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Abstract: This article analyzes Green Jobs (GJs) in the energy sector. GJs are naturally created in
the processes related to the implementation of the Sustainable Development Goals (SDGs); this is
especially visible in the 7th and 8th SDGs. There is currently a green transition from fossil fuels to
renewable energy sources in the energy sector, and this mainly technological change also influences
GJ creation. Despite this, there is a research gap related to green self-employment and GJ definitions.
The goal of this paper is to explore the scientific literature collected from the Scopus database using a
qualitative approach to present areas and keywords related to GJs in the energy sector. The adopted
method is a Structured Literature Review (SLR), with the original query Q1. The retrieved data
results of the SLR method were analyzed in the form of bibliometric maps of co-occurring keywords
generated by the VOSviewer software, together with tables showing clusters of keyword features. As
a result, the pivotal keywords and their clusters were identified. In this study, the most important
scientific areas of GJ research in the energy sector were also indicated. This paper presents the current
state of knowledge and the evolution of the subject of GJs in the energy sector, which can be useful
for both researchers and practitioners. In the last section of this paper, possible new directions of
future studies on the subject of GJ creation in the energy sector are identified. The limitations of this
research and its practical implications are also addressed.

Keywords: green economy; green jobs; green self-employment; green transition; energy sector;
sustainable development

1. Introduction

The energy sector [1] occupies a strategic role in the functioning of modern economies [2,3].
Access to energy resources and the quality and reliability of the energy system [4,5] are
important [6,7], not only for the possibility of the development of individual sectors of the
economy [8,9] but also for how it affects the quality of life of individuals or households [10,11].
Thus, it can even be pointed out that the energy sector [12] is ‘the lifeblood’ of economic
development [13,14]. There are numerous ongoing scientific debates related to the further
development of the energy sector [15,16], including such topics as the adopted development
strategies [4,12,17], the supply chain in the energy sector [18,19], the types of resources [20,21]
used in the process of electricity production [1,22], or the investments undertaken aimed at
broadly understood energy security [20,23,24] and prevention of so-called ‘blackouts’ [25,26].
At the same time, these studies note that it is increasingly necessary to transform the energy
sector [27,28]. Despite numerous research subjects being undertaken in scientific publications,
the creation of Green Jobs (GJs), green self-employment, or prosumer market development in
this economic sector are less discussed topics [29,30].

Minimizing [31,32] and ultimately eliminating [5,33] non-renewable energy sources in
favor of renewable energy sources in the operation of individual economies is becoming
the goal of an increasing number of countries [34,35], or their communities, as exemplified
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by the European Union [31–33,36]. Researchers of the subject point out that this type
of transformation of the energy sector can be called a green transformation [37–39], as
it contributes to the decarbonization of the economy [40], and thus brings it closer to
sustainable development in socio-economic life. Decarbonization of the energy sector
is a rather complex process [41,42] that poses a challenge to all socio-economic players:
policymakers [43,44], consumers [45,46], and businesses [47,48]. One important challenge
is that during the transformation of the energy sector, the aim is to minimize, or eliminate,
the possible negative consequences of this process of changes for both households [49]
and businesses [50]. Hence, the process should not be carried out on an ad hoc basis, and
appropriate strategies should be developed and implemented in the energy sector [12,51].
The framework for just such policy was created by the United Nations in the form of the
SDGs, which were created in an intertwined and complemented form; however, the 7th
and 8th SDGs are the ones most related to the subject of GJs in the energy sector. The 7th
SDGs aims to “ensure access to affordable, reliable, sustainable and modern energy for
all” [52], while 8th SDGs aims to “promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all” [53,54]. Each of the
SDGs has its agenda, targets, and practical pieces of advice to support global efforts toward
sustainability, and they inspire researchers to study GJs in the energy sector.

Among the positive effects of the green transformation of the energy sector, some
of the researchers draw attention to the creation of so-called GJs [29,55,56]. In light of
the increasing number of scientific considerations, a single, universally valid definition
of GJs has still not been agreed upon. In addition, one can see the use on the part of
researchers of various forms of nomenclature for GJs [29,57], e.g., green collars [58], green
employment [59,60], and environmental jobs [61], which poses an additional challenge on
the part of researchers of the subject who wish to explore the issue of such specific jobs.

The European Commission defines GJs as covering all jobs that depend on the en-
vironment or are created, substituted, or redefined (in terms of skill sets, work methods,
profiles greened, etc.) in the transition process toward a green economy [62]. In turn, UNEP
studies define GJs as “work in agricultural, manufacturing, research and development,
administrative, and service activities that contribute substantially to preserving or restor-
ing environmental quality” [63,64]. The multiplicity of research approaches and created
definitions of GJs [65,66] makes it significantly difficult, and in many cases impossible, to
compare the results of quantitative studies conducted by different researchers. However,
these analyses can be compared with each other in qualitative research in the context of
selected sectors of the economy. On a sectoral basis, it is important to note the scientific dis-
course undertaken in the context of green job creation in the energy sector [67–69]. Hence,
the purpose of the research undertaken and described in this article was to analyze the
scientific literature collected in the Scopus database from the point of view of an area-based
discussion of the issue of GJs in the energy sector. The considerations undertaken in this
study are additionally aimed at indicating future directions of research on the issue of GJs
in the energy sector [70]. The research gap identified in this study proves that GJs’ relation
to self-employment issues is currently insufficiently addressed or even ignored in research,
and may lead to unintended cognitive errors and inclinations. Thus, the authors aim,
through this study, to contribute to the scientific discourse on the issue of the emergence
and importance of GJs in the energy sector. The goal of this paper is to explore the scientific
literature collected in the Scopus database with a qualitative approach to present areas
and keywords [12] related to GJs in the energy sector and how to address any indicated
research gaps in the future

Following the logic adopted by the authors for the presentation of the undertaken
problem of GJs [29,71] in the energy sector, the article is divided into five interrelated
sections [1]. After presenting in the first section the research problem undertaken, which
was described based on a review of the literature on the subject [29,72], the second section
presents the methodology of the research undertaken. The third section focuses on the
description of the research results obtained. The fourth section presents a discussion, which
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is followed by the conclusions in the last section. Additionally, the paper presents the
future research directions on the issue of GJs in the energy sector.

2. Materials and Methods

The research presented in this scientific paper was projected in the six stages presented
in Figure 1. The first stage was problem formulation based on the literature review. The sci-
entific database explored in this study was the Scopus collection. The Scopus database was
selected (Figure 1, stage II) due to its comprehensiveness of content; it is widely considered
a reliable source of knowledge among scientists [73]. Scopus-based bibliometric research
in the energy sector has been carried out by many researchers [74–76]. The argument in
favor of choosing the Scopus database is the restrictiveness of the content indexed in this
scientific database based on Scopus’s strict quality and ethics selection criteria [77]. The
choice of a scientific database determines the results obtained, as highlighted by other
researchers [78–80]. The research procedure is presented in Figure 1 in detail. This proce-
dure reflects the SLR variation method [1,81] to analyze GJs in the energy sector [1,29] and
present areas and keywords related to GJs in the energy sector (Figure 1, stage III).

Figure 1. Research procedure stages and timeline. Source: Authors’ elaboration.

In this study, there are multiple selected search criteria established in the Scopus
database online review, as presented in Table 1 and Figure 1, stage IV. Similarly to the
many studies based on bibliometric analysis [76,82], in this research an initial pre-selection
of publications was performed based on the content of abstracts [44,74,83]. This initial
pre-selection ensured that all 137 analyzed publications were relevant to the topic of GJs in
the energy sector [82,84].
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Table 1. Search Criteria for the IV stage of the performed research.

Criteria Details

Database Scopus

Search area Article title *, Abstract, Keywords

Topics Green jobs and their alternative names or synonyms

Time span 1995–2022

Subject area Energy (137)

Document type Articles (90), Conference papers (17), Books (3), Book Chapters (6), Reviews
(13), Notes (3), Short surveys (3), Editorials (1), Letter (1)

Language Any language; English (136) and Polish (1)

Publication stage Final (137)
* Each publication title is indexed in the Scopus database. Source: Authors’ elaboration.

There are other fields on the online website that were not applied in the research pro-
cedure. In Table 1, the occurrences are indicated in parentheses, after each of the document
types from the Scopus collection. Next to the energy subject area, the same publications
are also indexed in the other scientific fields presented in Scopus (environmental science;
social sciences; engineering; computer science; business, management, and accounting;
mathematics; earth and planetary sciences; agricultural and biological sciences; medicine;
chemical engineering). This interrelation of subjects proves the interdisciplinarity of GJs in
the energy sector.

In Table 1, there are multiple document types, not only articles. The Scopus collection
consists [1,29] of peer-reviewed articles, conference proceedings, book chapters, etc. In
this collection, there were 137 publications indexed, distinguished, and analyzed based
on Query 1 syntax (symbol Q1 in Table 2). In this study, the Q1 syntax was proposed on
the basis of previous research results, which used the synonyms and alternative names of
GJs [29,66]. The period (1995–2022) indicated in Table 1 is a result of database exploration
with Q1, which presented the first publication in 1995, and 2022 is the last year of the final
publication stage indexed in Scopus. The download of the Q1 results was performed on
18 January 2023 due to the indexation period and to ensure the completeness of the dataset
(Figure 1, stage IV).

Table 2. Search Query syntax details. Each publication title is indexed in the Scopus database.
Asterisk is a Boolean operator in this query.

Symbol Query Syntax No. Results
(18 January 2023)

Q1

TITLE-ABS-KEY (({green job} OR {green jobs} OR {*green
job*} OR {green-jobs} OR {‘green’ job} OR {‘green’ jobs} OR
{‘green job’} OR {‘green jobs’}) OR ({green collar} {green
collars} OR {*green collar*} OR {green-collar} OR
{‘green-collar’} OR {‘green collar’} OR {green employment}
OR {*green employment*} OR {green employments}) OR
({environmental job} OR {environmental jobs} OR
{*environmental job*} OR {‘environmental job’} OR
{environm* employment) OR ({sustainab* job} OR
{sustainab* employment} OR {environm* employment}))
AND (LIMIT-TO (SUBJAREA, “ENER”))

137

Source: Authors’ elaboration.

The syntax of Q1 in Table 2 is dedicated to searching the Scopus database collection
results among titles of indexed publications, their abstracts, and keywords. This is indicated
by the very first part of Q1, TITLE-ABS-KEY, before the parentheses opening. Inside
Q1 there are alternative names and variants of the GJs placed in the braces (Table 2).
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Additionally, next to the searched keywords are the specific and unspecific operators used.
The specific operators are denoted by single quotation marks, while the unspecific operators
are denoted by asterisk symbols. The used operators in the Q1 syntax are OR and AND
operators, used as conjunctions to combine or exclude keywords in a search, resulting in
more focused and productive results [77,85]. In Q1, a limitation to the energy subject area
is indicated, placed in separate parentheses (LIMIT-TO (SUBJAREA, “ENER”)).

The results obtained from Q1 were downloaded as a file in .csv format and, during the
export procedure [1], all fields on the publication were selected [29]. Further analyses were
carried out on the collected data in the VOSviewer software, and the results are presented
in graphical forms as bibliometric maps. The VOSviewer (version 1.6.18; Centre for Science
and Technology Studies, Leiden University: Leiden, The Netherlands) was used to explore
the data obtained in the Q1. The generated maps were visualizations of the network,
overlay, and density of items and clusters, respectively. VOSviewer is a software tool for
creating maps on network data for visualizing and exploring these maps [86,87]. To ensure
the reproducibility of this research, the official VOSviewer manual version 1.6.18 [88] was
used as a guide for the preparation and description of the result.

VOSviewer presents results in the form of networks. A network is a set of items and
links between keywords (items) [86–88]. Items are grouped into clusters (subnetworks),
automatically presented in color. In VOSviewer, clusters are non-overlapping [89]. This
means that keywords can belong to only one cluster. In this study, clusters are labeled by
numbers and colors. The zoom and scroll functions of the VOSviewer software were used
to explore each generated map in full detail [87,90], and screenshots of this analysis are
also presented in the results section of this study. The default setting of the other variables
important for the graphical representation of the results, such as the scale, weights, or
scores, was used, and if there was a change of the single element it is described in detail,
together with the results.

This research has its limitations because the choice of the number of co-occurrences
determine the result obtained in its graphical presentation and bibliometric map clarity [1,91].
Therefore, a minimum number of five keyword co-occurrences was set for each bibliometric
map [29,88].

3. Results

In this research, there were 137 publications from the years 1995–2022 analyzed. There
were 98 cited publications that were at least cited once (Figure 2). This result was generated
on 18 January 2023, as presented in Table 2 and Figure 1, stages IV and V.

Figure 2. Cited publications on the background of the analyzed indexed in Scopus works. Source:
Authors’ elaboration.
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VOSviewer is a software tool for creating maps [87] based on the data presenting
the keyword or terms indexed in the Scopus database [88]. Figure 3 is a bibliometric
map full counting method of indexed keyword co-occurrences [1], indexed in Scopus and
distinguished by Q1 [29]. In this method, 839 keywords were identified, among them,
40 keywords met the threshold of five co-occurrences. Among those results, keywords
referring to the countries, organizations, and continents were excluded from the proposed
keywords list in the separate pop-up window, and in total, only four keywords were
deselected [83,88]. Finally, there are 36 keywords collected in four clusters automatically
colored and identified by the VOSviewer software. Figure 3 presents the keywords most
often used in the scientific publications dedicated to GJs [71,72] in the energy sector, as
explored by the Q1 syntax.

Figure 3. Indexed keyword co-occurrences in the full counting method of Q1 results. Source: Authors’
elaboration in VOSviewer software (1.6.18 version).

In Figure 3, there are four subnetworks of the bibliometric map presenting the sub-
ject of GJs [29] in the energy sector visible. In this bibliometric map, there are keywords
presented as nodes [12]. Between these keywords, there are lines that represent the con-
nections and publications in which those co-occurring keywords were used. Among all
the nodes, the biggest keywords, distinguished by size, are “green jobs”, “employment”,
and “sustainable development”. The biggest nodes are placed in the center of Figure 3,
which also represents the biggest density of the edges. The keywords distinguished auto-
matically in colors are thematically related. The red and blue clusters are connected to
the energy sector transformation, while green and yellow are more related to economics,
finance, and management.

There are four clusters presented in Table 3, corresponding to Figure 3. Two of the
most numerous clusters are red and green. The red cluster consists of 12 elements, as well
as the green subnetwork. The third, blue, cluster has nine items, and the least numerous has
only three keywords (Table 3). The items explored in this research are terms or keywords
represented by the nodes of the network. Between those keywords are links or connections
represented by the edges [88]. The edges “are co-occurrence links between terms” [88].
Each type of map consists of only one type of link.
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Table 3. Clusters of keyword co-occurrences visible in Figure 3.

Cluster Color Keywords

1 Red

climate change (13), commerce (13), developing countries (5),
energy conservation (5), environmental impact (6), fossil fuels (11),
gas emissions (5), global warming (5), greenhouse gases (9),
renewable energy resource (18), sustainable development (22),
wind power (5)

2 Green

economic and social effects (9), economic impact (6), employment
(25), environmental economics (9), environmental policy (5),
environmental protection (6), green economy (9), green job (18),
input-output analysis (5),investments (9), labor market (9),
sustainability (11)

3 Blue

alternative energy (14), economic development (9), energy
efficiency (11), energy planning (5), energy policy (16), finance (5),
renewable energies (20), renewable energy source (9), renewable
resource (11)

4 Yellow economics (12), green economies (11), green jobs (33)
Source: Authors’ elaboration.

The order of the listed keywords in Table 3, in each row, is alphabetical and is a result
of the VOSviewer software calculations. The number of occurrences for each keyword is
indicated in parentheses, after each keyword.

The keywords presented in Table 3 are partially related to the energy sector transfor-
mation, although the “energy sector” or “energy transformation” keywords have not been
disguised by the VOSviewer software.

Based on Figure 3 and the results from Q1, Figures 4–6 have been proposed. Figure 4
is an overlay of the keywords in the years 2015–2021, which is a narrower period of GJs in
the energy sector [29] subject evolution than in the general search, 1995–2022. The color
bar placed in the bottom right corner of the visualization indicates how scores are mapped
to colors [92]. The overlay visualization is identical [87,88] to the network visualization
(Figure 3). This is the result of the VOSviewer software and the method of full counting
of indexed keywords, which met the threshold of five co-occurrences [1,89]. This overlay
analysis presents, in darker colors, the oldest keywords related to the subject of GJs in the
energy sector, while the lighter colors present relatively new and fresh keywords. The
presented items in Figure 4 have scores, and the color of each item is determined by the
score of the item [87,90], where, by default, colors range from blue (lowest score) to green
and yellow (highest score) [88,89]. The keywords highlighted in yellow are located on the
periphery of the overlay map (Figure 4). The darker ones are in the center. Those yellow
color keywords are “green job”, “green economy”, “finance”, “input–output analysis”, and
“developing countries”. This indicates the strong relationship between the energy sector
and the subject of GJs to green economy development. In the over-visualization generated
by the VOSviewer software (Figure 4), score attributes are considered. Score attributes
are not considered in the network visualization (Figure 3) and the density visualizations
(Figures 4 and 5).

To check the strength of the presented keywords in Figure 3, the density visualization
was proposed in Figure 5. There, the three most often used keywords (22 and more occur-
rences in Table 3) are presented on the blue background in Figure 5. Those keywords create
the centrally located triangle, and those are “green jobs” (33 occurrences), employment
(25), and sustainable development (22). There are also other keywords with a significant
number of occurrences; however, they are strongly related to the indicated three clusters
and leading keywords. Therefore, the weight of the keyword indicates its importance. In
the visualization of the map presented in Figure 5, keywords with a higher weight are
shown more prominently than items with a lower weight [87,88].
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Figure 4. Overlay map of the indexed keyword co-occurrences. Source: Authors’ elaboration in
VOSviewer software (1.6.18 version).

Figure 5. Item density visualization. Source: Authors’ elaboration in VOSviewer software (1.6.18
version).
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Figure 6. Cluster density visualization. Source: Authors’ elaboration in VOSviewer software (1.6.18
version).

Density visualization can be performed in two variants, as presented in Figures 5 and 6.
The first of them is the item density visualization, followed by the cluster density visualiza-
tion [87,88]. The keyword density visualization was generated from the VOSviewer by the
radio button on the right side in the options panel. In the item density visualization (Figure 5),
keywords are represented by their label in a similar way as in the network visualization. Each
point in Figure 5 has a color that indicates the density of keywords at that point. By default,
colors range from blue to green to yellow [87,88]. The larger the number of items in the
neighborhood of a point, the higher the weights of the neighboring items [87,88]. The closer
the color of the point is to yellow, the higher the weights of the neighboring keywords [87,88].
There is a concentration of the higher-density keywords in the center of Figure 5.

As presented in Figure 5, most significant keywords do not always belong to the
most numerous clusters. However, the “green jobs” term is part of the yellow, smallest
subnetwork of the general network visualization (Table 3). The keyword assignment
automatically distinguished by VOSviewer clusters allowed us to continue the analysis in
the form of the cluster analysis.

To check the cluster density, this option in the VOSviewer software was selected, and
Figure 6 was generated. The presented cluster density visualization is similar to the item
density visualization (Figure 5), except that the density of items is displayed separately for
each cluster of items [87,88]. In the presented data in Figure 6, cluster density visualization,
the color of a point in the visualization is obtained by mixing the colors of different
clusters [87,88]. The blue cluster, dedicated to the technical keywords and energy sector,
complements the other clusters. The colors used automatically in the software are the same
as those presented in Figure 3. In this step, the results of the subnetworks oriented around
the indicated keywords “green jobs”, “employment”, and “sustainable development” are
presented on the background of the whole network (Figure 6). The weight given to the
color of a certain cluster is determined by the number of items belonging to that cluster in
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the neighborhood of the point [86,87]. As in the item density visualization, the weight of a
keyword is also taken into account [88].

Among the presented results, the strength of the connections between the keywords
presented in the network visualization was explored. Between any pair of items, there can
be more than one link [87,93], and each has a strength, represented by a positive numerical
value [88,90], which can be changed by the user in the user interface [89]. Among all of
the keywords presented in Figure 3, all link strengths equal to or bigger than five have
been presented in Figure 7. This strength option was selected in a panel in the VOSviewer
software. The higher the value link strength, the higher the number [94]. The presented
colors are the same as in Figure 3 and have not been changed.

Figure 7. Keywords with a total link strength of five or more. Source: Authors’ elaboration in
VOSviewer software (1.6.18 version).

The links presented in Figure 7 and total link strength attributes indicate, respec-
tively [94], the number of links of an item with other items, and the total strength of the
links of an item with other items [88,94].

Figure 7 presents at least two keywords used five or more times in a single publication
(edge of graph). In the case of co-occurrence links, the strength of a link indicates the
number of publications [90,95] in which two terms occur together [86,87]. In Figure 7, after
total link strength counting, the 18 keywords were connected by indicated edges. There
is a keyword diad of “gas emissions” and “greenhouse gases” separated from the main
subnetwork.

There are two standard weight attributes, referred to as the links attribute and the
total link strength attribute. For a given item, the links and total link strength attributes
indicate, respectively, the number of links of an item with other items and the total strength
of the links of an item with other items.

Among the obtained results of the network analysis (presented in Figure 3), the
significant keywords’ relations with other keywords, such as “green job” (Figure 8), “green
jobs” (Figure 9), and “employment” (Figure 10) were explored. Figures 8–10 are the results
of the screenshots of the situations when the mouse pointer is moved over a keyword in
the main panel of VOSviewer where network visualization is generated. The presented
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keyword dynamic network analysis in Figure 8 presents the subnetwork of the related
keywords to the “green job” item. This specific keyword is a grammatical variant of
“green jobs”; this is the second most numerous co-occurring item in the green cluster after
“employment” (Table 3). The “green job” keyword is also an element of Q1 used to explore
the Scopus database. This item has 25 links to other keywords, with a total link strength
equal to 49, and has 18 co-occurrences in the explored results from the Scopus database [12].

There are 25 keywords linked to the “green job” keyword presented in Figure 8. The
colors of nodes and edges are the same as the clusters presented in Figure 3. The size of
the label and the circle of an item is determined by the weight of the keyword, and its
importance. The higher the weight of an item, the larger the label and the circle of the
item [89]. The Figure 8 visualization consists of the links between keywords associated
with “green job”. The links between the different keywords in Figures 8–10 gradually
change their colors. The links also show the distance between nodes of the subnetwork
with the centrally placed keyword “green job”. This distance approximately indicates the
relatedness of the two keywords. The closer the two keywords co-occurred in publications,
the closer the nodes are located to each other and the stronger their relatedness.

Next to the “green job” keyword presented in Figure 8, the plural form of this item
is analyzed in Figure 9. In Figure 9, there are 33 keywords related to the centrally located
“green jobs” keyword. This subnetwork has the same edges and nodes gradually changing
colors as in Figure 3. This item “green jobs” belong to cluster 4 (Table 3) and has 34 links to
other keywords, with a total link strength equal to 125, and has 33 co-occurrences in the
explored results from the Scopus database [12].

Figure 8. Keyword “green job” relations with other keywords. Source: Authors’ elaboration in
VOSviewer software (1.6.18 version).
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Figure 9. Keyword “green jobs” relations with other keywords. Source: Authors’ elaboration in
VOSviewer software (1.6.18 version).

Figure 10. Keyword “employment” relations with other keywords. Source: Authors’ elaboration in
VOSviewer software (1.6.18 version).

The keyword “employment” is the most numerous in the green cluster and also has
the highest density, as presented in Figures 5 and 6. Therefore, the dynamic analysis was
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performed with this keyword as a central point of the newly presented subnetwork. There
are 33 keywords linked to the “employment” keyword, as presented in Figure 10. The
edges and nodes have the same colors as the clusters presented in Figure 3. This item
“employment” belongs to cluster 2 (Table 3) and has 33 links to other keywords, with a
total link strength equal to 114, and has 25 co-occurrences in the explored results from the
Scopus database. The presented graphical analyzes illustrate the complexity of GJs in the
energy sector subject.

The keyword “sustainable development” presented in Figure 11 is the most impor-
tant item [87,88] in the red cluster identified in Table 3. When this item is selected in the
network visualization, the subnetwork of the related keywords is presented dynamically;
therefore, this visualization feature has been captured as a screenshot from VOSviewer.
The keyword “sustainable development” was selected due to its importance, as presented
in the item density map, and this item is the third most co-occurring keyword among the
obtained results. This item belongs to the first cluster, has 30 links to other keywords, has
a total link strength equal to 62, and has 22 co-occurrences in the explored results from
the Scopus database.

Figure 11. Keyword “sustainable development” relations with other keywords. Source: Authors’
elaboration in VOSviewer software (1.6.18 version).

4. Discussion

The research focused on the issue of GJs in the energy sector [70] and proved that this
subject is constantly evolving [66]. In the presented overlay analysis, it is noticeable that
there is ongoing interest in the subject of GJs, and the topic is important for the energy
sector [96]. The data presented in the overlay analysis keyword development (Figure 4)
illustrate the increasingly growing interest in the explored subject. The multiple directions
undertaken in the literature are connected to learning more about the factors influencing
the number of GJs in the energy sector. These studies, however, generally deal with a rather
narrow area of the energy sector, which is related to renewable energy generation [55,83].
In such cases, one can see a very frequent identification on the part of researchers of all jobs
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in the renewable energy sector with GJs [29]. This equivocation is often properly justified
and is due to the lack of relevant statistics on the energy sector, but at the same time leads
to a cognitive error as to the number of GJs in the energy sector [64]. In addition, one
can see numerous discussions based on specific case studies (e.g., one or a few selected
entities). The presented results proved that there are not only purely theoretical scientific
considerations that dealt with the role and importance of GJs in the energy sector; there are
also practical attempts to present specific features of GJs [29,97].

This distinction is visible in Figure 8, where the relations between “green job” and
“green jobs” are explored. Based on theoretical analyses, it is noticeable that GJs are treated
as a positive result of the green transformation of the energy sector [1,12,98]. Such jobs
bring the energy sector closer to sustainability in economic, environmental, and social
terms [12]. This observation has also been proven in this research, in Figures 3 and 5, where
the significance of “sustainable development” as a keyword is presented. There is a centrally
placed triangle of the three most co-occurring keywords in Figures 5 and 6, which indicate
the intertwined relations between the sustainable development dimensions. The relations
with the other keywords classified in the blue cluster, which are mostly connected to the
energy sector, complement the other clusters, which revolve around GJs in the energy sector.

The dynamic analyses presented in Figures 8–11 prove the interdisciplinarity of the
subject. The yellow cluster keywords related to economics have been reached differently
by links in the presented analysis. In Figure 8, the single keyword from the yellow cluster
“green economy” has not been linked in the dynamic network analysis. This result is
correct because Figure 8 explores the relations between two grammatical forms, “green job”
and “green jobs”, singular and plural, respectively. There are two reasons for this strong
relationship. The first comes from the English language, and those grammatical forms
naturally co-occurred in the publications related to the subject. The second reason comes
from attempts towards the specification of theoretical and general “green jobs” definitions
in scientific literature and presents them as the more practical ”green job”, in examples,
cases, and reports.

In the analyses undertaken to date, in the opinion of the authors of this article, there
is no distinction between GJs and green self-employment. Among those identified in the
analysis results, there is no indication for such a term or keyword. The concept of green
self-employment is relatively new in the labor market area. It should be noted that, in terms
of the energy sector, green self-employment is generally presented as a self-employment
opportunity resulting from the green transformation of the sector [99]. In practice, in
quantitative analyses, authors do not distinguish between the number of GJs and the
number of green self-employed. Thus, this is a forward-looking line of research, which
depends on access to statistical data for researchers that would be appropriately aggregated.
At present, one can see the wrongful lumping together of the self-employed and those
working under various contracts in the energy sector.

5. Conclusions

The Scopus database exploration performed in VOSviewer showed that there is a very
important area linking the issue of GJs with energy issues, which is the issue of employment.
In this area, it is noticeable that there is still not enough analysis undertaken around the
qualifications and competencies required for GJs. In the opinion of the authors, this area
should be much more widely explored as it is relevant to business practice [100]. The
drive to move away from non-renewable energy sources and towards renewable energy
sources is a challenge for every country, also in the area of the labor market. The green
transformation of the energy sector can result in the creation of GJs [6,101]. However, at
the same time, some of the workers hitherto employed in the energy sector will lose their
jobs. For this reason, individual states need to develop active labor market policy models
tailored to their needs to achieve a green transformation of the energy sector. In particular,
these models should include measures aimed at investing in education. Existing employees
in the energy sector should be allowed to retrain and become green employees. It should
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therefore not be forgotten that the green transformation of the energy sector cannot take
place without suitably qualified workers.

Based on the analysis results, the authors proved that studies of a quantitative and
qualitative nature more fully describe the issue of GJs in the energy sector. This type of
research in the future should be conducted in energy sector entities to verify the number
of people working in GJs and distinguish them from green self-employed. In addition,
surveys of this type would allow an indication of the degree of greening and a qualitative
assessment of GJs. From the perspective of the SDGs set by Agenda 2030 [54], these
considerations should also be aimed at assessing whether the GJs surveyed simultaneously
meet the criteria for a decent workplace [102].

Presented in this study, a bibliometric analysis of publications presents the complexity
of the terms related to GJs in the energy sector. This interrelation of subjects, visible
as the keywords network, proves the interdisciplinarity of the subject. The presented
results can inspire other researchers who are looking for a research gap or are describing
the state-of-the-art. Politicians and decision makers can be influenced by the presented
contextualization of GJs in the energy sector and their meaning in the labor market.

The study was conducted using the Scopus database, and the results were analyzed
using the VOSviewer software. The paper presents a comprehensive analysis of GJs
in the energy sector, highlighting the key trends and themes that have emerged in the
literature. The study makes several contributions to scientific, theoretical, business, and
practical aspects of GJs in the energy sector, providing valuable insights for researchers,
policymakers, and practitioners alike.

The paper presents a bibliometric analysis of GJs in the energy sector, which provides
a comprehensive overview of the research on this topic. The analysis reveals the key trends,
concepts, and themes in the research literature, which can help researchers identify research
gaps and opportunities for future research. From a scientific perspective, the paper adds
to the growing body of literature on GJs in the energy sector [103]. The study provides a
comprehensive overview [104] of the research conducted in this field, highlighting the key
trends and themes that have emerged [105]. The paper also contributes to the theoretical
understanding of GJs in the energy sector by providing a comprehensive analysis of the key
concepts and themes that have emerged in the literature. The study also sheds light on the
various methodological approaches that have been used in the research on GJs in the energy
sector, providing insights into the strengths and limitations of each approach. The paper
contributes to the theoretical understanding of GJs in the energy sector by analyzing the
various dimensions of sustainable development and their interrelationships. The paper also
distinguishes between purely theoretical considerations and practical attempts to present
specific features of GJs, which is important for a better understanding of the subject.

From a business perspective, the paper provides valuable insights into the labor
market implications of the transition to renewable energy sources. The study highlights
the importance of developing active labor market policy models that are tailored to the
needs of individual states to achieve a green transformation of the energy sector [12]. The
paper also emphasizes the importance of investing in education and training programs
to ensure that the workforce is suitably qualified to support the transition to renewable
energy sources.

From a practical perspective, the paper provides insights into the competencies and
qualifications required for GJs in the energy sector. The study highlights the need for further
analysis in this area and suggests that future research should be conducted in energy sector
entities to verify the number of people working in GJs and distinguish them from the green
self-employed.

From a methodological perspective, the paper provides a detailed description of the
research [106] procedures used in the study, which has important implications for the future
reproducibility of the study results. The paper also highlights the limitations of the study,
such as the choice of the number of co-occurrences [1,56] and the lack of distinction between
GJs and green self-employment. The authors also suggest reproducing the results presented
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in this research in future to compare them, which contributes to the methodological rigor
of the study.

The authors of this article have so far recognized the lack of adequate considerations
linking the issue of the impact of prosumer market development to the creation of GJs,
or green self-employment in the energy sector. This is another research area on which
researchers should focus as a promising research avenue. The development of the prosumer
market may affect the increased demand for installers and maintainers of renewable energy
equipment. Undoubtedly, one of the future directions of research on the issue of GJs in the
energy sector should be the question of the qualifications related to GJs.
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39. Cheba, K.; Bąk, I. Green Energy Transformation Models—Main Areas and Further Directions of Development. In Green Energy

and Technology; Springer Science and Business Media Deutschland GmbH: Berlin/Heidelberg, Germany, 2023; pp. 105–121.
40. Papadis, E.; Tsatsaronis, G. Challenges in the decarbonization of the energy sector. Energy 2020, 205, 118025. [CrossRef]
41. Lachapelle, E.; MacNeil, R.; Paterson, M. The political economy of decarbonisation: From green energy ‘race’ to green ‘division of

labour’. New Polit. Econ. 2017, 22, 311–327. [CrossRef]
42. Atănăsoae, P.; Pentiuc, R.D.; Milici, L.D. Opportunity Analysis of Cogeneration and Trigeneration Solutions: An Application in

the Case of a Drug Factory. Energies 2022, 15, 2737. [CrossRef]
43. Andrei, M.; Thollander, P.; Pierre, I.; Gindroz, B.; Rohdin, P. Decarbonization of industry: Guidelines towards a harmonized

energy efficiency policy program impact evaluation methodology. Energy Reports 2021, 7, 1385–1395. [CrossRef]
44. Inderwildi, O.; Zhang, C.; Wang, X.; Kraft, M. The impact of intelligent cyber-physical systems on the decarbonization of energy.

Energy Environ. Sci. 2020, 13, 744–771. [CrossRef]

http://doi.org/10.1080/15567036.2021.1965264
http://doi.org/10.1007/978-3-319-22593-7_30
http://doi.org/10.3390/en15228562
http://doi.org/10.1016/j.gloenvcha.2016.07.006
http://doi.org/10.1016/j.rser.2020.110088
http://doi.org/10.3390/su13031271
http://doi.org/10.1016/j.rser.2018.07.046
http://doi.org/10.3390/en14082046
http://doi.org/10.1016/j.rser.2009.10.025
http://doi.org/10.1016/j.rser.2014.10.064
http://doi.org/10.1016/j.enpol.2020.111646
http://doi.org/10.1016/j.egypro.2017.11.055
http://doi.org/10.3390/ENGPROC2022020005
http://doi.org/10.1016/j.procs.2015.05.144
http://doi.org/10.3390/ijerph20042886
http://www.ncbi.nlm.nih.gov/pubmed/36833583
http://doi.org/10.1016/j.seps.2020.100958
http://doi.org/10.1016/j.worlddev.2019.104693
http://doi.org/10.1016/j.jclepro.2020.123667
http://doi.org/10.1016/j.rser.2021.111507
http://doi.org/10.1016/j.apenergy.2021.116914
http://doi.org/10.1016/j.worlddev.2020.104947
http://doi.org/10.24425/bpasts.2020.136213
http://doi.org/10.1016/j.energy.2020.118025
http://doi.org/10.1080/13563467.2017.1240669
http://doi.org/10.3390/en15082737
http://doi.org/10.1016/j.egyr.2021.02.067
http://doi.org/10.1039/C9EE01919G


Energies 2023, 16, 3171 18 of 20

45. Hua, W.; Jiang, J.; Sun, H.; Teng, F.; Strbac, G. Consumer-centric decarbonization framework using Stackelberg game and
Blockchain. Appl. Energy 2022, 309, 118384. [CrossRef]

46. Helen Brain, R.G.; Thomas, B.H. Undergraduate students as sustainability consultants: Applying service-learning to enhance
career skills and foster community environmental sustainability. Sustainability 2013, 6, 277–281. [CrossRef]

47. Menzel, T.; Teubner, T. Green energy platform economics—Understanding platformization and sustainabilization in the energy
sector. Int. J. Energy Sect. Manag. 2020, 15, 456–475. [CrossRef]

48. Söderholm, P. The green economy transition: The challenges of technological change for sustainability. Sustain. Earth 2020, 3, 6.
[CrossRef]

49. Carley, S.; Konisky, D.M. The justice and equity implications of the clean energy transition. Nat. Energy 2020, 5, 569–577.
[CrossRef]

50. Heffron, R.; Körner, M.F.; Wagner, J.; Weibelzahl, M.; Fridgen, G. Industrial demand-side flexibility: A key element of a just
energy transition and industrial development. Appl. Energy 2020, 269, 115026. [CrossRef]

51. Porfiriev, B.N. Decarbonization vs. Adaptation of the Economy to Climate Change within the Sustainable Development Strategy.
Stud. Russ. Econ. Dev. 2022, 33, 385–391. [CrossRef]

52. United Nations Affordable and Clean Energy—The Global Goals. Available online: https://www.globalgoals.org/goals/7-
affordable-and-clean-energy/ (accessed on 10 February 2023).

53. United Nations. United Nations Decent work and economic growth. In The Global Goals; United Nations: New York, NY, USA,
2016; pp. 26–27.

54. Department of Economic and Social Affairs of United Nation The 17 Goals of Sustainable Development. Available online:
https://sdgs.un.org/goals (accessed on 9 February 2023).

55. Martins, F.; Moura, P.; de Almeida, A.T. The Role of Electrification in the Decarbonization of the Energy Sector in Portugal.
Energies 2022, 15, 1759. [CrossRef]

56. Zema, T.; Kozina, A.; Sulich, A.; Römer, I.; Schieck, M. Deep learning and forecasting in practice: An alternative costs case.
Procedia Comput. Sci. 2022, 207, 2958–2967. [CrossRef]

57. Sharpe, S.A.; Martinez-Fernandez, C.M. The implications of green employment: Making a just transition in asean. Sustainability
2021, 13, 7389. [CrossRef]

58. Kayahan Karakul, A. Educating labour force for a green economy and renewable energy jobs in Turkey: A quantitave approach.
Renew. Sustain. Energy Rev. 2016, 63, 568–578. [CrossRef]

59. Battaglia, M.; Cerrini, E.; Annesi, N. Can environmental agreements represent an opportunity for green jobs? Evidence from two
Italian experiences. J. Clean. Prod. 2018, 175, 257–266. [CrossRef]

60. Bassi, F.; Guidolin, M. Resource efficiency and circular economy in european smes: Investigating the role of green jobs and skills.
Sustainability 2021, 13, 12136. [CrossRef]

61. Albrecht, S.L.; Bocks, A.; Dalton, J.; Lorigan, A.; Smith, A. Pro-environmental employee engagement: The influence of pro-
environmental organizational, job and personal resources. Sustainability 2022, 14, 43. [CrossRef]

62. European Parliament Council of the European Union EUR-Lex-32003L0030-EN. Available online: https://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=SWD:2012:0092:FIN (accessed on 21 January 2023).

63. Renner, M.; Sweeney, S.; Kubit, J. Green Jobs: Towards Decent Work in a Sustainable, Low-Carbon World: Report for United Nations
Environment Programme; UNEP: Nairobi, Kenya, 2008.
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