossil-sector workers, and benefits for local communities. Fourth, studies in
developing countries should pay greater attention to the institutional, fiscal, and political contexts that determine the
implementation capacity of energy transition.

Fifth, future research should strengthen the Indonesian regional context by examining how biomass energy potential,
regional trade structure, sectoral public spending, and village funds interact in driving local economic transformation. This
agenda is important because global evidence on energy and growth does not necessarily capture the characteristics of
regions based on natural resources, plantations, and local fiscal structures, such as Kalimantan [41]-[44].
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4. CONCLUSION

This review concludes that the literature on energy and economic development should be read integratively. The
energy-growth nexus cluster shows that the relationship between energy consumption and economic growth is contextual
and cannot be reduced to a single direction of causality. The energy transition cluster shows that policy, institutions,
financing, business models, and social justice determine the success of transformation toward low-carbon energy. The
electrification cluster provides evidence that electricity access can improve welfare and productivity, but its impact
depends on quality, reliability, cost, and productive utilization. The structural transformation cluster explains that energy
is an important prerequisite for long-term productivity shifts and industrialization. The Indonesia/Kalimantan cluster
confirms that biomass, trade, agricultural expenditure, village funds, and regional economic dynamics need to be integrated
to understand development transformation more contextually [41]-[44].

The main contribution of this article is to integrate five streams of literature that are often discussed separately. By
positioning energy as enabling infrastructure, this review shows that low-carbon development requires not only increased
renewable energy, but also high-quality electrification, effective institutions, just transition policies, bankable energy
business models, structural transformation strategies, and links with regional economies. The policy implication is that
developing countries need to integrate energy planning with industrialization strategies, regional development, trade,
poverty reduction, agricultural sector strengthening, and sustainability agendas.

The limitation of this review is the use of metadata as the basis for synthesis, so the interpretation does not replace a
full-text assessment of each article. Future research is encouraged to conduct a full-text SLR using a database search
protocol, quality appraisal, bibliometric mapping, in-depth content analysis, and a distinction among reputable
international peer-reviewed articles, national articles, and grey literature to test and extend the synthesis framework
produced in this article.
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