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Abstract: A green balanced scorecard allows businesses to monitor their environmental progress
and energy use, as well as quantify their achievements toward decreasing their ecological footprint.
The scope of the current research is twofold: (i) to highlight the new sustainable profile of the
Balanced Scorecard; and (ii) to investigate the contribution of the Sustainable Balanced Scorecard
to the achievement of the energy efficiency and environmental goals of businesses. The present
research study applies the rigorous bibliometric analysis technique and the PRISMA method for
the years 2011-2023 to investigate the most popular research sources and documents, where the
most frequently used keywords and research trends are utilized to answer the research question. In
addition, findings from the network, content, and cluster analyses were visualized with the use of the
bibliometric tools of Biblioshiny and VOSviewer. The results of the study indicate that businesses
have made it a priority to build an energy-efficient management system based on the Sustainable
Balanced Scorecard, which will help them achieve their organization’s environmental strategic goals.
Moreover, a new era in the Sustainable Balanced Scorecard, that of the Contact Balanced Scorecard,
has started emerging in the field. This article explains how the Sustainable Balanced Scorecard
benefits organizations by enabling them to enhance their performance on both the economic and
social fronts as well as the environmental front. Finally, by employing strategic evaluation methods
like the Sustainable Balanced Scorecard to analyze organizations’ sustainability performance, the
present study effort supports the sustainable growth of enterprises.

Keywords: business; energy management system; energy efficiency; environmental footprint;
sustainable balance scorecard; sustainable continuity

1. Introduction

The Balanced Scorecard is a tool for strategy implementation and management. Its
development addresses both the challenge of efficiently assessing corporate performance
and the important issue of successfully implementing strategy [1,2]. Organizations that
already have a defined plan might speed up their speedier and more successful execution
by adhering to the principles chosen. When developing a plan, several management
teams initially assumed that all their members agreed with it. However, the original
Balanced Scorecard (BSC) discovered that each team member interpreted strategy extremely
differently. They could not agree on who the target consumers were, what the distinctive
value offer was, or how innovation and shared services fit into the plan. The process of
developing the Balanced Scorecard resulted in clarification and agreement on what the plan
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was and how it might be achieved. Organizations that did not have an explicit or common
plan utilized the Balanced Scorecard approach to generate business unit strategies. The
scorecard incites an extensive management dialogue to determine strategy. The Balanced
Scorecard introduces a new shared language and infrastructure for strategy. Strategy maps
and templates serve as the foundation for strategic conversations. As a result, having a
clear approach that everyone knows and agrees on will reduce the time it takes to create
the initial Balanced Scorecard [3].

On the other hand, businesses do not need to wait until they have reached an agree-
ment on a plan before developing a scorecard. They can utilize the process of creating the
scorecard as a tool for a parallel process that eventually results in the strategy. The Balanced
Scorecard enables financial outcomes to be measured in connection to customers and oper-
ations while also enabling the development of organizational capacities and capabilities [4].
Unlike other systems, the performance assessment information acquired highlights the
importance of financial and non-financial indicators being included in employee informa-
tion at all levels of the hierarchy. Front-line workers must comprehend the ramifications of
their job, while senior management must understand how to reach the long-term financial
objectives set in the process of converting their vision into strategy while achieving the
day-to-day short-term ones [1,5].

In recent years, the demand for environmentally conscious business initiatives has
grown, and the benefits of green entrepreneurship are increasing, leading to the treatment
of environmental consequences from corporate operations [6]. Environmental protection
actions may be an arm of developing a specialized know-how with large export potential
and competitive advantages, generating surplus value for the economy and thousands
of new jobs. In terms of environmental management, the business climate is continually
changing, resulting in a new situation in which environmental commodities become eco-
nomic products and enter the realm of corporate activity [7]. The economy no longer views
the environment as an endless resource that is perpetually renewed and self-healing [8]. In
addition to the production costs, the environmental costs can be calculated either directly
or indirectly. Green entrepreneurship’s key industries meet the demand for both continuity
and innovation. Thus, environmental adaptation of traditional production actions and
methods is associated with continuity, slow progress, and transition, whereas exclusively
green economic actions form the basis of the new economic world.

Although green activities are unquestionably beneficial to the environment, the effects
of such policies on a company’s profitability may be both positive and negative [9]. On
the one hand, green practices may boost profitability by helping to distinguish products
and services in the market, improving the corporate image for investors and consumers
(both existing and new). Green practices, on the other hand, may impair profitability
owing to the increased expenses associated with their adoption, implementation, and
maintenance [10]. The Green Balanced Scorecard, which may provide a framework for
integrating non-financial measurements into business operations and evaluations, can help
to reconcile these competing challenges by aligning sustainability measures with corporate
strategy. Through the above method, businesses can clarify the link between sustainability
objectives and their performance, strategy, and profitability [11].

Therefore, the scope of the current research is twofold: (i) to investigate the transition
from the traditional role of the Balanced Scorecard to that of the Green Balance Scorecard
and (ii) to highlight the role of the Green Balanced Scorecard to the assurance of businesses
for an energy efficient and sustainable continuity. The integration between the principles of
sustainable development and the Balanced Scorecard is a research issue that has not been
explored in depth by the academic community. As a result, the recognition and investigation
of the characteristics of such a tool are considered very important and beneficial for its
application by businesses. Moreover, the literature falls short when it comes to identifying
the traits and the method of use of a particular tool for the rational management of a
company’s energy resources. Additionally, this study introduces, for the first time, the
development of a model for the use of the tool of the Green Balanced Scorecard in businesses
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to enhance their energy efficiency. The visualization of the findings has been achieved with
the use of a series of bibliometric tools such as R Studio, Biblioshiny, and VOSviewer. Finally,
the current research is broken into the following sections: Section 2 discusses the literature
review about the importance of the Green Balanced Scorecard in the energy efficiency and
sustainability of businesses. Section 3 presents the methodology that has been applied to
this research work, while Section 4 illustrates the results. Section 5 further discusses the
findings, limitations, and proposals for future research, and Section 6 concludes the paper.

2. The Role of the Green Balanced Scorecard to the Rational Management of Energy
in Businesses

Energy management is the continuous and regular monitoring, control, and improve-
ment of an organization’s energy use to save energy and reduce energy expenditures [12,13].
Minor steps such as checking monthly energy bills and upgrading to energy-saving light-
bulbs fall under the purview of energy management. It might imply more comprehensive
upgrades such as adding insulation or installing a reflective roof to cover or enhance heat-
ing and cooling equipment to maximize their energy performance. Additionally, energy
management can cover more complex operations, such as developing financial predictions
for commissioning renewable energy services and implementing other changes for clean
energy usage and lower energy expenses in the next few years [14]. Technology is used in
more advanced energy management strategies. Utility tracking software, for example, fore-
casts future energy demand and sets energy budgets, which assists a company’s strategic
decision-makers in ensuring that its energy management strategy aligns with its objectives
and financial planning. Enterprise management software makes use of lIoT, sophisticated
connectivity, and big data to enable a company to benefit from energy data analytics for
improved facility management and to assist with energy consumption and management
difficulties [15,16].

Despite the role of technology, the Balanced Scorecard (BSC) developed by Kaplan
and Norton (1992), which has proven to be one of the most extensively used instruments in
management strategy, can serve as another tool to aid in energy management operations.
Furthermore, Hansen and Schaltegger (2012) identified the four objectives reviewed by the
traditional BSC—finance, customers, internal procedures, and learning and growth—as
ignoring the inclusion of sustainability issues and so needing to be modified to the changing
business environment [17]. While the traditional BSC framework can assist managers in
matching business sustainable development goals with firm strategy, experts in the field
argue that the framework should include economic, social, and environmental factors. Key
economic data should be addressed in the usual BSC from a financial approach [2,18]. As
a result of incorporating the dimension of sustainability into the traditional BSC, a focus
on the social and environmental measuring criteria may be placed. To begin, the required
environment and society indicators, goals, and accompanying Global Reporting Initiatives
(GRI) must be included into the conventional BSC framework to include the social and
environmental metrics in the present four BSC frameworks. The GRI may assist managers
by providing a wide range of performance and department-specific metrics.

Thus, based on the above insights of experts in the field, developing a BSC for a given
business sector and identifying the social and environmental variables relevant to the
business sector plans can be characterized as a critical task. Many studies have investigated
the use of the Sustainable Balanced Scorecard (SBSC) in different sectors for the sustainable
continuity of businesses [5]. Although, neither has further investigated the contribution of
SBSC in the energy efficiency of a business. Specifically, an efficient energy performance
is dependent on the development of a sustainable balanced scorecard, which implies that
businesses must define targets that relate to the organization’s strategy for energy effi-
ciency and long-term continuity. A group of crucial success criteria will then serve as a
representation or driver of these goals and translate into a set of actions or initiatives. The
following are some of the most vital categories of critical success criteria to investigate and
comprehend: (i) political aspects that include government, energy, and industry policies,
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as well as renewable energy industry policies and worldwide environmental challenges,
such as greenhouse gas reduction targets, (ii) technology criteria include advancements in
renewable energy technology and technical assessment criteria, such as the cost of creating
renewable energy, (iii) market considerations include worldwide energy prices, market de-
mand (local and even external) for renewable energy-related businesses, domestic industry
development, and (iv) natural resource factors including renewable energy availability [5].

Based on the above, an example of the SBSC model that businesses may use is based
on four perspectives, from which the vital success criteria, key performance indicators,
and objectives should be defined. Thus, learning and growth, customers, internal business
processes, and welfare are four insights on which enterprises’ SBSC should be founded in
order to achieve energy efficiency and sustainability [13]. The first three concepts are not
significantly different from Kaplan and Norton’s initial viewpoints. However, the category
of welfare replaces the original financial viewpoint at the top of the strategy plan since,
for an organization, local community prosperity is the most important strategic objective,
which will be demonstrated by optimizing the long-term stakeholder value [19]. Figure 1
depicts the SBSC that might be utilized if a company wishes to be more energy efficient and
sustainable, where the objectives, initiatives, measurements (KPIs), and targets for each
viewpoint must be presented [20-22]. The objectives indicated inside each viewpoint must
work together to solve the relevant key-related question.

Customer

Environmental
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number of
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products
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Environmental Social
Reduce fuel Training budgets
costs
ﬂ Internal Business Processas
Social Environmental Social
Vision and |
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Customer <:| Strategy Reduce CO, S
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Figure 1. Sustainable Balanced Scorecard. Source: Own elaboration.
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3. Materials and Methods

The current study’s research issue was approached using bibliometric analysis, which
is utilized to provide a review of published scientific publications in the researched subject.
The goal of bibliometric analysis is fourfold: (i) to detect the state of the art for a specific field;
(ii) to highlight the most cited articles and examine their impact on subsequent research by
others; (iii) to show which journals, organizations, and even countries have a high impact
in different fields of research; and (iv) to make comparisons. The most frequent bibliometric
approaches are citation or co-citation and content analysis. Bibliometric analysis, regardless
of the approach chosen by the researcher, gives a comprehensive map of the structure of
knowledge, its appraisal, and measurement that focuses on the bibliographic analysis of
scientific articles gathered in a database. Furthermore, the bibliometric analysis approach is
a type of research that relies on the processing of the aggregated literature data provided by
databases such as Scopus, Web of Science (WoS), and Google Scholar [23,24]. Quantitative
and bibliometric approaches for measuring the research output have risen in favor in
recent years. In addition to validity and reliability, the effectiveness of such an evaluation
approach is critical. The present study’s data were obtained from the Scopus database in
May 2023, while the research has been placed in five steps (Figure 2).

2" Step 3" Step 4™ Step 5™ Step
Selection of Selection criteria Selection of Analysis and
database: for research: software: Results:
Timespan: 2011- Bibliometric with R Most global cited
s 2023 package, research
copus 5 . ) Biblioshiny, documents, most
ocument types: VOSviewer global cited

Research articles

research sou rces,

network, content,
and cluster
analysis

Figure 2. Methodology workflow. Source: Own elaboration.

Scopus has 36,377 titles from 11,678 publishers, including 34,346 peer-reviewed jour-
nals in Science, Technology, Medicine, Social Sciences, and Arts and Humanities. Scopus
database searches entail utilizing Scopus, an Elsevier product, to search scientific websites
and patent databases. Our search in the database yielded 654 results for the following
key words: “Balanced Scorecard”, “Information systems”, “energy efficiency”, “business
continuity”, and “sustainability”. However, the number of selected research documents
that were screened and included in the analysis emerged based on the PRISMA guidelines
(Figure 3). The PRISMA process follows a three-step analysis: (i) identification, (ii) screen-
ing, and (iii) inclusion of the selected research documents. In the first step, the initial
Scopus database search identified 654 research documents, of which 114 were eliminated
because of duplication, and 112 were removed for other reasons too. Therefore, after the
first clarification step, the number of remaining articles was 419, from which 92 research
documents were excluded based on the application of exclusion. Thus, the reports assessed
for eligibility were 327, and from this number, 146 documents were excluded due to rele-
vance. Finally, the number of documents that were included in the bibliometric analysis
was 181.

Further, to minimize the clarity and quality of the findings, we only considered original
publications for analysis, omitting book chapters, conference proceedings, and white papers.
In addition, because English is one of the fastest-growing languages in the modern world,
it was employed in the search. The articles gathered and analyzed were confined to the
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years 2011 to 2023. The authors used Biblioshiny and VOSviewer bibliometric tools to show
their findings [25].

@ D
The contribution role of Sustainable Balanced Scorecard to the energy
efficiency of businesses
J
)
Records removed before
Total documents identified in the .
3 screening:
2 initial Scopus database search :
= Duplicate records removed
= (n=654) - _
-5 > (n=114)
= Records removed for other
reasons (n =121)
—
Documents excluded based on
Records screened for all
(n=419) application of exclusion:
by hand (n = 92)
(=2
£
=
@
[2
[
7]
Reports assessed for eligibility
o
(n =327) Documents exclude due to
relevance (n=146)
—
—
o Documents included in
@
i bibliometric analysis
E (n=181)
—

Figure 3. Selection of the scientific documents based on the PRISMA flow diagram method. Source:
Own elaboration.

4. Results
4.1. Most Influential Journals and Documents in the Field

A total of 181 published scientific documents from 2011 to 2023 were examined in the
current study. Table 1 presents the most cited scientific documents related to the studied
field for the examined period and indicates the Normalized Total citation, which is a
metric that is referred to the documents and is calculated by dividing the actual count of
citing items by the expected citation rate for documents with the same year of publication.
Among the documents that are illustrated in the table, only one is entitled “Balanced
scorecard-based analysis about European energy investment policies: A hybrid hesitant
fuzzy decision-making approach with Quality Function Deployment”, which has discussed
the role of the Balanced Scorecard in highlighting the most crucial factors and policies of
businesses about their energy efficiency [12,26]. This can confirm that the current study
is the first to discuss the importance of the application of SBSC as a tool for businesses to
help them organize, monitor, and provide the appropriate information for energy efficiency.
However, most of the scientific documents have indicated that technology is one of the most
crucial factors for businesses to meet their energy and environmental goals. Specifically,
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the document with the most citations, which is entitled “Transdisciplinary Perspectives on
Environmental Sustainability: A Resource Base and Framework for IT-Enabled Business
Transformation,” has focused on the potential capacity of businesses for innovation and
change, nationally or globally, which is considered a crucial contributor to fulfilling the
problems of environmental sustainability. Moreover, this article has been provided as a
starting point for scholars to begin substantial information systems and transdisciplinary
work towards environmental sustainability.

Table 1. The most global cited research documents in the field. Source: Scopus/Biblioshiny.

Paper Total Citations TC per Year Normalized TC

Transdisciplinary Perspectives on Environmental Sustainability:
A Resource Base and Framework for IT-Enabled Business 363 27.9231 1
Transformation [27]
Blockchain-empowered sustainable manufacturing and product
lifecycle management in industry 4.0: A survey [28]
Blockchain for smart cities: A review of architectures.
integration trends and future research directions [29]
A methodological framework for the inclusion of modern
additive manufacturing into the production portfolio of a 167 18.5556 2.0366
focused factory [30]
The adoption of PV in the Netherlands: A statistical analysis of
adoption factors [31]

Balanced scorecard-based analysis about European energy
investment policies: A hybrid hesitant fuzzy decision-making 104 20.8 4.8417
approach with Quality Function Deployment [32]
Making sense in the cloud: Farm advisory services in a smart

208 52 7.5912

168 42 6.1314

129 14.3333 1.5732

farming future [33] %0 18 4.1899
Developing sustainable building assessment scheme for Saudi 84 7 6364 1
Arabia: Delphi consultation approach [34] ’
Sustainable enterprise resource planning: imperatives and
- 81 8.1 2
research directions [35]
Identifying causal relationships in strategy maps using ANP
and DEMATEL [36] 73 12.1667 5.1408
To Facilitate or Curb? The Role of Financial Development in
China’s Carbon Emissions Reduction Process: A Novel 69 9.8571 1.9492
Approach [37]
Zero-energy hyc'lr.og('en economy (ZEHZ2E) f01." pulldmgs and 66 9.4286 1.8644
communities including personal mobility [38]
Fuzzy-set qualitative comparative analysis (fsQCA) in business 61 305 8.9706

and management research: A contemporary overview [39]
Investigating the resources for Integrated Management Systems
within resource-based and contingency perspective in 59 6.5556 0.7195
manufacturing firms [40]
Challenges of urban digital twins: A systematic review and a

Delphi expert survey [41] 58 11.6 2.7002
Industry 4.0: driving factors and impacts on firm’s performance: 56 12 2 6071
an empirical study on China’s manufacturing industry [42] ) ’
A systematic literature review of supply chain decision making
supported by the Internet of Things and Big Data Analytics [43] 52 17.3333 3.0476
Adoption factors of cleaner production technology in a 47 5875 92381

developing country: energy efficient lighting in Malaysia [44]
Analysis of hotels” environmentally sustainable policies and
practices: Sustainability and corporate social responsibility in 45 9 2.095
hospitality and tourism [45]
The Impacts of Social Responsibility and Ownership Structure
on Sustainable Financial Development of China’s Energy 42 7 2.9577
Industry [46]
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Furthermore, Table 2 illustrates the most cited research sources in the field of the
Balanced Scorecard, including its transition to sustainability and contribution to the energy
management of businesses. Sustainability is identified as the journal with the most cited
and the most relevant published documents on the study area (19 articles) throughout
the examined period. Also, with eleven (11) published documents in the discipline, the
Journal of Cleaner Production is ranked in the second position. The International Journal of
Innovation Creativity and Change is ranked in the third position with eight (8) published
scientific papers. Despite the subject area of this journal being focused on social sciences,
this is linked with the social aspect of the Sustainable Balanced Scorecard. Table 2 further
shows that the selected journals span a wide variety of research topics related to business
and management, such as energy, environmental management, business, management
and accounting, and computer sciences. Furthermore, the selected journals are indexed
by the Scopus and Scimago lists, as well as the ABS list. The average h-index is close to
131, indicating that the published research publications in the investigated topic acquire
more than 131 citations each piece. This is an applicable figure that demonstrates the rele-
vance, significance, and broad impact of research on the Sustainable Balanced Scorecard’s
contribution to company energy management.

Table 2. The most global-cited research sources in the field. Source: Scopus/Biblioshiny (The journals
are given a star rating from * to *** (the highest)).

Ranking by Ranking by

Sources Articles Subject Area h-Index ABS List Scimago List
Sustainability (Switzerland) 19 Energy 136 Q1
Journal of Cleaner Production 11 Energy 268 2 ** Q1
International Journal of . .
Innovation Creativity and Change 8 Social Sciences 17
Energies 7 Energy 132 Q1
Renewable and Sustainable
Energy Reviews > Energy 378 Ql
Technological Forecasting and 5 Business, Management 155 3w Q1
Social Change and Accounting
Environmental Science and . .
Pollution Research 4 Environmental Science 154 Q1
International Journal of Energy
Economics and Policy 4 Energy 5 Q2
Computers.And.Industrlal 3 Computer science 148 2% Q1
Engineering
International Journal of
Environmental Research and 3 Environmental Science 167 Q2
Public Health
Kybernetes 3 Computer science 47 1* Q2
Accounting Auditing and Business, Management 112 Q1
Accountability Journal and Accounting
Acm Internatlgnal anference 5 Computer science 137
Proceeding Series
Annals Of Operations Research 2 Decision Sciences 118 Sl Q1
Expert Systems With Applications 2 Computer Science 249 1* Q1
Frontiers In Psychology 2 Psychology 157 1* Q2
Global Knowledgfe Memory and 2 Social Sciences 35 Q2
Communication
International Journal of Business. Management
Contemporary Hospitality 2 . & 113 3 Q1
and Accounting
Management
Journal Of Financial Reporting 5 Business, Management 16 1% o)
and Accounting and Accounting
Opcion 2 Social Sciences 21
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4.2. Network, Content, and Cluster Analysis

The visualization of the link between authors, countries, and keywords can reveal
unique insights into the scientific community. Figure 4 illustrates a three-field plot, com-
monly known as a Sankey diagram, that depicts the interaction between the most relevant
authors (left), nations (middle), and keywords (right) in the sustainable balanced scorecard
and energy efficiency research topic. The results show that Jordanian academics are mostly
interested in issues like businesses’ sustainability and the deployment of a balanced score-
card to help them track their environmental progress. However, the above is not weird.
Jordan is among the first nations, both internationally and in the Arab World, to have
taken steps to achieve the Millennium Development Goals (MDGs). Overall, throughout
the first 10 years, significant accomplishments were realized, particularly in the field of
environmental sustainability. Also, many companies in the country have already started
gathering environmental information and monitoring their progress on decreasing their
ecological footprint with the use of the Balanced Scorecard tool. Moreover, academics from
Malaysia and China seem to have specialized knowledge in the area of businesses’ energy
efficiency and the development of appropriate tools like the sustainable balanced scorecard.

AU_CO AU DE

al-okaily m banking
malaysia =

sustainable development
jordan

alsmadi aa balanced scorecard s

bibliometric analysis
al-okaily a
energy.efficiency s

alkhvaldi af
. literature reviev,
Imalaysua o ghani ek
Emiragq - - yadiati v renewvable energy
I pakistan
~ N meiryani integration s
china = «e 9
NN - vang x
; \\ - blockchain
\\\ jahani h
~ . environmental sustainability ——
indonesia o= > al-qadi ns
. f‘\ alqudah h accounting information system =
= united kingdom . cheny sustainability
turkey ~ huang x
span i > al-qudah aa artificial intelligence =
australia -
bangladeshmmes. \\ \\ \\‘\ chowdhurf’p
9 S dinger h
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yt%ksel s

fazlollahtabar h
al-hattami hm
chin §

=== germany

Figure 4. Sankey diagram. Source: Scopus/Biblioshiny. The darkest the color the highest the
dynamic of author’s country in the field (left column), author (middle column), authors” keywords
(right column).

Following the previous method, network analysis can include the crucial component
of keyword analysis, which is a practical technique that may provide informative data
for a study field. The identification of research trends within a subject field is another
use for keyword analysis. Figure 5 shows the network representation based on the co-
occurrences of the authors” keywords [47]. By using VOSviewer, the co-occurrence of
the authors” keywords is visualized. The bibliometric network may be mapped with the
help of this program. A co-occurrence case is represented by each circle in the graph.
The larger the circle, the higher set the frequency of each of the word is. The circles of
the same color represent a group of keywords (cluster), and the links between the circles
show the relationships between the keywords. Based on the current findings, 81 keywords
surfaced, and they were grouped into nine (9) clusters. Cluster 1 (green color) is associated
with the issue of sustainability and the need of the structural equation model in order
for businesses to try to develop a well-fitting model for energy efficiency and sustainable
continuity [48,49]. The tool of the Sustainable Balanced Scorecard can be characterized
as a structural equation model, and it might be claimed by subject-matter specialists that
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this alternative to the traditional Balanced Scorecard prevents learning important details
about the phenomena under investigation, like that of energy management in a rational
way for an efficient business. The above cluster is linked strongly to Cluster 2 (red color),
which highlights the need of businesses for energy efficiency. Also, the map shows that
this need is of high priority in the banking sector mainly. This is because banks play a
crucial role in funding energy-efficient and renewable energy projects in buildings. Thus,
financial institutions, by building a sustainable balanced scorecard, can continue to be
relevant to new clients by investing in data gathering and analysis, adopting new practices,
connecting with consumers, and working with industry stakeholders. Therefore, banks
may finance initiatives promoting energy efficiency and renewable energy, cut greenhouse
gas emissions, and lessen the effects of climate change [50].

analytic network process

balanced scorecard

accountingginf@gmatio’system

. @&
sustamable@evelopment &
v &

corporate sogial responsibilit risk
corporate governance <
sustainabilify reporting o ewgyw"lcidncy
artificial intelligence ] oo eV .

bibliometric analysis SUSta&@Hlty » badking @
big data

\re review industpy 4.9 structural equation modelling

environmental sustainability 70"
@chipa
economic growth v integration
audiing o
blockehain

3d b;inting
seclirity

Figure 5. Co-occurrence of authors’ keywords. Source: Scopus/VOSviewer. Each color represents a
different cluster of authors’ keywords. As it has been highlighted within the text 81 keywords have
been grouped in nine (9) clusters.

Moreover, Clusters 3 (orange color) and 4 (purple color) illustrate the new era in the
development of a well-structured SBSC, which is that of emerging technologies. Specifically,
both clusters present artificial intelligence, 3D printing, blockchain, and big data as the
new basis for building SBSC [5]. The combination of SBSC and emerging technologies
can signify a revolutionary period for businesses in managing, programming, and orga-
nizing a dynamic strategy with the goal of becoming carbon neutral and lessening their
ecological footprint. Additionally, Cluster 5 (brown color) highlights the importance of the
integration of emerging technologies into the sustainable and carbon neutral strategies of
businesses for a green continuity and economic growth (Cluster 6—yellow color). Finally,
Cluster 7 (pink color) is stong linked to Clusters 8 (blue color) and 9 (light blue color) and
illustrates the contribution of the Balanced Scorecard in sustainable reporting and “green”
business continuity.

Sustainability, a new aspect of the balanced scorecard, was previously discussed and
handled using co-occurrence analysis. The topic map (Figure 6), on the other hand, provides
some extra prospective research opportunities in the area [19]. The research topics derived
from the conceptual structure of the documents are portrayed via a thematic map based on
the authors” keywords in the Bibliometrix analysis. The map is split into four quadrants,
each indicating a different research field related to the issue under investigation. The
cluster’s size denotes the frequency of the words. Furthermore, the density and centrality
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dimensions of the thematic map are the major critical criteria for defining the numerous
challenges that happened. Based on internal linkages between the authors’ keywords, the
density dimension underlines the degree of growth of each study subject. The second
factor, centrality, which is based on the external relationships between the writers’ terms,
reflects the importance of each topic. As mentioned before, the thematic map is partitioned
into four quadrants. The motor themes are illustrated in the upper-right quadrant and
are characterized by their combination of high density and high centrality. On the other
hand, the basic themes are represented in the lower-right quadrant and are distinguished
by their high centrality but low density. The niche themes, however, are depicted in the
upper-left quadrant and are characterized by their high density but low centrality. Lastly,
the emerging themes are situated in the upper-left quadrant and are distinguished by their
high density and low centrality.
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Figure 6. Thematic map. Source: Biblioshiny/Biblioshiny.

Among the niche themes, the issues of digitalization in achieving energy efficiency,
mainly in the banking sector, have been merged once again, while also confirming the
findings of the previous network maps [51,52]. However, businesses and organizations,
like financial institutions, should develop a strategy that will facilitate their roadmap
and will contribute to the processes of an effective energy management system. To this
purpose, the Sustainable Balanced Scorecard is an ideal solution for businesses to any
sector to meet their energy goals. By combining the three sustainability pillars into a single,
all-encompassing strategic management tool, sustainability management with the use of
the Balanced Scorecard aids in overcoming the drawbacks of traditional approaches to
environmental, energy, and social management systems.

In addition to the analysis of the thematic map, the multiple correspondence analysis
(MCA) indicates some new points that might help businesses, and especially financial
institutions, in focusing on “green tools” like smart contracts, which can help them in
saving energy and decreasing their ecological footprint (Figure 7). MCA consists of a matrix
that combines co-word analysis with a two-dimensional map of the most frequented and
mentioned phrases in the related scientific documents. Based on each keyword’s frequency
and the collective use of its references in each recovered document, the MCA approach
clusters the keywords of the recoverable scientific documents [47,48]. The data generated
via the MCA method may be examined in terms of the distribution and placement of points
along each dimension. As a result, the more similar the distributions of words are, the
closer the words are represented on the MCA map. Two clusters may be seen on the map.
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The first cluster (red) shows the topics that have previously been covered in the literature,
while the second cluster (blue) shows the knowledge gap.
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Therefore, while the clusters in the red color presents once again the need of businesses
for sustainability, economic growth, and monitoring of energy consumption, the clusters
in the blue color highlights the research gap in the field, which is the adoption of smart
contracts as tools for an energy efficient organization. About smart contracts, there are a few
research studies that demonstrate how smart contracts may contribute to the sustainability
and energy efficiency of enterprises [53-55]. For instance, researchers in the field have
already suggested the development of a platform for energy transactions based on P2P
(peer-to-peer) blockchains to allow energy-efficient transactions between businesses and
consumers. However, smart contracts, in cooperation with the balanced scorecard or the
contract’s balanced scorecard, can emerge among the most dynamic and powerful practices.
As it has already been mentioned above, businesses need to be adaptable, customer-focused,
and meet their environmental goals to be efficient, sustainable, and more competitive. Even
when they are putting contracts into effect, some firms could consider they embody these
criteria without measuring their success. Thus, SBSC are required to provide a holistic
approach to enhancing an organization’s environmental and sustainable performance [3].
The approach of learning more about your business to increase the energy performance
and effectiveness may be implemented by putting in place balanced scorecards. They can
aid in the development of a long-term sustainable strategy and make it easier to adapt to
the shifting conditions, trends, and situations of the market.

5. Discussion

The BSC’s approach to sustainability management aims to handle the issue of cor-
porate sustainability contributions holistically. It makes the case that businesses should
concurrently enhance their performance in the economic, environmental, and social facets
of sustainability if they are to contribute to sustainable development. The relationship
between the firm’s environmental, social, and economic performance and the three perfor-
mance elements of sustainability must be expressly considered. Three key benefits may
be derived from incorporating the three sustainability pillars into regular company man-
agement via a pragmatic approach [1,2,4,19]. First, because it is practiced if the business is
successful, sustainability management that is financially viable is not threatened by the eco-
nomic crisis. Additionally, organizations like financial institutions frequently focus on their
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rivals while trying to advance or strengthen their environmental and social management.
As a result, sustainability management that also advances economic goals aids in the spread
of the notion of sustainable development in business by providing an acceptable role model
for other enterprises [6,7]. Additionally, a corporate sustainability management strategy
that incorporates social and environmental concerns into regular company management
guarantees that all three sustainability dimensions are considered [18,56].

Thus, while BSC supports the identification and administration of simultaneous im-
provements to corporate objectives in the areas of the environment, society, and finances,
the main goal of SBSC is to maintain the idea of sustainability and to continuously en-
hance a company’s performance in terms of economy, environment, and society [3]. The
SBSC’s potential for integrating business strategy management with sustainability strat-
egy management has been highlighted for two main reasons. To begin with, it enables
the management to meet goals in all three elements of sustainability by combining eco-
nomic, environmental, and social challenges, when other approaches only handle one.
Second, rather than needing different systems (for example, separate financial, social, and
environmental performance management systems), the SBSC combines all three compo-
nents into a single integrated performance management system [2,4]. Thus, based on the
above-mentioned, the use of the SBSC assists businesses in implementing and evaluating
sustainability plans. It has established itself as one of the most essential instruments for
measuring sustainability performance since it includes both financial and non-financial
variables. Furthermore, cause-and-effect correlations between environmental and social
measurements and other metrics can aid in interpreting and evaluating the impact of
environmental and social activities on the four perspectives of the Balanced Scorecard,
notably the company’s financial performance.

Although, the current study presents some new insights about the SBSC model for
an energy efficient business. Specifically, a new model emerged which is based on the
principles of the Sustainable Balanced Scorecard and the smart contracts. This new model is
called Contract’s Balanced Scorecard and has been proposed to help businesses to evaluate
their environmental and energy performance [10,54,55]. This model can ensure that all
stakeholders are on the same path about measuring the appropriate parameters, which
will contribute to meeting their environmental goals. Furthermore, this tool might allow
firms to solve environmental and energy managerial flaws. A common concern noted
across industries and organizations is a lack of transparency, particularly about their
environmental scope and aims. This frequently leads to disagreements, which in turn lead
to processes of arbitration, escalation to senior management, or compromises to reach a
solution that all parties involved will be happy with [53]. Furthermore, including a balanced
scorecard into a contract is an approach for reducing total firm environmental complexity
and unpredictability. The Sustainable Balanced Scorecard’s four perspectives, quantitative
performance indicators, and qualitative criteria for determining an organization’s levels of
environmental and energy performance help to adequately define or reach an agreement
during the pre-award phase; they can also help with the post-award phase to maintain and
update the scope and goals to reflect changing requirements or capabilities.

However, the implementation of the new model of the contract’s balanced scorecards
in enterprises remains a subject of inquiry. In general, contracts serve as mechanisms
for regulating enduring partnerships, overseeing intricate transactions that necessitate
cooperation and adaptability [1,19]. Challenges may occur because of the partial nature
of contracts or the lack of a clear understanding among the involved parties. The initial
argument pertains to the notion of a relational contract, while the subsequent point pertains
to the necessity of establishing appropriate key performance indicators (KPIs). Parties
commonly engage in the practice of assessing and overseeing each other’s energy perfor-
mance in a reciprocal manner, employing a balanced scorecard framework to automate
the reporting process. This involves establishing a connection between contracts and the
balanced scorecard system. Key performance indicators (KPIs) enable firms to enhance
their ability to identify bottlenecks, inefficiencies, and the value associated with contractual
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agreements. It is often regarded as optimal to establish, reach a consensus on, and execute
quantifiable key performance indicators (KPIs). The identification, measurement, and
monitoring of KPIs are essential for businesses to mitigate avoidable risks, enhance revenue
generation, accomplish objectives, and apply optimal practices for sustained success [3].
The utilization of a contract’s balanced scorecard in the context of contractual agreements
allows for the mutual advantage of all parties involved, since they collaboratively oversee
these performance metrics in a simultaneous manner throughout the duration of the con-
tract, rather than only responding to retrospective reports. The objective of these standards
is to introduce shared responsibility for outcomes within the buyer—seller dynamic. The
balanced scorecard encompasses a combination of qualitative and quantitative data. It
serves to monitor the adherence to the key performance indicators (KPIs) that have been
agreed upon, while also tracking, visualizing, and rating the performance of the contract.

One effective approach for implementing energy metrics is to consolidate all con-
tracts into a centralized platform, serving as a singular source for easy and efficient access.
Moreover, it is important to establish a compliance framework that clearly delineates the
individuals allowed to grant approval and affix their signatures to contractual agreements.
This measure serves to mitigate the potential for security breaches. When considering the
selection of appropriate KPIs, it is important to consider the objectives of the organization.
The objectives should be formulated in a manner that is outcome-focused, exhibiting speci-
ficity, accuracy, and realism. It is essential for the objectives to be quantifiable and attainable.
The concept of measurability raises inquiries such as the following: The generation of data
is attributed to individuals or entities that engage in activities that result in the produc-
tion or collection of information. What specific data are required to calculate a certain
key performance indicator (KPI)? This inquiry pertains to the methods of accessing and
effectively managing information to derive significance from it. The technical capacities
of the organization are crucial in addressing these inquiries. Prior to the conversion of
raw data into valuable information, a comprehensive analysis is necessary. Only then can
this information be utilized to implement suitable measures for enhancing the firm. An
unequivocal framework for the purpose of reporting and monitoring is vital. The utilization
of smart contract technology, API integration, and oracles enables the measurement of
contractor performance and facilitates the collection of comprehensive data on the perfor-
mance indicators. This data are then utilized to evaluate the degree to which contractors
effectively execute the agreed-upon services.

Apart from the new model that has emerged in the market, another issue, which
has been illustrated by the bibliometric analysis of the current research, is that of the
integration of the emerging technologies. Artificial Intelligence, Machine Learning, 3D
printing, Big Data, and Blockchain are only some of the new types of technologies that
can be used for the digital transformation of businesses and their transition to an energy
efficient environment [57,58]. To this purpose, the Sustainable Balanced Scorecard can be
utilized to help businesses in implementing their efforts to become digitally transformed,
carbon neutral, and lessen their ecological footprint. Among the sectors with the highest
need of doing so is that of the banking sector. Digital transformation in banking refers to the
operational and cultural transition toward integrating digital technologies into all aspects of
the bank, streamlining operations, and providing value to the consumers [57,58]. If properly
implemented, digital transformation can increase the bank’s capacity to compete in an
increasingly saturated market. While technology is the foundation of digital transformation,
it is not a panacea in and of itself. Banks that effectively execute their digital strategy may
reap enormous gains to become sustainable and decrease their environmental footprint.
To achieve that, the use of the Sustainable Balanced Scorecard or the Contract’s Balanced
Scorecard can be an ideal solution [56,59].

Furthermore, the current research has some limitations. To begin, there are certain
general limitations associated with bibliometric analysis. Since the data utilized in this
study came solely from the Scopus database, the data from other databases or gathered
at other times may provide different results and conclusions. Aside from that, we used
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the topic (which included titles, abstracts, and key phrases) as a search range; individuals
who only looked for article titles or keywords may obtain different results. Future research
can solve these constraints by increasing the coverage of databases and document formats
and using equivalent languages. Nonetheless, based on our assessment and findings of
the current work, we may offer numerous potential areas for future research. Some of
them are focused on the need to further investigate the new tool of the Contract’s Balanced
Scorecard and its contribution to the energy efficiency of businesses. Also, the role of
emerging technologies in the application of the above tool should be examined.

6. Conclusions

The SBSC can be considered as an expansion of the Balanced Scorecard (BSC). The
Balanced Scorecard (BSC) is a crucial performance measurement system that is specifically
developed to assist in the effective execution of various activities. The assertion is made
that conventional key performance indicators (KPIs) are inadequate in evaluating economic
achievement. The Balanced Scorecard (BSC) does not serve as a substitute for conven-
tional key performance indicators (KPIs), but rather complements them by incorporating
non-financial factors that have a significant impact on financial outcomes, such as the quali-
fications of staff and the strength of customer relationships. The primary objective of the
BSC is to oversee the regulation of these indicators and ascertain their role in fostering com-
petitive advantages and ensuring sustained organizational success. The Balanced Scorecard
(BSC) is a strategic management tool used for corporate management and control, which
offers a comprehensive and balanced perspective of the firm to its management [3,32].

The traditional approach of BSC handles four points of view. The financial viewpoint
represents the company’s economic aims. These objectives are articulated in terms of profit-
oriented key performance indicators (KPIs) such as cash flow or return on investment [1,19].
The financial viewpoint serves as a model for the other perspectives. The customer per-
spective focuses on how the firm provides value to the customers and the key performance
indicators (KPIs), including customer satisfaction and market share. Internal perspectives
are focused on corporate processes and typically employ process KPIs or innovation in-
dicators. Finally, the learning and growth viewpoint regards employee motivation and
happiness as a crucial component of a company’s infrastructure for achieving its objectives.
The performance drivers of each viewpoint are linked to each other via cause-and-effect
chains that are hierarchically aligned with the financial perspective and can only secure the
company’s success collectively.

However, the aim of this research is to (i) investigate the transition from the traditional
role of the balanced scorecard to that of the Green balanced Scorecard and (ii) highlight
the role of the Green Balanced Scorecard in the assurance of businesses’ energy efficiency
and sustainable continuity. To approach the research question, bibliometric analysis has
been applied, while the related data were retrieved from the Scopus database for the
years 2011-2023. Findings of the current research show that a new paradigm has evolved
based on the concepts of the Sustainable Balanced Scorecard and smart contracts. This new
approach, known as the Contract’s Balanced Scorecard, has been developed to assist firms in
evaluating their environmental and energy performance [3]. This strategy may guarantee
that all stakeholders are on the same page when it comes to monitoring the relevant
metrics that will help them accomplish their environmental goals. Also, the utilization
of the contract’s balanced scorecards model yields a contract that is both dynamic and
outcome-oriented. This contract is distinguished by its ability to automatically measure
several aspects, including but not limited to energy. Furthermore, this technology may
help businesses address environmental and energy management issues. A major source
of worry across sectors and organizations is a lack of transparency, particularly in their
environmental scope and goals [3].

Funding: This research received no external funding.

Data Availability Statement: Data available on request due to restrictions.



Energies 2023, 16, 6432 16 of 18

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Tawse, A.; Tabesh, P. Thirty years with the balanced scorecard: What we have learned. Bus. Horiz. 2023, 66, 123-132. [CrossRef]

2. Agarwal, S.; Kant, R.; Shankar, R. Exploring sustainability balanced scorecard for performance evaluation of humanitarian
organizations. Clean. Logist. Supply Chain 2022, 3, 100026. [CrossRef]

3. Wang, ].-S; Liu, C.-H.; Chen, Y.-T. Green sustainability balanced scorecard—Evidence from the Taiwan liquefied natural gas
industry. Environ. Technol. Innov. 2022, 28, 102862. [CrossRef]

4.  Faraji, O.; Ezadpour, M.; Dastjerdi, A.R.; Dolatzarei, E. Conceptual structure of balanced scorecard research: A co-word analysis.
Eval. Program Plan. 2022, 94, 102128. [CrossRef]

5. Torgautov, B.; Zhanabayev, A.; Tleuken, A.; Turkyilmaz, A.; Borucki, C.; Karaca, F. Performance assessment of construction
companies for the circular economy: A balanced scorecard approach. Sustain. Prod. Consum. 2022, 33, 991-1004. [CrossRef]

6. Jum’a, L.; Zimon, D.; Ikram, M. A Relationship Between Supply Chain Practices, Environmental Sustainability and Financial
Performance: Evidence from Manufacturing Companies in Jordan. Sustainability 2021, 13, 2152. [CrossRef]

7. Song, W.; Han, Y.H.; Sroufe, R. Substitution and complementarity dynamics in configurations of sustainable management
practices. Int. J. Oper. Prod. Manag. 2022, 42, 1711-1731. [CrossRef]

8. Stauropoulou, A.; Sardianou, E.; Malindretos, G.; Evangelinos, K.; Nikolaou, I. The effects of economic, environmentally and
socially related SDGs strategies of banking institutions on their customers’ behavior. World Dev. Sustain. 2023, 2, 100051.

9. Mirza, N.; Afzal, A.; Umar, M.; Skare, M. The impact of green lending on banking performance: Evidence from SME credit
portfolios in the BRIC. Econ. Anal. Policy 2023, 77, 843-850. [CrossRef]

10. Tan, L.; Kong, T.L.; Zhang, Z.; Metwally, A.S.M.; Sharma, S.; Sharma, K.P; Eldin, 5S.M.; Zimon, D. Scheduling and Controlling
Production in an Internet of Things Environment for Industry 4.0: An Analysis and Systematic Review of Scientific Metrological
Data. Sustainability 2023, 15, 7600. [CrossRef]

11.  Kirchherr, J.; Hartley, K.; Tukker, A. Missions and mission-oriented innovation policy for sustainability: A review and critical
reflection. Environ. Innov. Soc. Transit. 2023, 47, 100721. [CrossRef]

12.  Tran, T.A.; Aguilar, R.R.; Munapo, E.; Thomas, ].J.; Vasant, P.; Panchenko, V. Energy efficiency management for the industrial
manufacture engineering. Next Energy 2023, 1, 100031. [CrossRef]

13.  Bosu, I.; Mahmoud, H.; Hassan, H. Energy audit and management of an industrial site based on energy efficiency, economic, and
environmental analysis. Appl. Energy 2023, 333, 120619. [CrossRef]

14. Nathaphan, S.; Therdyothin, A. Effectiveness evaluation of the energy efficiency and conservation measures for stipulation of
Thailand energy management system in factory. J. Clean. Prod. 2023, 383, 135442. [CrossRef]

15. Daly, D.; Carr, C.; Daly, M.; McGuirk, P; Stanes, E.; Santala, I. Extending urban energy transitions to the mid-tier: Insights into
energy efficiency from the management of HVAC maintenance in ‘mid-tier” office buildings. Energy Policy 2023, 174, 113415.
[CrossRef]

16. Zhang, P; Hao, D. Enterprise financial management and fossil fuel energy efficiency for green economic growth. Resour. Policy
2023, 84, 103763. [CrossRef]

17.  Schaltegger, S.; Hansen, E.G.; Liideke-Freund, F. Business Models for Sustainability: Origins, Present Research, and Future
Avenues. Organ. Environ. 2012, 29, 3-10. [CrossRef]

18. Chen, H.-M.; Wu, H.-Y.; Chen, P-S. Innovative service model of information services based on the sustainability balanced
scorecard: Applied integration of the fuzzy Delphi method, Kano model, and TRIZ. Expert Syst. Appl. 2022, 205, 117601.
[CrossRef]

19. Hansen, E.G.; Schaltegger, S. The Sustainability Balanced Scorecard: A Systematic Review of Architectures. J. Bus. Ethics 2014,
133, 193-221. [CrossRef]

20. Vardopoulos, I.; Konstantopoulos, I.; Zorpas, A.A.; Limousy, L.; Bennici, S.; Inglezakis, V.J.; Voukkali, I. Sustainable metropolitan
areas perspectives through assessment of the existing waste management strategies. Environ. Sci. Pollut. Res. 2020, 28,
24305-24320. [CrossRef]

21. Vardopoulos, I; Tsilika, E.; Sarantakou, E.; Zorpas, A.A.; Salvati, L.; Tsartas, P. An Integrated SWOT-PESTLE-AHP Model
Assessing Sustainability in Adaptive Reuse Projects. Appl. Sci. 2021, 11, 7134. [CrossRef]

22. Moustairas, I.; Vardopoulos, I.; Kavouras, S.; Salvati, L.; Zorpas, A. Exploring factors that affect public acceptance of establishing
an urban environmental education and recycling center. Sustain. Chem. Pharm. 2022, 25, 100605. [CrossRef]

23. Sapountzoglou, N. A bibliometric analysis of risk management methods in the space sector. J. Space Saf. Eng. 2023, 10, 13-21.
[CrossRef]

24. Kombate, Y.; Houngue, P.; Ouya, S. A bibliometric method for analyzing IoT hacking solutions in network services. Procedia
Comput. Sci. 2022, 203, 141-148. [CrossRef]

25. Sédez-Ortufio, L.; Forgas-Coll, S.; Huertas-Garcia, R.; Sanchez-Garcia, J. What’s on the horizon? A bibliometric analysis of personal
data collection methods on social networks. J. Bus. Res. 2023, 158, 113702. [CrossRef]

26. Ma, Y,; Hu, F; Hu, Y. Energy efficiency improvement of intelligent fuel cell/battery hybrid vehicles through an integrated

management strategy. Energy 2023, 263, 125794. [CrossRef]


https://doi.org/10.1016/j.bushor.2022.03.005
https://doi.org/10.1016/j.clscn.2021.100026
https://doi.org/10.1016/j.eti.2022.102862
https://doi.org/10.1016/j.evalprogplan.2022.102128
https://doi.org/10.1016/j.spc.2022.08.021
https://doi.org/10.3390/su13042152
https://doi.org/10.1108/ijopm-10-2021-0647
https://doi.org/10.1016/j.eap.2022.12.024
https://doi.org/10.3390/su15097600
https://doi.org/10.1016/j.eist.2023.100721
https://doi.org/10.1016/j.nxener.2023.100031
https://doi.org/10.1016/j.apenergy.2022.120619
https://doi.org/10.1016/j.jclepro.2022.135442
https://doi.org/10.1016/j.enpol.2022.113415
https://doi.org/10.1016/j.resourpol.2023.103763
https://doi.org/10.1177/1086026615599806
https://doi.org/10.1016/j.eswa.2022.117601
https://doi.org/10.1007/s10551-014-2340-3
https://doi.org/10.1007/s11356-020-07930-1
https://doi.org/10.3390/app11157134
https://doi.org/10.1016/j.scp.2022.100605
https://doi.org/10.1016/j.jsse.2023.01.001
https://doi.org/10.1016/j.procs.2022.07.020
https://doi.org/10.1016/j.jbusres.2023.113702
https://doi.org/10.1016/j.energy.2022.125794

Energies 2023, 16, 6432 17 of 18

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Elliot, S. Transdisciplinary Perspectives on Environmental Sustainability: A Resource Base and Framework for IT-Enabled
Business Transformation. MIS Q. 2011, 35, 197. [CrossRef]

Leng, J.; Ruan, G,; Jiang, P; Xu, K.; Liu, Q.; Zhou, X,; Liu, C. Blockchain-empowered sustainable manufacturing and product
lifecycle management in industry 4.0: A survey. Renew. Sustain. Energy Rev. 2020, 132, 110112. [CrossRef]

Bhushan, B.; Khamparia, A.; Sagayam, K.M.; Sharma, S.K.; Ahad, M.A.; Debnath, N.C. Blockchain for smart cities: A review of
architectures, integration trends and future research directions. Sustain. Cities Soc. 2020, 61, 102360. [CrossRef]

Achillas, C.; Aidonis, D.; Iakovou, E.; Thymianidis, M.; Tzetzis, D. A methodological framework for the inclusion of modern
additive manufacturing into the production portfolio of a focused factory. . Manuf. Syst. 2015, 37, 328-339. [CrossRef]

Vasseur, V.; Kemp, R. The adoption of PV in the Netherlands: A statistical analysis of adoption factors. Renew. Sustain. Energy Rev.
2015, 41, 483-494. [CrossRef]

Dinger, H.; Yiiksel, S.; Martinez, L. Balanced scorecard-based analysis about European energy investment policies: A hybrid
hesitant fuzzy decision-making approach with Quality Function Deployment. Expert Syst. Appl. 2019, 115, 152-171. [CrossRef]
Eastwood, C.; Ayre, M.; Nettle, R.; Rue, B.D. Making sense in the cloud: Farm advisory services in a smart farming future. NJAS
Wagening. J. Life Sci. 2019, 90-91, 100298. [CrossRef]

Alyami, S.H.; Rezgui, Y.; Kwan, A. Developing sustainable building assessment scheme for Saudi Arabia: Delphi consultation
approach. Renew. Sustain. Energy Rev. 2013, 27, 43-54. [CrossRef]

Chofreh, A.G.; Goni, FA.; Shaharoun, A.M.; Ismail, S.; Kleme$, ].J. Sustainable enterprise resource planning: Imperatives and
research directions. J. Clean. Prod. 2014, 71, 139-147. [CrossRef]

Quezada, L.E.; Lopez-Ospina, H.A.; Palominos, P.I.; Oddershede, A.M. Identifying causal relationships in strategy maps using
ANP and DEMATEL. Comput. Ind. Eng. 2018, 118, 170-179. [CrossRef]

Xing, T.; Jiang, Q.; Ma, X. To Facilitate or Curb? The Role of Financial Development in China’s Carbon Emissions Reduction
Process: A Novel Approach. Int. J. Environ. Res. Public Health 2017, 14, 1222. [CrossRef] [PubMed]

Alanne, K,; Cao, S. Zero-energy hydrogen economy (ZEH2E) for buildings and communities including personal mobility. Renew.
Sustain. Energy Rev. 2017, 71, 697-711. [CrossRef]

Kumar, S.; Sahoo, S.; Lim, W.M.; Kraus, S.; Bamel, U. Fuzzy-set qualitative comparative analysis (fsQCA) in business and
management research: A contemporary overview. Technol. Forecast. Soc. Chang. 2022, 178, 121599. [CrossRef]

Savino, M.M.; Batbaatar, E. Investigating the resources for Integrated Management Systems within resource-based and contin-
gency perspective in manufacturing firms. J. Clean. Prod. 2015, 104, 392-402. [CrossRef]

Lei, B.; Janssen, P; Stoter, J.; Biljecki, F. Challenges of urban digital twins: A systematic review and a Delphi expert survey. Autom.
Constr. 2023, 147, 104716. [CrossRef]

Lin, B.; Wu, W.; Song, M. Industry 4.0: Driving factors and impacts on firm’s performance: An empirical study on China’s
manufacturing industry. Ann. Oper. Res. 2019, 1-21. [CrossRef]

Koot, M.; Mes, M.R.; Iacob, M.E. A systematic literature review of supply chain decision making supported by the Internet of
Things and Big Data Analytics. Comput. Ind. Eng. 2020, 154, 107076. [CrossRef]

Khorasanizadeh, H.; Honarpour, A.; Park, M.S.-A; Parkkinen, J.; Parthiban, R. Adoption factors of cleaner production technology
in a developing country: Energy efficient lighting in Malaysia. J. Clean. Prod. 2016, 131, 97-106. [CrossRef]

Khatter, A.; McGrath, M.; Pyke, J.; White, L.; Lockstone-Binney, L. Analysis of hotels” environmentally sustainable policies and
practices: Sustainability and corporate social responsibility in hospitality and tourism. Int. . Contemp. Hosp. Manag. 2019, 31,
2394-2410. [CrossRef]

Feng, Y.; Chen, H.H.; Tang, ]. The Impacts of Social Responsibility and Ownership Structure on Sustainable Financial Development
of China’s Energy Industry. Sustainability 2018, 10, 301. [CrossRef]

Ying, H.; Zhang, X.; He, T,; Feng, Q.; Wang, R.; Yang, L.; Duan, J. A bibliometric analysis of research on heart failure comorbid
with depression from 2002 to 2021. Heliyon 2023, 9, e13054. [CrossRef] [PubMed]

Ragazou, K.; Passas, I.; Garefalakis, A.; Dimou, I. Investigating the Research Trends on Strategic Ambidexterity, Agility, and Open
Innovation in SMEs: Perceptions from Bibliometric Analysis. J. Open Innov. Technol. Mark. Complex. 2022, 8, 118. [CrossRef]
Igbal, A.; Ramachandran, S.; Siow, M.L.; Subramaniam, T.; Afandi, S.H.M. Meaningful community participation for effective
development of sustainable tourism: Bibliometric analysis towards a quintuple helix model. ]. Outdoor Recreat. Tour. 2022,
39, 100523. [CrossRef]

Munim, Z.H.; Chowdhury, M.M.H.; Tusher, H.M.; Notteboom, T. Towards a prioritization of alternative energy sources for
sustainable shipping. Mar. Policy 2023, 152, 105579. [CrossRef]

Abidin, Z.; Prabantarikso, R.M.; Wardhani, R.A.; Endri, E. Analysis of Bank Efficiency Between Conventional Banks and Regional
Development Banks in Indonesia. J. Asian Financ. Econ. Bus. 2021, 8, 741-750.

Kitamura, K. Ethical compatibility of socially responsible banking: Comparing the Japanese main bank system with the USA. Res.
Int. Bus. Financ. 2022, 62, 101686. [CrossRef]

Chen, D.; Feng, L.; Fan, Y.; Shang, S.; Wei, Z. Smart contract vulnerability detection based on semantic graph and residual graph
convolutional networks with edge attention. J. Syst. Softw. 2023, 202, 111705. [CrossRef]

Wang, Y.; Chen, X.; Huang, Y.; Zhu, H.-N; Bian, J.; Zheng, Z. An empirical study on real bug fixes from solidity smart contract
projects. J. Syst. Softw. 2023, 204, 111787. [CrossRef]


https://doi.org/10.2307/23043495
https://doi.org/10.1016/j.rser.2020.110112
https://doi.org/10.1016/j.scs.2020.102360
https://doi.org/10.1016/j.jmsy.2014.07.014
https://doi.org/10.1016/j.rser.2014.08.020
https://doi.org/10.1016/j.eswa.2018.07.072
https://doi.org/10.1016/j.njas.2019.04.004
https://doi.org/10.1016/j.rser.2013.06.011
https://doi.org/10.1016/j.jclepro.2014.01.010
https://doi.org/10.1016/j.cie.2018.02.020
https://doi.org/10.3390/ijerph14101222
https://www.ncbi.nlm.nih.gov/pubmed/29027983
https://doi.org/10.1016/j.rser.2016.12.098
https://doi.org/10.1016/j.techfore.2022.121599
https://doi.org/10.1016/j.jclepro.2015.04.115
https://doi.org/10.1016/j.autcon.2022.104716
https://doi.org/10.1007/s10479-019-03433-6
https://doi.org/10.1016/j.cie.2020.107076
https://doi.org/10.1016/j.jclepro.2016.05.070
https://doi.org/10.1108/IJCHM-08-2018-0670
https://doi.org/10.3390/su10020301
https://doi.org/10.1016/j.heliyon.2023.e13054
https://www.ncbi.nlm.nih.gov/pubmed/36755587
https://doi.org/10.3390/joitmc8030118
https://doi.org/10.1016/j.jort.2022.100523
https://doi.org/10.1016/j.marpol.2023.105579
https://doi.org/10.1016/j.ribaf.2022.101686
https://doi.org/10.1016/j.jss.2023.111705
https://doi.org/10.1016/j.jss.2023.111787

Energies 2023, 16, 6432 18 of 18

55.

56.

57.

58.

59.

Chu, H.; Zhang, P.; Dong, H.; Xiao, Y.; Ji, S.; Li, W. A survey on smart contract vulnerabilities: Data sources, detection and repair.
Inf. Softw. Technol. 2023, 159, 107221. [CrossRef]

Akinbowale, O.E.; Klingelhofer, H.E.; Zerihun, MLF. The use of the Balanced Scorecard as a strategic management tool to mitigate
cyberfraud in the South African banking industry. Heliyon 2022, 8, e12054. [CrossRef]

Wiechmann, D.M.; Reichstein, C.; Haerting, R.-C.; Bueechl, J.; Pressl, M. Agile management to secure competitiveness in times of
digital transformation in medium-sized businesses. Procedia Comput. Sci. 2022, 207, 2353-2363. [CrossRef]

Ragazou, K.; Passas, I.; Sklavos, G. Investigating the Strategic Role of Digital Transformation Path of SMEs in the Era of COVID-19:
A Bibliometric Analysis Using R. Sustainability 2022, 14, 11295. [CrossRef]

Quezada, L.E.; Lopez-Ospina, H.A.; Ortiz, C.; Oddershede, A.M.; Palominos, PI; Jofré, PA. A DEMATEL-based method for
prioritizing strategic projects using the perspectives of the Balanced Scorecard. Int. |. Prod. Econ. 2022, 249, 108518. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.infsof.2023.107221
https://doi.org/10.1016/j.heliyon.2022.e12054
https://doi.org/10.1016/j.procs.2022.09.294
https://doi.org/10.3390/su141811295
https://doi.org/10.1016/j.ijpe.2022.108518

	Introduction 
	The Role of the Green Balanced Scorecard to the Rational Management of Energy in Businesses 
	Materials and Methods 
	Results 
	Most Influential Journals and Documents in the Field 
	Network, Content, and Cluster Analysis 

	Discussion 
	Conclusions 
	References

