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Abstract Study on green information technology continues to develop but is limited
to one country, area, and/or aspect. From a bibliometric analysis, this study purposes
to visually study mapping and research trends in the field of green information
technologyon an international scale.Analyze andvisualize data using theVOSviewer
program and the analyze search results function on Scopus. This study analyzed
1,412 scientific documents published in the Scopus database from 1949 to 2020. This
research proposes a grouping of green information technology study map themes:
green computing, human study, information technology, energy management, and
sustainability (GHIES study themes).
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1 Introduction

Green information technology (GIT) is becoming increasingly essential in ensuring
the long-term demand and output of IT appliances to achieve positive environmental
results [1]. Green information technology or green IT becomes increasingly critical in
ensuring the long-term usage and output of IT equipment to achieve positive ecolog-
ical results [2]. Green information technology is being used as a pro-environmental
conduct program [3]. Digitalization can improve material and energy efficiency.
Fortunately, their use of information and communication technology (ICT) necessi-
tates the use of resources and materials, and the implementation of ICTs stimulates
economic development [4]. Green information systems (green ISs) are becoming a
common research subject as a way of reducing organizational and individual carbon
footprints and as a result, achieving ecological responsibility [5].Democracy of infor-
mation technology and green IT, especially the practices employed by businesses.
Every day, more businesses around the world are introducing new green IT practices
[6].

Technology has become the foundation of corporate practices, as well as having
a huge influence on culture and people’s everyday lives. As is well established, IT
consists of (hardware, software, and networks) that must be environmentally friendly
to save the earth and ensure agricultural sustainability. The emphasis of green IT is
primarily on energy conservation and equipment utilization [7, 8]. As collaborative
enterprise (CE) accepts green strategies to gain productive resource use, ecology is a
responsive field of study and implementation [9]. Organizations all over theworld are
becoming deeply concerned with sustainability, which has led them to incorporate
green technology in their processes. From the perspective of one of the fields that have
the most recent effects in organizations, the world of information technology, a new
environmental approach is known as green IT activities has emerged in isolation.
Thus, to effectively introduce, evaluate, and scale-up green IT in organizations, a
structure that governs and defines these (hitherto isolated) practices are required in
a gradual and integrated way. In current history, there was a growing realization
that it is important not only to build more reliable, accurate, and useful information
technology but also to strive for long-term sustainability [10]. Almost every business
today is pursuing sustainability. Companies are investing in this field due to an
increase in popularity, a desire to improve brand equity, and a desire to reduce costs.
Look for ways to reduce environmental impact and enhance economic print while
maintaining or increasing income is a goal in and of itself [11].

Information and communication technology has become so embedded in our
everyday lives that the community will struggle to function without it [12]. Massive
manufacturing activity has resulted in a large rise in the usage of fossil fuel resources,
while technical advancements have raised the carbon footprint and therefore global
climate change. The massive rise in energy usage as a result of the Internet of
things (IoT) tech has posed new challenges and shifted our attention to developing a
more environmentally friendly IoT ecosystem [13]. In every area of life, especially
technology, sustainability is becoming increasingly relevant. However, although the



A Study of Green Information Technology … 653

machinery has been updated regularly tomake it more energy efficient [14]. Green IT
programs attempt to balance two essential objectives: environmental stability (“doing
good”) and company profitability (“doing well”). These two priorities, however, are
not always incompatible, and this may lead to a problem in which engaging in envi-
ronmental protection may jeopardize a company’s profitability [15]. Institutions can
use information technology resources to enhance their environmental efficiency,meet
environmental standards, boost profits, and boost their market competitiveness [16].

Research related to green information technology in management, engineering,
computer science, and industry has been carried out and developed at the international
level over the last few years. The biggest environmental risks are e-waster and techno-
trash. The term “green” encourages us to improve technology while taking into
account its environmental effects. Human–computer interaction (HCI) and IT to
be able to easily use and dispose of technology [17]. Much of the study on green
information technology has been designed to reduce environmental impacts, as well
as the planning, production, and function of progressively sustainable e-devices [18].
However, the previous studies on the topic of green information technology have
usually been limited to one country in particular, one area, or one aspect. There
has not been much reported on green information technology, despite providing
a large image map visualized on a global scale year after year using data from
many published studies. There has been no publication that directly discusses the
strong positive relationship between relationships, scholars, and scholarly studies’
influence.

One of the methods used to view research, in general, is the bibliometric method.
Bibliometrics are a method for measuring and analyzing scientific references with a
combination of mathematical and statistical methods. Bibliometrics are a statistical
technique for analyzing bibliometric publication data such as peer-reviewed journal
articles, reports, reviews, books, periodicals, conference proceedings, and related
publications. Bibliometric methods have been widely used to present the relationship
between the quantitative methods and the research domain [19]. This study proposes
research questions, what is the mapping and trend of green information technology
research using visual bibliometric analysis? From a bibliometric analysis, this study
aims to visually study mapping and research trends in the field of green information
technology on an international scale.

This scientific articlewas organized into several sections. Thefirst part of the intro-
duction discusses the background, questions, and objectives of the study. The second
part of the method describes the scientific approach used in the research. The third
section results and discussion explains the research findings, and the fourth section
summarizes the essence of the research. Finally, followed by acknowledgments and
references.
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2 Research Methods

This study has used bibliometric analysis in a comprehensive literature database.
This survey has identified relevant keywords related to a green information tech-
nology study to search for and identify-related articles in the global Scopus database.
Researchers have used the Scopus database as themain source of information because
it is considered a reliable source of scientific publications by academics.

This research has used the keyword “green information technology” and “green
IT” in the title, abstract, and author keywords to get the necessary data from the
Scopus database as shown in Fig. 1. Data mining was limited to annual data to obtain
fully published data for twelve months each year. Data mining uses the following
search query option (TITLE-ABS-KEY (“green information technology” OR “green
it”) AND PUBYEAR < 2021) as of March 2021. In this step, we have found 1412
publications over the last 71 years from 1949 to 2020. In the study at this point, the
Scopus result metadata have been extracted in the CSV dataset format [20].

The Scopus website provides an analyze search results function that displays
bibliometric information from selected publications. We have used this service to
analyze and visualize the publication productivity of researchers, institutions, and
countries. Besides, this feature is to measure the number of annual publications and
publication citations, as well as the proportion of subject areas and source documents
[21, 22].

In the next stage, the researcher analyzed the collected documents using the
VOSviewer ver. 1.6.16 for co-occurrence and co-authorship analysis. This study has

Fig. 1 PRISMA protocol
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applied co-authorship analysis with the author’s analysis unit and the full computa-
tion systematic technique using VOSviewer to obtain a research network of inter-
national collaborative researchers. This study performs an in-depth co-occurrence
analysis with keyword relationship analysis as well as a fully systematic computa-
tion technique using VOSviewer to generate a network of keyword maps for research
themes [23, 24]. Simple statistics and tables have been calculated and tabulated using
Microsoft Excel. Then, the research results were synthesized and triangulated.

3 Results and Discussion

This section describes the growing results of data based on the most common organi-
zational affiliation, nations, individual studies, the largest frequency of subject areas,
yearly source documents, annual documents and cited papers, publication of themap,
and networks of authorship in the green information technology study.

3.1 Green Information Technology Study Most Common
Affiliations Organizational

There 2,109 affiliated organizations have researched green information technology.
The higher organization’s research in green information technology publications
was Rissho University, Japan (n = 32) as shown in Fig. 2. Then, followed by RMIT
University, Australia (n = 31); Seikei University, Japan (n = 25); the Technical
University of Berlin, Germany (n= 21); Universiti Teknologi Malaysia, Malaysia (n
= 19); Universität Göttingen, Germany (n = 19); Politecnico di Milano, Italia (n =

Fig. 2 Number of organizational affiliation annual publication of green information technology
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18); Curtin University, Australia (n = 17), Universiti Malaysia Pahang, Malaysia (n
= 15); Universidad de Castilla-La Mancha, Spain (n = 12); Kyung Hee University,
South Korea (n = 12), Universität Freiburg im Breisgau, Germany (n = 12); and
Virginia Polytechnic Institute and State University, United States (n = 12).

It can be seen that Australia (n = 3), Germany (n = 3), Japan (n = 2), and
Malaysia (n= 2) were dominated in the most productive research organization affil-
iates in the green information technology study. This was because the country like
Australia, Germany, Japan, andMalaysia was the country that supports development
and research, including in the green ınformation technology area. Green information
technology research, in general, is carried out spread out by several countries and is
not dominated by certain countries.

3.2 Green Information Technology Publications Most
Individual Researcher

There was 2,868 individual researcher that has researched green information tech-
nology. Enokido, T. from Rissho University, Japan; and Takizawa, M. from Hosei
University, Japan were the researcher with the most writings in the field of green
information technology (n = 32) as shown in Fig. 3. Pursued by Molla, A. from
RMIT University, Australia (n = 27); Aikebaier, A. from “National Institute of
Information and Communications Technology”, Japan (n = 19); Kolbe, L.M. from
Georg-August-Universität Göttingen, Germany (n= 15); Zarnekow, R. from “Tech-
nische Universität Berlin”, Germany (n= 14); Erek, K. from Technische Universität
Berlin, Germany (n = 13); Cameron, K.W. from Virginia Tech, United States (n =
12), Schmidt, N.H. from Georg-August-Universität Göttingen, Germany (n = 11);

Fig. 3 Most individual green information technology publication researcher
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Lamb, J. from Pace University, United States (n = 10); Naumann, S. from Environ-
mental Campus Birkenfeld, Germany (n= 10); and Piattini, M. from “University of
Castilla-La Mancha”, Spain (n = 10).

It can be seen that the most productive individual researcher in the green infor-
mation technology study mostly comes from Germany (n = 5), Japan (n = 3), and
United States (n = 2). Enokido, T. was the author with the largest publication in
the field of green information technology affiliated with Rissho University, Japan.
Enokido, T has a citation of 3,612 and has 408 publications. Japan is also included in
the fifth most productive research affiliates in green information technology studies
[25].

3.3 Green Information Technology Study Most Common
Nation

There were 95 countries that were identified to have researched green information
technology. In green information technology publications, United States (n = 207)
as the country with the most scholarly papers was the one with the most study as
shown in Fig. 4. Then, Germany (n = 140), Australia (n = 115), India (n = 108),
Japan (n = 96), China (n = 82), United Kingdom (n = 81), South Korea (n = 74),
Malaysia (n = 72), and France (n = 59).

Green information technologypublications’most commonnationwere dominated
by developed countries with a high human development index and a very supportive
research ecosystem compared to developing countries like United States, Germany,
Australia, Japan, United Kingdom, South Korea, and France [26].

Fig. 4 Green information technology publications most common nation
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Fig. 5 Most frequency of publication of green information technology by subject area

3.4 The Subject Area Frequency of Green Information
Technology Study

Green information technology study has been researched in a variety of subject areas.
Computer science (n= 843 or 32.8%)was the subject areawith themost international
publications in green information technology studies as shown in Fig. 5. This was
followed by engineering (n = 336 or 13.1%); social science (n = 221 or 8.6%);
business, management and accounting (n = 173 or 6.7%); mathematics (n = 173
or 6.7%); decision science (n = 156 or 6.1%); environmental science (n = 143 or
5.6%); energy (n = 89 or 3.55%); econometrics, economics and finance (n = 84 or
3.3%); and agricultural and biological sciences (n = 51 or 2.0%).

The green information technology concept is a synergy between computer science,
engineering, social science, and environmental science. Computer science-based IT
engineering is environmentally friendly for the welfare of society in the social aspect.
This is partly why the subject area of computer science, engineering, social science,
and environmental science dominates green information technology study.

3.5 Year Documents of Green Information Technology
Publication Sources

There 87 publication sources have published green information technology studies.
The biggest in the number of sources of green information technology publications
is the journal of computer (n = 28). Then, followed by “studies in systems decision
and control” (n= 25), “lecture notes in computer science including subseries lecture
notes in artificial intelligence and lecture notes in bioinformatics” (n = 24), “IT
professional” (n = 21), “communications in computer and information science” (n
= 12), and “green energy and technology” (n = 12).
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Table 1 Number of top five documents by source of green IT publication

No. Scientific journal Q/SJR Article

1 “Computer” Q1/0.79 28

2 “Studies in systems decision and control” Q3/0.14 25

3 “Lecture notes in computer science including subseries lecture notes in
artificial intelligence and lecture notes in bioinformatics”

Q2/0.43 24

4 “IT professional” Q1/0.63 21

5 “Communications in computer and information science” Q3/0.19 12

6 “Green energy and technology” Q3/0.23 12

The SCImago Journal Rating (SJR) ranks journals according to their average
prestige per article, and the subject area, quality, and reputation of journals by the
value of a citation. The most productive journals that publish green information
technology research have SJR indicators, 0.14–0.79 [27] (Table 1).

3.6 The Green Information Technology Sector’s Annual
Publications

The growing trend has been seen last year in the number of publications international
on green information technology studies. This can be seen in Fig. 6 with 175 papers,
the big impact publication peak from2012. Since 2008, research ongreen information
technology has been initiated. The number of article documents per year for green
information technology studies is 75 documents in 2020, 69 documents in 2019,
86 documents in 2018, 109 documents in 2017, 65 documents in 2016, and 106
documents in 2015.

Fig. 6 The green information technology sector’s annual publications
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Table 2 Number of top five documents cited of green information technology publications

No. Document Title Author Year Source Cited by

1 Energy-aware resource
allocation heuristics for
efficient management of
data centers for cloud
computing

Beloglazov, A.,
Abawaijy, J.,
Buyya, R

2012 Future
generation
computer
systems

1,782

2 Optimal online
deterministic algorithms
and adaptive heuristics for
energy and performance
efficient dynamic
consolidation of virtual
machines in cloud data
centers

Beloglazov, A.,
Buyya, R

2012 Concurrency
computation
practice and
experience

1,058

3 Hydrothermal synthesis of
graphene-TiO2 nanotube
composites with enhanced
photocatalytic activity

Perera, S.D.,
Mariano, R.G.,
Vu, K., Habal, Y.,
Balkus, KJ

2012 ACS catalysis 697

4 Harnessing green IT:
Principles and practices

Murugesan, S 2008 IT professional 581

5 Energy efficient resource
management in virtualized
cloud data centers

Beloglazov, A.,
Buyya, R

2010 CCGrid
2010—10th
IEEE/ACM

536

3.7 Document Cited of Green Information Technology
Publications

The number of citations can show the academic implications of a green informa-
tion technology publication on the body of knowledge. The study of Beloglazov, A.,
et al. was the most widely cited publication, in 2012 entitled “energy-aware allo-
cation heuristics for efficient management of data centers for cloud computing” in
the journal of “future generation computer system” with cited by 1.782 documents
(Table 2).

3.8 Study Theme Map

The study theme map is a review that seeks to identify green information technology
research based on keyword linkages between publications. Design on the green infor-
mation technology term system for the green information technology of publication
concept map was created using the VOSviewer system’s interpretation and anal-
ysis. The requirement for the minimum number of keyword documents was twelve
repetitions. As a result, 8,250 keywords out of 150 met the requirements.
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Fig. 7 Map of study themes

Figure 7 shows six research theme classes based on study terms for international
academic publications on green information technology, which were simplified and
abbreviated as GHIES study themes.

1. Green computing cluster (yellow): The keyword of the e-waste, education, green
computing, ICT, life cycle, software engineering, andwastemanagement. These
keywords are linked to themes in green computing.

2. Human study cluster (purple): We can find the human study in this cluster. The
keyword of the article, controlled study, human, and priority journal dominated
human study cluster.

3. Information technology cluster (green): This cluster was dominated by the
keyword of big data, cloud computing, computer simulation, computing
resource, data center, information management, Internet, Internet of things,
network security, and virtual reality. Many of these keywords are linked to
themes in information technology.

4. Energy management cluster (blue): We can see energy management themes in
this cluster. The keywords of the digital ecosystem, electric power utilization,
energy-aware, energy efficient, power consumption, and power consumption
model.

5. Sustainability cluster (red): This cluster is related by the keywords of envi-
ronment, environmental management, environmental sustainability, green IT,
sustainability, sustainable development, and sustainable IT. Many of these
keywords were linked to themes in sustainability.
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Fig. 8 Map of the authorship network

3.8.1 Network of Authorship

Green information technology studies have been researched by several research
groups. The authorship network map was created using the VOSviewer software
and the green information technology researcher system. One of the criteria for the
required collection of documents per author was four papers. Thus, 109 researchers
out of 2,868 were identified as having met the criteria. There were four commu-
nity collaboration networks among international researchers in green information
technology publications, as shown in Fig. 8.

The red cluster of green information technology study containsAlemayehuMolla,
HepuDeng, Vanessa Cooper, andAhmadAbareshi. Theywere from the same univer-
sity, RMIT University, Australia. The green cluster contains Chulmo Koo, Joseph
Sarkis, Yulia Wati, Jan Recker, Helen Hasan. It was dominant in the country of the
United States. The yellow cluster containsXuequnWang andSaonee Sarker that from
the same institution, Washington State University, United States. The blue cluster
which contains Schmidt, N, Lutz M. Kolbe, Erek k, Ruediger Zarnekow, and Fabian
Loeser were from Germany.
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4 Conclusion

According to the results, the number of international publications on green informa-
tion technology, as well asmaps and visual patterns, has been increasing on an annual
basis. The United States was the country that contributed the most to publications in
green information technology research, with 207 articles. With twenty-eight papers
published in the green information technology publication, Rissho University, Japan
was the most involved research institution. Enokido, T. was the researcher with the
most writings in the field of green information technology, with thirty-two articles.
Computer sciencewas themost intensively subject area in the green information tech-
nology study, with 843 documents (32.8%). The year 2012 saw the most academic
publications in the field of green information technology study, with 175 papers
published worldwide. Most cited documents in the green information technology
sector, the study of Beloglazov, A. et al. was the most widely cited publication, in
2012 entitled “energy-aware allocation heuristics for efficient management of data
centers for cloud computing” in the journal of “future generation computer system”
with cited by 1,782 documents. The publishing of green information technology was
related to four researcher collaboration groups.

This research proposes a classification of the convergence axis, which includes
publication in green information technology, to categorize the body of knowl-
edge produced over seventy-one years of academic publication in terms of knowl-
edge contributions: green computing, human study, information technology, energy
management, and sustainability, abbreviated as GHIES study themes. As a prac-
tical result of identifying key themes in green information technology, practical
studies are required to clarify general backgrounds and subjects, as well as study
gaps, there is a clearer understanding of the need for them. All of this will assist
in new research into the disciplines’ lack of advanced expertise and analysis. The
potential of green information technology to contribute to sustainable development,
economic growth, green innovation, green computing, and environmental protection
is frequently studied themes.

Future prospects and associated research challenges to analyze contributions and
explain the impact of green information technology research by measuring citations
based on a combination of data obtained from Scopus and Web of Science. Also, an
in-depth analysis using a systematic literature review.
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