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Abstract: Sustainability is understood as a balanced integration of economic, ecological, and social
aspects. Sustainable manufacturing can be considered one of the most important issues to address
in the pursuit of sustainable development. The main purpose of the paper is to identify the most
important directions of research to date and to indicate new and emerging areas of research concerned
with the usage of decision-making methods in sustainability assessment in steel manufacturing
companies. A systematic review was based on the publications indexed in the Web of Science and
Scopus databases. In the analysis, the correspondence analysis and log-linear model were applied.
To sum up, this study examines decision-making modalities and sustainable performance in terms
of approaches that influence sustainability in steel manufacturing. Firstly, the study determined
key decision-making aspects, such as the appropriate material identification for the manufacturing
process and material labeling for the manufacturing process, which is essential for sustainable metal
products. Secondly, the identification of sustainability indicators is considered vital in the hierarchical
process as their integration is essential for the decision-making process and its outcome. Furthermore,
system efficiency and productivity, alongside increasing attention to environmental protection, have
led to significant changes in all production systems. In addition, many factors play an important role
in the selection of suppliers, such as increasing the importance of the environment, increasing the
recycling rate of the products, and ensuring sustainability performance. However, companies in the
steel manufacturing industry rely little on the application of decision-making to assess sustainability.

Keywords: decision making; sustainability; assessments; steel industry; steel manufacturing;
literature review; VoS viewer; correspondence analysis

1. Introduction

Manufacturing companies are increasingly being confronted with sustainability chal-
lenges in economic, environmental, and social terms. Sustainable manufacturing can be
considered one of the most important obstacles in the pursuit of sustainable development.
A lot of studies can be identified regarding comprehensive reviews that were conducted
to better understand sustainable manufacturing. The reason for such is that more sus-
tainable solutions need to be found that can reduce the negative environmental impact
of manufacturing processes [1]. Steel companies are also becoming increasingly aware
of sustainability challenges. In fact, within the European Union, the steel industry holds
significant importance as a driving force behind sustainable growth, the enhancement of
value, and the generation of exceptional occupational prospects [2]. In that light, the steel
manufacturing sector faces significant environmental, economic, and social challenges that
require urgent attention. Environmental concerns encompass greenhouse gas emissions,
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air pollution, water and resource usage, and waste generation. Utilizing secondary mate-
rials through recycling is among the viable approaches taken to address these issues [3].
Economic challenges arise from global competition, fluctuating demand, and the need for
technological advancements. Social challenges involve employment and labor conditions,
occupational health and safety, and community impact. Social issues have been exacerbated
by the recent COVID-19 pandemic, leading to significant issues for steel companies that im-
pact their supply chain, demand, labor force, pricing, and compliance with regulations [4].
Adaptability, resilience, and strategic planning are crucial for steel companies to navigate
through these challenges and mitigate their effects. Addressing these challenges, therefore,
necessitates sustainable practices, digitalization [5], and stakeholder collaboration to fos-
ter a more environmentally friendly, economically viable, and socially responsible steel
manufacturing sector. In this sense, digitalization in the European steel industry requires
the participation of numerous prominent actors [6]. There are contradictions between the
strong potential and the backward practice status of steel industries. This has been shown
by [7], who created a decision framework to help steel companies choose the best Reverse
Logistic (RL) modes and effectively use the steel multi-criteria, decision-making method as
a resource. The scientific contribution of this work is two-fold. Firstly, it emphasizes the im-
portance of integrating key sustainability indicators into the decision-making process. This
recognition highlights the significance of considering sustainability factors when making
decisions in the steel manufacturing industry. Secondly, the authors of this paper aim to
address a research gap by identifying the most significant research directions to date and
exploring emerging areas related to the utilization of decision-making methods in sustain-
ability assessment for steel manufacturing companies. The authors had not found previous
studies associated with this topic. Therefore, this study aims to fill this knowledge gap and
contribute to the existing body of research in this field. In order to achieve this objective,
the authors have formulated the following research questions to guide their investigation:

1. What lines of research dominate the publications dealing with the sustainability
assessment of steel-manufacturing enterprises?

2. Are there any links between these research areas and how they are collaborating?

A systematic review was based on the publications indexed in the Web of Science and
Scopus databases. In the analysis, the correspondence analysis and log-linear model were
applied. After the introductory section, the subsequent part of this document proceeds
as follows: Section 2 provides an explanation of a literature review, Section 3 outlines
the methodology employed in conducting the literature review, Section 4 highlights the
principal discoveries derived from the study, Section 5 critically analyzes the obtained
results, and, lastly, the Section 6 presents a summary of the key outcomes along with
future prospects.

2. Literature Review

The following literature review provides a comprehensive analysis of the usage of
multi-criteria, decision-making methods for sustainability assessment, with a particular
focus on their application in the steel production and manufacturing industries. The review
encompasses various studies that have explored alternative approaches, decision frame-
works, and assessment methodologies to enhance sustainability performance and optimize
processes in these sectors. Topics covered include the feasibility of smart and sustainable
machining processes, material selection and manufacturing process considerations, sustain-
ability performance assessment in the steel industry, and the evaluation of environmental,
economic, and social impacts at the work cell level. Additionally, the review delves into
studies that have examined the sustainability performance of emissions trading schemes,
the development of decision models for optimizing environmental performance, and the
selection of appropriate supplier evaluation frameworks. The literature review also high-
lights the importance of considering alternative materials, energy-efficient technologies,
and cleaner production approaches in achieving sustainable outcomes.
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2.1. Steel Production

In the field of steel production, several studies have focused on optimizing processes
and enhancing sustainability. In the paper by [8], the feasibility of Time Control Machining
(TCM) using vibration analysis in milling 17-4 stainless steel was investigated, and a posi-
tive trend was observed between workpiece surface roughness and cutting tool vibration
in the time steps where tool wear was predicted. The result of the decision framework
shows a clear preference for smart processing alternatives over conventional processing.
Overall, editing with TCM and Computational Fluid Dynamics (CFDs) proved to be the
preferred method. Another approach taken to study the realizable impacts of screw man-
ufacturing was to select an appropriate material and choose the manufacturing process
of the screw, considering environmental aspects without sacrificing the economic aspect.
Decision-making processes focused on economic aspects to achieve synergy outcomes
between economic and environmental impacts. As a result, low-carbon steel was chosen
for the forging process while cast iron excelled in the machining process. Interestingly,
the use of stainless steel was not recommended for both processes [9]. Assessing the
sustainability performance of the steel industry has been a key area of research. An assess-
ment conducted from 2003 to 2006 revealed varying priorities, with the highest priority
observed in 2005 and the lowest in 2004 [10]. Company valuation was identified as a
crucial management function that reflects the impact of decisions on value creation and
competitiveness. Utilizing the Monte Carlo method, researchers determined the behavior
of cash flows for Gerdau S.A. over five years (2017–2021), allowing for the identification of
risks within the steel sector [11]. Studies conducted in South Korea examined the sustain-
able performance of the emissions trading scheme (ETS) in terms of production efficiency,
focusing on data from companies in the steel industry, a representative greenhouse gas
emitter. The findings indicate that many steel companies are increasing their economies of
scale, resulting in improved efficiency as they expand their operations [12]. To assess the
sustainable performance of the steel industry, a methodology was developed to create a
Composite Sustainability Performance Index (CSPI) that considers economic, environmen-
tal, and social dimensions. The aim was to introduce sustainability into decision-making
processes, and the Analytical Hierarchy Process (AHP) was employed to determine the
weights at different levels of the model [13]. In the context of steelmaking, a predictive
model for optimizing environmental performance in Electric Arc Furnaces (EAFs) was
briefly described. The model identified process inputs that minimize various environmental
measures, highlighting opportunities for enhancing sustainability in steel production [14].

2.2. Manufacturing

To assess broader sustainability impacts, economic, environmental, and social impact
assessments must be conducted at the work cell level. Researchers have employed this
approach in a case study involving a representative processing cell for stainless-steel knife
production [15]. The study compared economic, environmental, and social impact results
across three production scenarios using the Sustainable Manufacturing Assessment Frame-
work. The case study revealed that the cost of cutting tools significantly contributes to the
overall production cost of the work cell under investigation. Notwithstanding, the extent
of the ecological and social impacts varies by cycle time [15]. In addition, [16] established a
tree of sustainable requirements that must correspond to the structures carried out in two
main areas: the development of the material itself and the measures taken to carry out the
work on site, which may have an impact on the environment. The main result of this is the
development of a method that enables an evaluation process for indicators and weights. A
mathematical model of the rational selection of the position plan according to the structural
code of the workpiece was verified in some practical case studies, the aim of which was
to provide a scientific approach to the rational selection of a locator diagram for complex-
shaped parts. As a result, a decision-making approach was applied to the rational selection
of the position diagram for each bracket-like part. The proposed solutions improved the
production planning phase for machine building, automotive, and other industries [17].
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Discussing the interaction between criteria may lead to extending our proposed dynamic
framework to consider the intrinsic dependencies between criteria with a combined dy-
namic decision-making approach based on the Analytical Hierarchy Process (AHP), which
is used to select the best supplier. The main contributions include the determination of
the most important criteria for supplier selection at a steel bar manufacturer in Taiwan
and the proposal of a simple and quick analysis of the appropriate evaluation framework
for supplier selection [18]. However, a comparative study between mineral and vegetable
oil was carried out with experimental activity to study the technical performances of the
two media in terms of the dimensional and metallurgical properties of the quenched parts.
Interestingly, it indicated better component distortion control and comparable metallurgical
microstructure when vegetable oil was used for quenching [19]. To improve decision mak-
ing under uncertainty and enhance sustainability in large manufacturing plants, researchers
pioneered a combined neutrosophic gray AHP (NG-AHP) method. This method effectively
captured uncertainties in subjective judgments, emphasizing the importance of research for
group decisions [20]. The calculation results show the effectiveness of the proposed method
in adequately capturing uncertainties in the subjective judgments of decision-makers. In
addition, the results demonstrate the importance of research for group decisions under
uncertainty. The practical result shows that, to become a more sustainable agile steelmaker
in the fall country, they should first focus on organizational management agility as the main
evaluation criterion, followed by manufacturing process agility, product design agility,
information system integration, and capability, respectively, for partnership formation. In
addition, sustainability is understood as a balanced integration of economic, ecological,
and social aspects. Research identifies and categorizes the most-used sustainable KPIs and
analyzes the methods of their evaluation in the metallurgical industry according to the
Analytic Hierarchy Process (AHP) method. This proves that the AHP method is a suitable
instrument for the aggregated assessment of sustainability and its dimensions in the metal-
lurgical industry [21]. Furthermore, a review and comparison of sustainability frameworks
with models aiming to propose an overarching strategic planning process for the selection
of sustainable production (SP) indicators in manufacturing were proposed by [22], who
demonstrated the conceptual model used to offer decision support for steel organizations.
This research suggests that society’s recognition of the value of recyclable and reusable
materials, like steel, will play a significant role in achieving a sustainable future.

2.3. Environmental Impact

Environmental impact assessments in the steel industry have explored various aspects,
addressing both challenges and opportunities for improving sustainability. Grinding, a
commonly used process in steel manufacturing, has been identified as environmentally
harmful due to its significant energy input and liquid application, which can lead to
pollution. However, reducing cooling lubricants in the process can increase the cutting
temperature and negatively affect the substrate. These aspects are often overlooked in tradi-
tional lifecycle inventory analyses. To address this, a study introduced a new sustainability
indicator based on the rolling contact fatigue life of components determined by the grinding
process [23]. In India, a study focused on analyzing Environmental Sustainability Enablers
(ESEs) for a steel manufacturing company to enhance environmental sustainability. The
study classified 18 relevant ESEs into cause–effect groups and assessed their interactions.
Notably, five ESEs—competitors’ environmental sustainability strategy, environmental
compliance certification, government regulations and incentives, the influence of external
factors, and the air pollution control system—were identified as prominent in the cause
group [24]. Another study aimed to drive the green transformation of economic devel-
opment and control air pollution in the steel industry through industrial restructuring
and the implementation of cleaner manufacturing approaches. A dynamic optimization
simulation was conducted for the period 2016 to 2025 using a green economy transforma-
tion decision model. The simulation results confirmed the existing negative development
trend and demonstrated the potential for positive economic growth, accompanied by an
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acceptable level of pollution, through increased investments in clean production technolo-
gies [25]. Furthermore, research focused on the development and deployment of alternative
energy-efficient ironmaking technologies, including CO2 capture. The study evaluated
the sustainability aspects—technical, economic, environmental, and social—of Carbon
Capture and Storage (CCS) systems in the steel industry. A hybrid multi-criteria decision
model integrating Delphi, a 2-tuple decision-making trial and evaluation laboratory, and
fuzzy AHP was proposed to select dimensions and critical factors for evaluating alternative
iron-making technologies utilizing CCS systems [26]. Overall, this review synthesizes a
wide range of literature to present a comprehensive understanding of the current state of
research and provides valuable insights for decision-makers in the steel production and
manufacturing domains.

3. Materials and Methods

In this work, a research procedure covering the following stages was used to iden-
tify research directions in the field of the application of decision-making models in the
assessment of sustainable development in steel-producing enterprises:

Stage 1. Building a database of publications from the scope of research analyzed in
the thesis. The purpose of this stage of the study is to identify publications indexed in the
Web of Science (WoS) database, which present analyses and research results on issues from
the scope analyzed in the work. Selected keywords were used to identify publications in
the WoS database. Their scope and subsequent analyzed variants are presented in Table 1.

Table 1. Results of searching for publications in the WoS database for given keywords.

Searching Method Keyword Number of Publications

1
(steel AND (companie* OR firm* OR
manufact*) AND sustainab* AND
model*)

774

2
(steel AND (companie* OR firm* OR
manufact*) AND sustainab* AND
decision*)

193

3
(steel AND (companie* OR firm* OR
manufact*) AND sustainab* AND
decision* AND model*)

92

4
(steel AND (companie* OR firm* OR
manufact*) AND (MCDA OR
multicriteria))

25

Source: own elaboration.

Stage 2. Analysis of the co-occurrence of keywords appearing most often in the
analyzed works. At this stage of the study, keywords repeated with high frequency in the
researched works were divided into clusters (clusters of co-occurring keywords). This stage
of the research aimed to identify the relationships between the keywords selected in the
first stage of the research and other terms appearing in the analyzed works. The results of
the clustering were visualized on maps.

Stage 3. Identification of relationships connecting key research threads appear-
ing in the analyzed works. The results of this stage of the study were visualized on a
cognitive map.

The cognitive map makes it possible to determine the structure of cause-and-effect
relationships between the conditions of the studied phenomenon [27] or its components. A
cognitive map (CM), commonly known as an association map, is a solution that was first
used in the humanities by Robert Axelrod in 1976. The basis for its creation is cause–effect
relationships (associations) of a complex nature, presented as a simple graph. The vertices
in the model presented in this way represent the factors related to the analyzed problem
(in this paper, these will be the main research threads identified in the analyzed works),
and the edges describe the relationships (positive or negative impact) between them. The
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direction of the arrows and the indicator accompanying them show the type of dependence
and its strength (usually in the range from −1 to 1). In the work, all relationships between
the analyzed research threads have a positive direction, which means that a relatively large
number of publications in one field also corresponds to a relatively large number of works in
the area related to it. An expert approach was used to build the cognitive map using simple
calculation procedures and expert analysis of the content of the identified publications. In
the literature on the subject, there are more and more examples of using this tool to diagnose
various types of phenomena, including modeling [28–30], knowledge management [31,32],
political and social issues [33], engineering and technology management [29], agriculture
and ecological modeling [30], management [34], forecasting [35,36], medical decision
support and classification tasks [30,37], and sustainable financial systems [30,38].

Cognitive maps are analyzed considering the relationships between individual re-
search areas. It is also important to determine the density of the map. The density (or
clustering coefficient) of the cognitive map (D) is a connectivity index that shows how the
analyzed research areas identified during the analyses of the collected publications are
connected [39]. The following formula is used to determine the clustering factor:

D =
C

N(N − 1)
(1)

According to the presented formula, the number of existing connections on the map
is divided by the maximum possible number of connections that may occur between the
analyzed research areas [40]. If the map density is high, then many connections between
the identified areas are observed.

4. Results
4.1. Identification of Publications Referring to the Scope of Research Analyzed in the Work

Selected combinations of keywords were used for an in-depth analysis of publica-
tions in the analyzed scope. In publication databases, including the Web of Science (WoS)
database, it is possible to search for publications referring to keywords, indicated individu-
ally or in logical combinations. Table 1 below presents the search results for publications
available in the Web of Science database for keywords related to the research analyzed in
the scope.

The information presented in Table 1 shows that there are currently 774 publications
available in the WoS database (as of 15 February 2023) referring to the terms steel company
or firm or manufacture and sustainability and model, where the “*” character in the search
formula replaces the various possible endings of individual terms, the so-called flexible
ends. In works in this field, various types of models are discussed, ranging from heuristic
models to mathematical models. On the other hand, narrowing the search to papers in
which issues related to decisions or even decision-making models are discussed results in
their limitation to 193 and 92 papers, respectively. An even smaller number of publications
was obtained by searching in the WoS database for works directly referring to a specific
class of models or methods used in their creation, i.e., multi-criteria decision support
(MCDA) methods. The result of the search, as shown in the last row of Table 1, is only
25 works.

Figures 1 and 2 compare the search results of publications referring to the list of
keywords in the second and third search methods. The comparison of the information
presented in both figures shows that, in both cases, there has been an increase in interest
in the works in the analyzed field, which has been observed over the last few years.
Despite a visible increase in the number of citations, the increase in the number of scientific
papers is not impressive. These differences indicate the existence of a research gap and,
very likely, a search by other authors for publications referring to scientific reports in the
field of application of the theory of decision-making in the conditions of the sustainable
development of the metal industry.
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Figure 1. Scientific papers and their citations identified in the WoS database according to the second
search method. Source: own elaboration.
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Figure 2. Scientific papers and their citations identified in the WoS database according to the third
search method. Source: own elaboration.

Later in the work, an in-depth analysis of the content of works identified according
to the third search method was carried out. These are mainly works related to the field
of environmental science, environmental engineering (39), engineering manufacturing or
industrial engineering (31 publications), green sustainable science technology (23), and
management (7), and were published mainly by authors from China (16 publications), USA
(14), UK (9), and India (9).

Due to the relatively small number of publications in the analyzed field, a concen-
tration of citations is also visible, albeit only on a few publications. The list of the most
frequently cited works (according to the third search method) is presented in Table 2.

Table 2. Top 10 most cited papers according to the third search method from Table 1.

Publication Number of Citations

Singh et al. (2007) [13] 248
Ibn-Mohammed et al. [41] 158

Chaabane et al. [42] 132
Zhou et. al. (2017) [43] 47

Dubreuil et al. [44] 44
Khan et al. (2019) [45] 42

Lake et al. [46] 40
Du and Karoumi [47] 35
Mirabella et al. [48] 31

Jia et al. [49] 30
Source: own elaboration.
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4.2. Results of the Analysis of the Co-Occurrence of Keywords in the Identified Publications

The VOSviewer program was used to analyze the links between the keywords indi-
cated by the authors of the analyzed works and the keywords most frequently repeated
in them. It is a tool used for constructing and visualizing bibliometric networks. Figure 3
shows a map of the co-occurrence networks of important terms extracted from a body of
scientific literature.

Sustainability 2023, 15, x FOR PEER REVIEW 8 of 15 
 

 

most frequently cited works (according to the third search method) is presented in Table 
2. 

Table 2. Top 10 most cited papers according to the third search method from Table 1. 

Publication Number of Citations 
Singh et al. (2007) [13] 248 

Ibn-Mohammed et al. [41] 158 
Chaabane et al. [42] 132 

Zhou et. al. (2017) [43] 47 
Dubreuil et al. [44] 44 

Khan et al. (2019) [45] 42 
Lake et al. [46] 40 

Du and Karoumi [47] 35 
Mirabella et al. [48] 31 

Jia et al. [49] 30 
Source: own elaboration. 

4.2. Results of the Analysis of the Co-Occurrence of Keywords in the Identified Publications 
The VOSviewer program was used to analyze the links between the keywords 

indicated by the authors of the analyzed works and the keywords most frequently 
repeated in them. It is a tool used for constructing and visualizing bibliometric networks. 
Figure 3 shows a map of the co-occurrence networks of important terms extracted from a 
body of scientific literature. 

 
Figure 3. Map of co-occurrence networks. Source: own elaboration 

The information presented in Figure 3 shows that, based on the keywords identified 
in the analyzed works, it is possible to distinguish four clusters, which include the 
following keywords: 
• Cluster 1: energy efficiency, impact, life cycle assessment (LCA), management, 

performance, selection, and steel industry. 

Figure 3. Map of co-occurrence networks. Source: own elaboration.

The information presented in Figure 3 shows that, based on the keywords identified in
the analyzed works, it is possible to distinguish four clusters, which include the following
keywords:

• Cluster 1: energy efficiency, impact, life cycle assessment (LCA), management, perfor-
mance, selection, and steel industry.

• Cluster 2: design, optimization, prediction, steel, sustainable manufacturing, sys-
tem(s),

• Cluster 3: AHP, decision-making, energy, environment, framework, model, TOPSIS,
• Cluster 4; Life cycle assessment (LCA), methodology, sustainability.

The obtained division of keywords shows that, in principle, in each cluster, there are
keywords describing various types of methods (models) used to describe the phenomenon
studied in the work. These are mainly models that were found in the field of life cycle
assessment; however, importantly, the models in the analyzed works are also used in
certain types of decision models, or multi-criteria decision support methods, which are
used in the creation of these types of models. These are, in particular, Analytic Hierarchy
Process (AHP) and TOPSIS.

AHP is a multi-criteria method of hierarchical analysis of decision problems. It enables
the decomposition of a complex decision problem and the creation of a final ranking
for a finite set of variants [50]. The criteria in AHP included a systematic review of the
literature. (Procedia Computer Science, 55, 1123–1132). TOPSIS, on the other hand, is
a multi-criteria method of decision analysis and a technique for examining the order
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of preferences according to the similarity to the ideal solution [51]. Topsis for MODM.
(European Journal of Operational Research, 76(3), 486–500).

In the analyzed set of publications, 31 works in this field were identified. These are
works in which these methods or their extensions are used, for example, to:

• Evaluate the sustainability performance of steel industries from 2003 until 2006 [52].
An integrated D-MARCOS method for supplier selection in the steel industry. Decision
Making: Applications in Management and Engineering, 3(2), 49–69;

• Select the best supplier in steel companies [18]. An Inner Dependence Analysis
Dynamic Decision-Making Framework. Sustainability, 14(10), 5968; [53]. Two-Stage
Fuzzy MCDM for Green Supplier Selection in Steel Industry. Intelligent Automation
and Soft Computing, 33(2);

• Achieve a sustainable supplier selection [54]. Sustainable supplier selection in the
retail industry: A TOPSIS-and ANFIS-based evaluating methodology. International
journal of engineering business management, 12, 1847979019899542;

• Provide an analysis of the alternatives for smart and sustainable machining pro-
cesses to provide visibility and clarity on the factors that can affect production perfor-
mance [8]. Data-Driven, Multi-Criteria Decision-Making for Smart and Sustainable
Machining. In ASME International Mechanical Engineering Congress and Exposition
(Vol. 85567, p. V02BT02A064). American Society of Mechanical Engineers;

• Identify the criteria for selecting green building materials (GBMs) and assess their
sustainability [55]. A decision-making model for supporting the selection of green
building materials. International Journal of Construction Management, 1–12;

• Investigate the viable impacts of screw manufacturing and choose the suitable mate-
rial and selected manufacturing process of the screw by considering environmental
aspects [9]. Decision Making of Screw Manufacturing for the Best Environmental and
Economic Combination by Using AHP. In Applied Mechanics and Materials (Vol. 465,
pp. 1065–1069). Trans Tech Publications Ltd. (Stafa-Zurich, Switzerland);

• Help designers and manufacturers make the best choices regarding the material they
use in production [56]. AHP-MARCOS, a hybrid model for selecting gears and cutting
fluids. Materials Today: Proceedings, 52, 1397–1405.

4.3. The Results of Identifying Relationships Connecting Key Research Threads

Figure 3 shows a map with connections between the second research areas identified
at this stage. The Mental Modeler software, available at https://www.mentalmodeler.com,
was used for this purpose.

On the other hand, Figure 4 presents a collective map that considers all the criteria
analyzed in the work. The FCMapper_bugfix_27.1.2016 and Mental Modeller softwares
were used for this purpose.

The map presented in Figure 3 shows the relationships between the identified research
areas. It shows the division of the identified research areas into two groups. The first group
includes publications in which the authors’ attention is focused on production issues, while
the second group includes works referring to issues related to the selection of suppliers.
In both groups, issues related to sustainable development are important. The relations
between the identified research areas shown on the map are two-sided (arrowheads indicate
the direction of links between the areas), which means that the issues identified on the map
are simultaneously presented, e.g., as a background for the conducted research, or as an
element of literature review, etc. The map density coefficient (formula 1) was 0.62. A total
of 26 connections between the seven analyzed research areas were visualized on the map.

https://www.mentalmodeler.com
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5. Discussion

Regarding the decision-making modalities and sustainable performance of steel manu-
facturing companies, the empirical and theoretical literature of this study discusses various
approaches that may influence sustainability in steel manufacturing companies. We can
further outline the relationship between those important factors. The first group of issues
is related to the decision-making modalities in steel manufacturing companies. In terms of
the appropriate material identification for the manufacturing process, material labeling for
the manufacturing process is essential for sustainable metal products. Material selection is
considered a complex process due to the involvement of multiple processing elements and
outcomes. The material selection process, which involves multiple decision parameters
and criteria, can be effectively managed using multi-criteria decision-making approaches
(MCDM). These facilitate distributed manufacturing and on-demand production while
reducing costs and energy consumption over the longest sustainable period [8,18,57,58]. As
for the perspective of supplier performance evaluation, supplier performance is evaluated
from the aspects of enterprise ability, service level, and customer satisfaction. Achiev-
ing a supply chain that is resilient to potentially unforeseen disruptions such as strikes
remains a vital concern of decision-makers in the steel manufacturing industry. To cre-
ate a resilient reactive supply chain plan, the purchasing department needs to pay the
strictest attention to sourcing decisions to ensure continuous sustainability [10,59–63]. On
the other side, the steel manufacturing industry has responded to economic, social, and
environmental challenges through the adoption of sustainability pillars. The identification
of sustainability indicators is considered key in the hierarchical process, and the integra-
tion of key sustainability indicators is essential for the decision-making process and its
outcome [10,13,16,55,64]. As for strategic planning, the key purpose includes the selec-
tion of sustainable production (SP) indicators within the manufacturing sector, which
point toward radical, systematic, and goal-oriented changes in organizational strategic
sustainable development. Steel manufacturing companies use it as a conceptual model to



Sustainability 2023, 15, 11614 11 of 15

guide strategic decision-making support for sustainability [1,13,45,65]. In terms of system
efficiency and productivity, increasing attention to environmental protection has led to
significant changes in all production systems. In addition, the efficiency and productivity of
the system should be improved, and the design of the manufacturing system must consider
environmental constraints. The second group of issues relates to sustainability performance
in steel manufacturing. Regarding production efficiency, the cost directly impacts the
manufacturing setup, profitability, and sustainability in the long run. In most industries,
ineffective maintenance management can result in the loss of capital and inefficient human
resource deployment. This, in turn, affects the plants’ ability to manufacture quality steel
that is competitive in the market [13,58,66,67]. Lastly, in terms of product quality and cus-
tomer satisfaction, increasing customer satisfaction by producing quality products at low
cost is a major concern for businesses. For this reason, companies must choose suppliers
that best meet their needs and those of their customers. In addition, many factors play
an important role in the selection of suppliers, such as increasing the importance of the
environment, increasing the recycling rate of the products, and ensuring sustainability
performance [43,68,69]. To sum up, the application of multi-criteria decision-making mod-
els in steel manufacturing companies contributes significantly to the existing literature by
addressing various decision-making challenges and enhancing sustainability outcomes.
By employing MCDM approaches, such as material selection and supplier performance
evaluation, decision-makers can effectively manage the complex decision parameters and
criteria involved in these processes [8,10,18,57–63]. The integration of key sustainability
indicators within the hierarchical decision-making process enables the identification and
evaluation of sustainability aspects, supporting strategic planning and organizational sus-
tainable development [1,10,13,16,45,55,64,65]. Furthermore, MCDM models help evaluate
and optimize the efficiency, productivity, and environmental constraints of manufacturing
systems, facilitating the consideration of multiple decision-making aspects such as costs,
staff health, and operational safety [13,66]. The utilization of MCDM models in steel manu-
facturing companies not only provides practical insights and guidance for decision-makers
but also contributes to the literature by offering a systematic and comprehensive approach
to addressing sustainability challenges. These models enhance our understanding of the
complex interplay between decision-making factors and their impact on sustainability out-
comes, thereby advancing knowledge in the field and paving the way for more informed
and sustainable practices in the steel manufacturing industry [13,43,58,67–70].

6. Conclusions

The analyses conducted in this study highlight the relative scarcity of research on the
application of decision-making methods in assessing sustainability issues specifically within
steel-manufacturing companies. This research gap underscores the innovation and novelty
of this work, which contributes to expanding the existing literature on the subject. By
incorporating sustainability considerations, decision-making processes in manufacturing
can effectively evaluate and balance the diverse and, at times, conflicting aspects involved.
A key objective for businesses is to enhance customer satisfaction by delivering quality
products at reduced costs. Furthermore, the growing emphasis on environmental protection
has necessitated substantial transformations in production systems. The innovation of
this study lies in its exploration of decision-making methods as a means to address these
challenges and promote sustainable practices in the steel manufacturing industry. Through
the integration of sustainability criteria, decision-makers are empowered to make informed
choices that optimize multiple facets, ultimately fostering long-term success and resilience
in this sector.

6.1. Limitation of Research

The most important limitation of the conducted research is the access to relevant
literature sources, i.e., works in which the results of analyses from a rather narrow scope
are presented, which includes the use of a decision-making approach to the sustainable
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development of steel production companies. The results of the identification of publications
in this field are also greatly affected by the choice of keywords, which, when adding more
keywords, can significantly change the search results. Keywords were expertly selected by
the authors. Different sets of keywords were tested, and both the number of publications
and their scope were verified. A set of keywords was sought that best reflected the area of
research analyzed in the paper.

6.2. Future Research Directions

In subsequent works in this field, the authors will attempt to use advanced methods
of multidimensional data analysis to identify new and emerging research threads based on
keywords repeated in the reviewed works. Also, as part of the industrial (implementation)
Ph.D. thesis of one of the authors, future research directions include proposing criteria
for the sustainability assessment for steel manufacturing companies and the usage of
multi-criteria decision-making methods for the evaluation of those criteria.
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