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ABSTRACT: This paper has two equally important research objectives. The first aim of the research is to identify key research
areas addressed in scientific publications that simultaneously relate to blockchain, energy, and sustainability. In turn, the identi-
fication of green research areas in these publications is the second research aim. The indicated research aims were achieved on
the basis of a bibliometric review of 205 scientific publications from 2017-2023 (Scopus database). By means of a systematic
literature review, 25 different key research areas were identified. In turn, the classic literature review identified 18 green research
areas (e.g. green blockchain). At the same time, no green issue was identified as a key research area. The results can inspire
researchers looking for research gaps around blockchain and sustainability issues. Among the recommendations for stakehold-
ers, the need for further research around blockchain technology, the development of a regulatory framework, or educational
issues were highlighted.
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Introduction

Nowadays, the issue of sustainability plays a very important role in the scientific discourse, where
itis addressed in the context of various research questions (e.g. Kozar, 2023; Soini & Birkeland, 2014;
Wodnicka, 2020). At the same time, it should be emphasised that more and more often in scientific
deliberations referring to sustainability issues, specific solutions implemented in the practice of var-
ious market entities are discussed. The implementation of sustainability into the practice of socio-eco-
nomic life stimulates the green transition currently taking place, as a result of which a reduction in
the negative impact of society and the economy on the environment can be observed. Hence, more
and more researchers are addressing the issue of the role and importance of sustainability in eco-
nomic practice by addressing the issue of green transition in specific sectors of the economy (e.g.
Magyari et al., 2022; Mallett & Pal, 2022; Ouyang et al., 2023). One of the sectors that is undergoing a
green transition process and is at the same time counted among the key sectors without which mod-
ern socio-economic life cannot function is the energy sector (e.g. Pegels et al., 2018; Plotkin et al,,
2023).

Sustainability-oriented changes in the energy sector, as shown by previous research, are the
result of the implementation of various sustainable (e.g. Baloch et al., 2024) or green practices (e.g.
Fyliuk & Kuznetsova, 2018; Krishankumar et al., 2024). However, regardless of the name of the prac-
tices that are used by researchers in the scientific discourse around sustainable development prac-
tices, it should be pointed out that they are gradually contributing to a decrease in the negative envi-
ronmental impact of the energy sector. At the same time, taking into account the specifics of the
energy sector, it has to be emphasised that technological changes are considered to be a key to reduc-
ing its negative impact on the environment. Therefore, new technologies can be seen as an opportu-
nity to reduce the sector’s carbon footprint while improving its efficiency. A technology that is seen
as an opportunity for change towards a more sustainable and greener energy sector is blockchain
technology, which is already being used in many areas of the energy sector (e.g. Khatoon et al,, 2019;
Ma et al,, 2024; Miglani et al., 2020).

The research presented in this article has two equally important research aims. The first research
aim is to identify key research areas addressed in scientific publications that are simultaneously
related to blockchain, energy, and sustainability. The second research aim is to identify green research
areas addressed in scientific publications that are simultaneously related to blockchain, energy, and
sustainability. In the opinion of the authors of this article, it is important to pay attention to green
research questions as they can show whether blockchain is being considered in academic delibera-
tions in the ongoing process of green transition in the energy sector. The study used the Scopus data-
base within the scope of which the author’s research question was formulated (Q1- described in
detail in the materials and methodology section). The constructed study is characterised by the pos-
sibility of its replication by the authors or other researchers in the future. Thus, it has a comparison
value in the context of current and future research on oriented issues in the energy sector, where at
the same time the issues of sustainable development are raised. The results of the analysis are pre-
sented in the form of generated bibliometric maps using the VOSviewer software (version 1.6.20).

In this article, six structurally and functionally closely related parts are distinguished. In the
introduction, an overview of the undertaken research problem is presented. In addition, the aims of
the analysis undertaken are indicated in this section. The second part presents some selected issues
of scientific discourse around the blockchain issue. The third part presents the materials and
describes in detail (step by step) the adopted research activities, which provides the reproducibility
of the research undertaken. The next part focuses on a synthetic description of the obtained results
(in particular, the visualisation of the data in tabular layout and bibliometric maps). The penultimate
part contains a discussion. The author’s observations on future promising research directions related
to the issues of the green labour market and subversive innovation are, among others important
elements of this part. The scientific discussion has come up with some conclusions regarding the
implications for potential stakeholders.
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An overview of the literature

Numerous researchers emphasise that the incorporation of blockchain technology into the
energy industry can have numerous benefits (e.g. Delardas & Giannos, 2022; Schletz et al.,, 2020;
Yontar, 2023). Specifically, it is emphasised that the technology provides full traceability of energy
(Shojaei et al,, 2021). Thus, it allows for the measurement of energy consumption (e.g. Di et al., 2023)
or the demonstration of the source of energy (renewable or non-renewable source). In the context of
sustainability issues, the blockchain makes it possible, among other things, to effectively improve the
use of renewable energy and reduce overall energy consumption (Yang et al., 2023), to reduce the
environmental impact of the sectors/entities concerned (e.g. Mohsin et al,, 2023; Zhou, 2024), or to
track the use of energy sources throughout the life cycle of a product (Shojaei et al., 2021). On the
other hand, Yildizbasi (2021) refers to green energy issues in his discussion.

In some scientific publications, the blockchain is also discussed in the context of green technolo-
gies (e.g. Cocco et al,, 2017; Li, 2021; Polas et al,, 2022) or environmental sustainability issues (e.g.
Alhasan & Hamdan, 2023; Alofi et al., 2022; Parmentola et al., 2022). Some researchers explicitly
distinguish the green blockchain in their studies by referring to various energy issues (e.g. Abdul-
hayan, 2023; Oudani et al., 2023). Against the background of these research considerations, it can be
seen that the green blockchain is seen as a kind of move towards sustainability (Alzoubi & Mishra,
2023). At the same time, the green blockchain is pointed out as an alternative to the blockchain tech-
nology and its perceived environmental impact, which has raised concerns among some researchers
(Yomboi et al., 2024).

It should also be noted that the blockchain technology can reduce costs and improve efficiency in
the energy sector (Jahromi et al., 2023; Yahaya et al., 2020) by optimising financial operations and
physical energy systems. Thus, the technology can have an impact on improving the system reliability
and increasing trust (e.g. Jayavarma et al., 2024), as well as an impact on the security of electricity
generation and distribution (e.g. Das et al., 2023), including improving cyber security in the energy
sector (e.g. Khubrani & Alam, 2023). A part of the researchers further recognises that the use of the
blockchain in the energy sector creates a basis for peer-to-peer energy trading (e.g. Gupta etal., 2023;
Tesfamicael et al.,, 2020; Tsao & Thanh, 2021; Wilkinson et al., 2020), which is also important for
building a decentralised energy system (e.g. El Baba et al.,, 2020; Luo & Mahdjoubi, 2024).

Research methods

The study was carried out between October 2023 and June 2024. Four key research phases can
be distinguished. Several relevant research activities were carried out at each of these stages, as
shown in Figure 1. The first stage of the research was aimed at a general review of scientific publica-
tions in the field of blockchain issues (Figure 1). The Google Scholar search engine, the Scopus data-
base, and the Web of Science database were used for this purpose, and they are commonly used by
researchers in this type of preliminary analysis. The review led to the conclusion that blockchain
issues are increasingly discussed in the literature, considering the issue of market segmentation (e.g.
Duetal, 2022; Xu et al,, 2023). The application of blockchain technology is discussed in the financial
services market (e.g. Hashem, 2023; Pal et al., 2021; Treleaven et al., 2017), transportation and logis-
tics (e.g. Ahmad et al,, 2021; Tian et al., 2021; Wodnicka, 2019), the field of medicine and healthcare,
IT services, and the context of energy issues (e.g. Almutairi et al, 2022; Andoni et al, 2019;
Mengelkamp et al., 2018). Due to its topicality and relevance to contemporary socio-economic devel-
opment, further analysis was narrowed down to the broader energy sector at this stage. At the same
time, a few research gaps have been recognised in this field. There is a lack of analysis identifying key
research areas addressed in scientific publications referring simultaneously to the blockchain, energy
and sustainability. Also, there is a lack of analysis aimed at identifying the green research areas in
such scientific publications. These issues have become targets for further research.

At the next stage, the research was conceptualised. This stage aimed to select the methods, tech-
niques, and research tools with which to conduct the study aimed at the above-mentioned research
aims. The authors decided to carry out a bibliometric analysis, which is done in the research aimed at
identifying key areas of research in a certain context. For this aim, the Systematic Literature Review
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(SLR) method was used. On the other hand, it was decided to identify the green research areas using
the Classic Literature Review (CLR) method.

Stage Research activities:
(number/title/time) .
. general overview of blockchain issues

(Google Scholar, Scopus and Web of Science databases)

v

identification of research gaps and setting of research aims

research conceptualization

October 2023 - December 2023

1 selection of database and research methods

v

formulation of query for bibliometric analyses

research conceptualization

December 2023 - January 2024

identification of scientific publications in the Scopus database

v

Q1 (N=205)

v

verification of the publication against the assumptions made
(PRISMA procedure - Figure 2)

v

database extraction

11

data extraction from databases

February 2024 - March 2024

review of author keywords and their unification

v

generation of bibliometric maps in VOSviewer software

v

results analysis

March 2024 - June 2024

v

presentation of results and discussion

v

indication of future research directions

v

indication of recommendations for stakeholders

Figure 1. Research procedure stages and timeline
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In both analysis, it was assumed that the author keywords used by the researchers in the scien-
tific publications would be considered as the research areas. Furthermore, in the case of the green
research areas, for the purposes of the study, it was assumed that these authors’ keywords would be
those that are simply referred to as green in the analysed scientific publications. This is the term
generally used by the individual authors to emphasise the distinctiveness of the discussed issues in
the previous non-green approaches. Thus, the term green is used to emphasise that the issue in ques-
tion is associated with pro-environmental values and, at the same time, is closely linked to sustaina-
bility. At the same time, the Scopus database was chosen for the analysis, which is characterised by
the relevant bibliometric recording of the quality of data noted by the researchers, strictly defined
indexing standards for scientific journals, and is also used in bibliometric analysis focused on explor-
ing the blockchain issues (e.g. Mulligan et al., 2024; Rejeb & Zailani, 2023; Wang & Su, 2020), broad
energy issues (e.g. Kozar & Sulich, 2023b; Sarkodie & Owusu, 2020; Sulich & Sotoducho-Pelc, 2022)
and sustainable development (e.g. Joshi et al.,, 2023; Kozar & Sulich, 2023a). For the planned analyses
in the Scopus database, a Q1 bibliometric query was also formulated at this stage (Table 1). The
choice of database for analysis, the research methods and the constructed query itself are the limiting
factors of the study. Nevertheless, at the same time, the same assumptions guarantee the transpar-
ency of the individual procedures and their reproducibility. It is also assumed here that the discus-
sion planned at the final stage of the research and the demonstration of future research directions
will be additionally supported by the CLR method, within the scope of which the content of entire
scientific studies will be analysed. The adoption of the research assumptions (further described
below) and the construction of a query to the Scopus database allowed the research to proceed to the
next stage.

Table 1. Search Query syntax details

Symbol | Query Syntax golégt?rsulﬂ:; 2024)
TITLE-ABS-KEY ( ( (blockchain OR “block-chain”) AND energy AND ( “sustainable develop-
Q1 ment" OR sustainability ) ) ) AND PUBYEAR > 2016 AND PUBYEAR < 2024 AND ( LIMIT-TO ( 205

LANGUAGE , “English”) ) AND ( LIMIT-TO ( SRCTYPE ,*j") ) AND ( LIMIT-TO ( PUBSTAGE,
“final" ) ) AND ( LIMIT-TO ( DOCTYPE, “ar") OR LIMIT-TO ( DOCTYPE , ‘re") )

The third stage of the research began with a search of the titles, abstracts and keywords of the
scientific publications contained in the Scopus database in terms of the variables defined in the query
Q1. It should be noted that the bibliometric query excluded publications published in 2024. This
aspect was intentional and results from the good practice of the bibliometric analysis, in which, in
general, to ensure the transparency and comparability of their studies in the future, the researchers
do not analyse publications from the year in which the analysis is conducted (high risk of variability
in the number of publications meeting the query over time due to the open publication process for
that year). In addition, as shown in Table 1, the search covered only publications in English (a neces-
sary aspect for the correctness of analysis targeting keywords with both the SLR and CLR methods),
which were assigned according to the source type of a journal, with a final status in the publication
stage, and with document type of an article or a review. Based on the bibliometric query constructed
in this way, 205 scientific publications were selected from the Scopus database. The five most cited
publications are presented with an indication of the number of citations in Table 2.

As shown in Figure 2, the 205 identified scientific publications included 171 articles and 44
reviews. All these scientific publications were subjected to a checking procedure based on the PRISMA
scheme to ensure that they met the requirements for the planned bibliometric analysis. First of all, it
was verified whether there were any duplicates (the same publication entered more than once in the
Scopus database) in the range of the analysed scientific publications. The author’s keywords from
possible duplicate publications could lead to a distortion of the study results. In the next step, those
scientific publications without the assigned author keywords were verified and removed from the set
of scientific publications (not in all scientific journals; author keywords are constructed by the
authors and shown in the publication). After this analysis, it was again verified that only scientific
publications with the keywords in English and the corresponding publication date were obtained
through bibliometric querying (as presented above, scientific publications from 2024 were excluded
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from the analyses). As a result of the above analysis and the exclusions that followed, 192 scientific
publications were found to meet the requirements for further analysis (152 articles and 40 reviews).
Therefore, the scientific publications selected in this way were extracted from the Scopus database in
a format that would enable their further analysis at the next stage of the study in the VOSviewer

software.

Table 2. The five most frequently cited publications on the analysed issues

technologies and digital currencies

Science

Document title Authors and data Journal title Cited by

Blogkcham for the fqture of sustainable supply Esmaeilian et al. (2020) Resources,.Conservann 369

chain management in Industry 4.0 and Recycling

State of the art of machine Igarn|ng models in Mosavi et al. (2019) Energies 308

energy systems, a systematic review

Blockchain-empowered sustainable manufacturing Renewable and Sustainable

and product lifecycle management in industry 4.0: | Leng et al. (2020) . 275
Energy Reviews

A survey

Sustainability of bitcoin and blockchains Vranken (2017) Current Opmlpn n Enwron- 272
mental Sustainability

Decarbonizing Bitcoin: Law and policy choices for Enerav Research and Social

reducing the energy consumption of Blockchain Truby (2018) 9y 236

Source: authors’ elaboration based on the Scopus database [09-02-2024].
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% for analysis : 0
E (n=192) reviews (n )
. ) J

Figure 2. PRISMA procedure — verification of selected publications for study
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Before the research results were generated in the form of bibliometric maps, all author keywords
assigned to the scientific publications selected for the study were identified and reviewed. The result
of this analysis was the extraction of 719 author keywords. At the same time, it was noticed that the
form in which the author’s keywords were written varied, which could affect the quality and size of
the bibliometric maps. Therefore, the author’s keywords were unified (Table 3). The procedure for
replacing author keywords was intended to improve the quality of the resulting data and its visualis-
ation. It was assumed that the following would be replaced:

e abbreviations or full names of words together with the abbreviation - the full name of the author
keyword in question,

¢ author’s words in singular and plural form, or in different versions of English (British, American)
with one variant of the word (the word with the most frequent occurrence and, in the case of
similar values of this index, the highest value of the index of overall link strength),

¢ keywords with errors (e.g. typos in the spelling of words) with the correct version of the word.

Table 3. Unification process for author keywords included in bibliometric maps

Replaced author keyword

Replacement keyword

Replaced author keyword

Replacement keyword

ai artificial intelligence prosumers prosumer

bc blockchain renewable energy (re) renewable energy

blochcian blockchain sdgs sustainable development goals
block chain blockchain smart cities smart city

circular economy (ce) circular economy smart contract smart contracts

internet of things (iot) internet of things smart grid (sg) smart grid

iot internet of things smartgrid smart grid

iots internet of things supply chains supply chain

ml machine learning sustainable development sustainability

proof-of-work

proof of work

sustainable development goal

sustainable development goals

Source: authors' elaboration based on the Scopus database [09-02-2024].

The substitution procedure was carried out in 54 cases, which ultimately contributed to qualify-
ing 668 author keywords for further analysis, based on which it was possible to create the bibliomet-
ric maps in the VOSviewer software.

Results of the research

The minimum number of co-occurrences of authored keywords adopted for the analysis aimed at
presenting the results in the form of bibliometric maps was five. Of the selected unique author key-
words participating in the analysis, 25 met the research threshold. On the basis of the author key-
words thus selected, a visualisation of their linkage network was generated using the VOSviewer
software (Figure 3). A bibliometric map of links consisting of five clusters was created. This biblio-
metric map shows the most frequently used author keywords in scientific publications where the
blockchain, energy and sustainability were referenced in the title, abstracts and/or keywords. Fur-
thermore, it should be noted that each author keyword is assigned to one cluster only.

The author keywords in Figure 3 are labelled as nodes (dots in different colours denoting cluster
membership) with captions. They vary in size. The author keyword characterised by the highest
number of occurrences in the analysed scientific publications takes on the largest size. For author
keywords having the same value of co-occurrences, the sizes of the nodes are identical. Between the
nodes, there are lines representing the connections between the individual author keywords. They
indicate with which author keywords a given word co-occurs in the analysed scientific publications.
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circular eccnomy

suppligehain
energy management
smalci artificial ifitelligence
environmentalisustainability Mty bige.
machinalearnin
proof af work e g
enghgy
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= blockchain technology renewsbip energy
sustwntty
b‘%aln industry 4.0 )

bitgoin smagrid energytrading

climataichange
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sustainable development goals prosymer
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nnovaticn

6—;}0 VOSviewer

Figure 3. Author keywords co-occurrences in full counting method of Q1 results
Source: authors’ elaboration in VOSviewer software (1.6.20 version).

The structure of each of the five clusters is further presented in Table 4, where the order of the
listed author keywords follows only from their alphabetical order. The author’s keywords that appear
most frequently in the analysed scientific publications are the blockchain (red cluster), the sustaina-
bility (red cluster), the internet of things (green cluster), the blockchain technology (purple cluster),
the smart grid (blue cluster) and the industry 4.0 (yellow cluster). The indicated issues should be
considered as the most important research threads addressed by the researchers in the analysed
scientific publications, which referred to the blockchain, the broadly defined issue of energy (the
word in the bibliometric query energy) and sustainability.

Table 4. Clusters of author's keywords co-occurrences visible in Figure 3

Cluster | Color Keywords

1 Red bitcoin (0=9, L = 8, TLS = 21); blockchain (0 = 122, L = 23, TLS = 204); climate change
(0=6,L=5,TLS =12); energy consumption (0 = 12, L = 9, TLS = 24); environmental sustainability
(0=8,L=9,TLS = 11); proof of work (0 = 7, L = 5, TLS = 12); sustainability (O = 70, L = 23, TLS = 133);

2 Green artificial intelligence (0 =12, L = 14, TLS = 38); big data (0 = 6, L = 10, TLS = 24); energy (0 = 14, L = 15,
TLS = 37); internet of things (0 = 29, L = 19, TLS = 79); machine learning (0 = 8, L = 10, TLS = 34);
smart city (0=11,L=14,TLS = 39)

3 Blue energy trading (0 =5, L = 6, TLS = 12); prosumer (0 = 6, L = 9, TLS = 13); renewable energy (0=10,L =12,
TLS = 24); smart contracts (0 =11, L =7, TLS = 20); smart grid (0= 16, L =17, TLS = 43)
4 Yellow | circular economy (0 =8, L =7, TLS = 20); industry 4.0 (0 = 16, L = 13, TLS = 38); innovation

(0=6,L=5,TLS = 9); sustainable development goals (0= 6,L =9, TLS = 11);

5 Purple | blockchain technology (0 = 21, L =12, TLS = 19); energy management (0 = 5,L = 8, TLS = 10);
supply chain (0=11,L =11, TLS = 25)

0 - number of co-occurrences, L = number of links, TLS - total link strength.

An overlay bibliometric map was also generated using the VOSviewer software (Figure 4). This
map shows the change over time of the research topic in the analysed scientific publications. It is
characterised by the fact that the brighter the colour, the more topical the research area. Thus, one
can see that the following issues are the most topical areas of research combining blockchain, energy
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and sustainable development: artificial intelligence, climate change, and sustainable development
goals.

circular ggonomy

suppifiehain
energy management
i artificial intelligence
smalcity
environmentalisustainability bigtlata
machinglearnin,
proof @f work jiearrirg
engigy
energy caisumption . internaff things
e blockehairiifechnology renewalife energy
sust ility -
btc“aln Indusiey 4.0
Y smalerid energptrading
climatachange
sustainable development goals
prosumer
smart aintracts
innowation
@ I
i')‘&) VOSviewer =
2020 2021 2022 2023

Figure 4. Overlay map of the author's keywords co-occurrences

Source: authors’ elaboration in VOSviewer software (1.6.20 version).

Additionally, bibliometric maps were generated for two author keywords referring to the block-
chain issues (Figure 5 and Figure 6). The blockchain technology is linked to 12 author keywords
belonging to the red (energy consumption, environmental sustainability, sustainability), the green
(energy, internet of things), the blue (prosumer, smart contracts, smart grid), the yellow (industry
4.0, sustainable development goals) and the purple (energy management, supply chain) clusters.

suppligichain

ENergy management
cnvironmentajsustainability
ergey.
energy cdisumption interR. things
ot blockehaiqgechnology
sust‘x ility B 3
industry 4.0
sm‘grid
sustainable development goals Prowmer
smart &tra(ts

Figure 5. Keyword blockchain technology relations with other keywords
Source: authors' elaboration in VOSviewer software (1.6.20 version).
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In Figure 6, a bibliometric linkage map for the author’s blockchain keyword is visualised. The
word is not exclusively linked to the blockchain technology. The aspect indicated is the result of the
fact that the blockchain is considered a technology. Hence, there is no reason to display the same
meaningful terms side by side in the keywords.

circular@conomy

suppligichain

energy management

smalbci artificiakifielligence
envirenmentafsystainability l?‘ v big@lata

machingllearning
proof @f work
eniiey ;
\ ' P4

s

energy cdfisumption "“lﬁfe?ﬁ‘ things

. V. — rene_!va. energy
sust')fllty

bl‘ln industry 4.0 | _
bigsin Smtrid energy@rading

dimataighange

sustainable development goals o g

smart g@ntracts

innowation

Figure 6. Keyword blockchain relations with other keywords
Source: authors’ elaboration in VOSviewer software (1.6.20 version).

The results of the analysis presented above in Figures 3-6 and Table 4 will be discussed later in
the article. Based on this argument, promising research directions will be determined in the future.
The bibliometric maps presented do not contain any reference to the green research areas. Neverthe-
less, the analysis of the scientific publications selected for the bibliometric research conducted with
the CLR method shows that this topic is gradually appearing in the circle of research interests of
individual authors. Then, as the authors of this article note, researchers add the word ‘green’ to
denote the issue in question. In the scientific publications reviewed in relation to this practice, refer-
ences to green IT (Guillaume et al., 2022; Powell et al,, 2021; Veit & Thatcher, 2023), the green block-
chain (Alzoubi & Mishra, 2023; Varavallo et al., 2022), the green bonds (Naderi & Tian, 2022; Pom-
bo-Romero & Raas-Barrosa, 2022), the green computing (Guillaume et al., 2022; Oudani et al., 2023),
the green finance (Dorfleitner et al,, 2021; Naderi & Tian, 2022) and the green technology (Heinonen
etal, 2022; Riyal et al., 2022). In addition, references to the green economy (Polas et al., 2022), the
green entrepreneurship (Polas et al., 2022), green HR (Sharma et al,, 2022), the green infrastructure
(Giudicianni et al., 2020), the green innovation (Polas et al., 2022), the green IS (Veit & Thatcher,
2023), the green logistics (Pham et al,, 2023), the green manufacturing (Prasad et al., 2022), the
green procurement (Rane & Thakker, 2019), the green product design (Rane et al., 2023), the green
supply chain management (Labaran & Masood, 2023), or the green technology innovation issues
(Li, 2021). In the opinion of the authors of this article, the growing interest in the green issues due to
their close connection with sustainability and the ongoing green transition of the energy sector will
be reflected in the emergence of green research areas in the key research areas.
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Discussion

The articles taken for analysis in the bibliometric study carried out referred in their content to
the issue of the blockchain in various aspects. Some of these articles were reviewed. Most often, these
studies used the Scopus (e.g. Espina-Romero et al.,, 2022; Yang et al., 2023) or Web of Science (e.g. Wu
et al,, 2022; Zha et al., 2022) databases or both simultaneously (e.g. Ayan et al,, 2022; Bieganska,
2022; Rejeb & Zailani, 2023) as the data source for the planned analysis. Nevertheless, it is important
to recognise that the studies conducted to date have addressed the blockchain in energy issues to
varying degrees. In some studies, the use of the words the blockchain and the energy has occurred in
the constructed bibliometric query, albeit with no reference to sustainability in these queries (e.g.
Wang & Su, 2020). On the other hand, a much broader research focus can be discerned. Some of these
also do not refer to sustainability issues, but in addition to the issues of blockchain and energy, there
are references to, e.g. the smart grid (e.g. Bieganska, 2022), and buildings (e.g. Yang et al,, 2023). In
contrast, Wu et al. (2022) refer to the issue of the blockchain in energy through the lens of sustaina-
bility in their research but do not focus exclusively on the blockchain issue (the bibliometric query
references the Internet of things and artificial intelligence, among others). The studies where there
was no reference to the energy and/or the blockchain issues in the bibliometric query, but these
issues were identified as important directions for future research (e.g. Ayan et al.,, 2022; Espina-
-Romero et al., 2022), economic challenges (e.g. Lai et al., 2023), or were the result of analyses and/
or discussions undertaken (e.g. Labaran & Masood, 2023; Rejeb & Zailani, 2023; Shishehgarkhaneh
etal, 2023; Suta & Toth, 2023) are worth pointing out. The study presented in this article differs from
the above-mentioned ones in the syntax of the bibliometric query (the words explored are block-
chain, blockchain, energy, sustainable development, and sustainability). The study thus brings new
cognitive value regarding the key research areas undertaken in the context of blockchain in energy in
the context of sustainable development.

Sustainable energy transition can be supported through blockchain technology (Gupta et al,,
2023). Combining this technology with the smart grid, as highlighted by the researchers, can result in
increased energy system capacity (Celik et al., 2022). Blockchain can be used to improve energy effi-
ciency (e.g. Hossin et al., 2023; Varriale et al., 2020). Thus, the technology can support the achieve-
ment of the environmental sustainability goals (e.g. Bohmecke-Schwafert & Garcia Moreno, 2023;
Calandra et al., 2023; Parmentola et al., 2022). At the same time, the blockchain field has seen a call
for the technology to pursue more sustainable and energy-efficient solutions (Nurgazina et al.,, 2021).
It is recognised that without the implementation of appropriate technological modifications, the
blockchain networks may even endanger the ambitious sustainability-oriented plans due to their
increasing carbon footprint (Truby et al.,, 2022). In the opinion of the authors of this article, such
a noticeable dichotomy in the scientific considerations of the issue at hand is very important, as it
allows us to see both the opportunities and the threats from the blockchain for sustainability-ori-
ented activities. Nevertheless, it should be noted that with the development of blockchain technology,
it should be expected that its energy efficiency will increase, which in turn will translate into an
increase in the number of scientific studies indicating the application of this technology in the green
transition of the economy.

The study also identified the green research areas. Within the scope of the identified green
research areas, however, no references to the green labour market issues, and in particular the green
jobs that are part of it, were observed. This observation has a very important scientific implication.
Indeed, it should be emphasised here that the issues related to the green labour market are now an
increasingly important field of consideration for the researchers addressing issues of sustainable
development (e.g. Kozar & Sulich, 2023a; Stanef-Puica et al,, 2022) or the green transition of the
energy sector (e.g. Kozar & Sulich, 2023b). Hence, in the opinion of the authors of this article, future
studies targeting the impact of blockchain technology on the emergence of green jobs in the energy
sector undergoing a green transition should be expected. The area of research thus identified defi-
nitely has a research gap discernible through the prism of the analyses carried out.

Also, a promising direction of scientific consideration in the field of blockchain and energy in the
context of sustainability issues is the issue of disruptive innovations, which are sometimes also
referred to as subversive innovations by researchers (e.g. Dong, 2018; Zhang et al., 2022; Zhao, 2022).
This area, like the green issue, also does not appear explicitly expressed by the author’s keyword in
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the bibliometric maps obtained. Nevertheless, this issue is beginning to be addressed in the context
of blockchain problematics, which may provide a clue for future researchers. In the opinion of the
authors of this article, the indicated aspect should be discussed through the prism of the ongoing
transition in the energy sector (especially from the perspective of the dynamics taking place and the
direction of transition in the energy sector, as well as the impact on the carbon footprint).

Conclusions

The main conclusion of this article is that the issue of blockchain is being discussed from a sus-
tainability perspective in different research approaches. As shown, new research in this area focuses
on artificial intelligence, climate change and sustainable development goals. The scientific contribu-
tion of this article is to present existing research on the blockchain in energy through the lens of
sustainable development. The green research areas were also identified. Therefore, the survey that
was constructed and conducted filled two research gaps.

The methodology used was the main limiting factor of the study. This was particularly true for the
choice of database to be analysed (Scopus database) and the bibliometric query constructed. Hence,
by applying the indicated query to other databases (e.g. Web of Science), the results of the study may
differ, which is simply due to the indexing procedure in the individual scientific journal databases.
Nevertheless, it is impossible to select a database that would include all scientific publications that
simultaneously referred to the blockchain, energy and sustainability issues (some publications are
notincluded in any database). The indicated research snapshot thus represents the author’s research
framing around the identification of the major and the green research areas in the scientific publica-
tions that simultaneously referred to the blockchain, energy and sustainability issues. Furthermore,
thanks to the detailed planned and presented methodology, the study is replicable. Thus, it can be
compared with other studies on blockchain issues.

Based on the analyses carried out, it is possible to identify the recommendations targeted at some
specific stakeholder groups that are linked to the issue of blockchain and sustainability. First and
foremost, we recognise that in order for the blockchain to support the transformation of the economy
towards sustainable development to a greater extent than at present, it is necessary to develop new
solutions to improve the energy efficiency of this technology. Hence, we see the need to build and
support the partnerships between academia, industry and public institutions aimed at developing
solutions to stimulate action aimed at sustainable blockchain technological innovation in the energy
sector. It is becoming necessary, for example, to develop and systematically update legal regulations
that would make it possible to reduce the costs of research using this technology (introducing various
types of tax relief for research and development activities). Such solutions could encourage the busi-
ness sector to finance or co-finance research projects related to blockchain technology and its appli-
cation in the energy sector. It is also apparent that there is a need to create funds for interdisciplinary
research aimed at practical applications of blockchain technology in the energy sector undergoing a
green transition, which the research institutions and the academic centres could request.

With the rise of blockchain technology, energy sector players should include in their strategic
plans the possibility of developing this technology that takes sustainability-oriented challenges into
account. This includes the development of the green blockchain technology. Hence, the individual
actors should not become attached to particular blockchain technology but constantly monitor new
developments in order to simultaneously be more competitive in the market through the use of more
energy-efficient blockchain technologies. These entities should also use the blockchain pilot imple-
mentations to test how they perform under the given conditions (verifying whether the implementa-
tion of the blockchain into the realities of an economic entity’s operation will contribute to reducing
its negative environmental impact) before applying it on a wider scale.

The legislators should, in our opinion, also lean towards developing a regulatory framework that
facilitates the implementation of blockchain-based solutions in the energy distribution and the pro-
duction process, which at the same time would support the achievement of sustainability goals for
the economy. It also becomes imperative to raise awareness among the various stakeholders on the
benefits and challenges of integrating the blockchain into the energy management system. It is also
worthwhile for universities to introduce degree programmes on blockchain technology into their
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educational of ferings, which would enable the energy sector stakeholders to acquire employees
trained in this field. Of course, in such a focused educational offer, the emphasis beyond blockchain
technology should also be on sustainability issues.

In summarising the argument, the multidimensionality of the addressed research issues con-
cerning blockchain in energy through the prism of sustainable development should be recognised.
At the same time, it is important to note the new emerging challenges related to technological devel-
opment and the green transition of the economy, which are already projected and will continue to
shape the directions of research undertaken in the field of blockchain in the energy sector in the
coming years. Hence, future researchers should be expected to be able to combine at least the ‘green’
issues with the blockchain and the accompanying sustainability issues. This, of course, also makes it
necessary for the researchers to develop their competencies in this area.
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tukasz Jarostaw KOZAR * Monika WODNICKA

BLOCKCHAIN W ENERGETYCE: PRZEGLAD LITERATURY
W KONTEKSCIE ZROWNOWAZONEGO ROZWOJU

STRESZCZENIE: Artykut ma dwa réwnorzedne cele badan. Pierwszym celem badar jest identyfikacja kluczowych obszaréw
badawczych poruszanych w publikacjach naukowych nawigzujacych jednoczesnie do problematyki blockchain, energetyki oraz
zréwnowazonego rozwoju. Z kolei wyodrebnienie zielonych obszaréw badawczych w tych publikacjach stanowi drugi cel badan.
Wskazane cele badan zostaty osiggniete na podstawie przegladu bibliometrycznego 205 publikacji naukowych z lat 2017-2023
(baza danych Scopus). Za pomocg systematycznego przegladu literatury zidentyfikowano 25 réznych kluczowych obszaréw
badawczych. Z kolei klasyczny przeglad literatury pozwolit na wyodrebnienie 18-tu zielonych obszaréw badawczych (m.in. green
blockchain). Jednoczesnie zadna zielona kwestia nie znalazta sie wsrdd zidentyfikowanych kluczowych obszaréw badawczych.
Rezultaty moga stanowic¢ inspiracje dla badaczy poszukujacych luk badawczych wokdt kwestii blockchain i zréwnowazonego
rozwoju. Wsrdd zalecen dla interesariuszy zwrécono uwage m.in. na koniecznos¢ dalszych badan wokét technologii blockchain,
opracowanie ram regulacyjnych, czy tez kwestie edukacyjne.

StOWA KLUCZOWE: blockchain, energetyka, zielony blockchain, zréwnowazony rozwoj
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