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THE ROLE OF ENERGY PRICES
IN THE ENVIRONMENTAL
KUZNETS CURVE FRAMEWORK:
A SYSTEMATIC REVIEW

AND BIBLIOMETRIC ANALYSIS

Abstract

Energy prices are a crucial factor influencing the emissions-income nexus. Hence,
this study aims to examine the environmental effects of energy prices within the
Environmental Kuznets Curve (EKC) framework through bibliometric analysis and
narrative synthesis of empirical studies. For this purpose, 67 Scopus-indexed docu-
ments published during 1997-2025 are analyzed. The bibliometric findings reveal
that publications have grown at an exponential rate since 2016, peaking at 10 articles
in 2023. Bradford’s Law analysis identifies that Environmental Science and Pollution
Research is the leading source. Moreover, Lotka’s Law shows that nearly 75% of au-
thors contributed only one or two studies, indicating a diverse research community.
Citation analysis further reveals high global citations but limited local citations, sug-
gesting strong external visibility but relatively weak internal connectivity. Thematic
analysis identifies carbon dioxide emissions and renewable energy as dominant motor
themes, showing increasing scholarly interest in the renewable energy transition due
to high energy prices. The empirical synthesis shows that the EKC hypothesis and en-
vironmental benefits of high prices are more frequently validated in energy-importing
advanced economies. In contrast, studies on energy-exporting economies often fail
to validate the EKC hypothesis or report N-shaped EKC patterns, together with ad-
verse environmental effects of energy prices. Overall, the review concludes that the
environmental impact of energy prices within the EKC framework varies according to
economic development and energy-trade status.

Keywords Environmental Kuznets Curve hypothesis, bibliometric
analysis, energy prices, economic growth, emissions
JEL Classification Q41, Q43, 044

INTRODUCTION

The current scenario of environmental degradation has painted a grim
picture around the globe. Research on reducing ecological footprints
while maintaining an adequate level of economic development has
been on the rise for the last four decades. Fossil fuels are a major cause
of pollution, which are actively used by many countries to manage
energy demand. Their consumption in the form of oil, gas, and coal
contributes to different levels of emissions across sectors, with the in-
dustrial sector leading others. Under such conditions, fossil fuel activ-
ities have resulted in severe ecological losses over the past few decades.

One way to facilitate the energy transition is to raise fossil fuel pric-
es and alter consumption patterns. Scientists are closely monitoring
price trends across sectors and nations to find evidence of a shift to-
ward sustainable energy. High energy costs have already proven to
be a driver of eco-innovation in European countries (Horbach et al.,
2012), but the same may not hold for other economic structures. Thus,
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markets face a non-linear trend when shifting to renewable alternatives, which has implications on a
global scale, with oil price shocks being the most influential factor for sustainable markets.

The Environmental Kuznets Curve (EKC) is determined by various economic factors, including energy
prices, that can affect emissions and shape the EKC pattern. The EKC literature is trying to find ways to
validate it for a better chance of transitioning to renewable sources. However, Gross Domestic Product
(GDP) per capita and natural resource exploitation have consistently shown a heterogeneous connection
to the curve, which is responsible for the delay in the first phase of the EKC. Moreover, energy prices are
also an important factor influencing environmental quality and the EKC.

The literature has investigated the EKC hypothesis by applying synthesized reviews and bibliometric analy-
ses. However, a comprehensive analysis is missing on the environmental effects of energy prices within the
EKC framework. Thus, this paper synthesizes the empirical evidence on how energy prices shape the EKC
and uses bibliometric methods to map the intellectual structure and thematic evolution of this literature.

1. LITERATURE REVIEW

Grossman and Krueger (1991) introduced the non-
linear connection between economic progress
and emissions. Due to this nonlinear relationship,
Panayotou (1993) termed it the EKC hypothesis,
which was inspired by the nonlinear relationship
between economic progress and income inequality
proposed by Kuznets (1955). The EKC hypothesis ex-
plains that environmental degradation may initially
rise with income growth. However, after touching a
turning point, it may also decline as economies in-
vest in cleaner technologies. Since the early 1990s,
the EKC hypothesis has attracted considerable schol-
arly attention in the empirical literature, and stud-
ies have employed various environmental proxies,
econometric methodologies, and control variables.
This growing empirical literature has also attracted
numerous review studies employing systematic, bib-
liometric, and meta-analytic methods.

1.1. Systematic, meta-analytic,
and bibliometric reviews
on the EKC hypothesis

The review studies have synthesized the EKC lit-
erature by identifying conceptual trends, intel-
lectual structures, methodological gaps, and con-
textual factors shaping environmental outcomes.
Ginevicius et al. (2017) conducted a review study
and identified key theoretical developments and
empirical evidence to achieve a sustainable growth
path in the EKC literature. The study also docu-
mented how the EKC hypothesis evolved from a
simple bivariate relationship to complex multi-
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variate models. Leal and Marques (2022) provided
a critical methodological review of EKC studies.
They found that inconsistencies in model specifi-
cations (functional forms) and variable selection
(environmental proxies) across studies explained
the differing outcomes of the EKC hypothesis.

Beyond general EKC syntheses, review stud-
ies have also examined specific conditioning
factors that may affect the validity of the EKC
hypothesis. Sun et al. (2023) performed a meta-
analysis on the impact of urbanization on fine
Particulate Matter. The study reported that most
EKC literature hypothesized a linear effect of ur-
banization in the EKC, which introduced speci-
fication bias in the models and led to heteroge-
neity in the validity of the EKC across different
urban contexts. Chaudhry and Reetu (2025)
systematically reviewed 50 studies on the trade-
environment nexus within the EKC framework.
The literature showed heterogeneous effects of
trade on the EKC framework. This heterogene-
ity highlighted the need to promote clean ener-
gy transitions and improve institutional quality,
which could translate into the positive environ-
mental effects of trade. Wiedenhofer et al. (2020)
reviewed 835 papers on the role of resource use
in the EKC framework. The review highlight-
ed that most studies focused on econometric
methodologies and ignored the thermodynamic
principles governing energy and material flows
in the EKC framework. The study argued that
incorporating biophysical perspectives was es-
sential for understanding the decoupling of in-
come from emissions.
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Liobikiené (2020) investigated how income in-
equality affected emissions within the EKC frame-
work. The paper identified a methodological gap
in investigating production-based emissions. It
suggested using a consumption-based approach
in validating the EKC, as wealthy nations might
outsource emissions to poorer countries. Saini
and Singhania (2019) conducted a systematic re-
view of 111 documents investigating the role
of Foreign Direct Investment (FDI) in the EKC
framework. The analysis revealed that cleaner FDI
mitigated the adverse environmental effects of
growth and supported EKC validation. However,
FDI in extractive and heavy industries tended to
invalidate the EKC hypothesis. Ramakrishna et al.
(2020) conducted a systematic review on the EKC
framework. They found that excessive utilization
of resources was responsible for biodiversity loss,
which resulted in the invalidity of the EKC. The
study emphasizes that sustainable resource man-
agement is a prerequisite for achieving the second
phase of the EKC.

Review studies have also explored regional hetero-
geneity within the EKC framework by focusing on
specific economies and geographic contexts. For
instance, AlKhars et al. (2022) examined 38 Gulf
Cooperation Council (GCC) studies. The study
found mixed evidence of the EKC, which was due
to using different control variables within the EKC
framework. Moreover, the choice between panel ver-
sus individual country analyses affected the EKC
outcomes. It was also concluded that oil dependence
significantly moderated EKC dynamics. Mahmood
et al. (2023a) systematically reviewed Chinese EKC
studies. The study concluded that using global pol-
lution proxies and disaggregated regional analyses
of China helped to validate a more stable EKC com-
pared to aggregated national analyses. Thus, mea-
surement choices also affected the EKC validity.

In addition to systematic reviews, studies using
bibliometric analysis have mapped the intellec-
tual structure and publication trends of the EKC
literature. Ajmi et al. (2023) applied bibliomet-
ric analysis to map the EKC literature by select-
ing 200 studies. They found that Ilhan Ozturk,
among others, was the most influential author in
the empirical EKC literature. In addition, China,
the United States (US), and European nations pro-
duced the most scientific output. Furthermore,
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carbon dioxide (CO2) emissions, economic prog-
ress, and renewable sources were major motor
themes driving the EKC literature. Sarkodie and
Strezov (2019) combined bibliometric and me-
ta-analytical approaches to evaluate the EKC lit-
erature. The bibliometric analysis confirmed that
“China” was the most frequently used termin titles,
abstracts, and keywords. The analysis also identi-
fied the most influential contributing authors in
terms of citation count. The meta-analysis identi-
fied a turning point of the EKC at a GDP per capita
of 8,910 dollars, and high-income economies were
mostly found to be in the second phase of the EKC.
However, low-income economies showed a lower
tendency to experience this shift.

Naveed et al. (2022) conducted a bibliometric-
based systematic review and analyzed 1,654 EKC
studies. The authors confirmed that most studies
validated the EKC, with an average turning point
at a GDP per capita of 9,260 dollars. Moreover, the
bibliometric analysis also identified the most influ-
ential papers, authors, and journals. Belgibayeva
et al. (2025) conducted a bibliometric analysis on
28,761 studies investigating the role of different
energy sources on environmental outcomes. The
study found that publications followed an expo-
nential growth trend after 2014. Authors from
China, India, and the US were the leading con-
tributors to the literature. A significant increase
in international collaboration was also observed.
For instance, 25% of the papers involved authors
from different countries. In addition, energy jour-
nals were the major platforms for publishing the
research.

Overall, the review literature highlights substan-
tial methodological diversity and contextual het-
erogeneity in EKC research, underscoring the im-
portance of specific conditional factors in shaping
EKC outcomes.

1.2. Synthesis of empirical
evidence on energy prices and
environmental quality in the EKC
framework

Despite extensive reviews of the EKC hypothesis,
limited attention has been given to synthesizing
the environmental effects of energy prices within
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the EKC framework. The current geopolitical ten-
sions and energy market volatility highlight the
need for a synthesis to understand the dynamics of
energy prices in the EKC framework. Energy pric-
es may have diverse effects on emissions and the
validity of the EKC, depending on whether econo-
mies are energy-importing or energy-exporting.

1.2.1. Energy-importing advanced economies

The literature on energy-importing advanced econ-
omies provides the most theoretically coherent evi-
dence regarding the effect of energy prices in the
EKC framework. For instance, higher energy prices
reduced emissions and supported the inverted-U
EKC in G7 economies (Ike et al., 2020), G6 econ-
omies (Nguyen et al., 2020), OECD (Richmond &
Kaufmann, 2006; Erdogan et al., 2020; Zaghdoudi,
2017), industrialized economies (Knorreetal.,2021),
G20 economies (Bilgili & Barak, 2025), major emit-
ters (Shahbaz et al., 2024), and advanced importing
economies (Ozkan & Okay, 2024; Qamruzzaman et
al., 2025). However, Rodriguez et al. (2016) found
that incorporating energy prices in the EKC frame-
work of OECD weakened the EKC validity, but en-
ergy prices still reduced emissions. The differing
results in the case of OECD studies stemmed from
variations in model specifications, time periods,
and energy-price indicators. For instance, Erdogan
et al. (2020) captured energy-efficiency improve-
ments and structural changes, which were ignored
by considering only income effects (Rodriguez et
al., 2016).

Some country-specific evidence also reported that
higher energy prices reduced emissions with the
support of the EKC validity in the US (Franklin &
Ruth, 2012; Jeon, 2022; Ozcan et al., 2024; Boufateh,
2019; Malik & Butt, 2025), Italy (Javed et al., 2023),
and Norway (Koilo, 2019). Adedoyin et al. (2021)
validated the EKC, but coal rents and transport
activity increased emissions in the US. However,
Shahbaz et al. (2017) found an N-shaped EKC in
the US, which suggested that emissions rose again
at advanced stages of development. Thus, the
N-shaped curve, instead of the conventional in-
verted-U-shaped, reflects energy rebound effects
at higher income levels. Moreover, the function-
al form assumption (quadratic or cubic) also ex-
plained the variation in EKC outcomes in the US-
based studies. In sectoral evidence from Europe,
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higher energy prices reduced energy usage in trans-
portation (Pablo-Romero et al., 2017a), residential
households (Borozan, 2018, 2019), and hotels and
restaurants (Pablo-Romero et al., 2017b). Moreover,
these studies validated the EKC except for Pablo-
Romero et al. (2017b). The absence of EKC valida-
tion in the hotel and restaurant sector reflected the
relatively low technological adaptation and limited
energy-substitution capacity in this sector.

The consistency of the negative impact of energy
prices on emissions reflects that these economies
possess substantial renewable-energy and techno-
logical capacity, which helps them with their re-
newable energy transition when energy prices rise.
Nevertheless, heterogeneous econometric frame-
works and model specifications were found re-
sponsible for different empirical findings in OECD
and US-based studies.

1.2.2. Energy-exporting economies

The literature on energy-exporting economies
shows a different pattern from importing advanced
economies. In a comparative study, Tokpah et al.
(2024) found that higher oil prices reduced emis-
sions in importing economies through cost-push
and substitution effects. However, the study fur-
ther reported that higher oil prices increased emis-
sions in exporting economies through revenue-ex-
pansion effects. The positive effect of energy prices
on emissions was largely explained through the
resource-curse mechanism in energy-exporting
economies (Sadik-Zada & Loewenstein, 2020). For
instance, higher global energy prices increased
export revenues, government expenditure, indus-
trial expansion, and fossil-fuel dependence in re-
source-rich economies (Tabash et al., 2023), which
would increase emissions. Moreover, some export-
ing countries are subsidizing domestic fuel prices
(Mahmood et al., 2023b). Thus, higher internation-
al prices would not generate strong cost-push incen-
tives to reduce fossil-fuel consumption. Moreover,
Esmaeili and Abdollahzadeh (2009) claimed that
ignoring energy prices in such economies might
lead to omitted variable bias in the EKC framework.

In line with the above arguments, most studies
on energy-exporting economies reported that
higher oil prices or resource rents increased emis-
sions in Organization of Petroleum Exporting
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Countries (OPEC) economies (Onifade et al., 2021;
Mahmood & Saqib, 2022; Moutinho et al., 2020),
GCC economies (Tabash et al., 2023), oil-produc-
ing Asian economies (Husaini et al., 2021), broad-
er oil-exporting panel (Sadik-Zada & Loewenstein,
2020), and MENA economies (Mahmood et al.,
2023b). Moreover, some country-level studies al-
so found the same patterns in Algeria (Bouznit
& Pablo-Romero, 2016; Layachi, 2019), Tunisia
(Boufateh, 2021), Saudi Arabia (Issaoui et al,,
2024), and Qatar (Mrabet et al., 2017). Some stud-
ies with contradictory findings reported the nega-
tive impact of energy prices in OPEC economies
(Saboori et al., 2016) and the GCC region (Ebaid et
al., 2022). These contrasting findings were due to
structural reforms, renewable-energy investments,
and decarbonization strategies in some GCC and
OPEC economies (Tabash et al., 2023; Mahmood
& Saqib, 2022), which were ignored in other stud-
ies (Saboori et al., 2016; Ebaid et al., 2022).

In country-specific studies, the negative impact
of energy prices was also reported in Venezuela
(Udemba & Yalcintas, 2023) and Saudi Arabia
(Aljadani et al., 2021). These contradictory find-
ings suggest that resource revenues were increas-
ingly directed toward renewable-energy invest-
ment and diversification strategies in the GCC
region (Aljadani et al., 2021). Moreover, method-
ological frameworks also shaped the different ef-
fects of energy prices on emissions (Aljadani et
al., 2021; Issaoui et al., 2024; Saboori et al., 2016).
Thus, the energy-exporting literature shows a het-
erogeneous impact of energy prices. Similarly, the
outcomes of the EKC are also heterogeneous. Most
studies corroborated the EKC even in the presence
of the positive effect of energy prices. Nevertheless,
the EKC was not validated in OPEC economies
(Saboori et al., 2016), the GCC region (Ebaid et al.,
2022), Venezuela (Udemba & Yalgintas, 2023), and
Saudi Arabia (Aljadani et al., 2021). The failure to
validate the EKC in some exporting economies in-
dicated persistent dependence on carbon-intensive
production structures, limited structural trans-
formation, and weak environmental governance.

1.2.3. Global panels
Most economies in the global sample are net en-

ergy importers, and high energy prices created
a cost-push effect in the global sample, which
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helped reduce aggregate demand and energy con-
sumption (Franzen & Mader, 2016; Feng et al,,
2017). Thus, most large-panel global studies con-
cluded that higher energy prices reduced emis-
sions (Feng et al., 2017; Franzen & Mader, 2016;
Zhao et al., 2022; Shahnazi et al., 2024; Bilgili &
Barak, 2025). However, the outcomes regarding
the EKC remain mixed. The EKC was not validat-
ed in this heterogeneous global panel (Franzen &
Mader, 2016; Feng et al., 2017; Serino, 2022), which
reflected structural differences associated with
the large presence of developing economies in the
global sample.

Some studies also validated the inverted-U EKC
(Zhao et al., 2022; Shahnazi et al., 2024; Bilgili &
Barak, 2025). These studies generally emphasized
the role of technological progress and renewable-
energy adoption in reducing emissions, which
helped validate the EKC. Moreover, differences in
variable selection, sample composition, and econo-
metric estimation techniques also contributed to
the contrasting EKC outcomes in global panels. In
addition, Moomaw and Unruh (1997) and Pilar et
al. (2025) found an N-shaped EKC, which showed
the importance of introducing a cubic income-
emissions relationship in the EKC framework.
The N-shaped curve also showed energy rebound
effects at a higher level of income. Thus, emissions
declined at the second stage but rose again at the
third stage of the EKC. Furthermore, differences
in income levels, industrial structures, institution-
al quality, energy dependence, and environmental
regulations across global economies weakened the
existence of the inverted-U-shaped EKC.

Overall, the literature finds a consistent negative
impact of higher energy prices on emissions due
to the dominance of energy-importing economies
in the global sample. However, the validity of the
EKC was mixed due to the heterogeneous nature
of the global panels. Moreover, methodological dif-
ferences and the assumption of a cubic functional
form also explained the inconsistent EKC findings
across global studies.

1.2.4. Emerging and developing economies
The literature on emerging and developing econ-

omies exhibits the greatest degree of heterogene-
ity due to rapid industrialization, uneven insti-
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tutional quality, and different technological de-
velopment and energy-transition capacity. The
studies reported that higher energy prices reduced
emissions and supported the EKC hypothesis in
emerging importer economies (Naimoglu, 2022,
2023), newly industrialized countries (Xu et al,,
2024; Bashir et al., 2024), BRICS economies with
diversification and transition policies (Danish et
al,, 2020; Qamruzzaman et al., 2025), Malaysia
(Bi et al., 2025), Pakistan (Malik et al., 2020), and
broader developing-country panels (Zhao et al,
2022; Nguea, 2023). Thus, rising energy prices ac-
celerated industrial upgrading, renewable-energy
adoption, diversification, and energy-efficiency
improvements in these transitional economies.
However, the magnitude of these effects varied
across emerging economies, depending on insti-
tutional quality, energy-market reforms, and ac-
cess to clean technologies (Naimoglu, 2022, 2023).

Studies on China showed different results. For in-
stance, higher energy prices reduced emissions and
validated the EKC using aggregate Chinese na-
tional data (Joof et al., 2023; Mahajan & Sah, 2025).
Conversely, Wei et al. (2022) reported that higher
energy prices increased emissions among Chinese
firms despite EKC validation. It highlighted the im-
portance of disaggregated analysis in finding robust
results, as industrial firms may respond to higher
energy prices through production expansion and
cost pass-through rather than energy substitution.
Thus, differences between firm-level and aggregate
national-level analyses produced contrasting re-
sults. National data capture long-run structural ad-
justments, whereas firm-level data reflect short-run
production responses and sector-specific energy
dependence as well. In the case of Africa, the lit-
erature also exposes different findings. For instance,
Erdogan (2024) reported positive effects of oil pric-
es for 13 African economies. However, expanding
the sample to 35 African economies, Nguea (2023)
found thathigher oil prices reduced emissions. Thus,
contrasting findings reflected differences in sample
composition. Moreover, variations in fuel subsidies,
renewable-energy penetration, trade openness, and
political stability also contributed to the heteroge-
neous environmental effects of energy prices.

In other developing economies, higher energy

prices increased emissions despite EKC validation
in Indonesia (Nugraha et al., 2024), Liberia (Gbatu
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et al, 2019), and African economies (Erdogan,
2024). These results were found due to weak en-
vironmental institutions and industrial struc-
tures dominated by energy-intensive sectors. Thus,
higher energy prices increased production costs
without generating sufficient technological up-
grading. Conversely, Tran et al. (2023) reported an
insignificant impact of energy prices on emissions
and failed to corroborate the EKC in Vietnam.
Thus, the transmission mechanism of energy pric-
es was weak in economies with limited structural
transformation, which reduced the chance of the
EKC being valid. The evidence from emerging
and developing economies suggests that the envi-
ronmental impact of energy prices is highly con-
ditional on institutional quality, energy-market
structures, industrial composition, and the pace
of structural transformation. However, the valid-
ity of the EKC is more stable in these economies.
Nevertheless, heterogeneity in empirical findings
arises from methodological choices, sectoral com-
position, policy frameworks, and the stage of eco-
nomic development across emerging and develop-
ing economies.

Overall, the empirical literature reveals heteroge-
neous effects of energy prices on emissions and
EKC outcomes across different economic struc-
tures, development levels, and energy-trade pro-
files. Although prior review studies synthesized
the roles of trade, urbanization, FDI, income in-
equality, and biodiversity within the EKC frame-
work (Sun et al.,, 2023; Chaudhry & Reetu, 2025;
Wiedenhofer et al., 2020; Liobikiené, 2020; Saini
& Singhania, 2019; Ramakrishna et al., 2020), they
did not synthesize the role of energy prices in the
EKC framework. Therefore, the present study fills
this gap by systematically synthesizing the empiri-
cal evidence on energy prices and environmental
quality within the EKC framework across diverse
economic contexts.

2. METHOD
2.1. Data collection and screening
procedure

The data were obtained from the Scopus database,
which is recognized as one of the most compre-
hensive bibliometric databases in terms of meta-
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data coverage (Delgado-Quirds & Ortega, 2024).
The PRISMA methodology proposed by Liberati
et al. (2009) was followed for data collection and
study selection. Figure 1 shows the PRISMA pro-
tocol. By providing a comprehensive set of termi-
nologies related to energy prices and the EKC, the
following search string was applied in October
2025 to capture publications related to the envi-
ronmental impact of energy prices in the EKC
framework:

[TITLE-ABS-KEY(“energy price” OR “oil rent”
OR “oil revenue” OR “oil price” OR “gas rent” OR
“gas revenue” OR “gas price” OR “coal rent” OR
“coal revenue” OR “coal price” OR “petroleum
price” OR “fossil fuel price” OR “renewable ener-
gy price” OR “resource rent” OR “electricity price”
OR “energy subsidies” OR “energy tax” OR “car-
bon taxes”) AND TITLE-ABS-KEY(“emissions”

OR “pollution” OR “environment” OR “carbon
dioxide emissions” OR “CO2 emissions” OR
“greenhouse gas emissions” OR “GHG emissions”
OR “environmental degradation” OR “ecological
footprint”) AND TITLE-ABS-KEY(“EKC” OR
“Environmental Kuznets Curve”)].

The search query identified 207 documents pub-
lished between 1997 and 2025. We utilized some
inclusion criteria for these selected studies. For in-
stance, the documents were written in English and
categorized as research articles. The documents
focused on the subject areas of economics, econo-
metrics and finance, environmental science, and
energy. These filters removed 94 articles. Moreover,
the retained 113 articles were thoroughly studied
for methodological soundness and sample selec-
tion. A total of 31 articles were excluded due to
insufficient econometric rigor, while 15 additional

Records identified from Scopus database
through search strategy

(n=

207)

v

Records excluded after applying filters

e Non-English documents (n = 6)
e Non-article documents (n = 23)
¢ Irrelevant subject areas (n = 65)

70

Excluded records (n = 94)

-

Full-text articles assessed for eligibility
(n=113)

+

Articles excluded after full-text review
¢ Insufficient econometric rigor (n = 31)

e [nappropriate sample period (n = 15)

Total excluded (n = 46)

-

Final studies included in review
(n=67)

Figure 1. PRISMA diagram
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articles were removed because of inappropriate
sample-period selection. Finally, 67 research ar-
ticles were retained for review. We then reviewed
all selected articles to extract methodological de-
tails and assess regional diversity and heterogene-
ity in results by sorting data period, study location,
variables, and methodology. This step helped us in
synthesizing the literature on energy price fluctu-
ations, their effects on emissions, and their role in
the EKC framework.

The dataset of selected 67 articles was downloaded
in comma-separated values format for bibliomet-
ric analysis. Metadata completeness was assessed
using the Biblioshiny application. The major
metadata fields of “Abstract”, “Affiliation”, “Title”,
“Authors”, “Journal”, “Digital Object Identifier
(DOI)”, “Document Type”, “Publication Year”,
“Language”, “Keywords”, “Cited References”, and
“Total Citations” showed no missing values in
Table 1. However, 8.21% of the data were miss-
ing for the “Corresponding Author” field, which
may affect the analysis of country-level scientific
production. Therefore, this analysis was not con-
ducted. Moreover, 33.33% of the “Keywords Plus”
data were missing. Thus, author-supplied key-
words were prioritized for keyword co-occurrence
and thematic mapping analysis (Belgibayeva et al.,
2025; Zhang et al., 2016).

Table 1. Metadata completeness assessment

Metadata | Description | Missing% : Status
AB i Abstract : 0.00 i Excellent
~c1 Affiliation 000 Excellent
W e 000 bcelent
CR Cited References 0.00 Excellent
S o Excellent

Journal Excellent
LA language | Excellent
PY Publication Year Excellent
Tl Tile . Excellent_
et ... Total Citations 000 Excellent |
..RP . ....iCorresponding Author : 821 . .Good
ID i Keywords Plus Poor

2.2. Bibliometric analysis framework
The study employed three bibliometric techniques

(performance analysis, science mapping, and the-
matic evolution analysis) to provide a comprehen-
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sive overview of the literature. VOSviewer and
Biblioshiny were utilized for bibliometric analy-
sis and visualization. Biblioshiny is a web-based
interface of the Bibliometrix package in RStudio
(version 4.5.2). Moreover, Microsoft Excel was
used for data preprocessing and supplementary
calculations.

In the performance analysis, annual scientific
production and citations from 1997 to 2025 were
analyzed to identify publication growth and re-
search impact in the EKC-energy prices litera-
ture. Moreover, Bradford’s Law was utilized to
evaluate the productivity of core research sources.
Bradford’s Law divided journals into three pro-
ductivity zones. The first and second zones cov-
ered the most productive and moderately produc-
tive journals, respectively. However, the third zone
showed peripheral journals. Author productivity
was analyzed by Lotka’s Law, which showed the
distribution of scientific productivity among au-
thors. The observed author-publication frequen-
cies were compared with the theoretical Lotka dis-
tribution. Furthermore, citation analysis was con-
ducted with global and local analyses. Global cita-
tion analysis captured citations received across the
Scopus database. Local citation analysis was based
on citation relationships within the collected da-
taset and reflected internal scholarly influence
among the selected publications.

In addition to performance analysis, science map-
ping methods were employed to examine concep-
tual and collaborative structures. These methods
included keyword co-occurrence and country
collaboration network analyses. Keyword co-
occurrence was analyzed to map the conceptual
structure. For this purpose, authors’ keywords
were analyzed for co-occurrence patterns to iden-
tify thematic relationships among research topics,
and the association strength method was used for
normalization. Moreover, country collaboration
network analysis showed shared references among
nations, which reflected international collabo-
ration patterns. Node size reflected publication
volume and citation impact, and the thickness of
linkages reflected coupling strength. Colors repre-
sented clusters of related entities.

Thematic analyses were further conducted to iden-
tify the evolution and structure of research themes.

7
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To analyze the thematic structure, thematic map-
ping was conducted to evaluate thematic central-
ity and density based on keyword clusters. This
approach helped identify motor, basic, niche, and
emerging themes. Moreover, trend topic analysis
was performed by tracking annual keyword oc-
currences. This analysis visualized rising and de-
clining research interests over time. Moreover, it
helped identify shifts in thematic focus and cat-
egorize topics into growing, stable, and declining
themes.

3. RESULTS

This section presents the bibliometric findings in
three analytical dimensions: (i) performance anal-
ysis, (ii) science mapping analysis, and (iii) the-
matic analysis and evolution to provide a compre-
hensive overview of the development, structure,
and intellectual dynamics of literature on energy
prices and the EKC.

3.1. Performance analyses

Figure 2 presents the evolution of publication out-
put and citation patterns over the period 1997-
2025. From 1997 to 2015, scientific production on
this topic remained minimal or nearly absent. A
noticeable increase is observed in 2016, followed
by fluctuations between 2017 and 2020. From 2021

onward, a sharp upward trend is recorded until
2023, followed by a slight decline in 2024 and 2025.
Overall, publication output follows a quadratic
(U-shaped) trend with a high coefficient of deter-
mination (R? = 0.8121), indicating a strong long-
term growth pattern.

Citation trends show a similar evolving pattern.
From 1997 to 2004, citations increased steadi-
ly, reflecting early scholarly attention to the en-
vironmental effects of energy prices within the
EKC framework. Between 2004 and 2016, citation
growth was minimal. This was followed by fluc-
tuating patterns until 2019. After 2019, citations
show a sustained increase through 2025. Overall,
the citation pattern reflects cyclical scholarly in-
terest in the topic, where early seminal studies
contributed to initial growth, followed by periods
of fluctuation and renewed attention. Recent pub-
lications may not yet fully capture their citation
impact due to limited exposure time. Collectively,
the findings indicate an uneven but steadily accel-
erating growth pattern in both publications and
citations, particularly after 2016.

Figure 3 reports journal distribution based on
Bradford’s Law. “Environmental Science and
Pollution Research” published the highest number
of papers on testing the environmental effect of
energy prices in the EKC framework, which shows
that most published literature chooses specialized

400 12
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2 _
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o D A A T PP PP E T T L 0
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Figure 2. Annual scientific production and citation trend
(scale: number of articles)
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Figure 3. Core sources by Bradford’s law

journals in the field of environmental sciences.
The second and third positions are carried by the
sources “Journal of Environmental Management”
and “Resources Policy”, which again reflects that
energy prices mostly belong to natural resources
and environmental management. However, the
long tail of sources on the right-hand side high-
lights that the publications also choose many oth-
er journals.

Figure 4 presents author productivity patterns
based on Lotka’s Law. It depicts an inverse rela-
tionship between the percentage of authors and
the published documents. Thus, the publication
on the testing of the environmental effect of en-
ergy prices in the EKC framework follows Lotka’s
Law, which states that a small minority of au-
thors publish the majority of publications. The

% of Authors

plot shows a steep initial drop. Thus, most authors
contribute only one or two publications. Moreover,
the percentage of authors sharply declines with in-
creasing number of papers, which confirms that
very few researchers are highly prolific in this area.
This pattern confirms a classic productivity distri-
bution. Thus, the literature is sustained by a vast
base of occasional contributors and a small group
of highly productive authors. Overall, the results
confirm a highly skewed authorship structure.

Figure 5 presents globally cited documents within
the whole Scopus dataset. The figure shows that a
few papers dominate most citations. At the top of
the list, a document by Danish et al. (2020) scored
972 citations. In the second position, a document
by Bednar-Friedl and Getzner (2003) got 737 cita-
tions. Moreover, the remaining eight documents

Documents written

Figure 4. Author productivity analysis
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[=]

500
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Figure 5. Most globally cited documents

by Wang et al. (2023, 2022), Dogan et al. (2022),
Nguyen et al. (2020), Alvarado et al. (2021), Pata
and Isik (2021), Moomaw and Unruh (1997), and
Balsalobre-Lorente et al. (2023) also got more than
300 citations. This analysis shows that the litera-
ture mostly cites a few of the most dominant stud-
ies in the field of the environmental effects of en-
ergy prices within the Scopus database.

After analyzing global citations, which reflect
overall scholarly impact in the Scopus data-
base, it is also important to examine local cita-
tions that capture citation patterns within the
selected corpus. Figure 6 shows that the docu-
ment by Al-Mulali and Ozturk (2016) received

the greatest scholarly attention, with 13 local ci-
tations. This is followed by the documents pub-
lished by Alvarado et al. (2021) and Balaguer and
Cantavella-Jorda (2016) with 7 local citations each.
The rest of the documents, for instance, published
by Adebayo et al. (2022), Balsalobre-Lorente et al.
(2023), and Danish et al. (2020), got fewer citations
comparatively.

One interesting finding may be noticed by compar-
ing Figures 5 and 6: the documents by Balsalobre-
Lorente et al. (2023) and Danish et al. (2020) re-
ceived great scholarly attention, with global cita-
tions of 305 and 972, respectively. However, these
documents attracted only two local citations with-

AL-MULALI L, 2018, RENEWABLE SUSTAINABLE ENERGY REV

ALVARADO R, F001, ] CLEAN PROD °
BALAGUER ., 2016, ECOL INOIC a
ADEBAYO TS, 3022, RESOUR POLICY a
I
§ ADEBAYO Ts, 2002, ENVIRON ECI POLLUT RES -]
&
8
= BALSALDERELORENTE O, 2023, RESOUR POUCY _—8
DANISH 0, 2020, SUSTAINABLE CITIES SOC 0
ACAR ¥, 2018, ENVIRON S0CH0-ECON STUD 8
BOUZNIT M, 2016, ENERGY POLICY —8 r‘“‘j
ALMULHIM A, 5036 FRONT ENVFON 50 1]
i
Local Citations

Figure 6. Most locally cited documents

74

http://dx.doi.org/10.21511/ee.17(3).2026.05



in the literature on the energy-price-EKC frame-
work. These results suggest that the energy-price-
EKC literature receives relatively fewer citations
within its own research domain compared to its
broader scholarly influence in the whole Scopus
database.

Overall, the performance analysis reveals a highly
skewed structure of scientific output, where a lim-
ited number of journals, authors, and documents
account for a substantial share of research visibil-
ity and impact. While global citations highlight
influential works across the Scopus database, local
citations reflect internal intellectual connectivity
within the specific research domain, indicating
partial divergence between broader scholarly im-
pact and field-specific influence.

3.2. Science mapping analysis

Figure 7 illustrates keyword co-occurrence pat-
terns in the EKC and energy prices literature. The
thematic structure has been organized into dis-
tinct color-coded clusters of keywords from the

innowation
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literature. Terms related to energy types and poli-
cy variables are coded in red to represent climate-
related themes. The green cluster highlights “envi-
ronmental economics”, “Kuznets curve”, and “en-
ergy policy” under a sustainability theme. “Gross
domestic product” and other economic terms
are included in the blue cluster, while the purple
cluster covers emission-related keywords such as
“carbon emission”. The yellow cluster features en-
ergy prices. Certain terms with multiple clusters
represent cross-cutting focal points between en-
vironment, economy, and policy-driven research.
Overall, this clustering pattern highlights that en-
ergy prices are not an isolated determinant but a
cross-cutting variable that links economic activity,
emissions, and policy responses within the EKC
framework.

Figure 8 presents bibliographic coupling among
countries. The nodes and their linkages are devel-
oped based on the target countries and regions of
each research. China, the United Kingdom (UK),
Turkey, and the US dominated among other coun-
tries with a wide range of interconnected scholarly
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Figure 8. Country collaboration network analysis

co-citation activities among themselves as well as
with other countries. The red color cluster repre-
sents the most dominant economies of the US, the
UK, France, and Germany. The blue cluster points
out Turkey, Cyprus, and Saudi Arabia. Moreover,
the green nodal cluster represents the ties between
China, Pakistan, Azerbaijan, and Malaysia. The
analysis reveals distinct regional clusters, which also
confirm the dominance of major economies in glob-
al research collaboration. Overall, this collaboration
structure indicates that research on energy prices
within the EKC framework is largely driven by a
small group of leading economies. It shows strong
regional clustering and limited but expanding cross-
country linkages, shaping the global knowledge net-
work to investigate the effect of energy prices in the
EKC framework.

Overall, the science mapping analysis demon-
strates a clear dual structure in the literature,
where conceptual development is driven by an
integrated energy-environment-economy frame-
work, while collaboration patterns are concentrat-
ed among a limited number of leading economies.
The findings indicate both thematic convergence
and geographical concentration in the research
production on the effect of energy prices on emis-
sions in the EKC framework.
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3.3.Thematic analysis and evolution

Figure 9 presents the thematic structure of the
literature. The thematic map is based on centrality
and the development degree of key research topics.
“Kuznets curve”, “carbon emissions”, and “carbon
dioxide” are found as the central ideas. The key re-
search topics, such as “alternative energy”, “renew-
able energy”, and “CO2 emissions”, are found as a
motor theme, which are highly central and dense
topics in the selected literature. Moreover, “sustain-
able development”, “natural resources”, and “carbon
emissions” are basic themes. However, “China”, “in-
vestments”, and “climate change” are found as niche
themes. On the whole, the analysis reflects that the
literature showed centrality and density around en-
vironmental sustainability, energy transitions, and
economic-environmental modeling. Overall, this
thematic configuration indicates that energy prices
are increasingly embedded within the core structure
of EKC research. It also shapes both traditional emis-
sions—growth linkages (EKC) and emerging sustain-
ability-oriented themes such as renewable energy
transition and policy-driven environmental change,
instead of just focusing on energy prices.

Following the thematic map analysis, Figure 10
illustrates the temporal evolution of research
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themes. It shows how rapidly specific keywords
and topics appear in publications over time. The
figure indicates that earlier research was primarily
centered on “carbon dioxide emissions”, “econom-
ic growth”, “energy consumption,” and “environ-
mental Kuznets curve”. Thus, the initial focus of
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the literature was on the empirical linkage between
growth and environmental pollution indicators.
However, the focus of the literature has changed to
low emissions, carbon sequestration, and FDI, which
is a more policy-relevant approach to reducing emis-
sions. Overall, the literature has shifted from founda-
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Figure 10. Trend topics
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tional growth—emissions relationships toward poli-
cy-relevant and sustainability-driven research agen-
das within the EKC and energy price literature. This
temporal evolution suggests that energy prices have
become more prominent in shaping the shift from
early growth—emissions relationships toward policy-
oriented and sustainability-driven research agendas
within the EKC framework.

Overall, the thematic structure and trend analy-
ses indicate that the literature is no longer limited
to testing the effect of energy prices in the con-
ventional EKC hypothesis. Instead, recent stud-
ies increasingly focus on renewable energy transi-
tion, sustainability strategies, and policy-oriented
approaches to emission reduction. This thematic
evolution reflects growing scholarly interest in
understanding how energy prices, environmen-
tal policies, and clean energy adoption can jointly
contribute to sustainable economic development.

4. DISCUSSION

In the bibliometric analysis, the research on the role
of energy prices in the EKC framework has been
growing at an exponential rate since 2016, highlight-
ing the increasing academic and policy relevance
of the topic. This finding is consistent with the bib-
liometric analysis of Belgibayeva et al. (2025), who
also found an exponential shift in the growth of
the EKC literature after 2014. This topic is directly
linked to the Paris Agreement, as controlling energy
price fluctuations can support the carbon neutrality
agenda, a market-based instrument for environmen-
tal protection. Moreover, the world has faced deep
oil shocks since 2015, which motivates the research
community to work on this topic. In addition, the re-
cent geopolitical tensions have also introduced more
volatility in energy production and prices, which
motivates researchers to conduct research on this
topic. However, during 1997-2014, the stagnant and
minimal growth in publications suggests that, ini-
tially, researchers did not consider energy prices as
a controlling or moderating factor within the EKC
framework across different turning points.

The analysis of Bradford’s Law suggests that most
articles are published in environmental, sustain-
ability, and policy-focused journals. This finding
indicates that the environmental effects of energy
prices are increasingly viewed as a sustainability and
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policy concern rather than solely an economic is-
sue. The analysis of Lotka’s Law confirms the domi-
nance of low-frequency contributors. This pattern
indicates that research on energy prices within the
EKC framework remains dispersed through broad
scholarly participation, although sustained contribu-
tions from specialized researchers remain relatively
limited.

In the global citation analysis, Danish et al. (2020),
Bednar-Friedl and Getzner (2003), Wang et al.
(2022, 2023), Dogan et al. (2022), Nguyen et al.
(2020), Alvarado et al. (2021), Pata and Isik (2021),
Moomaw and Unruh (1997), and Balsalobre-Lorente
et al. (2023) show a significant citation impact, with
each document receiving more than 300 citations.
Notably, this pattern is not observed in the local cita-
tion analysis, where the most cited documents by Al-
Mulali and Ozturk (2016), Alvarado et al. (2021), and
Balaguer and Cantavella-Jorda (2016) received fewer
than 14 citations. This divergence between local and
global citation patterns indicates that the energy-
price-EKC literature receives less attention within its
own research domain compared to the whole Scopus
database.

The keyword co-occurrence and thematic map anal-
yses reveal that the literature is centered around the
core themes of “carbon dioxide,” “Kuznets curve,”
and “economic growth”, which are traditional com-
ponents of EKC testing. However, “renewable ener-
gy~ and “alternative energy” are also prominent and
emerging terms in the recent literature, which have
shaped the research from a traditional approach to-
ward more solution-oriented and policy-based re-
search. In addition, thematic map analysis also sug-
gests that alternative energy, renewable energy, and
CO2 emissions are emerging motor themes with
high centrality and high density in the literature,
which indicates scientific interest in investigating the
role of renewable energy in supporting sustainability
in times of highly fluctuating energy prices. In the
bibliometric analysis, Ajmi et al. (2023) also identi-
fied that CO2 emissions, economic growth, and re-
newable energy are major motor themes in the EKC
literature. Analysis of trend topics shows a steep rise
in the co-occurrence of sustainable development
with clean and alternative energy sources over time.
In the bibliometric analysis, Belgibayeva et al. (2025)
also identified renewable energy sources to achieve
sustainable development.
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The synthesis of the empirical literature high-
lights that the role of energy prices in the EKC
framework varies significantly as per the struc-
tural characteristics of economies. In energy-
importing economies, the dominant inverse
association between energy prices and emis-
sions supports the cost-push hypothesis. Thus,
higher energy prices promote energy conserva-
tion and efficiency improvements. This effect is
particularly strong in advanced economies with
the support of technological progress and pol-
icy frameworks, which facilitate a shift toward
cleaner energy and strengthen EKC validation.
However, the non-validation of the EKC in sev-
eral energy-importing developing economies
indicates that poor institutional quality and
limited technological capacity may constrain
the environmental benefits of higher energy
prices. Moreover, the presence of N-shaped EKC
patterns suggests that energy rebound effects
may offset initial environmental gains at higher
levels of income. The heterogeneous validity of
the EKC is consistent with a prior review study
emphasizing that EKC results are highly sensi-
tive to structural heterogeneity across countries
(Chaudhry & Reetu, 2025).

In contrast to energy-importing economies, the
findings for energy-exporting economies reveal
a predominantly positive relationship between
energy prices and emissions, which reflects the
dominant scale effect of rising resource rents.
This finding suggests that higher energy prices
may stimulate fossil-fuel-based economic ac-
tivities, industrial expansion, and energy con-
sumption in resource-dependent economies.
These findings are consistent with the review
study of Wiedenhofer et al. (2020), which cor-
roborated that natural resources are responsible
for environmental degradation. Consequently,
this dynamic weakens support for the EKC hy-
pothesis in many energy-exporting economies.
Nevertheless, a few studies also validate the
EKC hypothesis in high-income energy-export-

Environmental Economics, Volume 17, Issue 3, 2026

ing economies, reflecting their diversification ef-
forts and renewable energy investment.

Similar mixed evidence is observed in global
analyses. In global panel studies, most studies
reported a negative impact of energy prices on
emissions. It largely reflects the dominance of
energy-importing economies in global samples.
This finding suggests that higher energy prices
may contribute to environmental improvement
through the cost-push effect, which reduces ener-
gy demand and increases incentives for energy ef-
ficiency and a cleaner energy transition. However,
support for the EKC is relatively weaker in global
panels, which combine economies with different
economic structures and development levels. This
result also reflects the different methodological
approaches, which are responsible for different
EKC outcomes. Similar mixed evidence is also
highlighted in prior review literature, where glob-
al and multi-country EKC syntheses emphasize
that aggregated panel results are largely driven
by methodological differences (Leal & Marques,
2022; Wiedenhofer et al., 2020).

In emerging and developing economies, the evi-
dence remains more heterogeneous. Although most
studies support a negative relationship between en-
ergy prices and emissions, a considerable number
of studies also report a positive relationship. This
result confirms that inefficient technologies, fossil
fuel dependence, industrialization, weak regulatory
systems, and energy-intensive production struc-
tures of developing economies lead to higher emis-
sions. In this context, Belgibayeva et al. (2025) also
emphasized the importance of energy structure in
shaping environmental quality outcomes. Overall,
most studies validate the inverted-U-shaped EKC.
However, N-shaped patterns and non-validation
of the EKC hypothesis are also observed in several
developing economies, reflecting structural depen-
dence on fossil fuels. Moreover, limited technologi-
cal advancement continues to constrain sustainable
environmental transition.

CONCLUSION

This study aims to synthesize the empirical literature on testing the environmental effects of energy
prices within the EKC framework through bibliometric analysis and evidence-based literature synthe-
sis. The findings of the bibliometric analysis show that scientific production has grown exponentially

http://dx.doi.org/10.21511/ee.17(3).2026.05
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since 2016, with concentrated scholarly output and impact, a clear divergence between global and local
citation influence, and a gradual shift toward renewable energy, sustainability, and policy-oriented re-
search themes. The synthesis of the empirical literature reveals that the impact of energy prices on the
EKC framework is heterogeneous and systematically depends on countries’ levels of development and
their energy trade structures.

The findings of the literature synthesis reveal that higher energy prices consistently reduce emis-
sions and support the inverted-U-shaped EKC mostly in advance energy importing economies and
emerging economies. However, the environmental outcomes of higher energy prices are found to
be heterogeneous in energy-importing developing countries. Moreover, higher energy prices in-
crease emissions in energy-exporting economies, which leads to invalidity or the N-shape of the
EKC. However, the inverted-U-shaped EKC has also been validated in high-income energy-export-
ing economies, which reflects their recent renewable investments. In global panel studies, higher
energy prices help reduce emissions, which aligns with the fact that most global economies are
energy importers. However, these studies report mixed findings regarding the EKC, reflecting the
heterogeneous economic structures and varying levels of development across countries worldwide.

These results provide insights for policymakers to trace context-specific policies. For instance, energy-
importing economies should impose carbon taxes to accelerate the EKC downward stage. Moreover,
energy-exporting economies should invest in renewable energy infrastructure in times of high energy
prices to avoid N-shaped rebound effects.
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