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Abstract: Nowadays, managers are facing the challenge of operating in situations of high uncertainty:
delayed deliveries, lack of energy or rising energy and gas costs, the need to replace energy sources,
and changing supply and sales markets. In the literature, two dominant trends in the activities
of enterprises in the face of crises can be distinguished: (I) changes in supply chain management
(increased flexibility by searching for local suppliers); and (II) transition to digital production and
investment in technologies in the concept of Industry 4.0 or even Industry 5.0, such as artificial
intelligence, 3D printing, robots, cyber-physical systems, digital manufacturing, and blockchain. A
gap in the research has been observed in examining the impacts of these actions on the implementation
of sustainable solutions and designating organizational changes in manufacturing. The main goal
of this study is to review the literature using the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) for data collection and, secondly, the methodology of Systematic
Literature Review (SLR) and Mapping in Literature Reviews (MLR). Our literature review of the
selected databases is based on 566 published articles in 2020-2022. The achieved results indicate the
main organizational changes in the context of sustainable development in manufacturing, namely in
the business management area (adopting Sustainable Project Management (SPM), Sustainable Supply
Chain Management practices, Sustainable Supplier Selection (SSS), and Resilient Manufacturing
Strategy (RMS)) and in the production area (adopting Internet of Things (IoT)-enabled Additive
Manufacturing assists, simulation software, and Life Cycle Assessment. The findings of our study
revealed key relationships between the adoption of fifth-generation industrial technologies and the
sustainable development of manufacturing.

Keywords: sustainable development of manufacturing; unexpected occurrence; technologies
according to the concept of Industry 5.0; systematic review

1. Introduction

Unexpected occurrences from the last five years, e.g., the deterioration of US-China
relations, Brexit, COVID-19, and, nowadays, the current wars in Ukraine and Israel and the
tense situation between China and Taiwan, are forcing managers to have solutions that will
guarantee the stable functioning of the company in such a difficult-to-predict reality. In
such an unexpected environment, the implementation of Sustainable Development Goals
(SDGs) may be a huge challenge for companies. SDGs are the basis for the 2030 Agenda
for Sustainable Development, and they can be defined as “an urgent call for action by all
countries-developed and developing-in a global partnership” [1] and as an ‘indivisible
whole’—a system of interlinked goals that can only be achieved together [2]. Managers are
now facing the challenge of operating in situations of high uncertainty: delayed deliveries,
lack of energy or rising energy and gas costs, the need to replace energy sources, and
changing supply and sales markets. Moreover, they are struggling to align their activities
with SDGs, in particular in terms of sustainable production [3].
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Therefore, an important part of the changes to the business model is to identify the
relationship between sustainability and the company’s performance. Research findings
presented in [4] indicate that both innovative solutions and green technologies have an
impact on sustainable performance. Implementing innovation requires improvements in
both products and business processes [5]. The authors of [6] indicated that the association
between environmental safety and corporate strategy has been seen as a trade-off between
green practices and productivity performance. Companies should therefore strive for a
sustainable business that uses and continuously improves green innovation, green intel-
lectual capital, and green supply chain management practices [7]. Organizations should
therefore formulate and integrate environmental challenges across sub-business functions,
including production, finance, marketing, human resource management, and the supply
chain. [8]. The implications of environmental challenges in business operations will allow
for financial growth and the reverse of ecological devastation [9,10].

In the literature [11-13], two dominant trends in the activities of enterprises in the
face of crises can be distinguished: (I) changes in supply chain management (increased
flexibility by searching for local suppliers); and (II) transition to digital production and
investment in technologies in the concept of Industry 5.0, such as artificial intelligence, 3D
printing, robots, cyber-physical systems, digital manufacturing, and blockchain.

Digital technologies have revolutionized manufacturing and allowed it to move to the
next stage of the industrial revolution, which is Industry 5.0. The new era is the integration
of manufacturing and digitization through the use of new technologies, the implementa-
tion of which in industry will increase production and deliver products faster [14]. An
important aspect of Industry 5.0 is its integrity with the concept of sustainability, where
worker well-being and respect for the environment are at the center of the production
process [15]. Industry 5.0 is therefore strongly linked to digital manufacturing, which aims
to improve manufacturing processes, supply chains, products, and services by applying
digital information from multiple sources [16]. The paradigm of digital manufacturing is
the strong integration of systems and technologies in the enterprise, including blockchain,
cyber-physical systems (CPSs), and artificial intelligence (AI). Blockchain technology is
presented as “essentially a distributed database architecture based on cryptographically
linked blocks of information containing consensus-checked datasets” [17]. In addition,
the implementation of blockchain technology allows for an increase in data’s integrity,
privacy, and openness, thus bringing benefits to businesses of all sizes [18]. This aspect is
particularly relevant in the era of ubiquitous technology, cyber-physical systems (CPSs), or
hardware-software systems (CPSs), which allow the virtual world to be closely connected
to the physical world [19]. Al in turn, is a promising technology in terms of improving
industrial systems productivity, reliability, and speed of response, which has taken on
new importance in the era of the COVID-19 pandemic [20]. Al is a field that embraces a
wide variety of methods, including Machine Learning (ML) algorithms, Natural Language
Processing, speech recognition, expert systems, and image/video recognition.

The application of technology in Industry 5.0 based on a constant flow of information
provides an increase in opportunities for process efficiency as well as improved products
already at the design stage. Therefore, it seems reasonable to review the literature to
examine the impacts of these actions on the implementation of sustainable solutions and
designating organizational changes in manufacturing. Filtering and then analyzing the
related literature allows us to reveal any inconsistencies and contradictions in previous
scientific achievements.

As mentioned above and in [21-23], the existing literature lacks a systematic litera-
ture review study regarding the motivations in manufacturing for the implementation of
sustainable solutions when investments in new technologies according to Industry 5.0 are
carried out. In response to these research gaps, this study identifies the main organizational
changes in the context of sustainable development that have an impact on increasing the
level of sustainable development in manufacturing. Therefore, the following research
questions (RQs) are formulated:
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RQ1: What are the key variables that describe sustainable solutions?

RQ2: What are the motivations for implementing solutions affecting the level of
substantiable development in manufacturing companies in cases of unexpected occur-
rences, based on the example of the COVID-19 pandemic?

e  RQ3: What type of new technologies, according to the concept of Industry 5.0, were
dominant in publications regarding the impact of the COVID-19 pandemic and the
sustainable solutions implemented in manufacturing companies?

e RQ4: When do the main organizational changes in the context of the implemen-
tation of new technologies regarding the main variables that describe sustainable
solutions occur?

e  RQ5: What are the challenges and directions for implementing sustainable solutions
in the era of Industry 5.0?

This article follows the principles of the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) and uses the Systematic Literature Review (SLR)
and Mapping in Literature Reviews (MLR) methodologies for the systematic review of
the existing literature on changes in sustainable development in manufacturing in cases
of unexpected occurrences. This systematic review highlights the main organizational
changes in the context of sustainable development. Second, the key relationships between
the adoption of fifth-generation industrial technologies and the sustainable development of
manufacturing are clarified. Third, in this systematic review, we synthesize findings from
the analyzed studies to help identify areas where further research is required.

2. Materials and Methods

This literature review uses the PRISMA 2020 guidelines [24] and fulfills the PRISMA
Checklist (Supplementary Material). These PRISMA principles reflect current advances
in methods of identifying, selecting, evaluating, and synthesizing studies used in the
scientific literature.

SLR and MLR were used to analyze the literature. SLR is an independent academic
method, the application of which allows the identification and evaluation of all the relevant
literature in a given subject area in order to draw conclusions about the issue under
consideration. SLR can be treated as the method for collecting and analyzing data in a
systematic way [25]. MLR techniques are useful at the very beginning of the literature
review as a brainstorming and scoping tool [15]. MLR is broadly used to complement
SLR. The use of SLR and MLR allows for better results from the literature review while
identifying gaps and areas for further research. This methodology is based on 6 steps
(Figure 1) and was followed to minimize risks and biases in the selection of the eligible
articles for literature analysis.

Gather the most
Purpose Define Define Review of Evaluation of outstanding
inclusion exclusion scientific the quality of results in order to
research criteria for criteria for databases the results analyze, discuss
questions your SLR your SLR obtained and learn from
them

Figure 1. SLR and MLR.

An important element of the SLR and MLR methods is the definition of the research
objective (research questions), as well as the definition of inclusion and exclusion crite-
ria. The criteria adopted directly indicate what to include in further analyses and what
to exclude.

The use of formal SLR and MLR approaches (Figure 1) reduces the distortion caused
by an overly restrictive selection of the available literature and increases the reliability of
the selected literature [26].

2.1. Research Questions

SD is defined as a combination of social, economic, and environmental aspects in the
industrial digital transformation [27]. The concept of SD is therefore based on “the creation
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of manufactured products that uses processes that minimize negative environmental im-
pacts, conserve energy and natural resources, are safe for employees, communities and
consumers, and are economically sound” [28].

SP can be treated as the “creation of discrete manufactured products that in fulfilling
their functionality over their entire life cycle cause a manageable number of impacts on the
environment (nature and society) while delivering economic and societal value” [29].

Sustainable solutions get broken down into controllable elements within an overall
system network: products with their functions and behaviors, material selections, produc-
tion systems, factories, enterprises, logistic elements, value creation networks, patterns of
use behaviors, labor and payroll systems, welfare, health, and so forth [29]. In accordance
with the SLR and MLR methods adopted in this study, the research questions posed were
specified as follows:

e MLR:RQ1, RQ2, and RQ3;

SLR: RQ4 and RQS5.

2.2. Criteria
The following inclusion criteria were considered in this paper:

e IC1—The article indicates changes affecting the level of sustainable development in
manufacturing companies;

and/or

e  IC2—The article indicates organizational solutions affecting the level of sustainable
development in manufacturing companies;

and/or

e IC3—The article indicates the impact of the COVID-19 pandemic on manufacturing
companies.

The following exclusion criteria were considered in this paper:

e  EC1—The article does not indicate changes affecting the level of sustainable develop-
ment in manufacturing companies;

and/or

e EC2—The article does not indicate organizational solutions affecting the level of
sustainable development in manufacturing companies;

and/or

e  EC3—The article does not indicate the impact of the COVID-19 pandemic on manufac-
turing companies.

According to SLR and MLR, this step is based on inclusions and exclusions according
to the accepted IC and EC. Selection is carried out in the first step primarily based on the
title, abstract, subject headings of databases, and keywords.

2.3. Databases and Queries
The review of articles is based on three scientific databases of publishers:

(1) Science Direct—ELSEVIER.
(2) Wiley Online Library.
(38) Springer.

The Science Direct—ELSEVIER, Wiley Online Library, and Springer databases consti-
tute the most popular credible database sources for peer-reviewed articles. A G-suite tool
was used to minimize risk and bias in the data analysis process.

After selecting the databases, we define the search terms. “The queries between
the different databases where the researcher searches for results should be the same or
equivalent (if not, the results gathered would not be comparable) [30]”. The goal is to
identify as many different synonyms of partial terms as possible. This article compares
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content in selected databases based on combinations: “change before COVID-19” or/and
“impact of the COVID-19 pandemic” or/and “effect of COVID-19” or/and “consequences
of COVID-19” or “COVID-19” or “pandemic COVID-19” and “sustainable production”
and/or “sustainable industry” and/or “sustainable manufacturing”.

Once the queries are determined, the search is started in the selected databases. It is
recommended to enter each combination separately into the selected databases to obtain a
good overview of the number of hits per word.

2.4. Review Phases
I.  Typical steps:

Execute a query in the selected database and search the defined query.
Remove duplicates in the database search.

Review by regarding titles and abstracts (applying IC and EC).
Review the full text and assess quality (also applying IC and EC).
Include (if necessary) the papers cited in your results and repeat.
Final result: statistics on the number of articles.

II.  Quality assessment checklist:

e  Preparation of checklists.
e  Evaluation of aspects relevant to SLR in each article based on checklists.
e  Setarating threshold to allow the article to be included or excluded.

III. Write results:

e  Separate sections for MLR and SLR.
o In each section, answer research questions.
e  Use graphics, charts, and tables to make the results readable.

3. Results
3.1. PRISMA Flow Diagram and Study Characteristics

The flow of information during all phases of the systematic literature review conducted
is depicted using a PRISMA flow diagram (Figure 2). The flow diagram presents the
number of records identified (Appendix A), included, and excluded, as well as the reasons
for exclusions.

3.2. Quantitative Analysis of Publications

Our analysis used a structured process of selecting articles, which allowed us to ex-
clude articles that did not meet the criteria. Two sets of keywords were adopted. The first
set of keywords was related to COVID-19 and included combinations such as “change
before COVID-19”, “impact of the COVID-19 pandemic”, “effect of COVID-19”, “conse-
quences of COVID-19”, and “COVID-19”. The second set of keywords adopted in the
work was related to sustainable production, where combinations such as “sustainable
production”, “sustainable industry”, and “sustainable manufacturing” were adopted. For
the construction of the initial database, the above combinations were used, and the publica-
tion date was set for 2020-2022 in three selected databases. Only publications in journals
were analyzed. The initial database created allowed for the selection of 566 works without
duplicates in the three selected databases. Identification is the first two steps in the review
phases: execute a query and remove duplicates.

As a result of searching according to the accepted combinations, 566 published articles
were found in the selected databases in the years 2020-2022. As indicated in Figure 3, the
majority of articles in the first phase of the analysis were found in the Springer database
(274, 48.41%), followed by Science Direct (213, 37.63%); the fewest articles were found in
the Wiley Online Library database (79, 13.96%).
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Identification of studies via databases and registers ]

Identification

Records removed before

Records identified from: screening:
Databases (n = 3) Duplicate records removed (n =
12)

Screening

Records screened (n = 566):
Science Direct (n =213)
Springer (n =274)

Wiley Online Library (n =79)

Records excluded
(n =356)

Reports not retrieved

Reports sought for retrieval (n=0)

(n=0)

Reports assessed for eligibility
(n =210) Reports excluded:
Reason 1(n=128)*

Reports excluded for detailed

study:
Reason 2 (n=69) **

Included

Studiesincluded in review
(n=182)
Studies in detail (n=13)

Figure 2. PRISMA flow diagram, where: *—a field of research not included in the scope of the
systematic review; **— exclusion on the basis of scores according to the developed checklist.

Wiley Online Library -
science Direct - ELSEVIER |||

0 50 100 150 200 250 300

Figure 3. Number of articles in selected databases published between 2020 and 2022.

The analysis covered articles published in journals in 2020-2022. As indicated in
Figure 2, the largest number of articles was created in 2022 (312 articles), followed by
2021 (213), and the smallest number in 2020 (41). The results obtained seem justified
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due to the set of defined combinations, in which the first set focuses on the effects of the
COVID-19 pandemic in manufacturing companies, while the second set focuses on the
solutions/changes implemented in connection with the pandemic towards sustainable
development. In 2020, strict restrictions were in place, and the industry was going through
a global crisis. The Polish industry recorded a decline in 2020 for the sold production of
industry by 4.8% in March compared to March 2019 and by 7.2% in February compared to
February 2019. The crisis affected as many as 16 areas of industry, including the production
of cars, trailers and semi-trailers, coal mining, and furniture production. At the end of
the first quarter, due to the growing number of COVID-19 cases, the largest automotive
companies, including Toyota, Volkswagen, and Fiat, stopped their activities.

The number of publications in the selected databases in 20202022 is shown graphically
in Figure 4.

2021

2020 |l
0 100 200 300 400

Figure 4. Number of publications in selected databases in 2020-2022.

The next step was to prepare a review by considering titles and abstracts (applying IC
and EC; Figure 5). In the next part of the analysis, only. At this stage of the analysis, 484
(85.5%) publications were excluded, which to a large extent concerned publications in areas
such as pharmacology, microbiology, or public health.

Springer

Science Direct — ELSEVIER

0 50 100 150 200 250 300

Figure 5. Review of titles and abstracts by using IC and EC in selected databases, where: orange:
for all articles indicating the impact of the COVID-19 pandemic on production companies including
changes or proposed solutions in the context of sustainable production in the selected databases;
yellow: for articles selected scientific databases according to the title and/or abstract.

The total number of articles in the selected scientific databases compliant with title
and/or abstract was 82, which is 14.5% of the initial results (Figure 5).

At this stage, the Science Direct database identified 31 journals (Figure 6) in which
articles compliant with title and /or abstract were published. The highest number of articles
in the Elsevier database was found in Sustainable Production and Consumption (12.25%),
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followed by Science of The Total Environment (8.2%), Computers & Industrial Engineering
(8.2%), and Journal of Cleaner Production (8.2%).

Other jorunals

International Journal of Production Economics
Procedia CIRP

Sustainable Materials and Technologies
Technology in Society

Journal of Cleaner Production

Computers & Industrial Engineering

Science of The Total Environment

Sustainable Production and Consumption

o
Q1

10 15 20 25

Figure 6. Review of journals in the Science Direct database—compatibility of articles based on title
and/or abstract.

In the Springer scientific database, 18 journals (Figure 7) were distinguished in which
articles compliant with title and /or abstract were published. The highest number of articles
in the Springer database was found in the journals Operations Management Research (27.3%),
Environment, Development and Sustainability (15.5%), and Environmental Science and Pollution
Research (9.1%).

Other jorunals

Chinese Journal of Mechanical Engineering
Circular Economy and Sustainability
Environmental Science and Pollution Research

Environment, Development and Sustainability

Operations Management Research _
0 2 4 6 8

10 12 14

Figure 7. Review of journals in the Springer database—compatibility of articles based on title
and/or abstract.

3.3. Review the Full Text and Assess Quality

The next stage is to analyze the content of the articles in terms of their content. Quality
assessment in terms of relevance and quality of the analyzed issue is carried out according
to certain criteria. For the purposes of this article, assumptions were made about the content
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of the articles. The assumptions were made in the form of a checklist (Table 1). A scoring
scale from 0 to 1 was adopted for each assumption, where:

e 0 points were assigned if the content did not comply with the assumptions.
e 1 point was assigned in the case of compliance of the content with the assumptions.

Table 1. Checklist.

Answer Answer

Content Assumptions Yes No

1. The article presents the key variables that describe the sustainable solutions.

2. The article presents solutions affecting the increase in the level of sustainable
development in manufacturing companies.

3. The article presents the impact of COVID-19 on manufacturing companies.

In the process of evaluating articles according to the checklist (Table 1), 1 point was
assigned to references [31-35], while 0 points were assigned to references [36-38].

The next stage in the selection of key articles was a review of the full text and a quality
assessment (also applying IC and EC). Therefore, 82 publications were read in full and
scored according to the developed checklist. In the next part of the analysis, only articles
that received at least 2 points according to the checklist were included.

In the final stage of selection, 13 articles were selected, which allowed us to answer
the research questions posed in this work (MLR and SLR) (Table 2).

Table 2. Review the full text and assess quality based on checklist (Table 1).

No Source Impact of COVID-19 Sustainable Solutions Changes Method/Technique
stringent restrictions and adopit;c::)‘c;iteir(;:llsrc;nmental new strategies: strategic research approach
1 [39] lockdowns; reduced demand . ONS, €8/ responses or proactive | aPP™
. eco-innovation and green : (questionnaire)
for products and services innovation strategies
sl end i ] it upplsSection PSP s
2 (401 changes; structural changes; (SSS)_seleCCtiﬁgr?:Sed on TBL sustainability in the COVID-19 methodology
severe demand fluctuations pandemic era
a decision framework for
shortage of materials; assessing supp 11er§ bage d on
R their social sustainability . .
lockdowns; delayed deliveries; . ..~ ) . sustainable supply chain
3 [41] - initiatives regarding the criteria framework
supply chain changes; relevant to the requirements of management
bankruptcy . red .
working conditions during the
COVID-19 pandemic
lockdowns and restricted
transportation; interruptions in
manufacturing and shipping; L . . .
4 [42] supply chain changes; decrease 3D printing manufacturing techniques review
in labor efficiency and
productivity
. combination of practices: . . research model;
5 [43] fluctuating demand and supply pandemic emergency plan risk management practices and theoretical and
) chain changes (PEP) and sustainability emergency planning managerial
implications
. . . risk management;
6 [44] loopholes in supply chain Internet of Things-enabled AM internet-based manufacturing review

systems

assists; simulation software

businesses
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Table 2. Cont.
No  Source Impact of COVID-19 Sustainable Solutions Changes Method/Technique
decision-making framework for
integrating resilience and roduction systems
7 . sustainability in managing P >y
[45] supply chain changes production systems; scheme of management W1th1n supply framework
a sustainable and resilient chains
production system
8 [46] - adaptl\;%slllzrclﬁéggyd Leb other slicing strategies strategy
Sustainable Project . . .
. . the integration of economic,
business changes; supply chain Management (SPM); - .
9 [47] changes Sustainable Supply Chain social, and environmental framework
Management practices aspects: supply chain
supply chain changes; severe . . .
10 [48] implications for the circular economy (CE) change frgm a linear economy Delphi approach;
performance of companies to a circular economy experts
online survey;
1 [49] supply chain changes; trade advanced technologies; circular ~ remanufacturing and recycling covariance-based
changes economy (CE) practices structural equation
modeling (CB-SEM)
changes and complex issues in
12 50] mdqstrlal networks; supply intelligent manufacturing (IM) technology; decision-making framework
chain changes; production systems model
changes
13 [51] supply chain changes Resilient Manufacturing strategy framework

Strategy

The analyzed papers (Table 2) have some limitations. Some studies are limited
to a specific time and country; accordingly, ref. [39] is limited to Norwegian manufac-
turing, ref. [40] to Nigerian manufacturing, ref. [47] to the Thai metals industry sector,
and [48,50,51] to China. They can also be limited to the applied new technology; accord-
ingly, ref. [40,41] to the selected method of Multiple-Criteria Decision-Making and [42,44,46]
to the technology 3D printing. Finally, they can be limited to a sector of industry; accord-
ingly, refs. [43,45] to food manufacturing companies and [49] to the automobile sector.

The use of appropriate filters in accordance with the SLR and Mapping methodology
allowed us to designate 13 articles in which the impact of the COVID-19 pandemic on the
manufacturing industry was indicated and changes/solutions affecting the improvement
in sustainable development were proposed. According to the adopted assumptions, this
was limited to three selected databases: Science Direct—ELSEVIER, Wiley, and Springer
(Figure 8).

In the case of the analysis of articles considered in the final results, the answer obtained
as to the year in which the largest number of articles were published regarding the impact
of the COVID-19 pandemic and changes/solutions in line with the concept of sustainable
production in manufacturing companies replicates the answer for articles retrieved in the
initial phase (Figure 9). The year 2022 saw the highest number of articles in the analyzed
databases.

Table 3 shows the journals dominating publications on the impact of the COVID-19
pandemic and sustainable solutions implemented in manufacturing companies for the
Science Direct-ELSEVIER database.

In the Science Direct—ELSEVIER scientific database, two journals prevailed among
the selected articles: Computers & Industrial Engineering and Sustainable Production and
Consumption (Figure 10).
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N W & 1 & 3 oo o

Science Direct - ELSEVIER Wiley Online Library Springer

Figure 8. Filtering results in selected databases.

N W &~ O N N o o

—_

2020 2021 2022

Figure 9. Number of publications in selected databases in 2020-2022 after applying selection accord-
ing to SLR and Mapping methodology.

Table 3. Journals dominating publications on the impact of the COVID-19 pandemic and sustainable
solutions implemented in manufacturing companies: Science Direct database—ELSEVIER.

Science Direct—ELSEVIER

No Journal Number of Articles
1 Computers & Industrial Engineering 2
2 Sustainable Production and Consumption 2
3 Journal of Manufacturing Systems 1
4 International Journal of Production Economics 1
5 Advanced Industrial and Engineering Polymer Research 1
6 Technology in Society 1
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Computers & Industrial Engineering

Sustainable Production and Consumption

Journal of Manufacturing Systems

International Journal of Production Economics

Advanced Industrial and Engineering Polymer Research

lechnology in Society

Figure 10. Journals dominating publications on the impact of the COVID-19 pandemic and sustainable
solutions implemented in manufacturing companies: Science Direct database—ELSEVIER.

On the other hand, in the Springer scientific database, the largest number of selected
articles was published in the journal Operations Management Research (Figure 11).

. _

Chinese Journal of Mechanical Engineering

Figure 11. Journals dominating publications on the impact of the COVID-19 pandemic and sustainable
solutions implemented in manufacturing companies: SPRINGER database.

3.4. Qualitative Analysis of Publications

Then, research was carried out to find answers to the research questions. For ad-
dressing RQ1, the analysis was performed using the VOSviewer version 1.6.19 program.
VOSviewer is a software tool for constructing and visualizing bibliometric networks. The
selected articles were implanted into VOSviewer. The text mining function enabled the
generation of a network that determined key variables describing sustainable solutions

(Figures 12 and 13).
@
oppounity
’ @
crisis @ 31 -
AN A
operations research time h..h A
resignce envirvnent

pollutl search

env1ronrr‘l science carbon@nission

advanced manuﬁcturingtecgno! . SUSt?DI'I
! era
internati@fial journal
E

clean teghnology

competitiveness

Figure 12. Springer database.
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cdgls
parvnic refiew
tagm
company
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coyi o ustainable dafilop
mggel
impligation
challénge cogptry
busipess
resilignce

Figure 13. Elsevier database.

Based on the research results, the common key variables that describe sustainable
solutions were selected for the two analyzed databases: environment, resilience, challenge,
crisis, business (competitiveness), and opportunity (way). Answering the next research
question (RQ2), the most frequently cited factor motivating pre-enterprises to implement
changes as a result of an unexpected event (using the example of the COVID-19 pandemic)
is supply chain change. Supply chain change is cited as a motivating factor for action
in 11 of the 13 articles analyzed, with motivating factors not cited in one article. Other
frequently cited motivating factors for implementing solutions as a result of the pandemic
are lockdowns (3) and fluctuations in demand (3).

Next, the following new technologies, according to the concept of Industry 5.0 regard-
ing the impact of the COVID-19 pandemic and the sustainable solutions implemented in
manufacturing companies, were defined (RQ3): 3D printing, Internet of Things-enabled Ad-
ditive Manufacturing assists, simulation software, and Life Cycle Management of Liquid-
Crystal Display 3D printing (LCD 3DP) technology. Finally, the main organizational
changes in the context of sustainable development in manufacturing were defined (RQ4):

e In the business management area: adopting Sustainable Project Management (SPM),
Sustainable Supply Chain Management practices, Sustainable Supplier Selection (SSS),
and Resilient Manufacturing Strategy (RMS).

e In the production area: adopting Internet of Things-enabled Additive Manufacturing
assists, simulation software, and Life Cycle Assessment.

The VOSviewer program was also used to analyze the challenges and directions for
implementing sustainable solutions in the era of Industry 5.0 (RQ5). Based on a collection of
articles in the Elsevier and Springer databases (Figures 14 and 15), the following challenges
for industry were discovered:

Lockdown;

Globalization;

Minimization of carbon emissions;
Climate change;

Recovery/health;

Increased competitiveness.
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Figure 14. Challenges for implementing sustainable solutions in the era of Industry 5.0—
Elsevier database.
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Figure 15. Challenges for implementing sustainable solutions in the era of Industry 5.0—
Springer database.

In turn, the following were identified as directions for implementing sustainable
solutions in the era of Industry 5.0 based on the results from the Elsevier (Figure 16) and
Springer (Figure 17) databases:

e  Blockchain;

e  (Circular economy;
e Bigdata;

e  Supply chain;
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Figure 17. Directions for implementing sustainable solutions in the era of Industry 5.0—Springer
database.

Based on the provided analysis, it can be stated that the main challenges for imple-
menting sustainable solutions in the era of Industry 5.0 are the risk of renewed lockdown,
globalization, and the need to adapt to climate change. And next, we assume that the
direction for further research on this subject should be the relationship between the imple-
mentation of Industry 5.0 technologies and increasing the level of sustainable production.

4. Discussion

This analysis of the literature on the subject in the selected databases is based on
566 published articles in 2020-2022. Our research allowed us to find answers to the re-
search questions. Firstly, the key variables that describe sustainable solutions were defined,
namely: environment, resilience, challenge, crisis, business (competitiveness), and opportu-
nity (way). These results already show that it is important to provide research on finding
solutions that enable the self-healing and self-adaptation of manufacturing companies in
cases of crises in the environment or a close competitive environment. The importance of
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building solutions for manufacturing companies that are resistant to emerging disruptions
should be emphasized. Hence, their adaptation allows for gaining a competitive advantage
and achieving the goals of sustainable production. SLR confirmed that the COVID-19
pandemic was a factor influencing the implementation of changes in manufacturing com-
panies at various levels. The results obtained indicate that sustainable solutions support
the company not only in terms of meeting regulations in the environmental context but
also in terms of competitiveness, innovation, and resilience to change. Such results can
be a motivating factor for companies to implement changes in this regard. The research
results also confirmed that the introduction of new technologies, e.g., 3D printing, Internet
of Things-enabled Additive Manufacturing assists, simulation software, and Life Cycle
Management of LCD 3DP technology (according to the concept of Industry 5.0), helps to
increase the level of adaptation of sustainable solutions. The achieved research results
also indicate the main organizational changes in the context of sustainable development in
manufacturing, namely in the business management area (adopting Sustainable Project
Management (SPM), Sustainable Supply Chain Management practices, Sustainable Sup-
plier Selection (SSS), and Resilient Manufacturing Strategy (RMS)) and the production area
(adopting Internet of Things (IoT)-enabled Additive Manufacturing assists, simulation
software, and Life Cycle Assessment).

In [52], the relevance of examining the phenomenon of change in the context of COVID-
19 is indicated, which emphasizes that understanding these changes will allow companies
to prepare for similar situations in the future and adapt to the needs of consumers more
easily. Our research results also indicate the main challenges for increasing the level of
SD of manufacturing companies in cases of unexpected occurrences, namely globalization,
climate change, recovery/health, the need for the minimization of carbon emissions, and
increasing competitiveness. To meet these challenges, there is a need to implement new
technologies, such as blockchain and big data, clean technology, and organizational changes
in the management of supply chains. According to [53], investment in technological
progress is essential to achieving the competitiveness of the industrial sector. Analyzing
how the implementation of available Industry 4.0 or even Industry 5.0 technologies affects
the increase in the level of SD in manufacturing companies should be recommended as the
subject of further research.

The limitations of this research are, firstly, a limited number of searched databases and
a limited number of keywords, and, secondly, the limitation of research to an unplanned
situation such as COVID-19. The current wars in Ukraine and Israel and the tense situation
between China and Taiwan indicate the need for further analysis in the face of other
unexpected situations. In our future work, we will continue our research in the context of
finding the main relationships between the implementation of modern Industry 4.0 or even
Industry 5.0 technologies in manufacturing companies and increasing the level of SD. As
indicated in the literature [54], the concept of Industry 4.0 allows companies to transform in
terms of their flexibility and generate more value, which seems especially important in an
era of change. The convergence of various technologies in the Industry 4.0 and Industry 5.0
eras can bring us closer to a more comprehensive understanding of sustainable practices
and their impact [55]. Therefore, it is also planned to conduct empirical research in this
area that will discover these relationships in economic practice.

Directions for Further Research on Sustainable Manufacturing Development

The research results present the outlook for further scientific work on sustainable
manufacturing development:

e  Research on solutions ensuring the resilience of sustainable production in case of
crises in the environment or a close competitive environment. The COVID-19 crisis
has shown that there is no need to return to ‘business as usual’, which is not immune
to change and has also contributed significantly to climate change. Efforts should
be made to develop sustainable and change-resilient business models that focus on
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common priorities for action, including identifying the role of technology in the
organization’s operations, changing behaviors, and strengthening the supply chain.

e  Research on the relationship between the implementation of Industry 5.0 technologies
and increasing the level of sustainable production. Economic and ecological crises are
forcing the implementation of changes in production. The foundation of Industry 5.0
is based on manufacturing processes, human-centeredness that aligns with environ-
mental goals, and resilience. Industry 5.0 technologies support tracking anomalies in
production processes, analyzing customer behavior, and increasing company efficiency.
Studying the relationship between Industry 5.0 and sustainable production can be the
basis for developing a framework for innovative green business models.

e  Research on strategies combining the implementation of organizational changes with
the activities undertaken for sustainable production. Research is assumed to continue
in the area of applying the effects of the following strategies in manufacturing: Sus-
tainable Project Management (SPM), Sustainable Supply Chain Management practices,
Sustainable Supplier Selection (SSS), and Resilient Manufacturing Strategy (RMS).

5. Conclusions

This study conducted a systematic literature review based on PRISMA guidelines
and the SLR and MLR methodologies. Employing the PRISMA approach increased the
confidence level in the research outcomes. The research results aimed to determine the key
characteristics of examining the impacts of crisis (unexpected) situations on the implemen-
tation of sustainable solutions in a manufacturing company and designing organizational
changes in manufacturing. The findings of this study revealed key relationships between
the adoption of fifth-generation industrial technologies and the sustainable development
of manufacturing.
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