doi: 10.1111/joes.12306

MAPPING THE EVOLUTION
OF ENERGY-GROWTH NEXUS: SYNERGIES
AND TRADE-OFFS
Muhummad Azfar Anwar
School of Public Affairs
University of Science and Technology of China
Rongting Zhou, Fahad Asmi*
and Dong Wang
Science and Technology of Communication and Policy
University of Science and Technology of China
Ali Hammad
School of Public Affairs
University of Science and Technology of China
Abstract. The study explores the intellectual structure, development and evolution of energy crisis
and economic growth research through bibliometric analysis of research articles on energy-growth
nexus from 2000 to 2017 by using Citespace where Gephi is used to analyse the authors collaboration.
The analysis incorporates 27,152 references cited by 344 authors, in 1165 articles and from 330
journals. The results of study quantitatively present the most cited articles, authors, countries,
institutions and intellectual structure with data visualization in the knowledge domain of energygrowth nexus. The study categorizes the major research areas in energy-growth nexus research
as carbon dioxide emission, electricity consumption, heterogeneous Panel, real income, renewable
energy and financial development. The study discusses emerging trends which provide the future
research fronts and intellectual development within the framework of energy-growth nexus.
Keywords. Bibliometrics; CO2 emission; Economic growth; Energy crisis; Electricity consumption;
Financial development; Renewable energy

1. Introduction
Extensive scholarly work has been done to explore the key variables which influence economic growth for
a long time by developing simple and complicated models. Energy is relatively a new variable introduces
from a few decades ago and not included in classical economic models (Stern, 2011; To et al., 2011;
Pirlogea and Cicea, 2012). Economic growth remains the decisive target and tool for policymakers to
ensure sustainability and development (World Energy Council, 2017). Energy no doubt is a key factor
in an economy for production and consumption of good and services, but correlation does not always
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guaranty causality (Payne, 2010b; Papie, 2014). The causal relationship between energy and economic
growth has been studied in various countries with different time series data, variables, and techniques
(Ozturk, 2010; Fankhauser and Jotzo, 2017). The empirical evidence is diverged and found inconsistent
sometimes (Morimoto and Hope, 2004; Stern, 2004; Lau et al., 2014). Still, they indicate the causal
relationship between energy and economic growth in the short and long run (Acaravci and Ozturk, 2010;
Shahbaz et al., 2013).
The empirical literature on energy and growth has been thoroughly surveyed by various researches,
for example Ozturk (2010) analyses the literature by categorizing it into country and multi-country
with unidirectional, bidirectional and no causality; Payne (2010b) classifies the literature neutrality
hypothesis, conservation hypothesis, growth hypothesis and feedback hypothesis; Omri (2014) surveys
the literature with the tags of energy consumption, electricity consumption, nuclear energy consumption
and renewable energy consumption and Tiba and Omri (2017) analyses the literature to find the empirical
relation between energy, growth and climate change. These surveys find no consensus on the causal
relationship between energy, growth and climate change among researchers and cannot predict the future
construct of the area with given intellectual base.
This study investigates the empirical literature in the present century (between the year 2000 and 2017),
to explore the causal dynamics between energy consumption, energy growth and climate change but differs
in methodology from previous literature surveys with traditional approaches. The study incorporates data
visualization and bibliometric analysis techniques to gauge the magnitude of trends and patterns in the
existing knowledge set, that is the author’s contributions, the performance of the institutions, to understand
the geographic and logical integrations in the form of clusters within literature (Fairthrone, 1969; Budd,
1988; Erar, 2002). This unique method uses the Bradford’s dispersion law to analyse literature (Budd,
1988), Zipf’s law to understand data intelligently (Piantadosi, 2014), and the author’s, countries’ and
the institution level contribution by the help of Lotka’s law (M. L. Pao, 1985) to empirically present the
construct of the specific study area with intellectual base, intellectual structure and future construct.
The paper will proceed with a brief overview of the literature in the knowledge area. The second section
discusses the method and technique the study has applied to get the empirical result. The third section
presents the results mainly into co-cited references, burst analysis, impact analysis, cluster analysis, author
collaboration and country collaboration. The fourth and last section summarizes the findings and gives
future research directions and conclusion.
Global GDP is anticipated to have a growth rate of 3.6 in 2017 which results in high energy demand,
and the forecasted demand will see peak till 2030. Keeping in view the climate degradation world energy
leader has kept renewable energy as a top action priority in 2017 (World Energy Council, 2017). Reliable
and affordable energy is a fundamental necessity in achieving the twin goals of “shared prosperity”
and “elimination of extreme poverty” of the World Bank 2030 agenda (Lerner et al., 2017). The Paris
agreement indicates the adoption of clean energy to keep the world temperature rise below 2°C as
energy requirements are detected as main contributors (Adoption of the Paris Agreement. Proposal by
the President., 2015). An effort to attain Global agenda 80% of 111 countries have implemented the
policies and 45 countries out of this percentage have already achieved the advanced stages in this policy
framework (Ghosh Banerjee et al., 2016).
Figure 1 represents the quick view of scores of the countries according to the efforts they are putting
to integrate with global agenda of energy, climate change with economic development regarding policy
implementation and other measures to ensure their cooperation.
Mirza and Kanwal (2017) indicates bidirectional causality between energy, growth and carbon dioxide
emission in both the short and long run for Pakistan. Atalla and Bean (2017) reveals sectoral energy
output as key factor in the economy for 39 countries. Ahmed and Azam (2016) indicates that out of 119
countries 18 countries show feedback relation, 25 countries show causality from energy to growth, 40
countries show causality from growth to energy and 36 countries show no causality. Antonakakis et al.
(2017) identify the bidirectional relationship between energy consumption, carbon dioxide emission and
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Figure 1. Scores by Country-Level Contribution in Global Agenda (Energy, Climate change and Economy).

[Colour figure can be viewed at wileyonlinelibrary.com]

growth and found no clear evidence of an environmental Kuznets curve for 106 countries. Streimikiene and
Kasperowicz (2016) indicates a long-run relationship between energy and real growth for 18 EU countries.
Dogan (2015) reveals no causality between renewable energy, nonrenewable energy and economic growth
in the short run and bidirectional causality in the long run for Turkey. Kasman and Duman (2015)
supports the environmental Kuznets curve hypothesis. Alshehry and Belloumi (2015) indicate longrun causality between energy, energy prices, carbon dioxide emission and economic growth for Saudi
Arabia.
Saidi and Hammami (2015) find causality between energy consumption and growth and the significant
impact of carbon dioxide on energy 58 countries. Bölük and Mert (2015) identify causality between
carbon dioxide emission, growth and renewable energy and support the environmental Kuznets curve for
Turkey. Begum et al. (2015) finds the long-run causal relationship between per capita energy, growth
and carbon dioxide emission for Malaysia. Farhani and Shahbaz (2014) identifies unidirectional causality
from growth and energy consumption to carbon dioxide emission for Tunisia. Cowan et al. (2014) find
bi-directional causality for Russia and South Africa and no causality for Brazil, India and China, whereas
causality from growth and pollutant emission is valid for Russia and from pollutant to growth is valid for
Brazil and South Africa. Bildirici and Bakirtas (2014) finds long-run bi-directional causality between coal
energy and income for China and India, long-run bidirectional causality between natural gas energy and
income for Brazil, Russia and Turkey. He et al. (2014) identifies a long-run correlation between energy,
growth and pollutant where growth cause energy and pollutant value for China.
Borozan (2013) explains that there exist no co-integration between energy and real growth for Croatia.
Damette and Seghir (2013) detect the long-run equilibrium between energy and growth where energy cause
growth in the short run and economic growth cause energy in the long run for 12 oil exporting countries.
Azlina and Mustapha (2012) confirms unidirectional causality from growth to energy consumption, carbon
dioxide emission to energy consumption and emission to growth for Malaysia. Romano and Scandurra
(2011) finds long-run and short-run bidirectional causality between electricity and income for 20 Italian
regions. Menyah and Wolde-Rufael (2010) identifies unidirectional causality from growth to renewable
energy and unidirectional causality from renewable energy to carbon dioxide emission for the United
States.
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Chiou-Wei et al. (2008) finds no causality for US, Thailand and South Korea; unidirectional causality
from growth to energy for Philippines and Singapore and unidirectional causality from energy to growth
for Taiwan, Hong Kong, Malaysia and Indonesia. Hu and Lin (2008) indicates an asymmetric dynamic
relationship between growth and energy consumption for Taiwan. Yang (2000) identify bidirectional
causality between energy and economic growth but the direction of causality is different for different
energy consumption. Asafu-Adjaye (2000) indicates short-run unidirectional causality from energy to
growth for India and Indonesia, during bidirectional causality from energy to growth for Thailand and the
Philippines.

2. Methods
Quantitatively, the bibliometric analysis provides the ability to view scientific knowledge with the ability
to determine emerging patterns and their evolution (Pritchard, 1969). The holistic view of disciplinary
knowledge evolution through bibliometrics helps to identify knowledge fronts from the intellectual bases
of disciplinary knowledge. Interestingly, the rapid pace of multi-disciplinary knowledge evolution has
contributed significantly to providing a scientific view of social and environmental problems, although
most of the applied research focuses on specialized, narrow research gaps to penetrate intellectual
knowledge bases (Swanson, 1989, 1993). Thus, the specialization trend allows for vibrant but blurred
trends and multi-disciplinary overlaps as gaps in research with the potential to create bursts in knowledge
evolution (Swanson, 1993). The bibliographic initiative encourages the examination of disciplinary
knowledge to uncover the logical, vital and untouched structures in the form of dominant participants (i.e.,
authors, journals, keywords, and research articles; White and McCain, 1989), which is one of the purposes
of this study. Strategically, this initiative provides an opportunity to magnify micro-level structures and to
analyze the corpus of disciplinary knowledge in the form of links and nodes and the nature of associations
between them (Narin et al., 1994). Specifically, the co-citation examines the co-occurring trend of two
nodes (articles) together in the pool of academic literature (Chen, 2004; Chen et al., 2016). By performing
a co-citation analysis of articles in the field of ‘Energy Crisis’ and ‘Economic Growth,’ a co-cited articlebased cluster view of the intellectual structure was generated to achieve one of the primary purposes of
this study.
The data visualization and network analysis were performed with the support of Gephi and CiteSpace.
CiteSpace is a Java-based data visualization tool. However, Gephi is purposefully designed for big
data analysis (BDA; Yang, Cheng, Shen, & Yang, 2017). Both of the selected computer tools have
high compatibility with the world’s leading indexing bodies (e.g., Thomson Reuters’s Web of Science
[WoS], Scopus). Comparing CiteSpace and Gephi, CiteSpace allows for the removal of duplicates in
pre-processing. Moreover, the network extraction is easy and valued because it uses the ‘minimum
spanning tree, pathfinder, and expectation maximization’ algorithm with time-slicing features (Yang
et al., 2017). Previously, CiteSpace was used to examine intellectual fields and how knowledge fronts
evolve (Zhang, Wang, de Pablos, Tang, & Yan, 2015; Chen et al., 2016). In contrast, to facilitate
collaboration analysis, Gephi provides the ability to edit nodes and crawl information, while CiteSpace
provides less flexibility to edit objects (nodes, edges, and labels; Yang et al., 2017). Gephi enables
collaboration examination by applying weights to each node within the network space of the extracted
data (Nunnally and Bernstein, 1997; Y. Wang et al., 2016). In addition to previous data-analysis practices,
Gephi has been used to examine the level of collaboration observed among countries, authors and
institutions in recent studies (Li, Reniers, Cozzani, & Khan, 2016; Wang et al., 2016; Zhong et al.,
2016). Specifically, the Gephi adopted to eliminate the platform dependency over CiteSpace. Moreover,
the editing of each cited reference, each of the author (regardless the author’s, institution’s and country’s
order) taken into consideration to examine their collaborations, communication, and interaction with
others.
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During the preliminary phase of data collection and analysis, all of the contributing authors inspected
the crawled data against the search query by reviewing the titles, abstracts and keywords of each of the
crawled records. Authors deliberately took review articles under consideration in this study as it holds a
significant role in the development of ‘intellectual structure’ of any knowledge area. Moreover, it provides
future potential trends and research directions. During the manual examination phase, the crawled data
records were examined in the relational grid view to generate possible intellectual structures. The process
to generate an understandable intellectual crux was achieved by performing the following operations:
(1) the co-citation of nodes (articles, journals and authors) using the data visualization tool (CiteSpace).
This study also highlights the trending behaviour of self-citation which provides a better understanding
about the role of each of the node (author, journal and country) while understanding about the ‘intellectual
structure’ of the knowledge area. (2) The co-occurrence of nodes (i.e., countries, institutions and keywords)
observed in the crawled data through the data patterns and trend identifiers (CiteSpace) and (3) the
collaboration of nodes (i.e. countries, authors and institutions), also performed by the network analyser
(Gephi). In summary, the bibliometric analysis initiative reveals the intellectual bases, knowledge fronts
and dominant contributing nodes (i.e. scientists, documents, institutions, publishing platforms, countries
and geographic regions). The collaboration analysis through Gephi helps to individually highlight the
role of each node regardless of its order in the authors, institutions and countries list. The current study
followed the methodology previously used in studies of a similar nature (Chen et al., 2008, 2012, 2016;
Madani and Weber, 2016).
The current research initiative was designed to examine the intellectual core and evolutionary
dimensions of ‘energy and economic growth’ to highlight the future driving and in the international
academic sphere. The search during October 2017 conducted in a multi-stage manner, as it comprised
a comprehensive global view. The data from the only source of Web of Science (WoS) considered to
generalize the intellectual structure of ‘energy consumption’ and ‘economic growth’ as it comprised of
world’s leading journals in the academic discipline of ‘economics’ and ‘environment science’. In the first
stage, the primary keywords taken under the observation. Specifically, the search query was as following:
TS = (ENERGY CONSUMPTION) AND TS = (ECONOMIC GROWTH). All the retrieved records
were with the primary criteria to analyse only ‘Academic articles’ over the timespan of the year 2000 to
the year 2017 (Present) under the hood of Social Science Citation Index (SSCI). The above mentioned
period has been chosen as research publications before the year 2000 are not observed sufficient to
explain the ‘knowledge area’s evolution through ‘Big Data Analysis’ as indicated by Figure 2A. Second,
the authors took the primary ground as the current century to be viewed only. This criterion taken under
the consideration while defining the time-zone for the current research. In the second stage of data
collection, All the co-authors collaborated to examine the titles and abstracts to mark the relevancy of
records observed for the study. Specifically, the search query with the keywords ‘energy consumption’ and
‘economic growth’ retrieved 1206 count of records. However, only 1165 research articles were considered
for the further examination after excluding 41 records (comprised of conference articles and proceedings)
and the total reference count of 27,152 as shown in Figure 2B and C, respectively.

3. Results
This section represents the discussion on the findings of quantitative analysis 1165 articles and 27,152
references in the past two decades. The results contain co-citation analysis, analysis of journals and
analysis of institutions that influence the energy and growth as a field of study. Co-citation analysis helps
to show the intellectual relationships between scholars and their works for an available time. It exposes
the most influential work that has been important to reshape the intellectual structure of energy and
growth. Article and furthermore it helps to identify future research areas through burst detection analysis.
It enhances the comprehension of structure of any discipline both at the micro- and macro-level (Liu
et al., 2015).
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Figure 2. (a): Showing the Number of Publications Before 2000 and Between 2000 and 2017, Rationale for

Selecting this Time Period (b) Number of Publication (c) Number of Citations.

3.1 Highly Cited Articles in Energy and Growth
3.1.1 Article Co-Citation Analysis
The analysis of co-cited articles explores the links between co-cited references (C. Chen and Ibekwesanjuan, 2010). This network can be used to show the primary intellectual structure of a given field of
study. Co-citation analysis specifically identifies the uniformity of concepts and references regarding their
association with the area under study (C. Chen and Ibekwe-sanjuan, 2010). Highly co-cited articles are
good indicators of advance ideas and developments in this knowledge area. This co-citation network in
journals, articles, and references in the past two decades. Each node in co-citation analysis demonstrates
single cited article, journal or author. The node size represents cumulative co-citation frequency of
specific scholarly article, and its ring’s thickness indicates the total number of co-citations across the
given time series (C. Chen et al., 2012). CiteSpace deploys colour codes to nodes and edges to distinguish
joint networks and each year is represented by a different colour. The links connecting different nodes
indicates co-citation links among different articles, co-citation frequency depends on the thickness of
these links (Seyedghorban et al., 2016) as presented in Figure 3. The section discusses the top ten highly
co-cited references respectively to brief the idea of these most attracted articles. Table 1 shows the article
co-citation analysis results for the top 10 articles along with citing references.
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Table 1. Top 10 Highly Co-Cited References in the Knowledge Sphere of ‘Energy Crisis’ and ‘Economic
Growth’ (2000–2017).

Author

Frequency

Title

1

Ozturk (2010)

173

A literature survey on
energy-growth nexus

2

Zhang and
Cheng
(2009)

144

Energy consumption, carbon
emissions and economic
growth in China

3

Halicioglu
(2009)

140

4

C.-C. Lee and
Chang
(2008)

120

5

Apergis and
Payne
(2009)

108

6

Soytas and
Sari (2009)

106

7

Narayan and
Smyth
(2008)

100

8

C. C. Lee
(2005)

99

9

Ang (2008)

94

10

Soytas et al.
(2007)

94

An econometric study of CO2
emissions, energy
consumption, income and
foreign trade in Turkey
Energy consumption and
economic growth in Asian
economies: a more
comprehensive analysis
using panel data
Energy consumption and
economic growth in
Central America: evidence
from a panel cointegration
and error correction model
Energy consumption,
economic growth and
carbon emissions:
challenges faced by an EU
candidate member
Energy consumption and real
GDP in G7 countries: New
evidence from panel
cointegration with
structural breaks
Energy consumption and
GDP in developing
countries: a cointegrated
panel analysis
Economic development,
pollutant emissions and
energy consumption in
Malaysia
Energy consumption, income,
and carbon emissions in
the United States
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Indicates the causality between energy
consumption and economic growth
which can help policymakers to
comprehend the relationship to develop
effective policies.
Identifies unidirectional Granger causality
from GDP to energy consumption and
energy consumption to carbon dioxide
emission in the long run.
Impact of foreign trade on carbon dioxide
appears to be noticeable and a
bi-directional Granger causality between
carbon dioxide and income.
Unidirectional relation suggest
conservative energy policy but with
notable impact on income.

Capital, energy and labour cause real
growth positively where energy Granger
causes the growth in a long and short
run.
Energy consumption does not Granger
cause income in the long run, but carbon
dioxide emission granger causes energy
consumption.
Capital formation and energy consumption
Granger cause economic growth in the
long run and positively affect the
economic growth.
Energy consumption Granger causes
economic growth in a short and long
run, this is also true for income and
economic growth.
Long-run causality running from economic
growth to energy use, little evidence for
long-run causality between carbon
dioxide emission and economic growth.
No causality between income and carbon
dioxide emission.
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Figure 3. Co-Citation References in the Knowledge Sphere of ‘Energy Crisis’ and ‘Economic Growth’

(2000–2017). [Colour figure can be viewed at wileyonlinelibrary.com]

Ozturk (2010) has the highest frequency of 173 titled ‘A literature survey on energy–growth nexus’
represents the literature survey on energy and economic growth nexus. Specifically, the study focuses
on empirical literature which explores the electricity consumption and economic growth and energy
consumption and economic growth. The study further categorizes the survey into the specified country
and multi-country analysis. The study clearly shows the causality between energy consumption and
economic growth which can help policymakers to comprehend the relationship to develop effective
policies. Zhang and Cheng (2009) titled ‘Energy consumption, carbon emissions, and economic growth
in China’ has a second highest frequency, investigate the causality between from 1960 to 2007. The
study applies the VAR approach proposed by Toda and Yamamoto and generalized impulse response to
find the causal relationship. The study identifies unidirectional Granger causality from GDP to energy
consumption and energy consumption to carbon dioxide emission in the long run.
Halicioglu (2009) third highest co-cited titled ‘An econometric study of CO2 emissions, energy
consumption, income and foreign trade in Turkey’ explores the causal relationship from 1960 to 2005.
The study implies ARDL bound testing by Johansen and Juselius’s co-integration approach to finding
the dynamic relationship between these variables. The impact of foreign trade on carbon dioxide appears
to be noticeable. The study also indicates a bi-directional Granger causality between carbon dioxide and
income. C.-C. Lee and Chang (2008) forth highest titled ‘Energy consumption and economic growth in
Asian economies: A more comprehensive analysis using panel data’ investigates the causal relationship
from 1971 to 2002. The study applies panel causality, panel unit root and error correction model to
extract the relationship between these variables. The study indicates that higher energy consumption
comes with higher economic growth in these Asian countries which stand for 70% of the world
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economy. This unidirectional relational suggest conservative energy policy but with notable impact on
income.
Apergis and Payne (2009) is at fifth titled ‘Energy consumption and economic growth in Central
America: Evidence from a panel co-integration and error correction model’ explains the relationship
from 1980 to 2004. The study applies panel co-integration and error correction model to multi-variant
model to extract the causal relationship. The study looks into causality between real growth, gross fixed
capital, labor and energy use. The co-integration reflects that capital, energy and labor cause real growth
positively where energy granger causes the growth in a long and short run. Soytas and Sari (2009) has
the sixth rank titled ‘Energy consumption, economic growth, and carbon emissions: Challenges faced
by an EU candidate member’ investigates the relationship from 1960 to 2000. The study applies the
Toda & Yamamoto procedure to find the causality by controlling fixed capital formation and labor. The
study finds that energy consumption does not Granger cause income in the long run, but interestingly the
carbon dioxide emission granger causes energy consumption which implies that reducing carbon dioxide
emission would not affect the economic growth in Turkey.
Narayan and Smyth (2008) at seventh titled ‘Energy consumption and real GDP in G7 countries:
New evidence from panel cointegration with structural breaks’ analyses the causal relationship from
1972 to 2002. The study implies panel co-integration and Granger causality approaches by allowing
structural breaks. The study gives a conclusive perspective on the relationship of these variables in the
case of G7 countries in contrast to previous studies. The study finds that capital formation and energy
consumption Granger cause economic growth in the long run and positively affect the economic growth.
C. C. Lee (2005) at eighth titled ‘Energy consumption and GDP in developing countries: A co-integrated
panel analysis’ investigates the relationship from 1975 to 2001. The study applies panel co-integration,
and Granger causality approaches to multi-variant model consist of real growth, energy use and real
gross capital formation to extract the dynamic relationship. The study finds that energy consumption
Granger causes economic growth in a short and long run this is also true for income and economic
growth.
Ang (2008) at ninth titled ‘Economic development, pollutant emissions, and energy consumption in
Malaysia’ investigates the causal relationship from 1971 to 1999. The study implies ECM-based causality
test to find the causal relationship for the specific economy. The study indicates long-run causality is
running from economic growth to energy use and little evidence for long-run causality between carbon
dioxide emission and economic growth. Soytas et al. (2007) at tenth titled ‘Energy consumption, income,
and carbon emissions in the United States’ investigate the relationship from 1960 to 2004. The study
implies a multi-variant model consists of real growth, gross fixed capital formation, energy use, total labor
force and carbon dioxide emission to test the causal relationship. The study applies the Granger causality
test and finds that energy consumption granger cause carbon dioxide emission in the long run and finds
no causality between income and carbon dioxide emission.

3.1.2 Evolutionary Articles in Intellectual Structure
The reference co-citation results can be used to examine the turning points that can also be called
evolutionary articles in the intellectual construction of the study domain (C. Chen, 2004). The nodes with
purple circles as shown in Figure 4 indicate turning points; these nodes can have several links (Mustafee
et al., 2013). The dominating nodes indicate the high centrality. Moreover, evolutionary articles also act
as the bridging connection between different intellectual bases (C. Chen, 2004). The top five turning point
references are presented here and in Table 2.
Masih and Masih (1998) explore the causal relationship between energy consumption, price level and
real income growth for Sri Lanka and Thailand. The study applies a vector error correction model and
the Granger causality test to identify the direction and magnitude of causality. The study finds that these
Journal of Economic Surveys (2019) Vol. 33, No. 3, pp. 968–998

C 2019 John Wiley & Sons Ltd.

MAPPING THE EVOLUTION OF ENERGY-GROWTH NEXUS

977

Figure 4. Graphical Representation of Intellectual Turning Points in the Knowledge Sphere of ‘Energy Crisis’

and ‘Economic Growth’ (2000–2017). [Colour figure can be viewed at wileyonlinelibrary.com]

variables are co-integrated where energy is relatively exogenous as income and price level seem not to
granger cause, but energy is a key variable in explaining income and price level.
Kumar Narayan and Smyth (‘Electricity consumption, employment and real income in Australia
evidence from multivariate Granger causality tests’, 2005) titled investigates the relationship between
energy consumption and growth by using multi-variant model consist of electricity consumption, real
income, and employment. The study applies a vector error correction model and finds a long run
relationship between all these variables where real income and employment granger cause electricity
consumption in the long run. The study indicates a weak unidirectional causality is running from income
to electricity and income to employment. Soytas and Sari investigate the relationship between energy
consumption, economic growth, and carbon dioxide emission from 1960 to 2000. The study applies the
Toda and Yamamoto procedure to find the causality by controlling fixed capital formation and labor. The
study finds that energy consumption does not Granger cause income in the long run, but interestingly the
carbon dioxide emission granger cause energy consumption which implies that reducing carbon dioxide
emission would not affect the economic growth in Turkey.
Dinda (2004) presents a survey on the environmental Kuznets curve and explore the different views
regarding the causality between different pollutants and economic growth. The study indicates that
economic development as periodic transformation through agriculture to industrial more pollutant to
clean service economy and demand for the clean environment comes with higher incomes. Morimoto
and Hope (2004) apply “Yang Model” for Sri Lanka to gauge the causal relationship between energy and
growth. The study indicates the strong and positive impact of energy on economic growth and supports
growth hypothesis in this case.
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Table 2. Intellectual Turning Points in the Knowledge Sphere of ‘Energy Crisis’ and ‘Economic Growth’
(2000–2017).

Author

Centrality

Title

Findings

1

Masih and
Masih (1998)

0.7

Variables are cointegrated where
energy is relatively exogenous
as income and price level seem
not to granger cause.

2

Kumar Narayan
and Smyth
(2005)

0.64

A multivariate cointegrated
modelling approach in testing
temporal causality between
energy consumption, real
income and prices with an
application to two Asian LDCs
Electricity consumption,
employment and real income in
Australia evidence from
multivariate Granger causality
tests

3

Soytas and Sari
(2009)

0.63

Energy consumption, economic
growth and carbon emissions:
challenges faced by an EU
candidate member

4

Dinda (2004)

0.63

Environmental Kuznets Curve
Hypothesis: a Survey

5

Morimoto and
Hope (2004)

0.63

The impact of electricity supply
on economic growth in Sri
Lanka

Real income and employment
granger cause electricity
consumption in the long run, a
weak unidirectional causality
running from income to
electricity and income to
employment.
Energy consumption does not
Granger cause income in the
long run, but carbon dioxide
emission granger causes
energy consumption.
Indicates that economic
development as periodic
transformation through
agriculture to industrial more
pollutant to clean service
economy and demand for the
clean environment comes with
higher incomes.
Strong and positive impact of
energy on economic growth
and supports growth
hypothesis in this case.

3.1.2.1 Burst detection in article co-citation
CiteSpace has another algorithm function ‘burst detection’ which helps to identify current topics and
emerging trends in a given field of interest. Burst detection identifies key research areas with articles
actively getting attention in a field of study in a specific time (C. Chen, 2006). Table 3 represents the
results for burst detection and shows the top five most significant publication with the highest citation
bursts in energy and growth research in the last 20 years. The articles in burst detection analysis can
indicate previous trends, emerging trends and their impact on possible future research trends in the
domain of energy and growth. This also presents an interesting twist as one finds that the articles with
highest citation frequency may or may not have the highest burst. Burst detection analysis for this specific
period stands valid.
Soytas and Sari (2003) titled ‘Energy consumption and GDP: causality relationship in G-7 countries
and emerging markets’ examine the causal relationship from 1950 to 1992. The study implies maximum
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Table 3. Bursts Among the Co-Citation Analysis in the Knowledge Sphere of ‘Energy Crisis’ and ‘Economic
Growth’ (2000–2017).

Author

Burst

1

Soytas and
Sari (2003)

27.99

2

Asafu-Adjaye
(2000)

22.79

3

Im et al. (2003)

18.63

4

Yang (2000)

17.36

5

Wang et al.
(2011)

17.29

Title

Findings

Energy consumption and
GDP: causality
relationship in G-7
countries and emerging
markets
The relationship between
energy consumption,
energy prices, and
economic growth: time
series evidence from
Asian developing
countries
Testing for unit roots in
heterogeneous panels

Unidirectional causality which
runs from energy consumption
to economic growth except
Argentine where the
relationship is bidirectional.
Unidirectional Granger causality
from energy and prices to
income in case of India and
Indonesia and bidirectional
causality in case of Thailand
and Philippines.

A note on the causal
relationship between
energy and GDP in
Taiwan
CO2 emissions, energy
consumption and
economic growth in
China: A panel data
analysis

Develops a process to test unit
root hypothesis in
heterogeneous panels. when
there are no serial correlations,
t-bar test performs very well.
Monte Carlo results
demonstrate that if a large lag
order is designated for the
causal ADF regressions, then
the small sample performances
of the t-bar test is acceptable.
Bidirectional causality between
energy consumption and
economic growth.
Variables are cointegrated. short
run bidirectional causality
between energy consumption
and carbon dioxide emission,
long-run causality runs from
energy and economic growth
to carbon dioxide emission
and also carbon dioxide and
economic growth cause energy
consumption in long run.

likelihood procedure to test co-integration and finds that in most of the cases there exist unidirectional
causality which runs from energy consumption to economic growth except Argentine where the
relationship is bidirectional.
Asafu-Adjaye (2000) titled ‘The relationship between energy consumption, energy prices, and
economic growth: time series evidence from Asian developing countries’ investigates the energy-growth
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nexus in energy-dependent Asian economies (India, Indonesia, Thailand, and the Philippines). The study
implies error correction model and Granger causality test to check the causal relationship between real
income, commercial energy use and consumer price index. The study concludes unidirectional Granger
causality from energy and prices to income in case of India and Indonesia and bidirectional causality in
case of Thailand and Philippines. Im et al. (2003) titled ‘Testing for unit roots in heterogeneous panels’
develops a process to test unit root hypothesis in heterogeneous panels. The study indicates that when
there are no serial correlations, t-bar test performs very well. Monte Carlo results demonstrates that if a
large lag order is designated for the causal ADF regressions, then the small sample performances of the
t-bar test is acceptable.
Yang (2000) titled ‘A note on the causal relationship between energy and GDP in Taiwan’ reinvestigates
the energy and economic growth nexus from updated data of Taiwan from 1954 to 1997. The study implies
a Granger causality test and finds a bidirectional causality between energy consumption and economic
growth. Wang (2011) titled ‘CO2 emissions, energy consumption and economic growth in China: A panel
data analysis’ examine the causal relationship from 1995 to 2007. The study implies panel co-integration
and panel vector error correction model procedure to find the causality in this multi-variant model. The
study implies panel co-integration procedure and panel Granger causality test to explore the dynamic
multi-variant model. The study indicates the co-integrated relation between these variables. There exists
short run bidirectional causality between energy consumption and carbon dioxide emission. The long-run
causality runs from energy and economic growth to carbon dioxide emission and also carbon dioxide and
economic growth long run cause energy consumption.

3.2 Authors: Co-Citation and Collaboration Analysis
During the micro-level analysis of intellectual structure of knowledge area, the notable authors with the
highest level of co-citations are Lee CC (National Sun Yet-sen University), Narayan Paresh (Deakin
University), Ugar Soytas (Middle East Technical University), Ilhan Ozturk (Cag University), Nicholas
Apergis (University of Piraeus) during the co-citation analysis through CiteSpace. The authors Muhammad
Shahbaz (Montpellier Business School), Behnaz Saboori (University of Technology Malaysia) and Anis
Omri (University of Carthage) can be classified as a few who have the strongest ongoing burst among
cited authors. To understand the social network of author’s collaboration, the weighted degree is measured
in Gephi where 2007 authors in total from the 1165 publication count during the year 2000 to 2017 taken
into consideration, where dominating positions of Muhammad Shahbaz (Montpellier Business School)
with the degree of 51 and Ilhan Ozturk (Cag University) with the degree of 30 are recorded as shown in
Figure 5.

3.3 Institution-Level Co-Citation and Collaboration Analysis
The co-citation analysis of the institutes between the year 2000 and 2017 includes the 207 institutions as
shown in Figure 6. However, in terms to play the dominating role in this research fronts are presented
here with their citation frequencies which are Cag University (46), Comsats Institute of Information
Technology (44), Chinese Academy of Science (37), University of Piraeus (25) and University of Sains
Malaysia (21).

3.4 Country-Level Co-Citation and Collaboration Analysis
In the bibliometric approach to analysing ‘energy consumption and economic growth’ related literature,
the participation by countries can help to construct the macro-level structure of the research field. During
the country level co-citation analysis China ranked first with the frequency of 295, Turkey with the
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Figure 5. Authors Collaboration Analysis in the Knowledge Sphere of ‘Energy Crisis’ and ‘Economic

Growth’ (2000–2017). [Colour figure can be viewed at wileyonlinelibrary.com]

frequency of 173, the United States with the frequency of 144, Australia with the frequency of 91 and
Malaysia with the frequency of 81 remain dominant countries as shown in Figure 7.

3.5 Cluster Analysis
CiteSpace can perform another quantitative function which is called cluster analysis (2010). It helps to
classify co-citation networks by key clusters of references which associate closely with each other and
loosely with other clusters of co-cited (C. Chen and Ibekwe-sanjuan, 2010). This association within the
cluster and with other clusters helps to indicate active research areas and the areas which need more
attention in energy and growth literature. Figure 8 presents the output for cluster analysis which seems
divergent with only a few lying at centre but still without any certain linkages. Figure 8 indicates the
clusters which are visible in output among the top six clusters. The study highlights top five clusters
in discussion and top six clusters are presented in Table 4 both with cited and citing references. The
discussion below presents the top three references from all the visible clusters which can indicate the
research direction within the cluster.
The first highlighted cluster comprises 75 references, where top three references are Zhang and Cheng
(2009) titled ‘Energy consumption, carbon emissions, and economic growth in China’ investigate the
causality from 1960 to 2007. The study applies the VAR approach proposed by Toda and Yamamoto
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Table 4. Top 5 Cited References Based Cluster Analysis in the Knowledge Sphere of ‘Energy Crisis’ and
‘Economic Growth’ (2000–2017).

Cluster ID
Carbon
Dioxide
Emission

Electricity
consumption

Cited
reference

Title

Zhang and
Cheng
(2009)

Energy consumption,
carbon emissions, and
economic growth in
China

(Halicioglu,
2009)

An econometric study of
CO2 emissions, energy
consumption, income
and foreign trade in
Turkey

(Soytas and
Sari,
2009)

Energy consumption,
economic growth, and
carbon emissions:
Challenges faced by an
EU candidate member

(Yuan et al.,
2008)

Energy consumption and
economic growth:
evidence from China at
both aggregated and
disaggregated levels

Findings
Unidirectional Granger
causality from GDP to
energy consumption &
energy consumption to
carbon dioxide
emission in the long
run.
Impact of foreign trade on
carbon dioxide appears
to be noticeable. The
study also indicates a
bi-directional Granger
causality between
carbon dioxide and
income.
Energy consumption does
not Granger cause
income in the long run,
carbon dioxide
emission granger causes
energy consumption.
Unidirectional Granger
causality is running
from electricity to
economic growth in the
short run and
bidirectional causality
in the long run; in case
of coal consumption
output granger causes
energy in the short run
and bi-directional
causality in the long
run; in case of oil
consumption, the study
finds bidirectional
causality between
energy and economic
growth both in short
and long run

Citing
references
(Al-Mulali,
Ozturk
and Lean,
2015)

(Al-Mulali,
SheauTing and
Ozturk,
2015)

(Al-Mulali,
Saboori
and
Ozturk,
2015)
(Yoo and
Kwak,
2010)

Continued
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Table 4. (Continued)

Cluster ID

Heterogeneous
panel

Cited reference

Title

Findings

(WoldeRufael,
2006)

Electricity consumption and
economic growth: a time
series experience for 17
African countries

(Squalli, 2007)

Electricity consumption and
economic growth: bounds
and causality analyses of
OPEC members

(C.-C. Lee and
Chang,
2008)

Energy consumption and
economic growth in
Asian economies: A
more comprehensive
analysis using panel data
Energy consumption and
economic growth in
Central America:
Evidence from a panel
cointegration and error
correction model

Linkage between energy
and growth has been
found in 9 countries,
Granger causality has
been found in 12
countries where the
direction of causality is
unidirectional from
growth to energy
consumption for six
countries,
unidirectional from
energy to growth for
three countries and
bidirectional for
remaining three
countries. The study
finds no causality for
five countries.
Out of the 11 countries,
six countries show
unidirectional causality
and five countries show
bidirectional causality.
The study indicates
negative causality from
energy to growth in
Saudi Arabi and UAE
and growth to energy in
Algeria, Iraq and Libya.
Unidirectional relational
suggest conservative
energy policy, but with
notable impact on
income
Cointegration reflects that
capital, energy, and
labor cause real growth
positively where energy
granger cause the
growth in a long and
short run.

(Apergis and
Payne,
2009)

Citing
references
(Lorde et al.,
2010)

(Chandran
et al.,
2010)

(Apergis and
Payne,
2010a,b)

(Lean and
Smyth,
2010)

Continued
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Table 4. (Continued)

Cluster ID

Cited
reference
(Narayan and
Smyth,
2008)

Real Income

(C. C. Lee,
2005)

(Soytas and
Sari, 2003)

(C. C. Lee,
2006)

Title

Findings

Energy consumption and
real GDP in G7
countries: New
evidence from panel
cointegration with
structural breaks
Energy consumption and
GDP in developing
countries: A
cointegrated panel
analysis
Energy consumption and
GDP: causality
relationship in G-7
countries and emerging
markets

Capital formation and
energy consumption
Granger cause economic
growth in the long run
and positively affect the
economic growth.
Indicates that there exist
short run and long-run
causality running from
energy consumption to
grow.
Cointegration between the
variables for all the
countries. There exist
causality which runs
from energy consumption
to growth for Turkey,
France, Germany and
Japan, bidirectional for
Argentina where the
causality runs from
growth to energy
consumption for Italy and
Korea.
Neutral relationship for the
United Kingdom,
Germany and Sweden
and unidirectional
causality running from
energy to growth for
Canada, Belgium, the
Netherlands and
Switzerland where
bidirectional causality is
found for the United
States. The study
indicates unidirectional
causality is running from
growth to energy for
France, Italy and Japan.

The causality relationship
between energy
consumption and GDP
in G-11 countries
revisited

Citing
references
(Lee et al,
2008)

(Ghosh,
2010)

(Lee and
Chien,
2010)

(Ouédraogo,
2010)

Continued
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Table 4. (Continued)

Cluster ID

Cited reference

Renewable
Energy

(Ozturk, 2010) A literature survey on
Encourages the inclusion of new
energy–growth nexus
approaches and variables
especially multivariable
models to explore the
energy-growth nexus.
(Payne, 2010a) A survey of the
Literature survey indicates that
electricity
31.15% studies have explored
consumption-growth
the neutrality hypothesis,
literature
27.87% indicate conservation
hypothesis, 22.95% suggest
growth hypothesis and 18.03%
back feedback hypothesis.
(Payne, 2010b) Survey of the
No clear consensus among
international evidence
researches on the causal
on the causal
relationship between energy
relationship between
consumption and economic
energy consumption
growth.
and growth
(Ozturk and
The long-run and causal Supports Environmental Kuznets
Acaravci,
analysis of energy,
Curve hypothesis in case of
2013)
growth, openness and
Turkey.
financial development
on carbon emissions
in Turkey
(Sharif
Panel estimation for
No long run cointegration
Hossain,
CO2 emissions,
between studied variables and
2011)
energy consumption,
this is also confirmed by
economic growth,
Granger causality. There is
trade openness and
evidence of short-run
urbanization of newly
unidirectional causality from
industrialized
growth to energy
countries
consumption, trade openness
to growth, urbanization to
economic growth and from
trade openness to urbanization
(Tamazian
Does higher economic
Growth and financial
et al., 2009)
and financial
development are both
development lead to
determinants of environmental
environmental
quality. A higher level of
degradation:
economic growth and financial
Evidence from BRIC
development decrease the
countries
carbon dioxide emission

Financial
Development

Title
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Citing
references
(Adewuyi and
Awodumi,
2017)

(Apergis and
Payne,
2010a,b)

(Apergis and
Payne, 2012)

(Al-mulali
et al., 2015)

(Alam and
Paramati,
2015)

(Farhani and
Ozturk, 2015)
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Figure 6. Institution’s Co-Citation Analysis in the Knowledge Sphere of ‘Energy Crisis’ and ‘Economic

Growth’ (2000–2017). [Colour figure can be viewed at wileyonlinelibrary.com]

and generalized impulse response to find the causal relationship. The study identifies unidirectional
Granger causality from GDP to energy consumption & energy consumption to carbon dioxide emission
in the long run, Halicioglu (2009) titled ‘An econometric study of CO2 emissions, energy consumption,
income and foreign trade in Turkey’ explores the causal relationship between carbon dioxide emission,
commercial energy use, income and foreign trade from 1960 to 2005. The study implies ARDL bound
testing by Johansen and Juselius’s co-integration approach to finding the dynamic relationship between
these variables. The impact of foreign trade on carbon dioxide appears to be noticeable. The study also
indicates a bi-directional Granger causality between carbon dioxide and income and Soytas and Sari
(2009) investigate the relationship between energy consumption, economic growth and carbon dioxide
emission from 1960 to 2000. The study applies the Toda and Yamamoto procedure to find the causality
by controlling fixed capital formation and labor. The study finds that energy consumption does not
Granger cause income in the long run, but interestingly the carbon dioxide emission granger causes
energy consumption which implies that reducing carbon dioxide emission would not affect the economic
growth in Turkey.
The second cluster consist of 40 references and top three are Yuan et al. (2008) titled ‘Energy
consumption and economic growth: Evidence from China at both aggregated and disaggregated levels’.
The study analyses the relationship between total energy consumption and disaggregated consumption of
coal, oil, and electricity. The study implies a vector error correction model and Granger causality to extract
the results from this multi-variant model. The study reflects the strong impact of energy consumption
on economic growth both at the aggregate and disaggregates level. Unidirectional Granger causality is
running from electricity to economic growth in the short run and bidirectional causality in the long run.
In case of coal consumption output granger causes energy in the short run but find bi-directional causality
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Figure 7. Country-Level Co-Citation Analysis in the Knowledge Sphere of ‘Energy Crisis’ and ‘Economic

Growth’ (2000–2017). [Colour figure can be viewed at wileyonlinelibrary.com]

Figure 8. Cited References Based Cluster Analysis in the Knowledge Sphere of ‘Energy Crisis’ and

‘Economic Growth’ (2000–2017). [Colour figure can be viewed at wileyonlinelibrary.com]
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in the long run. In case of oil consumption, the study finds bidirectional causality between energy and
economic growth in short and long run, Wolde-Rufael (2006) ‘Electricity consumption and economic
growth: a time series experience for 17 African countries’ explore the causality from 1971 to 2001. The
implies Pesaran et al. co-integration approach and Granger causality test to find the linkages between
these variables for representative countries. The study finds interesting results for given countries where
the linkage between energy and growth has been found in 9 countries Granger causality has been found
in 12 countries where the direction of causality is unidirectional from growth to energy consumption for
six countries, unidirectional from energy to growth for three countries and bidirectional for remaining
three countries. The study finds no causality for five countries. The study indicates the management of
electricity as the main hurdle rather than availability and Squalli (2007) ‘Electricity consumption and
economic growth: Bounds and causality analyses of OPEC members’ analyses the causal relationship
from 1980 to 2003. The study implies Pesaran et al. procedure for co-integration and Granger causality
by Toda and Yamamoto to test the long run and short-run dynamics of these variables. Out of the 11
countries, six countries show unidirectional causality and five countries show bidirectional causality. The
study indicates negative causality from energy to growth in Saudi Arabi and UAE and growth to energy
in Algeria, Iraq and Libya.
The third cluster collects 36 references, and the top three are C.-C. Lee and Chang (2008) investigate
the causal relationship between economic growth and energy consumption by using a multi-variant model
which in co-operating real GDP, real capital stock, labor and energy input for 16 Asian countries from
1971 to 2002. The study indicates that higher energy consumption comes with higher economic growth in
these Asian countries which stand for 70% of the world economy. This unidirectional relational suggest
conservative energy policy, but with notable impact on income, Apergis and Payne (2009) explains the
relationship between energy and economic growth in central American countries from 1980 to 2004.
The economic base is expanding from agricultural to manufacturing and tourism which leads to higher
demand for energy and is causing environmental concerns too. The co-integration reflects that capital,
energy and labor cause real growth positively where energy granger cause the growth in a long and
short run and Narayan and Smyth (2008) analyses the causal relationship between energy consumption,
economic growth and capital formation for G7 countries from 1972 to 2002. The study finds that capital
formation and energy consumption Granger cause economic growth in the long run and positively affect
the economic growth.
The fourth cluster has 35 references where top three are C. C. Lee (2005) titled ‘Energy consumption
and GDP in developing countries: A co-integrated panel analysis’ explore the causal relationship between
energy and economic growth from 1975 to 2001. The study implies panel unit root, heterogeneous panel
co-integration and panel-based error correction model. The study indicates that there exist short-run and
long-run causality running from energy consumption to grow. Soytas and Sari (2003) titled ‘Energy
consumption and GDP: causality relationship in G-7 countries and emerging markets’ analyses the causal
relationship between energy consumption and income from 1952 to 1992. The study implies maximum
likelihood procedure and vector error correction model. The study finds co-integration between the
variables for all the countries. There exist causality which runs from energy consumption to growth for
Turkey, France, Germany and Japan, bidirectional for Argentina where the causality runs from growth to
energy consumption for Italy and Korea, and C. C. Lee (2006) titled “The causality relationship between
energy consumption and GDP in G-11 countries revisited.’ The study re-examines the relationship for
the countries with the same level of development to explore the conservative energy policy and its effect
on growth. The study implies Toda and Yamamoto procedure to test the causal relationship. The study
finds a neutral relationship for the United Kingdom, Germany and Sweden and unidirectional causality
running from energy to growth for Canada, Belgium, the Netherlands and Switzerland where bidirectional
causality is found for the United States. The study indicates unidirectional causality is running from growth
to energy for France, Italy and Japan. The results show mix views for implementation of conservative
energy policy.
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The fifth cluster consist of 28 references and the top three are Ozturk (2010) focuses on empirical
literature which explores the electricity consumption and economic growth and energy consumption and
economic growth. The study finds a different causal relationship for different countries with different data
sets and applied methodologies. The study encourages the inclusion of new approaches and variables
especially multivariable models to explore the energy-growth nexus. Payne (2010a) titled ‘A survey of
the electricity consumption-growth literature’ explores the empirical literature to investigate the various
hypothesis attached to energy-growth nexus. The causal relation may subject to various policy implications
depends on countries, period, variables and approaches applied. The study identifies that 31.15% studies
have explored the neutrality hypothesis, 27.87% indicate conservation hypothesis, 22.95% suggest growth
hypothesis and 18.03% back feedback hypothesis. Payne (2010b) titled ‘Survey of the international
evidence on the causal relationship between energy consumption and growth’ investigates the empirical
literature on energy and economic growth to discuss the causality between these variables. The study
indicates no clear consensus among researches on the causal relationship between energy consumption
and economic growth.
The sixth cluster collects 18 references where top three are Ozturk and Acaravci (2013) titled ‘The
long-run and causal analysis of energy, growth, openness and financial development on carbon emissions
in Turkey’ investigate the causal relationship from 1960 to 2007. The study implies a multi-variant model
consists of financial development, trade, economic growth, energy consumption and carbon emissions.
The study applies ARDL and error correction to find the causality between the variables. The study
supports Environmental Kuznets Curve hypothesis in case of Turkey, Hossain (2011) titled ‘Panel
estimation for CO2 emissions, energy consumption, economic growth, trade openness and urbanization
of newly industrialized countries’ investigates the causal relationship from 1971 to 2007. The study
applies Johansen Fisher co-integration and Granger causality to multi-variant model to get robust results.
The study indicates no long run co-integration between these variables and this is also confirmed
by Granger causality. There is evidence of short-run unidirectional causality from growth to energy
consumption, trade openness to growth, urbanization to economic growth and from trade openness to
urbanization, and Tamazian et al., 2009) titled ‘Does higher economic and financial development lead to
environmental degradation: Evidence from BRIC countries’ investigates the causal relationship between
environmental degradation and financial development from 1992 to 2004. The study applies a standard
reduced-form modelling approach to find the causal relationship. The study confirms that growth and
financial development are both determinants of environmental quality. A higher level of economic growth
and financial development decrease the carbon dioxide emission.

4. Discussion
This study uses bibliometric analysis to track the development and evolution of energy-growth nexus
quantitatively, so to offer a critical review and appraisal of this knowledge area over the past decades. To
present the comprehensive overview of this knowledge area scientometric and text mining approaches
have been applied as shown in Figure 9. The results of the study are beyond traditional citation count with
the use of bibliometric mapping software for visual presentation of intellectual structure. Findings show
that the domain is still not very much different from its beginning especially in methodological approach
where the dominance of same techniques with a little variation of variables is visible. Most attention has
been given to carbon dioxide emission and economic growth which has started from the causal study of
energy-growth nexus with co-integration and Granger causality approaches. A section has adopted insight
from Kuznets curve hypothesis and financial development to check the relationship between pollutant,
energy and economic growth.
The effect of energy production on pollutant emission and socio-political factors to check the economic
cost of development is still in its infancy and get less attention from researchers.
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Figure 9. Keyword Co-Occurrence Analysis in the Knowledge Sphere of ‘Energy Crisis’ and ‘Economic

Growth’ (2000–2017). [Colour figure can be viewed at wileyonlinelibrary.com]

The co-citation analysis reveals Zhang and Cheng (2009), Ozturk (2010) and Halicioglu (2009) are the
most frequently cited authors, suggesting that underlying intellectual structure as discussed above. The
next important finding of this analysis is intellectual turning point articles, used to trace the intellectual
transition and to detect the model changes to connect the various channels in different time periods.
These suggest a path initiated by Masih and Masih (1998) finding energy consumption, price level, and
real income are co-integrated where energy is relatively exogenous, Kumar Narayan and Smyth (2005)
includes employment level with energy and real income and indicates the influence of prior variables
on later, Soytas and Sari (2009) explores the relationship between carbon dioxide emission and finds
causality from carbon dioxide to energy consumption, Dinda (2004) confirms the transition of economic
development from high pollutant to service-based economy and Morimoto and Hope (2004) supporting
growth hypothesis where energy cause income growth.
The above findings lay down the cluster analysis which indicates precisely the same areas under
this domain being investigated by most of the researchers discussed above. The cluster analysis which
categorises the domain under different cluster heads is further explored by researchers, discussed here
which depict almost the same picture coloured by the discussion in the cluster analysis section. Cluster
ID ‘Carbon dioxide emission’ is investigated by Ang (2008) confirms the pollutant growth and energy
consumption are positively related to economic growth in the long run and economic growth cause a
high demand for energy in short and long run, and Soytas et al. (2007) find no causality between income
and carbon dioxide emission. Cluster ID ‘Electricity Consumption’ is further examined by Shiu and
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Lam (2004) indicate the short-run relationship is running from electricity to growth and in the long run,
both variable stay at equilibrium given any deviation to both, and Jumbe (2004) indicates bidirectional
causality between energy consumption and non-agricultural output. The study indicates unidirectional
causality is running from growth to electricity consumption and confirms energy-growth nexus.
Cluster ID ‘Heterogeneous Panel’ further led by Chontanawat et al. (2008) confirm a causal relationship
between energy consumption and economic growth for all the given countries. The causality is
greater for OECD countries than non-OECD countries, and Huang et al. (2008) indicate bidirectional
positive feedback relationship. There is no causal relationship for low-income countries, uni-directional
causality running from growth to energy consumption for lower and upper middle income and negative
unidirectional causality running from growth to energy for high-income countries. The study indicates
the carbon dioxide emission is related to production to growth level. ‘Real Income’ cluster is further
explored by Oh and Lee (2004) indicate bidirectional long-run causality between energy and growth
where a short-run causality is found running from energy to economic growth, and Narayan and Smyth
(2008) finds real income and employment granger cause electricity consumption in the long run, a weak
unidirectional causality running from income to electricity and income to employment.
Cluster ID ‘Renewable Energy’ is further led by Bowden and Payne (2009) indicate bidirectional
causality between primary commercial energy consumption and economic growth, unidirectional causality
running from industrial energy consumption to economic growth, bidirectional causality between
residential energy consumption and growth and no causality between transportation energy consumption
and growth and Belloumi (2009) indicates a short-run causality running from energy to growth and
a bidirectional long-run feedback relationship between energy and growth. Cluster ID ‘Financial
development’ is further explored by Jalil and Feridun (2011) indicate negative coefficient of financial
development and the emission is determined by growth, energy consumption and trade openness, and
Shahbaz and Lean (2012) indicate a long-run bidirectional relationship between financial development
and energy consumption, financial development and industrialization and industrialization and energy
consumption. These are by the findings of co-citation analysis and represent the transition in variable
choice and model.

4.1 Conclusion and Future Research Fronts
The burst detection helps to identify new possible intellectual turning points in the domain, and the cited
articles with terminated burst might be the result of research diffusion from many scholars. Shahbaz
et al. (2014) exploring environmental Kuznets curve hypothesis, Farhani and Ozturk (2015) indicating
the causality between carbon dioxide emission, energy and real income, Saboori et al. (2014) investigated
the carbon dioxide and energy relationship, Yildirim and Aslan (2012) on energy-growth nexus, Tamazian
et al. (2009) on financial development and environmental degradation, Tiwari (2011) on renewable energy
and carbon dioxide emission and Salahuddin and Gow (2014) exploring energy, growth and carbon
dioxide emission have strongest ongoing bursts indicating environmental Kuznets curve, emission with
real income growth, carbon dioxide with renewable energy as future research directions in energy-growth
domain.
Along with the above-mentioned research articles the other scholarly work with ongoing bursts are:
Arouri et al. (2012) support that carbon dioxide emission level is not cause by recent stage of economic
growth; Jayanthakumaran. Verma, & Liu (2012) indicate the establishment of environmental Kuznets
curve for India where its explanation remains unclear due to the structure of economy; Ang (2008)
indicates the long- and short-run relationship between economic growth and pollutant emission; Shahbaz
et al. (2013) find bidirectional causality between financial development and energy, financial development
and economic growth and economic growth and international trade; Shahbaz, Ozturk, et al., (2013)
validate the presence of environmental Kuznets curve and bidirectional causality between growth and
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carbon dioxide emission; H.-T. Pao and Tsai (2010) verify strong bidirectional causality between energy
and carbon dioxide emission and growth and energy; Menyah and Wolde-Rufael (2010) find unidirectional
causality from carbon dioxide emission to growth. Iwata et al. (2010) support environmental Kuznets
curve hypothesis and indicate nuclear energy as key factor to reduce pollutant emission; Hamit-haggar
(2012) support environmental Kuznets curve as in short run there exist unidirectional causality which
lessens in long run; Ozcan (2013) find mix evidences for environmental Kuznets curve hypothesis; Saboori
and Sulaiman (2013) do not support environmental Kuznets curve hypothesis but indicate bidirectional
causality between growth and pollutant emission; Fodha and Zaghdoud (2010) includes sulphur dioxide
along with carbon dioxide and found inverted U shape relationship; Akbostanci, Türüt-Aşik, & Tunç
(2009) include particulate matter and sulfur dioxide and find no evidence for environmental Kuznets
curve hypothesis; Bloch et al. (2012) indicate bidirectional causality between coal consumption and
pollutant emission and Poumanyvong and Kaneko (2010) find the positive effect of urbanization on
pollutant emission for all income groups, providing the channels to future research front and development
with in this knowledge domain with the inclusion of variable proposed by these studies in different context
and time to rigorously explore the causal linkages to gauge future policies and research agendas.
National scale targets along with International cooperation is critical for climate mitigation,
implementing low carbon energy supply for transportation, industrial and domestic sectors (IPCC,
2014). It requires increased investment, innovation, sound policies and institutional reforms to implement
sustainable development goals (United Nations, 2017). This indicates that the relationship between energy,
and economic growth is need to be explored and includes climate change to gauge policy framework and
implementation. It can be seen in the timeline development of keywords and subject categories discussed
in the following.
Economic growth, price level, co-integration, error correction and income are the keywords co-occurred
significantly during 2000–2008, employment, oil, energy intensity, tourism and electricity consumption
remain influential during 2009–2014 whereas Panel data analysis, causality analysis, carbon dioxide
emission, urbanization, performance, financial development and environmental Kuznets curve are the
most co-occurred keywords in the research articles during recent times, confirming the intellectual
development and transformation of research channels. Diving in subject categories reveals economics,
business studies remain influential during 2000–2004, environmental sciences and ecological studies
remain significant during 2005–2010 and sustainability studies is recently in progress.
The above discussion reveals the interest of scholars with inclusion of different variables into simple
energy-growth study from bi-variant to multi-variant approaches by using precisely the same econometric
techniques (Ozturk (2010), and Payne (2010a). The researches in the light of findings and results of
bibliometric analysis indicate that green investment, cross border pollutants and effect of certain pollutant
except carbon are still not being studied in the knowledge domain (Stern (2001), Dinda (2004), and Omri
(2014)).
The domain has shown substantial development during the last decade which has attract many
researchers to form a multi-disciplinary approach, still strongly influenced by economists to detect the
interconnections of energy, economic growth and climate change, leading it towards a sustainable and
environmental friendly energy for growth rather exhausting the resources to adjust its consequences.
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