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Many challenges should be tackled in transitioning to a low-carbon energy system, motivating many researchers
to study these challenges. In this context, the present study aims to identify challenges through a systematic
literature review of studies published between 2006 and 2023 to propose a comprehensive framework of
challenges. To this end, the PICOC framework was applied to set the research scope properly; and an integrated
method called PSALSAR protocol was used to find, evaluate, and review publications published in Scopus and the
Web of Science. As a result, 123 articles were reviewed, and seventeen challenges were identified and classified
into five social, economic, environmental, technical, and institutional challenges. Results indicated that inter-

national agreements on climate change could boost the number of studies on the low-carbon energy transition.
Also, it is indicated that researchers applied qualitative methods more in earlier studies, and methods and topics
have become more profound over the years.

1. Introduction

The energy sector is the leading contributor to greenhouse gas (GHG)
emissions, making the low-carbon energy transition a global trend [1]
since GHG emissions affect global warming and climate change, the
most important issues globally. Transition to a low-carbon energy sys-
tem is a reaction to the dual challenges of sustainable development and
climate change, requiring rapid and radical socio-technical changes
[2-4]. For instance, according to the Paris agreement, a global 60%—
80% reduction in GHG emissions by 2050 needs the broad adoption of
low-carbon products and services, including hybrid, hydrogen fuel cells,
low-energy automobiles, and residential solar panels. Furthermore,
several agreements and agendas on global and local scales have been
adopted, including the Paris agreement and the 2030 agenda for sus-
tainable development, in which low (zero)-carbon energy is the primary
goal [5-7]. Therefore, many countries look for renewable and sustain-
able alternatives to current energy systems owing to the growing energy
demand, CO2 reduction, the dwindling reserves of fossil fuels, and
climate change [8,9].

Also, the Fifth Assessment Report (AR5) of the United Nations’
Intergovernmental Panel on Climate Change (IPCC) emphasizes the
need for nations to find alternatives to fossil fuels. The IPCC advises that
by 2050, at least 80% of the world’s energy supply should be renewable
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to avert some of climate change’s most catastrophic impacts [10].
However, despite the international confidence expressed in the Paris
agreement, energy policies have failed to deliver equitable and effective
carbon reductions at all levels since several challenges stemming from
economic, social, environmental, technical, political, and institutional
challenges. Therefore, to overcome these challenges and to keep global
warming far below 2°, international, national, and local authorities,
researchers, and communities must work on all fronts [11,12]. To this
end, many researchers have studied challenges to low carbon energy
transition over the years as academics worldwide play a critical role in
facilitating the energy transition [13,14].

For instance [15], have studied the energy transition in Canada and
concluded that public education is one of the crucial factors affecting the
energy transition; it boosts public awareness and engagement. Also,
Baran et al. (2020) have investigated the low-carbon energy transition
from a labor market perspective in coal-based countries, and they
concluded that even if all new jobs in green industries would be filled by
workers who used to work in coal-based sectors, there is still a gap in the
job market. Stavrakas [10] have also investigated the barriers to
low-carbon energy transition in Greece and the consequences of
adopting renewables. They concluded that Gross Domestic Product
(GDP) and labor productivity would temporarily decrease during the
energy transition; however, investments in Renewable Energies (REs)
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could affect the duration and intensity of the transition’s effects. Also,
Nochta and Skelcher (2020) conducted a comparative analysis across
the EU to investigate the role of the states in the low-carbon energy
transition; they concluded that budget constraints could affect the public
sector’s capacity to boost climate change adaptation and mitigation.

Moreover [16], has investigated environmental justice and conflicts
in wind energy as environmental challenges of the low-carbon energy
transition. The results indicated that land acquisition is one of the
distinguished aspects of the global land rush, changing land-use pat-
terns. Also, Seck et al. (2020) investigated the interactions between
supply limitations and low-carbon energy transition. They concluded
that demand-control measures should accompany the massive growth in
copper consumption, and copper recycling industries should not jeop-
ardize energy production. Also, Goldthau and Westphal (2019) have
investigated short-termism in petrostates as an institutional challenge.
They concluded that petrostates prefer short-term income even if it af-
fects their long-term income from oil production since short-termism is
crucial for their political positions. Also, Kuamoah (2020) has investi-
gated REs adoption in Ghana under the Sustainable development Goals
(SDGs). The results indicated that one of the barriers to low-carbon
energy transition is the lack of infrastructure, considered a technical
challenge, especially unstructured energy grids.

As there are many challenges to the low-carbon energy transition, it
would be challenging to follow climate change agreements and agendas
at the necessary pace. On top of that, The low-carbon energy transition is
a socio-technical transition that simultaneously requires dealing with
many challenges, barriers, and issues [17]. Therefore, there is a need for
a comprehensive framework in which challenges to the low-carbon
energy transition are presented in detail to assist decision-makers in
dealing with challenges by improving the required knowledge around
challenges and solutions founded by researchers over the years.
Furthermore, researchers need to know the current status quo of the
challenges to the low-carbon energy transition to move forward.
Therefore, the present study aims to conduct a systematic literature
review to assist academics and authorities in dealing with the
low-carbon energy transition. To this end, the Protocol, Search,
Appraisal, Synthesis, Analysis, and Report (PSALSAR) framework is
applied to review the literature from 2006 to 2023. Subsequently, the
framework of Population, Intervention, Comparison, Outcome, and
Context (PICOC) is employed to set the research scope. The main con-
tributions of the present study are presented in the following.

e To propose a comprehensive framework of challenges to the low-
carbon energy transition. A comprehensive framework helps iden-
tify and address the barriers and obstacles hindering the low-carbon
energy transition. By understanding and tackling these challenges,
policymakers and stakeholders can devise effective strategies to
accelerate the transition. Also, By understanding the specific chal-
lenges, researchers and technology developers can focus on devel-
oping solutions that directly address the critical issues faced during
the transition.

To review applied methods for dealing with the low-carbon energy
transition challenges. By reviewing the methods and strategies that
have been previously applied, policymakers and stakeholders can
learn from both successful and unsuccessful experiences. Also, The
energy transition is a complex and evolving process. Regularly
reviewing the methods helps in identifying areas that require
improvement and adjustment. This iterative process enables the
implementation of more effective solutions over time, ensuring the
transition stays on track and adapts to changing circumstances.

To illustrate the distributions of studies considering publication year
and journals. By plotting the distribution of studies based on publi-
cation year, researchers and policymakers can identify trends in the
number of publications over time. It helps in understanding the
growth of interest in the low-carbon energy transition, the rate of
research output, and whether there are any significant spikes or lulls
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in research activity. Also, Journals’ reputations and impact factors
can indicate the influence and visibility of the research published in
them. Analyzing the distribution of studies across journals can help
researchers understand the reach and impact of their work and
others in the field.
To provide a research agenda according to the future research di-
rections given by researchers. A research agenda aligned with their
identified future research directions helps prioritize addressing these
critical gaps, ensuring that research efforts are focused on areas of
maximum impact. Also, incorporating researchers’ insights makes
the research agenda more relevant and practical. It ensures that the
research questions and objectives align with real-world challenges
and needs, increasing the likelihood of producing actionable findings
and applicable solutions.

e To provide policy recommendations based on reviewed articles.
Policy recommendations grounded in reviewed articles provide
policymakers with evidence and data-driven insights. It helps ensure
that policy decisions are based on reliable information and research
findings rather than opinions or assumptions. The policy recom-
mendation is crucial in ensuring that policy decisions are well-
informed, evidence-based, and aligned with international goals. By
drawing on the knowledge in peer-reviewed literature, policymakers
can design effective, efficient, and sustainable policies to accelerate
the transition to a low-carbon energy future.

The remainder of the present study is as follows: section 2 presents
the integrated research method for identifying, refining, and selecting
publications within databases. Section 3 investigates the distribution of
the papers through tables and charts. A comprehensive model is pro-
posed and discussed in section 4. Section 5 provides conclusions, future
directions, and research limitations.

2. Research method

The SALSA, search, appraisal, synthesis, and analysis, a framework is
used to search and analyze the literature. The technique enables a
thorough literature review while minimizing the possibility of subjec-
tivity [18-20]. The SALSA technique is recognized in the scientific
literature as an effective instrument for finding, analyzing, and sys-
tematizing scientific and practical investigations. It also ensures the
work’s methodological accuracy and completeness [20]. Additionally,
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement assures the uniformity and thor-
oughness of research [21]. The PRISMA statement comprises a 27-item
checklist and a four-phase flow diagram, including identification,
screening, eligibility, and included papers [22-25]. However [26],
proposed a new approach by integrating PRISMA and SALSA, abbrevi-
ated as PSALSAR, which has six main steps: Protocol, Search, Appraisal,
Synthesis, Analysis, and Report. The present study employs an

Table 1

Methodology for systematic literature review.
Steps Tasks Approaches
Research Study scope: identifying the The PICOC

protocol challenges to the low-carbon

energy transition

Searching Searching for publications related Searching in Scopus and Web
to the research goals of Science (WOS) using

specific keywords

Appraisal Selecting eligible studies The PRISMA protocol

Synthesis Classification information The PRISMA: a 27-item
extracted from included articles checklist

Analysis Analyzing the classified The PRISMA: a 27-item
information and proposing a novel  checklist
framework of challenges

Report Summarizing the results of The PRISMA: a 27-item

analyses in the form of an article checklist
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integrated PSALSAR technique. Table 1 presents the methodology for
conducting a systematic literature search to identify low-carbon energy
transition challenges.

Step 1. Research protocol. It contributes to the literature evalua-
tion’s transparency, reproducibility, and systematic character and re-
duces subjectivity in the study undertaken. The critical objective at this
stage is to specify the scope of the present research. Research questions
may be developed, and the most relevant strategies for accomplishing
the study aim can be chosen. The PICOC framework is an effective tool
for defining the scope of research, which was employed in this study.
The framework establishes a rigid structure that enables an examination
of the research questions in terms of their constituent ideas, defining the
study’s purpose [20,27]. Table 2 summarizes the PICOC framework used
in the present study.
The main research questions are presented in the following.

1. What impediments and obstacles are encountered in implementing
the low-carbon energy transition?

2. What methodologies are employed to address the challenges to the
low-carbon energy transition?"

3. What are the main research gaps in the low-carbon energy transition
context?

Step 2. Searching. It entails developing and implementing a search
strategy. It is critical to select the appropriate database to ensure that the
literature obtained is of good quality and represents the majority of
papers accessible. To this end, all articles indexed on Scopus and Web of
Science have been found by the following research strings:

Scopus: TITLE-ABS-KEY (("low carbon energy transition") OR ("low
carbon transition") OR ("green energy transition") OR ("just energy
transition") OR ("renewables" AND "energy transition")) OR ("challenge"
AND "renewable” AND "energy transition"))

WOS: All=((low carbon energy transition) OR (low carbon transi-
tion) OR (just energy transition) OR (green energy transition) OR (re-
newables AND energy transition) OR (renewables AND energy
transition) OR (challenge AND renewable AND energy transition))

Step 3. Appraisal. The selected articles have been evaluated consid-
ering the present research aims; thus, only publications meeting the
search requirements are selected using the PRISMA protocol. The
following requirements apply to inclusion: firstly, search keywords
should be in the title, abstract, or keywords, and secondly, articles

Table 2
The PICOC framework for justifying the research scope.
Concept Definition Application
Population Studies on challenges to the Articles in which a novel
low-carbon energy transition methodology, conceptual
framework, etc., were applied to
cope with at least one of the
challenges to the low-carbon
energy transition
Intervention  The status quo of challengesto  Giving a complete picture of the
the low-carbon energy challenges to the low carbon
transition in the world energy transition and
methodologies to deal with them
Comparison Highlighting a specific Developing policies to deal with a
challenge, not a broad picture  particular challenge to the low-
carbon energy transition
Outcome Challenges and sub-challenges A comprehensive framework of
to the low-carbon energy challenges to the low carbon
transition energy transition, which includes
all social, environmental,
institutional, and environmental
aspects
Context Finding the various features Challenges, methodologies, future

included in the low carbon
energy transition studies

directions, gaps, and aims of
studies
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should be published in a scientific peer-reviewed journal. Also, the
following requirements apply to exclusion: editorial letters, chapter
books, review papers, academic theses, conference proceedings, dupli-
cated publications, and non-English language studies. Fig. 1 indicates
the research information flow.

Step 4. Synthesis. The extracted information has been classified into
general and specific categories. The publication year, journals, case
study location, and future directions were general information, while
research gaps, aims, results and methodologies addressed challenges,
and their type was specific information that addressed the research
questions. The identified challenges were classified into social, eco-
nomic, environmental, technical, and institutional.

Step 5. Analysis. This stage seeks answers to the core research ques-
tions and analyzes the categorized data concerning the research re-
quirements. The results of this stage are presented in section three.

Step 6. Report. This step entails the presentation of critical points
stemming from step 5. The PRISMA statement’s 27-item checklist pre-
sents the literature review outcomes.

3. The status quo of the low-carbon energy transition

Many journals and publishers have contributed to extending the low-
carbon energy transition. According to the results, “Energy Research &
Social Science” has contributed the most to the literature with 15 pub-
lished articles, followed by “Energy Policy” with 12 published articles.
The distribution of the journals based on the published article is shown
in Fig. 2.

Moreover, the distribution of articles based on the publication year
shows a growing interest in studying the low-carbon energy transition
after 2016; 24 articles were published in 2020, and most were published
yearly. Fig. 3 illustrates the distribution of papers based on publication
year.

2.1. Publications between 2006 and 2015

All articles published over a decade before the Paris agreement are
discussed in Table 3. The number of published articles addressing
challenges was not high before the Paris agreement. The studies pub-
lished over this period tried to find the relationship of the energy

Search in WOS and Scopus
using keywords between 2006 to 2023(N=1162)

l

Screening title, abtract and keywords, applying inclusion and exclusion
requirements. Excluded publications breakdown:
Not related (N=533); Dublicates(N=254); Conference articles(N=47); Chapters and
thesis(N=37); Editorial letters,non-EN, and review articles(N=40)

—>
A 4

Excluded=911

Reading full-text of 251 articles. Afterward, 141 articles were excluded as
they did not address a specific challenge. Also, 13 articles were included
through cross-references.

Included=13 ——»|——»  Excluded=141
v

Studies included for further analysis (N=123)

Included [ Eligibility ] [ Screening ] [Identiﬁcation ]

Fig. 1. Research information flow.
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Fig. 2. Distribution of journals based on published papers.
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Fig. 3. Distribution of papers based on publication year (cumulative).

transition with other concepts in the energy sector, such as energy
security.

2.2. Studies published in 2016
The Paris agreement was ratified in 2016, impacting the number of
studies in this field. Most of the studies employed qualitative methods as

they are more useful when there is no solid background on a specific
topic. Table 4 discusses the published articles in 2016.

2.3. Studies published in 2017

Studies in 2017 also employed more qualitative methods; however,
the footprint of quantitative and comparative methods could be seen in
this period. Also, European countries conducted more studies this year.
Table 5 presents the published articles in 2017.
2.4. Studies published in 2018

Many quantitative methods, such as the agent-based model, Monte

Carlo, regression analyses, and fuzzy methods, were employed in 2018.
However, some studies also applied qualitative methods, such as content
analysis. Table 6 presents the published articles in 2018.

2.5. Studies published in 2019

More complex methods were applied in 2019 to deal with various
research gaps related to the low-carbon energy transition; however,
researchers applied more quantitative methods than qualitative ones.
Table 7 presents the published articles in 2019.

2.6. Studies published in 2020

Many valid and complicated mathematical methods, such as the
multi-level perspective (MLP) or Computable general equilibrium, were
proposed and applied by starting a new decade. Also, Chinese re-
searchers contributed more compared to before. The highest number of
articles related to this field was published this year., Table 8 presents the
published articles in 2020.

2.7. Studies published in 2021

Comparative and content analyses were applied more in 2021, pri-
marily by Chinese researchers. Also, researchers studied more on just
energy transition, trying to focus more on the social consequences of the
low-carbon energy transition. Table 9 presents the published articles in
2021.

2.8. Recent studies published in 2022-23

The footprint of Covid-19 could be seen in recent studies, and
quantitative approaches were applied more, primarily by researchers
from China. The applied methods and topics are more profound than the
earlier studies. Table 10 presents published articles in recent years,
2022-2023.
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Table 3 Table 4
Publications between 2006 and 2015. Studies published in 2016.
Author  Methods Research gap Study aims Case Author  Methods Research gap Study aims Case study
(s) study (s) location
location [34] Qualitative The Transition To bring low UK
[28] PowerPlan Need to the implications of ~ China and Comparative Policies to carbon energy
model, Long- implement low-carbon energy  India Analysis sustainable transition theory
range Energy low-carbon transitions in energy have the  into
Alternatives energy China and India potential for conversation
Planning model technologies in democracy; with relational
(LEAP), and China and however, there and
Regional Energy India as they is not enough constructivist
Model (REM) are dependent debate. Science and
on fossil fuels Technology
[29] Social network Need to change To study the effect — Studies on
analysis (SNA) customer of social public
behavior to influencers on participation
approach low customer behavior [35] Qualitative Need to To compare the UK, Germany
carbon energy related to the low- Comparative investigate the emerging civic
transition carbon energy Analysis civic ownership energy sectors in
transition structures and two countries to
[30]1 Autoregressive Need to To analyze various  Japan interplay of find the enabling
moving average understand exogenous shocks’ financial role of financial
(ARMA) whether a low- impacts on institutions. institutions
carbon-energy electricity [36] Qualitative Need to To bridge three Mozambique
transition consumption Comparative investigate the insights, and South
could be Analysis relationship including socio- Africa
sustained after between low- technical
the Fukushima carbon energy transitions,
accident. transition and energy
[31] Qualitative Need to To investigate the UK the global geographies,
Comparative investigate the relationship geography of and the rising
Analysis low-carbon between energy power. powers as (re)
energy security, emerging
transition technology scale, development
challenges and donors
decarbonization in [37] Qualitative Need to To study the Kenya
the UK Comparative investigate the impact of neo-
[32] Qualitative Need to To investigate the UK Analysis, relationship liberalization
Comparative understand the ~ uncover Interviews between low- and low-carbon
Analysis, governance governance carbon energy energy
interviews strategies for challenges transition and transition
transition associated with political
the low-carbon structure.
energy transition [38] Scenario Need to To examine the China
[33] Linear Lack of studies ~ To evaluate the Nicaragua planning investigate the low-carbon
programming that assess decarbonization low-carbon energy
emerging strategies in energy transition
countries’ Nicaragua for transition development
progress 2014-2030 challenges. through various
toward low- scenarios in
carbon energy China
transition [39] Qualitative Need to analyze  To investigate Germany and
Comparative the effect of the low carbon UK
Analysis structural energy
3. Challenges to the low-carbon energy transition factors affecting  transition
low carbon policies in two
. . . . . ener countries
The present study classified challenges into five classifications and transgifmn. labeled as two
proposed a framework of challenges to the low-carbon energy transition. opposite forms
The five pillars of the proposed framework are explained below. After- of capitalism
ward, each identified challenge is explained in detail. [40] Qualitative Need tostudy ~ To investigate Norway
Comparative where urban how various
e Social pillar: challenges classified in this pillar directly affect people Analysis Z;vgr;rbon E::::::ezc:re
or are affected by them. For instance, public acceptance is a critical transitions are integrated to
challenge to the low-carbon energy transition, which is closely governed. boost urban low-
connected to public engagement; therefore, stakeholders, including carbon energy
. . . . transitions.
governments, should boost public acceptance by increasing public [41] Mathematical Need to To study the Algeria,
engagement. Also, public awareness affects any social transition, model and investigate the perceived risks’ Egypt,
including low-carbon energy transition. There is an interconnection scenario investment risk  impacts on Morocco, and
between public awareness and education, meaning improving public planning in low-carbon electricity prices  Tunisia
education could boost awareness. However, resistance to change is technologies. (fjri‘;n;ts:}?:];le
another barrier to any social transition due to the lack of awareness Cofcemrated

and engagement, which causes changes in consumer behavior. Also,
the low-carbon energy transition might affect the revenue of those

solar power

(continued on next page)
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Table 4 (continued)

Author  Methods Research gap Study aims Case study
(s) location
[42] Qualitative Need to To identify Sweden
Comparative investigate the practical
Analysis potential government
conflicts arguments in
between low- Sweden which
carbon energy could reduce the
transition and conflicts
long-term between low
environmental carbon
policies. transitions and
long
environmental
policies
concerning
EQOs
[2] Qualitative The lack of To show the China,
Comparative studies on the advantages of Germany,
Analysis and role of applying a more and the UK
literature institutions in comprehensive
review the low-carbon set of
energy institutional
transition. theories to the
low-carbon
energy
transition’
studies

stakeholders who profit from the current system. Moreover, job loss
and creativity are two essential side-effects of each social transition,
including the low-carbon energy transition. The created jobs in green
industries should adequately fill the gap caused by the low-carbon
energy transition in the labor market; otherwise, the transition
might face serious resistance due to the high numbers of high job
loss, especially in highly dependent industries to fossil fuels.
Furthermore, the low-carbon energy transition should guarantee
secure and affordable energy. Energy poverty is one of the global
challenges in the energy sector which should be addressed. A just
energy transition is a crucial solution to energy poverty, motivating
the present study to include energy justice in the proposed
framework.

Economic pillar: it comprises challenges to the low-carbon energy
transition affecting investment in the energy sector, creating
competitive advantages, and stimulating economic growth. For
instance, all stakeholders should consider investment risk in any
socio-technical transition, including low-carbon energy transition.
The low-carbon transition might temporarily decrease labor pro-
ductivity and GDP, but these effects’ time duration and intensity
depend on the investment amount. Low-carbon transition requires a
considerable investment since it requires severe shifts in current
technologies, standards, and customer behavior. As a result, gov-
ernments should provide incentives, such as subsidies, for investors
to increase their contributions. Although energy subsidies might
boost low-carbon energy development, they might be a barrier to the
low-carbon energy transition since governments still give consider-
able subsidies on fossil fuels to secure energy accessibility. Further-
more, energy transition costs should be addressed as severe
challenges to the low-carbon energy transition, including adaptation
and mitigation costs. Mitigation costs refer to spending for reducing
GHG emissions, and Adaptation costs refer to spending for building a
more resilient society to climate change.

Environmental pillar: it comprises challenges affecting climate
change, environmental pollution, natural resources consumption,
and land use. A severe challenge to the low-carbon energy transition
is resource consumption, such as sand consumption for building
green and energy-efficient buildings or lithium, selenium, gallium,
cadmium, tellurium, and germanium used in energy storage and

Energy Strategy Reviews 49 (2023) 101163

Table 5
Studies published in 2017.
Author  Methods Research gap Study aims Case study
(s) location
[43] Regression Lack of study To investigate Germany
analyses on phase-out Germany'’s
policies for the nuclear phase-out
low-carbon policy’s effect on
energy renewable power
transition. generation
technologies.
[44] Qualitative Need to To study the UK
Comparative elaborate on energy
Analysis the energy constitution in the
constitution UK and how it
concept. affects low-
carbon energy
transition.
[45] Survey Need to deal To propose anew UK
with the high theory to replace
cost of the neoclassical
investment in notions of
transition. investment and
capital market
[46] Comparative Need to To propose an -
analyses Democratize accurate picture
energy system of the impacts of
transitions. (in)justice on low
carbon energy
transition
[471 Qualitative Need To analyze three -
Comparative sustainable groups of low-
Analysis pathways carbon transition
toward low- methods
carbon energy
transition.
[48] Qualitative Need to Study how Nordic ~ Nordic
Comparative develop countries want countries
Analysis strategies for fossil-free energy
having fossil- systems by 2050
free energy and the
systems. challenges.
[49] Survey Need to To propose -
develop new approaches for
supportive developing
policies. comprehensive
policies
[50] Survey and To bridge the To study which Germany
interview gap between type of
techno- decarbonizing is
economic and preferable:
societal centralized or
disciplines and decentralized
theory and
practice in
energy futures
research.
[51] linear Need to study to investigate India,
programming how solar strategic Nigeria,
photovoltaic directions and Congo,
(PV) could their impact on Bangladesh,
boost energy global energy Ethiopia

access in an
eco-friendly
and affordable
manner.

sustainability
through solar PV

solar photovoltaic panels. On the other hand, landfills for waste
management and land use on a massive scale for building solar and
wind farms are critical challenges to the low-carbon energy transi-
tion. For instance, green grabbing is a new form of land acquisition in
which land and natural resources are dispossessed under sustainable
development goals. Also, recycling lithium-ion batteries would not
be a pollution-free activity; pyrometallurgy is a high-energy process
that generates GHG emissions and poisonous fumes, and its haz-
ardous waste must be landfilled.
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Table 6 Table 6 (continued)

Studies published in 2018. Author ~ Methods Research gap Study aims Case study
Author  Methods Research gap Study aims Case study (s) location
® location stochastic uncertainties in carbon transitions
[52] Qualitative Need to study To analyze low Denmark, general transitions in Greece

Comparative causal carbon energy Germany equilibrium
Analysis inferences and transition (DSGE) model,
community considering the Business
Perspectives justice concept Strategy
concerning Assessment
perceived Model (BSAM)
energy (in) [63] Qualitative Need to develop  To investigate China
justice. study: new political how renewable
[53] Content To study the gap  To propose a South individual and paradigms for industries should
analysis between energy  decision support Africa group interview  the low-carbon be promoted in
transition and system concerning energy China concerning
energy security energy security transition. the up-down
and energy approach.
transition [64] Qualitative Need to analyze  To study how UK-
[54] Theoretical Need to study To study Finland Comparative low carbon finance shapes the ~ Germany
approach the effect of alternative Analysis, transition based  justice energy
policies on low- pathways for Interviews on a justice transitions
carbon energy disruptive risks perspective outcomes and how
transitions stemming from energy policy
policies’ risk shapes these
concerning justice outcomes
variable [65] Linear Need to know To investigate Germany
renewable regression policy whether
electricity (VRE) model credibility is understanding of
[55] Comparative Need To investigate China formed policies’
analyses governmental how governmental credibility
support in the support could depends on the
low-carbon affect energy current policy mix
energy transition [66] Theoretical Need to study To propose a Cologne
transition approach the local and framework of
[56] the survey and Need to study To link energy Denmark governmental contributions to
interview the roles of citizenship to support in the the low-carbon
citizens and developments in transition transition
public Science and [67] "Price-gap" Need to remove To study the effect ~ China
engagement in Technology approach the subsidies to of removing fossil
the low-carbon Studies (STS) move toward fules’ subsidies on
energy low carbon energy transition
transition. energy
[57] Interviews The tourism To figure out the - transition
sector should tourism sector’s [68] Agent-based Need to To develop a China
reduce its COy understanding of model and evaluate the model for
emission the Monte Carlo investment risk assessing the
decarbonization impacts of
challenge investment on the
[581] Descriptive Need to To introduce India development of an
statistic consider energy energy justice energy system
justice in considering the [15] Qualitative Need to To examine the Canada
transition federal policies in Comparative investigate how features of
India Analysis low carbon transition
[59]1 Statistical Need to study To investigate low  Nordic energy experiments
Method Nordic carbon energy countries transition will
countries’ transitions in the unfold in
experiences in Nordic countries Canada
the low-carbon for four decades, [69] Linear Need to To propose a -
energy considering the programming transform from transition plan to
transition to get ~ Environmental current coal- shut down the
lessons. Kuznets Curve fueled systems current system
(EKC) to low-carbon and integrate REs
[60] Mathematical Need to study To evaluate the UK energy systems. into the grid.
model and the various applicability of [70] MESSAGE, Need to study To investigate -
scenario technologies marine energy Scenario the current future storage
planning applied in the compared to other planning uncertainty in implications and
decarbonized technologies in the future costs costs of hydrogen
energy system the UK of large-scale technology for
[61] The Need to study To study net EU variable low-carbon energy
employment the effect of the ~ employment renewable transitions
factor energy impacts from energy (VRE)
approach, CGE transition onthe  energy transition [71] Linear Need to study To propose a hub Romania-
models labor market in the EU programming transmission based on Turkey
[62] fuzzy cognitive Need to study to study the Greece investment as a transmission
map (FCM), the possible barriers to low critical element investment
dynamic in the low- strategy for
carbon energy countries in a
transition. region
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Table 7 Table 7 (continued)
Studies published in 2019. Author ~ Methods Research gap Study aims Case study
Author ~ Methods Research gap Study aims Case study (s) location
(s) location
energy
[72] Hypothetical Need to study To apply a UK transition
Extraction the effect of hypothetical model [84] Mathematical Need to study To propose a Spain
Method (HEM) the energy to address the model and building decision support
transition on neglected impacts scenario retrofitting as system to evaluate
the labor of the energy planning one of the the energy
market transition on the factors efficiency
labor market affecting low- measures’
[73]1 Semi- Need to To study the level Germany, carbon energy profitability
Structured investigate of injustice in four ~ France, the transition.
Interview energy justice European energy UK, and [85] Qualitative Lack of To link circular -
in transition transition Norway Comparative connection economy to low
[74] Mathematical Need to study To propose amodel ~ China Analysis between carbon energy
model the investment  to deal with circular transition through
uncertainty investment economy and non-energy use
uncertainty low carbon (NEU)
[75] "Price-gap" Need to To study the effect China energy
approach remove the of the metallurgical transition
subsidies to industry’s subsidies [86] LEAP-Linear Need to To propose a Botswana
move toward on energy programing analyze forecasting model
low carbon transition various to analyze the
energy transitions transition scenario
transition scenario
[76]1 NET-Power Need to To develop six China [87] Agent-Based Need to To integrate human -
model evaluate the scenarios for Model understand the behavior with
pathways of energy transition possible energy systems
energy considering the energy using an agent-
transition transition cost transition based model
[771 The survey, Need to Investigate the India pathways
Qualitative transform economic and [88] multi-level Need to study To analyze Res in Bulgaria
Comparative common lands  political procedure perspective the possibility Bulgaria over ten
Analysis into solar of transforming approach of transitions years
parks common lands (MLP) toward a
belonging to sustainable
agropastoralists future
into solar lands.
[78] Real Options Need to to conduct a Russia
Analysis identify the quantitative o Institutional pillar: It comprises challenges affecting decisions, pol-
challenges to fmﬂlySiS of ) icies, and strategies or is caused by them. Although socio-technical
Zt:l:;;v-carbon ltzvt?:;elz:gt;amers transitions require new supportive policies, anti-innovation policies
transition transition might hinder the low-carbon energy transition, similar to public
[791 Semi- Need to To study injustice Germany, resistance to change and investment risks. For instance, the wind
Structured investigate types in four France, the turbine industry requires domestic market demand and research and
Interview energy justice  European energy UK, and development support, or export-oriented manufacturing policies are
1 transition fransiion Norway vital for PV manufacturing. Al hort-term policies are barriers t
[80] TIMES Need to to study the role of  Canada al o anufacturing. SO’ short-te . policies are a € S‘ 0
Framework, evaluate the bioenergy in the the low-carbon energy transition. For instance, countries with
scenario various low-carbon energy enriched non-renewable resources tend to give more energy sub-
planning pathways to transition sidies to support their political parties; however, low fossil-fuel pri-
aCh;eve a low- ces impact the pace of the low-carbon energy transition.
carbon energy A o K
system Furthermore, reformation and transition are two faces of a coin; thus,
[81] MCDA Need to To review the Vietnam reformation is required for a successful low-carbon energy transition;
analyze the publications to find however, reformation might cause conflicts and, subsequently,
current status  criteria and apply resistance to changes. Constant conflicts throughout the policy
of low-carbon MCDA to rank . . . o
. development stages are possible, such as conflicts in determining
energy developed polices ) i ¢
transitions in tariffs, affecting investment returns.
Vietnam. e Technical pillar: It comprises challenges influencing infrastructures,
(521 Qualitative Need to To conceptualizea  India technology development, and technical standards. The technical
Comparative investigate the  framework for shift is inevitable in the low-carbon energy transition to affect the
Analysis paradox temporal energy lobal bud li h b .
between short-  justice global energy budget on climate change, sequester carbon emissions,
term policy and reduce or stabilize the global average temperature. As a result,
and low- sustainable energy systems are jointly approaching standards, tech-
carbon energy nology, and infrastructure. For instance, some Technical changes
transition. . . .
[83] EIRIN model Need fo To study the effect  — .that should be 1mp1.el?1ented are adoptmgilow-carbon technologles. to
remove the of removing fossil improve energy efficiency at the production level and energy saving

subsidies to
move toward
low carbon

fuels’ subsidies on
energy transition

on the demand side. However, a lack of Technical standards could
hinder the developing and adopting of new low-carbon technologies
at the desired pace, meeting local and global requirements according
to international agreements, such as the Paris agreement.
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Table 8 Table 8 (continued)
Studies published in 2020. Author ~ Methods Research gap Study aims Case study
Author  Methods Research gap Study aims Case study (s) location
© location [100] Global Change The To explore the USA,
[89]1 Qualitative To study the To compare UK, Assessment environmental, barriers between EU27,
Comparative effect of network  energy transition  Germany, Model (GCAM)  social, technical,  scientists and Canada,
Analysis- governance on networks in three ~ Bulgaria model, political, and stakeholders Japan
network low-carbon countries Scenario economic risks of ~ concerning
visualization transition and planning, low carbon climate change
transition survey, and energy transition alleviation
management interview must be aspects
(TM) investigated.
[901 Qualitative Need to To employ a China [11] Qualitative Need to have To draw a Spain
study: investigate the political Comparative pathways for pathway for
individual and political aspects framework to Analysis, low-carbon energy transitions
group of low-carbon investigate the interviews energy in Spain and
interview energy transition  unfolding transitions develop
transition politics guidelines for its
in new energy future
vehicle (NEV) [101] mixed-integer Need to optimize  to analyze the Italy
development linear the storage possibility of
[911 dynamic Need To study the China programming systems installing new
simulation quantitative energy strategy (MILP) model renewable energy
model, scenario  analysis to concerning the plants
planning provide a low-carbon [8] Survey Need to To analyze the Ghana
decision-support energy transition investigate the current situation
system for (2016-2030) potential of of the energy
policymaking. energy transition  sector in Ghana
[92] the multi-level Need to propose To apply two new  — [102] multinomial There is no To investigate the ~ EU28
perspective a theoretical and ~ methods for a logit model comprehensive European
(MLP) and practical detailed and more (MNL) evaluation of tendency for
agent-based framework for profound analysis citizens’ investment in the
modeling the low-carbon of low-carbon potential to co- low-carbon
(ABM) energy transition transitions finance energy transition
process [13] Case study Need to To study the Greece
[93] A mathematical ~ Need to find the To analyze and China understand how contribution of
model named best transition find the proposer low-carbon the helix
CRESOM pathway pathway for the energy transition  mechanism to the
low-carbon could be enabled  future electricity
energy transition through REs. system
[94] Interview and Need to To integrate China [103] scenario-based The climate to evaluate the North
survey investigate energy justice analysis change policies’ energy Africa
energy justice in into the energy impacts on North  transitions’
transition transition project Africa’s current sustainability in
in China energy system the North African
[95] Mathematical Need to cope To provide some China must be economies
models and with the targets pathways and simulated.
scenario of climate identify the [104] LEAP Need to study To propose a Chile
planning change challenges to low long-term forecasting model
mitigation carbon transition planning and and evaluate
[14] Qualitative Need disruptive To bridge UK and forecasting of various scenarios
Comparative innovation to disruptive Germany energy demand for the energy
Analysis, increase the innovations and and supply. sector in Chile
interviews speed of system-level [105] linear Need to To propose a -
transition transitions’ programming determine mathematical
concept Cooper’s impact model to evaluate
[96] Static and Need to study the  To study the - on the low- the copper
Dynamic Panel effect of public effect of public carbon energy availability due
investment investment in 17 transition. on 2050
countries
[971 Scenario The low-carbon To map the -
planning infrastructure projected 3.1. Social challenges
needs sand which  investments in
is a limited low-carbon In the following, social challenges are presented in detail, including
resource infrastructure R
[98] Computable Need to evaluate  To assess the Austria public acceptance and engagement, public education and awareness,
general the risk of the implementation behavior changes and resistance, energy justice, labor transition, and
equilibrium low-carbon risk of energy energy security.
(CGE) model transition tianls‘t“’d“ in the Public acceptance and engagement. The role of states in
:lzitraizlity sectors increasing engagement transition processes was not addressed
[99] Cluster analysis ~ Need tostudy the  to identify energy ~ UK adequately [138,139], and the critical role of public and democratic
approach social acceptance  visions toward engagement in low-carbon energy transition has been disregarded in
of the low- low carbon many studies [34,140]. Widespread public acceptance is vital to pro-
::;::irt‘i;?ergy energy transition mote an energy transition toward a low-carbon system [15,87]; also,

public engagement increases the reliability of low-carbon technologies
and, in general, the acceptability of low-carbon energy transition [13,
141]. Behavioral change is needed for public acceptance, stimulating
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Table 9
Studies published in 2021.
Author  Methods Research gap Study aims Case study
(s) location
[106] Survey and Need to deal To analyze Germany,
interviews with injustice consumers and Norway,
transition energy injustices  Great Britain
in three low-
carbon
transitions
[1] Comparative Need to To analyze the China
analyses consider justice  just low carbon
in transition transition in
authoritarian
countries
[107] Interviews Need to To link energy Vietnam
consider justice  justice, low
in transition carbon
transition, and
sustainable
development
[108] Comparative To link energy To provide a -
analyses transitions, general
low-carbon framework for
transitions, and the low-carbon
socio-technical energy
change transition
[109] Comparative To study To study the China
analyses whether low- natural gas
carbon energy consumption
transition could  impacts on
alleviate the China’s energy
energy poverty poverty
[110] semi- Need to To study the China
structured reconstruct impact of
interviews industries in industrial
the energy restructuring on
transition the labor market
[111] Interviews need to To study a failed ~ China
consider social solar project to
resistance and discover the
the social
government’s resistance’s role.
role in the
transition
[1] Infrastructure- Need to find an  to investigate China
Based affordable transition costs
Optimization pathway to with various
Approach transition low-carbon
targets
[112] Data Mining Need to To investigate USA
and Regression  evaluate the public sentiment
public concerning solar
acceptance energy
[113] Comparative Need to To investigate Portugal
analyses develop the share of
infrastructure solar energy in
in transition Portugal
[114] Interviews To understand To study the China
the effect of direct and flow-
direct on impacts of a
investment on direct-funding
the energy on low-carbon
transition transition in
shanghai
[115] Stock-Flow The financial To understand -
Consistent risk of energy the conditions
model transition under Green
Supporting
Factor (GSF)
and global
Carbon Tax (CT)
[116] Retrospective Need to have Ti studies the -
analysis specific challenges to the
strategies for energy
transition transition
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Table 9 (continued)

Author  Methods Research gap Study aims Case study
(s) location
[117] Content Need to To investigate Russia
Analysis consider the energy
Energy transition
security, doctrine in
equity, and Russia
sustainability
[118] Content Need to analyze  To investigate EU
analysis political the responses of
conflicts crucial actors to
surrounding climate-energy
low carbon consultations
energy concerning the
transition and EU emissions
climate change.  trading system
(ETS) and
renewable
energy directive
(RED)
[119] Survey and Land scarcity is  to identify the
MCDA one of the main ~ methods that Netherlands,
factors could contribute  Belgium,
affecting REs to mitigating Denmark,
land scarcity Germany,
Latvia, and
Sweden
[120] Mathematical Need to study To forecast the Poland
model the impacts of loss of labor
the energy caused by the
transition on low-carbon
the labor energy
market transition
[121] semi- To Study the To study the Saudi Arabia
structured role of law in energy
interviews the low-carbon transition law in
energy Saudi Arabia
transition from
environmental
and political
perspectives
[122] Comparative Need to To propose a Lithuania and
analyses- consider justice ~ framework to Greece
MCDM and poverty in evaluate energy
transition justice in
transition

active engagement in a decentralized energy system [142]. Further-
more, solar and wind energy may encounter societal acceptability
challenges [54,143,144]; however, energy planning might not begin
with increasing public engagement and participation [99,145]. Also,
public networks foster interaction and cross-sectoral cooperation among
diverse organizations, improving decision-making and increasing public
engagement [89,146].

Additionally, consumers’ roles in the current energy system must be
more reactive, adopting new low-carbon technologies by implementing
them into daily lives [62]. [147] mentioned that acceptance by the
community is a severe challenge associated with influencing political
goals. Moreover, public support and social acceptance are significantly
helpful in facilitating energy transition [92,148]. Also, Ryghaug et al.
(2018) Mentioned that the energy transition requires significant public
support, starting from public acceptance; however, public acceptance is
far beyond simple acceptance or rejection. Also, it is believed that public
support and acceptance of renewable energy may influence renewable
energy policies, promoting renewable energy deployment [112]. Social
acceptability issues will differ in socio-cultural settings. The low-carbon
transition includes social shifts in all circumstances required to achieve
an equitable transition [116].

Public education and awareness. Public education is critical for
energy transition as it increases public awareness. The energy transition
information must span spatial and temporal dimensions from small
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Table 10
Studies published in 2022-23.

Author  Methods Research gap Study aims Case study

(s) location

[123] Statistical Economy Investigating the =~ Worldwide
methods concerns might impact of

impact the economic

energy recovery after

transition. the Covid-19
pandemic on the
low-carbon
energy
transition.

[124] Multiple Identifying how Identifying an Worldwide
objective linear efficiently to optimal mix of
programs mitigate various types of

greenhouse gas low-carbon

emissions and energy

supply energy is transitions

required. between
developed and
emerging
countries

[125] Mathematical Identifying the Figure outing the  China
models drivers of the incentives for

low-carbon choosing green

energy or the low-

transition carbon energy
transition.

[126] Transcendental The role of To estimate North
logarithm technology must  factor outputand  African
production be considered energy countries
model more in substitution

adopting the among REs, oil,
low-carbon and gas.
energy
transition.

[127] DEA The impact of To assess China
environmental environmental
regulations on regulations using
renewable a novel
energy integrated
development method.
must be
analyzed.

[128] LEAP model, Climate change Developing a China

Case study needs to comprehensive
promote a low- planning
carbon energy method.
transition.

[129] DEMATEL Offshore wind Developing a India

farms have faced  multi-criteria
many challenges  method to
needed to be examine
analyzed. challenges to
adopting
offshore farms.

[130] System The low-carbon Developing a China
generalized energy novel
method of transition’s comprehensive
moments social, measure of

economic, and common
environmental prosperity.
consequences

must be

analyzed.

[131] Synthetic To figure out Analyzing the China
control method whether the low-  impact of coal-

carbon energy to-gas policy on
transition air pollution
impedes air

pollution.

[132] Qualitative Environmental Investigating the Brazil
method concerns must environmental

be considered in  policy

adopting the
low-carbon

dimensions of
the low-carbon
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Author  Methods Research gap Study aims Case study
(s) location
energy energy
transition. transition.
[133] Mathematical The low-carbon Providing some Worldwide
models energy policies for
transition might improving green
reduce energy innovation as it
intensity. is caused
intensity
reduction
[134] SEM To measure The willingness China
public support to pay of rural
for adopting the households is
low-carbon measured.
energy
transition
[135] Qualitative To consider the Exploring the -
method and change of systems through
literature business model which business
review innovation activities
interactions with  interact with
their wider social policy
environment. aims.
[136] Method of ASEAN countries analyzing the ASEAN
Moments use more non- impact of
Quantile renewables, sustainable
Regression making the energy
transition more technologies,
difficult. carbon finance,
population
growth, and
carbon taxes on
energy transition
[137] Mathematical Covid-19 To propose a China
models reduced the pace  road plan for
of energy moving toward a
transition. low-carbon
system after
Covid-19

geographic scales—individual companies and neighborhoods to cities
and states [15,129]. Sharing helpful information and knowledge
regarding low-carbon energy transition through public campaigns,
energy-related websites, and standards is necessary [29]. Moreover,
social movements can potentially boost policy development [149],
demonstrating how emerging interests may raise public awareness and
encourage decision-makers and companies to benefit from a low-carbon
strategy [30]. [81] mentioned that a lack of awareness regarding the
country’s energy status is a barrier to the low-carbon energy transition
reinforcing a need for public education. Also, a lack of shared awareness
about energy security due to fossil fuel availability has resulted in sus-
tainability [89]. [129] concluded that lack of awareness is an influential
challenge to adopting offshore wind farms.

Moreover, It is noted that weak public awareness and inadequate
training are barriers to adopting renewable energies [86,150]. Also,
social learning is more feasible in societies with open, transparent, and
participatory policymaking procedures and diverse professional and
social networks [2]. Besides, there is a dichotomy between stakeholders’
attitudes regarding decarbonization and the low-carbon energy transi-
tion, encouraging policymakers and leaders to increase awareness by
improving public education [57]. Also, Siciliano et al. (2021) mentioned
that improved education and training are needed for people impacted by
low-carbon technologies. As a result, knowledge sharing and increasing
awareness change behavior to achieve a low-carbon energy system
[151].

Behavior change and resistance. Low-carbon technologies can
enable the development of more responsive infrastructure to environ-
mental and social imperatives; however, they also threaten critical
revenue from affluent consumers that cross-subsidize electricity for low-
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income people [152]. In addition, widespread changes in consumers’
energy usage are required to achieve a low-carbon energy future, and
technical change is insufficient to achieve a low-carbon energy system.
Behavior changes mean adopting low-carbon activities, such as less
demand for household heating, reduced Vehicle Miles Traveled (VMT),
and adopting low-carbon modes of transportation [29]. The magnitude
of required change, the length of time, and the uncertainty associated
with energy are critical feathers of the low-carbon energy transition,
making low-carbon energy transition more difficult [15]. Nevertheless,
the fundamental changes from the low-carbon energy transition need
decades of policy development as social structures are gradually
reconstructed in a low-carbon manner [153].

Furthermore, Technological innovations, appropriate policies,
finance, and a systemic change in core behaviors, practices, and policies
should be considered to have a low-carbon energy transition [59]. For
example, transitioning from gasoline-powered to electric vehicles would
require a shift in technology and customer preferences [154]. However,
fossil fuels are necessary for human survival and economic prosperity.
This distinction is commonly missed in the debate between proponents
of the immediate need to alter human behavior and those seeking to
preserve and sustain present socioeconomic arrangements [47]. Also,
Holtz et al. (2018) confirmed that Regime change is needed for the
low-carbon energy transition, which is done through consumer
behavior, institutions, and infrastructure changes. On the other hand,
regime resistance to developing low-carbon energy systems means that
incumbent utilities might try to form a public debate around the nega-
tive impacts of low-carbon energy to halt or slow the low-carbon energy
transition [111].

Energy justice. It could be defined as a worldwide energy system in
which the advantages and disadvantages of energy services are distrib-
uted fairly among users [50,64]. Successful low-carbon transition re-
quires a standard set of views, values, skills, interests, relationships, and
resources grounded by knowing the need for sustainable routes [82,
155]. Failure to promote public engagement may result in less repre-
sentative and responsive policy decisions, generating societal tension
and hatred and increasing inequality and exclusion [79,156]. Moreover,
there are four types of justice, including procedural [52]- participation in
decision-making processes that promote equity; distributional [52]- the
balance of environmental advantages and disadvantages; recognition
[157,158]- the fair representation of persons who are not threatened
physically and are guaranteed full equality political rights; cosmopolitan-
All humans deserve just energy and are morally equal [159,160].
Furthermore, justice energy literature acknowledges “just energy tran-
sition,” which places social justice as central to energy transformations.
Its goal is to avoid the upcoming phase of energy transitions from
generating new social inequalities to exacerbating existing ones [1,122].

Decision-makers can directly consider energy justice while estab-
lishing new energy technologies. Increasing attention to procedural,
distributive, and recognition of energy justice details might help
"equalize" and "democratize" decarbonization measures [46,73,79]. [11]
mentioned that energy justice is a niche for innovative discourses to
advance alternative, participatory agendas and more democratic energy
systems and decision-making. Stakeholders have clarified justice stan-
dards as reconversion: promoting industrial redevelopment in afflicted
areas; participation: promoting greater engagement in the energy system;
compensation: healing harm was done to individuals, society, investors,
and nature; distribution: increasing the proximity of energy production to
the point of consumption; transparency: presuming more clear
decision-making procedures [37]; plurality: includes a diverse range of
performers, perspectives, and decision-making situations [37].

Labor transition. The transition from coal could happen through a
significant energy transition agreement signed by labor, unions, and
governments to facilitate such a transition. It will boost coal mines’
reformation and emphasize re-skilling employees to facilitate a just
transition to adopt socioeconomic factors [11]. However, although the
low-carbon energy transition may create several job openings in green
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industries, the overall effect on the labor force ultimately relies on the
likelihood of people leaving the non-green sector to find work else-
where. Optimistically, if all new green industry jobs were filled exclu-
sively by workers who quit neutral industries, the transition’s net
inflationary effect would be a combination of job creation in green in-
dustries, job loss in neutral industries, and job loss in non-green in-
dustries [120]. Furthermore, there are constraints on dynamic labor
markets since restrictions prohibit employees from transitioning from
the current energy system to a low-carbon energy system due to skill
shortages or mismatches, regional relocation challenges, and de-
mographic issues [85]. Also, Bai et al. (2021) concluded that low carbon
energy transition affects employment indirectly; therefore, labor tran-
sition needs more attention as perhaps the most significant societal
consequence.

By renewing the structural workforce toward low-carbon industries,
the impact on labor market regulations may help achieve the low-carbon
transition. In this perspective, it is crucial to investigate whether REs
technologies require more labor to deliver the same energy level as fossil
fuels when jobs in associated activities such as equipment production,
operation and maintenance (O&M), installation, and fuel supply are
included [61]. [72] concluded that changes energy system would
significantly impact labor demand across the economy. It is predicted
that significant linkages would exist between employment growth and
the requirement for various skill levels. Additionally, it is clear that
companywide skill demands - both direct and indirect impacts the
economy — can alter the labor market’ need, which has consequences for
labor market strategy in the low carbon transition. It should be noted
that labor unions have worked to affect the allocation of advantages and
disadvantages within energy systems by lobbying for and obtaining
equitable distribution, recognition, and involvement primarily within
current energy systems.

Energy security. A significant problem is ensuring countries move
towards energy transitions considering energy equity and security [58].
Energy security is defined as the effectiveness of the primary energy mix
from domestic and international sources and infrastructure depend-
ability. Also, energy equity is defined as the affordability and accessi-
bility of energy supply to all communities [161]. However,
sustainability and affordability are already included in energy security,
resilience, availability, and governance [162]. As a result [163], pro-
posed four “Rs” to recognize and deduce what comes within energy
security quickly, including reviewing available energy sources and sup-
pliers, energy services and infrastructure, secure energy supplies and
intensities; reducing energy demand through energy efficiency and
conservation; replacing vulnerable energy supplies through altering
infrastructure and diversification; restricting new demand to secured
sources.

According to the four “Rs,” achieving energy security with sustain-
ability and equity is challenging since it is needed to improve technol-
ogies, boost the local and global economy, and manage energy demand
and supply [161]. [117] divided energy security into two categories: the
security of supply and demand. Supply security ensures enough,
dependable energy supply at reasonable rates and without jeopardizing
critical national priorities and objectives. Demand security encompasses
consumer availability, pricing fairness, and energy flow security.

3.2. Economic challenges

Economic challenges are presented in detail in the following,
including incentives and investment risk, mitigation and adaptation
costs, and subsidies.

Incentives and investment risk. There is a significant imbalance
between the required funds to move toward low-carbon technologies
and the available funds [164,165]; thus, increasing funds is required to
fulfill climate change mitigation and adaptation requirements [60,64,
102]. However, disruptive innovations could reduce the cost of RE
technology adoption but could increase the maintenance cost of the



M. Kamali Saraji and D. Streimikiene

current energy grid [68,152]. Also, off-grid renewable technologies are
relatively cost-effective for delivering advanced energy sources to rural
households and may provide opportunities for improved development
[9]; however, significant investment is required [28,51,103]. On top of
that [62], concluded that developing REs technologies could tempo-
rarily decrease labor productivity and GDP; however, the duration and
intensity depend on the investments required for REs technologies.
Furthermore, more financial incentives are needed to motivate the civic
energy sector in market-based economies [35]. Also, authorities should
provide adequate incentives for low-carbon technologies to deal with
the policy resistance and to represent a steadfast commitment to
decarbonization [65].

Also, many challenges to low-carbon energy development remain
without international cooperation and private investment [32,81].
However, non-profit investors or individuals do not have enough in-
centives to participate in renewable energy; even their engagement in
renewable power is sometimes strongly discouraged [166]. For instance,
solar panels’ environmental tax owing to the incorporated carbon in the
manufacturing system, the low feed-in tariffs, and the meager energy
unit price established by the state are indirect or direct disincentives
[76,89]. Also, governments should provide commercial incentives for
investors to reduce investment risk since it is required for governments
to demonstrate their contributions to low-carbon energy development
when it comes to public money investment [37,84,115]. Furthermore, it
is universally acknowledged that, first, the majority of these investment
projects must be financed by private funds [8], and second, conservative
mitigation initiatives must be implemented to achieve such a massive
increase in private investment, which implies a consistent shift in pri-
vate investment from current energy system to a low-carbon system [45,
96].

Mitigation and adaptation costs. The term "mitigation costs" refers
to the policy expenses associated with meeting climate goals. Thus, it is
critical to define a realistic and cost-effective low-carbon energy tran-
sition to prevent the most severe effects of global warming [100,167,
168]. Also, budget constraints and infrastructure privatization have
adversely affected states’ capacity to drive climate change mitigation
and adaptation efforts [89]. Also, improving performance and cost re-
ductions across technologies and their implementation in diverse con-
texts is complicated and widely covered in Technological innovation
and socio-technical transition [147]. Furthermore [91], mentioned that
the energy transition costs include operation, construction, various fuel
types, maintenance, and the social cost of carbon emissions. Also, there
is a critical need for new generations of biofuels to mitigate climate
change; however, the higher cost of advanced biofuels may result in high
mitigation costs for society [80].

The low-carbon transition will entail enormous energy system tran-
sition costs due to the complexity of energy systems characterized by
novel technologies, carriers, spatial-temporal elements, and particularly
high-investment infrastructure [93]. As a result, infrastructure invest-
ment is crucial because of large-scale renewable energy development.
Also, phasing out fossil energy might result in system transition costs
[55]. Therefore, Cost reduction is desirable but difficult since there is no
one way to achieve a low-carbon energy system transition. Each way
includes vast transition policies associated with different timing and
speed, which would affect transition costs, despite all ways having the
same goal [62].

Subsidies. Subsidies for fossil fuels have a significant environmental
impact, stimulating renewables adoption, labor transition, and the low
carbon transition [67]. Cutting down subsidies to minimize energy
consumption and greenhouse gas emissions is needed. It is widely
believed that fossil fuel subsidies encourage excessive energy use;
eliminating them would reduce energy-related CO, emissions [95].
Also, Shem et al. (2019) mentioned that one of the impediments to
renewable energy growth is the low price of coal and subsidies, which
create an uncompetitive sector for more sustainable alternatives. How-
ever, it is possible to support the low-carbon energy transition through
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governmental support and subsidies; therefore, subsidies and tax credits
effectively balance various enterprises’ viability and market costs [92].
Furthermore, fossil-fuel costs are believed to be unpredictable and likely
to continue rising, eventually making sustainable low-carbon energy
more appealing. Thus, reducing subsidies would decrease the demand
for fossil fuels, making low-carbon energy more feasible [28]. Addi-
tionally, the government must continue to reform the energy market and
avert a resurgence of fossil fuel energy subsidies for energy products
[83].

3.3. Environmental challenges

In the following, environmental challenges are presented in detail,
including land acquisition, waste and pollution, and natural resource
consumption.

Land acquisition. Land acquisition on a large scale is needed for the
renewable energy transition, a distinguishing aspect of the current
global land rush [16]. Ultra-mega solar parks require thousands of acres
[169]. Despite these substantial financial investments, suitable lands are
rare since they must have the appropriate size, be available, and be
located in areas with solid energy demand [77]. Only
government-controlled lands, such as 'wastelands’ or 'marginal’ lands,
could meet the mentioned requirements. Land grabs are critical to the
global land rush toward a low-carbon transition [170]. Land grabbing is
a term that refers to the practice of enclosing enormous areas of land
[171]. Moreover, “green grabbing” is another form of land grabbing in
which land and natural resources are dispossessed under sustainable
development [172]. Furthermore, for instance, solar PV power plant
development has altered land-use patterns resulting in new land-use
disputes [62]. Citizens may assert that the plant’s visual effect
breached their right to the landscapes, receive compensation for the
inflationary pressure of property close to the site, and request that their
land be reclassified under the plant’s land [113].

Moreover, protecting high-biodiversity regions or places in danger of
losing carbon pools may necessitate land-use restrictions, sometimes
with economic compensation for landowners who forfeit revenue op-
portunities [42]. Also, it is predicted that the European Commission’s
plan for a low-carbon economy by 2050 emphasizes the importance of
developing biofuels technologies to combat climate change, thereby
bringing up other sustainability concerns associated with biofuels in
general, such as biodiversity water management and land-use change
[80,117]. [119] stated that land scarcity is a barrier to progress toward a
low-carbon economy associated with the relatively high rising compe-
tition between land-use priorities, especially in the EU, such as the
Netherlands.

Waste and pollution. The main challenge in waste and pollution
management is nuclear energy waste—public concerns about radioac-
tive waste [31]. Also, biofuels and biomass, considered alternatives to
fossil fuels, could emit polluting substances, including carbon monoxide,
through photosynthesis. On the other hand, the plants that provide
biomass could collect the same quantity of CO2 produced by fossil fuels
[42]. Also, there is a growing market for lithium-ion batteries (LIBs) for
electric vehicles and auxiliary energy storage devices to support
renewable sources. Recycling LIBs would not be a pollution-free activity.
Also, pyrometallurgy is a high-energy process that generates GHG
emissions and poisonous fumes or hazardous waste that must be land-
filled [173]. However, one of the most severe risks linked with land-
filling and unlawful processing is the formation of leachate: this
substance is created due to numerous biological and chemical deterio-
ration processes, as well as rain seeping through garbage [174].

Natural resource consumption. Mineral resource reliance is an
illustrative example of the world’s energy transition difficulties.
Research has shown a shortage of diversity in raw material resources,
such as copper, cobalt, and lithium.

[105] mentioned that global copper demand growth is projected to
strain available copper production capacity further. In this respect, the
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massive growth in copper usage should be accompanied by copper
recycling. Also, it is believed that significant hazards arise primarily due
to the growing importance of storage, which results in an increase in
demand for natural resources, resulting in unavoidable environmental
effects, such as mountainous areas for hydro storage and lithium
extraction and sand for construction [97,98]. Also, dangers would arise
due to incorporating carbon capture and storage (CCS), and the influ-
ence of climate change may have an effect on the availability of
renewable energy [80]. In addition, long-term but low-cost supplies are
crucial for implementing biomass power plants, and insufficient biomass
resources constitute a barrier to low-carbon energy adoption [95].

3.4. Institutional challenges

In the following, institutional challenges are presented in detail,
including short-termism, anti-innovation, and conflicts and
reformations.

Short-termism. One of the barriers to low-carbon energy develop-
ment is short-term policies ratified by governments to survive politically
and economically [43,49]. For example, in petrostates like Iran, Kuwait,
and Iraq with high budgetary break-even points (BEP), ensuring
short-term revenue is critical for political positions [175]. Moreover
[89], mentioned that short-termism is a public policy formulation and
execution, restricting the alternatives for integrating short-term de-
cisions with long-term goals. In addition, government engagement in the
energy transition is most likely to address the long-term external cost of
energy usage rather than delivering a short-term private advantage [2].

Therefore, decision-makers must struggle with technical uncertainty
and short timelines incompatible with long-term system transformation.
In contrast, it progresses beyond incremental interventions to substan-
tial structural change within socio-political restrictions [147,176].
Furthermore, cooperation between governments and parties will be
critical to establishing a path to a low-carbon energy transition; thus,
long-term collaboration and partnership provide significant prospects
for accelerating technological and system innovation, scaling up
collaboration, and increasing financial availability [92,177].

Anti-innovation policies. Innovative policies are required to sup-
port the low-carbon energy transition to reconfigure the current status of
energy sectors [40]. Also, Chen and Kim (2019) mentioned that
anti-innovation policies could hamper innovations, similar to public
resistance and investment risks [104]. mentioned that appropriate
renewable energy policies under international support must be applied
to mining, transport, and industry sectors to decrease emissions
dramatically on the demand side. In addition, although carbon pricing is
usually regarded as the fundamental of sustainable climate mitigation
policies, there is also a necessity for innovative policies, such as sub-
sidies, regulations, and information supply, to boost innovation and
eliminate barriers to low-carbon paths [15]. Also, policies must incor-
porate measures that promote renewable energy technologies to facili-
tate the transition to a low-carbon economy [81]. In other words, the
government actions should be sustained over time, so all policies should
always be coordinated to meet low-carbon energy transition targets [55,
111,116,178] also confirmed that the central government entities play a
critical role for solar PV in China, and Bracco (2020) confirmed that new
policies are needed to support electricity storage systems (ESS) in the
North of Italy. Also, Werner and Lazaro (2023) concluded that imple-
menting climate and sustainable energy policies needs political will and
public support.

Conflicts and reformations. Transition governance is a multi-
faceted, multi-actor, multi-level, and multi-phase governing process
that enables systemic transitions of socio-technical systems toward
sustainability [118]. Therefore, gradual reformation is needed, espe-
cially in authoritarian countries, which generally maintain rules,
causing conflicts in transiting to low-carbon energy systems [90]. Con-
stant conflicts may be observed throughout the various stages of policy
development, such as the political conflict in determining tariffs, which
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directly affect investment returns [63]. Typically, states play a signifi-
cant role in transition governance, widely described in its democratic
form as the triangle of executive, legislative, and judiciary authority
[88]. The state’s tasks in the transition governance process include
regulating, coordinating, providing, introducing, managing, and safe-
guarding [179]. The constraints on preserving policy credibility are
underscored by explicitly outlining the degree of flexibility with which
regulations can be (re)designed [180], particularly when such changes
contradict institutionalized forecasts of future policy changes in key
aspects of the policy mix [65]. On top of that, public awareness, the
macro economy, and policy channels may be mutually reinforcing since
policy reforms may raise public awareness, influencing consumer de-
cisions [30].

3.5. Technical challenges

In the following, institutional challenges are presented in detail,
including a lack of technical standards and infrastructure.

Lack of technical standards. The low-carbon energy transition will
need the widespread adoption of novel technologies, regulations, and
policies, such as carbon pricing regimes and regulatory standards [15],
or sometimes even fewer regulations concerning renewable energy
development [81]. A comprehensive set of standards and regulations
pushes the energy supply to follow a predetermined path [92]. Also,
Gossling and Scott (2018) mentioned that many stakeholders had
confirmed a lack of standards hindering the low-carbon energy transi-
tion, and [117] concluded that the required regulatory frameworks are
underdeveloped, impeding the implementation of novel technologies in
the energy industry, including distributed electric energy, renewable
energy, and information technology. In addition, Failure to include all
potential influencing operations and toxic pollutants in decision-making
and legislation enables legal waste production [98]. Also, while envi-
ronmental guidelines are focused on gaseous emissions, it is theoreti-
cally conceivable for enterprises to change their processes to release
toxins in plenty of other sources, such as the air or groundwater [121].

Lack of infrastructure. System transition requires a fundamental
change in infrastructures, politics, and customer behavior [44,154]. For
example, transitioning from gasoline-powered automobiles to electric
vehicles would involve a shift in automotive innovation and technology
and an entirely new infrastructure equipped with electric charging
points [59]. Changing demand for renewable energy threatens the grid’s
stability and flexibility because an innovative energy infrastructure
seems to be a precondition for the energy transition, which entails
several implementation risks [98]. On top of that [89], concluded that
the privatization of infrastructure had reduced the capacity of states to
manage climate change mitigation and adaptation efforts; however,
short-term emissions reduction requires technical changes [71],
including new infrastructure; and social changes, such as overcoming
fragmentation to provide new infrastructure. Also, Kuamoah (2020),
another impediment to renewable energy penetration is a lack of
infrastructure, notably aging and undeveloped national grid networks;
however, decisions regarding which resources to focus on and where to
develop new infrastructure may result in unequal regional economic
development and energy poverty at the local and household level [36,
39]. Renewables need energy storage alternatives to match energy de-
mand reliably at various time scales [181].

As mentioned, seventeen challenges to the low-carbon energy tran-
sition have been identified in the present research, illustrated in Fig. 4.

4. Conclusions

The low-carbon energy transition is a socio-technical transition
requiring decision-makers and researchers to deal with many social,
economic, environmental, technical, and institutional challenges. To
this end, decision-makers and researchers should know the challenges
and how they should be tackled to accurately follow the timelines
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Social challenges

-Public acceptance and engagement

-Public education and awareness

-Behavior change and resistance

-Energy justice

-Labor transition

-Energy security

Economic challenges
-Incentives and investment risk
-Mitigation and adaptations costs
-Subsidies

Institutional challenges

-Short-termism

-Anti-innovation policies

-Conflicts and reformations

Environmental Challenges
-Land acquisition
-Waste and pollution

-Natural resources consumption

Technical challenges
-Lack of Technical standards
-Lack of infrastructure

Fig. 4. The framework of challenges to the low carbon energy transition.

presented in global agreements, such as the Paris agreement. Therefore,
the present study conducted a systematic literature review using an in-
tegrated methodology to review 123 publications out of over 1000
found articles on the low-carbon energy transition to propose a
comprehensive framework addressing social challenges, such as public
acceptance and engagement, public education and awareness, behavior
change and resistance, energy justice, labor transition, and energy se-
curity; economic challenges, such as incentives and investment risk,
mitigation and transition costs, and subsidies; environmental chal-
lenges, such as land acquisition, waste and pollution, and natural re-
sources consumption; and institutional challenges, such as short-
termism, anti-innovation policies, conflicts and reformations; technical
challenges, such as lack of technical standards, and lack of infrastruc-
ture. On top of that, many researchers have applied various qualitative
and quantitative methods over the years, motivating the present study to
provide information regarding applied methodologies, case study loca-
tions, and obtained results.

Furthermore, the publication rate on the low-carbon energy transi-
tion has grown dramatically since 2016; thus, it could be concluded that
the Paris agreement, one of the most influential agreements in climate
change mitigation, has significantly motivated researchers to study the
low-carbon energy transition increasingly. Also, it could be concluded
that transiting towards low-carbon energy systems is a complex and
inter-connected process in which scientific, political, social, etc. in-
teractions; thus, all influential factors should be considered in devel-
oping policies, agendas, or even conducting research; otherwise, the
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results would not be effective enough to reach the climate change mit-
igation’s goals. Results indicated that technologies that enable enhanced
or new services are critical in catalyzing a transformation, even if they
are initially prohibitively expensive. Governments are frequently absent
during such changes. The government’s engagement in the energy
transition is most likely, as it is costly and motivated by the necessity to
address the long-term external cost of energy usage to the public rather
than delivering a short-term private advantage. Markets alone will not
affect the necessary behavioral changes in the timeframe required. The
apparent lack of time left for the worldwide low-carbon transition also
separates it from previous regime changes and makes this transition
particularly difficult. As a result, governments must devote themselves
to transforming technologies and behaviors to improve energy produc-
tion technology because history demonstrates that improvements in
end-use technologies drive most energy transitions. Nevertheless,
changing end-user behavior to achieve the benefits of technology
innovation needs a significant institutional transition in most societies.

4.1. Research agenda

Furthermore, many research gaps in the low-carbon energy transi-
tion should be studied according to the future directions provided by
researchers over the years. The present study classified them into repli-
cation studies and new avenue studies. The new case studies group de-
votes to those studies in which a new framework or analyzing model was
applied to case studies; then, they also recommended that to reapply
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their study to another case study. The replication studies are presented
in the following.

Recommendations for applying multicriteria decision analysis

models under fuzzy sets:

o Nikas et al. (2018) recommended applying the integrated FCM-
DSGE-BSAM method to the energy mix and pricing strategy
affecting energy security; however, FCM could deal with both
quantitative and qualitative problems; thus, it is possible to
include social, environmental, institutional, and technical factors
to cognitive maps to make a comprehensive model of the current
status of the low-carbo energy transition; also possible to run the
model under various scenario to see the results under various
assumptions.

o Shem et al. (2019) recommended applying the MCDM method to
evaluate the policies’ efficiency by stakeholders; however, the
MCDM method could include a variety of factors related to all
identified challenges, not only institutional or pollical. Also,
MCDM methods usually are integrated with fuzzy logic to improve
their accuracy and applicability under various assumptions to deal
with vagueness and uncertainty in MCDM problems.

o Janssen et al. (2020) recommended integrating system modeling
with MCDM in dealing with land scarcity issues. Location selec-
tions are multi-criteria problems in which MCDM could identify
the best location to build solar or wind farms; however, the present
study recommends integrating MCDM methods with ArcGIS to
improve the obtained results from location selection.

o Bracco (2020) recommended finding the optimal location of the
storage systems and new renewable power plants. Finding the best
location could deal with land scarcity, and the present study rec-
ommends integrating MCDM and mapping methods to deal with
location selection problems.

Recommendations for applying assessment models:

o Pizarro-Irizar et al. (2020) recommended applying the GCAM
model in future studies to study more on GDP and cost impacts
caused by climate change. However, adding economic factors to
the GCAM model makes future studies novel; it is also possible to
add technical and institutional factors to this model to make the
obtained results more accurate.

o [104] recommended applying the LEAP model in various countries
or regions, not just Chile. As mentioned above, applying a model to
other countries could make future studies; however, integrating
the LEAP model with linear programming is recommended, such
as [86] study.

o [80] recommended applying to apply Life-Cycle Assessment (LCA)
to assess potential environmental effects stemming from the
development of next-generation biofuel; however, the present
study recommends integrating LCA with other assessment frame-
works, such as techno-economic analysis (TEA) and life-cycle
costing (LCC) to boost the accuracy and inclusiveness of the
future studies.

Chilvers and Longhurst (2016) suggested applying their proposed

framework under other collective engagement in system change, not

just public participation in the energy transition; however, the pre-
sent study recommends applying the [34] framework to other social
challenges identified in this study, making future studies more
comprehensive in which most of the social challenges are addressed.

Alomari and Heffron (2021) recommended repeating their research

in the middle east context, not only in Saudi Arabia; however, the

present study recommends applying quantitative methods to analyze
collected data, not just descriptive statistics.

Recommendations for applying mathematical and probabilistic

models:

[33] recommended applying the proposed linear programming to the

rest of Latin America, not just Nicaragua; thus, changing case studies’

locations could add novelty to future research, and also, it is possible
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to compare the results of the future studies with [33] study to figure
out how the proposed method works under different conditions and
assumptions.

o Rogge and Diitschke (2018) recommended applying the proposed
linear regression model to deal with the issues in other countries, not
just Germany, and applying more complex models to capture in-
terdependencies between elements. Linear regression has many ex-
tensions, such as marginal models, GEE models, generalized linear
models, generalized linear mixed models, and linear mixed models;
thus, applying other extensions of linear regression is also recom-
mended. Furthermore, Artificial Neural Networks (ANN) could be an
alternative method to regression analysis, making future studies
more accurate and novel.

o Chen et al. (2018) recommended improving the integrated agent-
based model by including uncertainties; however, the present
study recommends including all identified challenges to the agent-
based model to make the model comprehensive.

o Streimikiene et al. (2021) recommended applying fuzzy Monte Carlo
to address uncertainties. As mentioned, fuzzy logic could deal with
uncertainties; the present study recommends integrating novel fuzzy
extensions with Mont Carlo, such as Fermatean fuzzy sets, making
future studies novel.

o Bachner et al. (2020) recommended applying micro-scale and agent-
based models to address investment risks in transiting to low-carbon
energy; however, as mentioned, other challenges should be included
in the assessment and evaluation models to improve the accuracy
and reliability of the obtained results.

Furthermore, some researchers have recommended new avenues for
future research in the low-carbon energy transition. These studies
thoroughly recommend a new research idea, not recommending reap-
plying a method to other case studies or repeating a study in different
locations. New avenue studies are presented in the following.

e Recommendations for more studies on social challenges:

o Stock and Birkenholtz (2019) recommended more debates on
agrarian labor contributions in solar parks. Labor market transi-
tion is one of the social challenges; however, the present study
recommends considering all identified social challenges in future
studies.

o Axsen and Kurani (2012) recommended studying the effect of
interpersonal influence on adopting low-carbon products. Public
engagement affects the pace of the low-carbon energy transition;
however, other social challenges, especially public awareness,
should be considered as their interaction affects future studies’
results.

o Bellos (2018) recommended studying public engagement for
innovation and marine energy. All recommendations of [53] align
with the results of the present study as the proposed framework
included all these factors and more; thus, the present study rec-
ommends considering the proposed framework of challenges in
future studies.

o Zeyringer et al. (2018) recommended studying the impacts of
marine energy on job creation, regional development, and new
export opportunities. Marine energy is non-carbon energy and
affects the labor market; thus, the present study recommends
studying the impacts of marine energy on energy security and
energy poverty, as these social challenges affect regional devel-
opment and export opportunities.

o Hu (2020) recommended studying how households could adopt
new low-carbon technologies in rural areas. Adopting new low-
carbon technologies in rural areas could affect energy poverty;
thus, the transition could be more successful; however, technology
adoption requires increased public engagement and awareness;
thus, innovative policies might be developed to overcome the
challenges of new low-carbon technology adoption.
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Recommendations for more studies on economic challenges:

o Chen and Kim (2019) recommended empirical studies concerning
energy transition and circular economy collaboration. The circular
economy is a novel following seven principles, including rethink,
reuse, recycle, reduce, refurbish, repair, and recover. These seven
principles could boost the low-carbon energy transition, especially
in waste management.

o Hoggett (2014) recommended studying supply chains and low-
carbon technologies. Studying low-carbon supply chains could
be a novel topic for future research, and the present study rec-
ommends studying the circular supply chains in which seven
principles of circular economy enable supply chains to be low-
carbon.

o Hall et al. (2016) recommended investigating how bank-based vs.
market-based economies affect the links between capitalism and
energy policies. Studying low-carbon energy transition from
various perspectives improves the understanding of the current
status of the low-carbon energy transition; however, not from only
economic perspectives.

o Malakar et al. (2019) recommended studying the responsibilities
of developing countries toward a low-carbon energy transition
compared to advanced economies worldwide. The present study
recommends evaluating the performance of advanced counties in
dealing with the challenges of the low-carbon energy transition;
consequently, other countries could follow those countries to
improve their energy systems to reach low-carbon goals.

o Schinko and Komendantova (2016) recommended studying the
perceived risks’ impacts on investing in the low-carbon energy
transition. Investment risks are a critical economic challenge to the
low-carbon energy transition, affecting the pace of the transition.
The present study recommends investigating the relationship be-
tween public engagement and perceived risks and their effects on
investment.

Recommendations for more studies on environmental challenges:

o Seck et al. (2020) recommended studying water resource avail-
ability impacts on raw material demand and the energy transition.
Raw materials consumption is a severe challenge to the low-
carbon energy transition; thus, the present study recommends
studying the role of the circular economy in reducing the required
raw materials for transiting to a low-carbon energy system.

Recommendations for more studies on institutional challenges:

o Muinzer and Ellis (2017) recommended more political analyses to
elucidate energy transitions; however, the present study recom-
mends including all institutional factors affecting the low-carbon
energy transition, not only political analyses. Also, as challenges
are interconnected, analyzing the low-carbon energy transition as
a whole is recommended to see the factors’ interactions and their
impact on the obtained results.

o Urban and Nordensvard (2018) recommended studying historical
energy transitions in Nordic countries. Studying the background of
energy transition might provide some new ideas or solutions to the
challenges of the low-carbon energy transition; however, more
practical studies in which a specific challenge would be studied are
also recommended.

o Hall et al. (2018) recommended investigating how future energy
policies boost energy justice; However, energy justice is critical to
transiting toward a low-carbon energy system. Other significant
social challenges, especially energy security, should be considered
in policy-making.

o Power et al. (2016) recommended developing the conceptual
framework considering the relationship between socio-technical
transitions and political economy. However, political and eco-
nomic issues are not the only challenges that need to be considered
in studying the low-carbon energy transition; thus, the conceptual
framework should include all challenges to the low-carbon energy
transition.
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o [84] studied the political challenges of building retrofitting.
Although adopting new low-carbon technologies to the old
building might face political issues, retrofitting might pose many
social challenges as it directly affects people.

o Monasterolo and Raberto (2019) recommended policy-relevant
studies on phasing out fossil fuel subsidies. Studying subsidies’
contribution to the low-carbon energy transition could be inter-
esting for future research; however, studying the impacts of only
one challenge might affect the obtained results, as many other
challenges are connected to subsidies and policy-relevant studies.

o Huang (2021) recommended doing comprehensive research
regarding the governance of urban energy transitions. Studying
the low-carbon energy transition in urban and rural areas could
identify the specific challenges to low-carbon technologies adop-
tion in these areas. However, the present study recommends
measuring the performance of countries in dealing with identified
challenges in rural and urban areas to figure out the most critical
challenges in these areas in a country.

Recommendations for more studies on technical challenges:

o Baker and Phillips (2019) recommended studying the rapid evo-
lution of disruptive technologies changing electricity governance
structures. Disruptive innovation could change the pace and the
path of the low-carbon energy transition; however, disruptive
innovation requires developing many policies to support innova-
tive technologies.

4.2. Policy recommendations

How individuals and organizations perceive uncertainties and risks
could affect climate policy design. Valuation methods from the so-
cial, environmental, economic, technical, and institutional analysis
could assist decision-making under uncertainties. Also, mitigation
and adaptation could reduce perceived risks, as are complementary
strategies.

Substantial GHG emissions reductions over the next decades could
reduce climate risks, costs, and challenges to the low(non)-carbon
energy transition in the longer term, building pathways to sustain-
able development. However, significant changes in investment pat-
terns are required for substantial reductions, and both public and
private sectors could have an essential role in financing the low-
carbon energy transition.

There are substantial interactive effects across different energy pol-
icy goals, such as just energy, energy security, energy access, and
energy availability, and between other technical, social, institu-
tional, and environmental goals. Cost-effectiveness, multi-criteria,
and cost-benefit analysis could assist integrated methods for energy
policy developments.

Public education is a social challenge increasing public engagement
and reducing public resistance to change. Thus, supportive and clear
policies should be developed, especially in the transportation system,
considered a carbon emissions resource. For instance, all sectors
should provoke employees to utilize low-carbon modes of trans-
portation, such as electric vehicles (EVs), and provide EV charging
stations for visitors and employees. Also, a government-verified
transportation program should be developed to address carbon
emissions reduction.

Economic instruments like subsidies could be employed across
various sectors, including different policy designs, such as tax ex-
emptions, rebates, loans, grants, and credit lines. On the other hand,
decreasing subsidies for GHG-related sectors could result in emission
reductions, depending on the economic and social context. However,
sector-specific policies might work better than economy-wide pol-
icies as they could address sector-specific challenges.
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