Artificial Intelligence an Enabler for Sustainable Engineering
Decision Making in Uncertain Environment: A Review and
Future Propositions

Abstract

Sustainable development goals (SDGs) are gaining significant importance in the current
environment. Many businesses are keen to adopt SDGs to get a competitive edge. There are
certain challenges in realigning the present working scenario for sustainable development,
which is a primary concern for society. Various firms are adopting sustainable Engineering
(SE) practices to tackle such issues. Artificial intelligence (Al) is an emerging technology
that can help the ineffective adoption of sustainable practices in an uncertain environment.
This work presents a review of Al applications in SE for decision-making in an uncertain
environment. SCOPUS database was considered for shortlisting the articles. Specific
keywords on Al, SE, and decision-making were given, and a total of 127 articles were
shortlisted after implying inclusion and exclusion criteria. Bibliometric study and network
analyses were performed to analyse the current research trends and to see the research
collaboration between researchers and countries. Emerging research themes were identified
using structural topic modeling and discussed further. Research propositions corresponding to
each research theme were presented for future research directions. Finally, the implications of

the study were discussed.

Keywords: Artificial intelligence; Sustainable engineering; decision making; uncertain
environment; Sustainable development goals

Introduction

As the global population is increasing rapidly and has crossed seven billion people, the major
concern for the current scenario is to minimise resource consumption and save resources for
future generations (Urbaniec et al., 2018; Khan et al.,, 2021). Engineers are getting
pressurised to utilise resources optimally to fulfill existing peoples' demands (Davidson et al.,
2010). Practitioners and engineers are adopting sustainable engineering (SE) practices to
minimise resource consumption. SE practices emerged from the earlier 1990s when resource
scarcity was realised (Adams and Karney, 1991). The SE practices are not being fully
explored because of the non-availability of compatible technologies. In earlier 2014s,
Industry 4.0 technologies came into the picture, which has vast potential for sustainable



benefits. One such technology of Industry 4.0 is artificial intelligence (Al). Adoption of Al
technologies and SE practices provides significant benefits in terms of optimising resource
consumption, minimising emissions, and enabling efficient decision-making in an uncertain
environment. In this regard, this study aims to present the review of published articles in the
field of Al and SE for smooth decision-making in an uncertain environment. The following

research questions are aimed to address in this study:

RQ1. What is the research trend in terms of sustainable development using Al techniques

with SE practices?

RQ2. What are the research propositions for future work no Al and SE practices for smooth

decision making?

To address these research questions, this article presents a systematic literature review (SLR)
in the field of Al and SE in decision making. Articles in the investigating field were collected
and shortlisted from the SCOPUS database by giving proper keywords. Bibliometric and
network analyses were conducted for the shortlisted articles using the R package and
VVOSviewer, respectively. Further, emerging research themes were identified using structural
topic modeling (STM). Research propositions corresponding to each emerging research
theme were highlighted for future research directions. Then finally, the implications of the
study were discussed, which enables the industry practitioners, researchers, and policymakers
to effectively utilise Al techniques for effective adoption of SE practices to enable smooth

decision making in an uncertain environment.

Systematic literature review

An SLR methodology is the core part of the research field. It helps in identifying the current
research practices happenings in the investigating field. It also helps analyse the research
gaps in the investigating area and provides future research work that can be done in the
investigating field. In this article, we followed an SLR methodology as adopted by Naz et al.
(2021). The flow of the study is presented in Figure 1. In this study, we choose the SCOPUS
database as the reference to collect and shortlist articles in the field of Al in SE under
uncertain environments. Keywords were selected based on the research study and are fed to
the SCOPUS database, and a total of 325 articles were found.



Further, by giving inclusion and exclusion criteria, we shortlisted 127 articles for the study.
Then further bibliometric study and network analysis were then performed to analyse the
current research trends and understand the research collaboration between authors and
countries. Further, emerging research themes were identified using STM. Finally, research

propositions were made for each identified research theme for future research work.
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Figure 1. Flowchart of SLR



3. Bibliometric study

A bibliometric study was done to analyse the research trends in year-wise publications, most

contributing authors and countries, and highly cited documents. This article used the R

package to present a bibliometric study on Al in SE for the uncertain environment. Table 1

presents the basic information about the shortlisted article from the SCOPUS database in the

investigating field.

Table 1. Main information about shortlisted articles

Description Results
Timespan 1996:2021
Documents 127
Average years from publication 4.39
Average citations per document 20.93
Average citations per year per doc 3.952
References 8130
Document types
Acrticle 114
Review 13
Document contents
Keywords plus (id) 1434
Author's keywords (de) 558
Authors
Authors 542
Author appearances 559
Authors of single-authored documents 3
Authors of multi-authored documents 539
Authors collaboration
Single-authored documents 3
Documents per Author 0.234
Authors per Document 4.27
Co-Authors per Documents 4.4
Collaboration index 4.35

The year-wise article statistics were analysed and are presented in Figure 2. From the figure,

it can be seen that there is a huge growth in the article trend, i.e., from 8 articles in 2019 to 25

articles in 2020.
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Figure 2. Year-wise statistics

The top contributing countries in the research field of Al in SE for the uncertain environment
are presented in Table 2. It can be seen from the table that, USA, China, and the UK were the

top three countries publishing a good number of articles in the investigating field.

Table 2. Country-wise article statistics

Country Avrticle count
USA 77
China 46
UK 24
Iran 18
Spain 16
Germany 15
Italy 13
India 12
Australia 11
Canada 11

The countries receiving a good number of citations for the research work on Al in SE for the
uncertain environment are presented in Table 3. The table shows that though the USA has
the highest number of publications in the investigating field, the highest citation count is
received by China. It is also found that though France has only one article, it has the highest

average article citations of 106.



Table 3. Country-wise articles citations

Country Total citations Average article citations
China 481 37.00
Australia 321 53.50
USA 316 28.73
Canada 246 41.00
UK 182 30.33
France 106 106.00
Spain 85 14.17
Iran 80 13.33
Lithuania 80 40.00
Portugal 71 17.75

The top ten affiliations performing high-volume research in Al in SE are presented in Table
4. The table shows that Islamic Azad university published the highest number of articles in
the investigating field.

Table 4. Top ten affiliations in Al in SE

Affiliations Articles

Islamic Azad university 4

Blekinge Institute of technology

Cornell university

Kainan university

Pakistan institute of engineering and technology

Ton Duc Thang university

Universitas Riau

University of Bayreuth

University of California

NWWW W ww|(w|w

Alexandria university

The top ten publishing source in the field of Al in SE is presented in Table 5. From the table,
it is found that the Journal of Cleaner Production is the highly publishing journal for Al in SE
with a total of 8 articles, around 6.3% of articles considered, followed by Sustainability

(Switzerland), and IEEE Access with 7 4 articles respectively.

Table 5. Top ten publishing source for Al in SE

Sources Articles

Journal of Cleaner Production 8

Sustainability (Switzerland)

IEEE Access

Annual Reviews in Control

Journal of Environmental Management

WWww |~

Science of The Total Environment




International Journal of Production Research

International Journal of Advanced Manufacturing Technology

Ecological Indicators

Applied Sciences (Switzerland)

NN NN

Table 6 presents the most cited documents in the field of Al in SE under uncertain

environments. From the table, it is found that Lu et al. (2007) received the highest citation of
269, followed by Mclintosh et al. (2011) and Eckart et al. (2017) with 204 and 203 citations,

respectively.

Table 6. Top highly cited articles in the field of Al in SE under uncertain environment

Avrticle Total Citations | TC per Year Normalised TC

Lu et al. (2007) 269 17.93 1
Mclntosh et al. (2011) 204 18.54 2.67
Eckart et al. (2017) 203 40.6 6.45
Addo et al. (2008) 131 9.35 1
Chen et al. (2011) 110 10 1.43
Panetto et al. (2019) 106 35.33 5.17
Deo and Sahin (2017) 94 18.8 2.99
Tung and Yaseen (2020) 91 45.5 9.47
Antucheviciene et al. (2015) 77 11 2.54
Hu and Bidanda (2009) 66 5.07 1.57

The essential keywords used by authors for the research publications in the investigating field

are presented in Table 7. From the table, it is found that decision making is the most used

keyword in the field of Al in SE under the uncertain environment with the frequency of

occurrence of 89 followed by sustainable development and artificial intelligence with the

frequency of 53 and 43, respectively. The keyword cloud has also been prepared and is

presented in Figure 3.

Table 7. Top twenty keywords in the field of Al in SE under uncertain environment

Words Occurrences Words Occurrences

decision making 89 | fuzzy logic 11
sustainable development 53 | learning systems 11
artificial intelligence 43 | life cycle 11
decision support systems 30 | neural networks 11
sustainability 19 | water supply 11
risk assessment 15 | environmental impact 9
decision support system 14 | genetic algorithms 9
forecasting 14 | optimization g
water management 14 | waste management 9
uncertainty analysis 13 | article 8
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Figure 3. Word cloud

4. Network analysis

Network analysis was performed to analyse the collaboration network between authors and
countries and the co-occurrence between keywords. Network analysis was performed using
VOSviewer. The keyword co-occurrence network was developed in the field of Al in SE
under an uncertain environment and is presented in Figure 4. A total of 1769 keywords were
used in the considered articles. We selected only those keywords whose occurrence is more
than 5, so the count was reduced to 54. The keyword co-occurrence network diagram
consisting of 54 keywords is presented in Figure 4.
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Figure 4. keyword co-occurrence network

The author collaboration network was formed by considering all the authors of the considered

articles. Only three clusters were formed in the author collaboration network consisting of 17

authors, while other authors were excluded because of no connectivity with others. The

developed author collaboration network is presented in Figure 5.
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Figure 5. Author collaboration network



The country collaboration network was also developed using VOSviewer. In this study, we

considered only countries with at least 2 articles in the field of Al in SE under uncertain

environments, so the number of countries was reduced to 37 from 54. Further, 8 clusters were

formed comprising 36 countries, while one country was excluded because of low

connectivity with others. The developed country collaboration network is presented in Figure
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Figure 6. Country collaboration network

5. Emerging research themes

In this section, structural topic modeling (STM) was used to identify the emerging research

themes in the field of Al in SE under uncertain environments. The steps followed for STM

could be referred from Naz et al. (2021). The top identified word for each topic is presented

in Table 8.

Table 8. Top identified words under each topic

Words with the
S. No. Topic label highest Frex Lift
probability
Sustainable product,  sustain, | manufacture, AHP, commercial,
1. product design | design, system, | product, pavement, | eco-design,
process, proposed, | life, material, | London, bridge,




Words with the
S. No. Topic label highest Frex Lift
probability
develop cycle, design cope, electron
Technology model,  research, | vision, digit, river, | composite, food,
5 development i develop, use, data, | discovering, future, | realise, creative,
SE technology, human,  problem- | cyrious, ecosystem
network solve
Decision model, Use, | o | l accidental,
making in | decision, sustain, | > ), SUpples; determinist,  firm
3. . . ' " | health select o .
sustainable risk, propose, . - | fleet, link, reaction,
. . agriculture, benefit
supply chain studies return
Machine model, evaluate, | ANN, slope, ﬁmsr!ﬂ:?ge’
learning in | use, algorithm, | maximum, B:C ible
4. . resul ANN. | algorithm, ImEEklialE,
sustainable esult, , .
angineerin optimum evaluate, suitable, | MNIMuUM,neuron,
g g test recovery, specialist
Resource water, manage, LRI, Uren, character,  single,
utilization  for | system, energies, | oo 9'e> topic, tropic, wastewater
= sustainability | model, v, | SEbcholsty, bay,  discharge,
. "| municipal, data- ’ ’
decision driven elevate
Decision sustain model usable, secure, | metaheuristic,
making in engine’ use' business, MCDM, | unbalance, unequal-
& sustainability process, approach, method_cl)_logy, aLea, SO
research method gt 1lle Chromosome,
characteristic imbalance

5.1 Sustainable product design

Sustainable developments are gaining significant importance in different aspects of
engineering research. The manufactured product may have a significant impact on a different
aspect of sustainability throughout its life cycle. Kulatunga et al. (2015) have found that
approximately 80% of impacts of the product are derived in the product design stage. So, to
enhance the sustainability of products, it is necessary to emphasise sustainable product
design. Boyko (2009) integrated the sustainability tasks such as determining sustainability
agenda, analysing the trade-offs between sustainability issues, and generating sustainability
practices for the product in the design phase. Sustainable product design enables effective
product development planning considering all stages of its life cycle, starting from material
extraction to the end of life phase (Gagnon et al., 2012). The aim of sustainable product
design is to reduce resource consumption and minimise the emissions generated out of it
(Ahmad et al., 2018). Further, Umeda et al. (2012) proposed a framework to integrate life

cycle perspectives in the product design phase to make an eco-product design. Various eco-



design tools are available such as design for environment (DFE), quality function deployment
(QFD), and life cycle assessment (LCA) to enable sustainable product design (Hosseinpour et
al., 2015; Agrawal and Vinodh, 2019).

The following propositions are to be investigated in further research:

Proposition 1: Life cycle assessment of the manufactured product to understand the
environmental impacts ensuring sustainability.

Proposition 2: Development of a framework for integrating SE with supply chain
management to enhance sustainable supply chain performance.

Proposition 3: Establishment of novel product design tools to support industrial

sustainability.

5.2 Technology development in SE

Technology development plays an essential role in the growth of the economy. In the current
scenario, technology development is emerging as the fourth industrial revolution, also known
as Industry 4.0. Industry 4.0 has created huge potential for sustainable development (Nara et
al., 2021). Industry 4.0 technologies integrate advanced manufacturing technologies with
information technologies to ensure sustainability in the engineering field (Wei et al., 2017).
The benefits achieved from adopting such technologies include efficient energy consumption,
waste minimization, optimum resource consumption, and minimum emissions (Dalenogare et
al., 2018). The results of such benefits may provide significant sustainable benefits
(Ghobakhloo, 2018). Many studies show the importance of technological advancements for
sustainable development (Beier et al., 2020). Kiel et al. (2020) highlight the socio-technical
aspects of technology advancements to ensure sustainable development. Further, Kamble et
al. (2020) highlighted the positive impact of technology advancement on sustainability's
triple bottom-line benefits.

The following propositions are to be investigated in further research:

Proposition 4: Analyzing the socio-technical aspects of SE in the Industry 4.0 environment.
Proposition 5: Performing empirical studies to assess the performance of manufacturing
systems deploying Industry 4.0.

Proposition 6: Understanding the role of Industry 4.0 in the sustainable development of

technological systems.

5.3 Decision making in sustainable Supply chain



Supply chain (SC) includes various business activities such as procurement, manufacturing,
distributions, supplies, and selling, including various stakeholders such as suppliers, business
partners, logistics providers, and customers. The various activities involved in SC may
directly or indirectly impact sustainable development (Paul et al., 2017). These impacts are
also known as triple bottom line impacts on SC. Environmental impacts include global
warming, carbon emissions, and air pollutants (de Vries and Ferrarini, 2017). Social impacts
include low wages, child labor, health, and social wellbeing (Munny et al., 2019). Economy
impacts include a firm's profit, productivity, and return on investments (Mota et al., 2015). As
the SC has a significant impact on all three aspects of sustainability, every firm includes
sustainable practices in their SC. Various decision-making techniques have been applied to
analyse the sustainability of SC, such as analysis of success factors for sustainable SC
(Luthra et al., 2018), performance assessment of sustainable SC (Kazancoglu et al., 2018),
barriers and drivers analysis in sustainable production (Luthra et al., 2016; Shankar et al.,

2016), and green supplier selection (Li et al., 2019).
The following propositions are to be investigated in further research:

Proposition 7: Exploring the role of decision-making techniques in examining the
sustainability aspects of SC.

Proposition 8: Utilization of multi-criteria decision-making techniques integrated with fuzzy
approaches to analyse the sustainable supplier selection model.

Proposition 9: Role of several stakeholders in SC in improving the supply chain

performance, ensuring sustainability.

5.4 Machine learning in sustainable engineering

SE is an approach to running systems or modeling that efficiently utilizes resources and
products (Bhatnagar et al., 2021). Machine learning plays a significant role in sustainable
computing and has greater implications on sustainable innovation targets. Specific machine
learning algorithms are necessary to address the SE problems (Bhatnagar et al., 2021).
Moreover, artificial intelligence is the most rapidly growing field of technology facilitating
sustainable development goals (Khamis et al., 2019). With regards to SE of civil structures,
buildings are considered the world's most significant contributor to greenhouse gas
emissions, energy demand, waste generation, and resource consumption (D'Amico et al.,
2019). Thus, machine learning applications were significant in the quicker shift to a
sustainable built environment (D'Amico et al., 2019).



Further, machine learning applications have been seen in river engineering sustainability,
flood risk mitigation, and water resource management (Cui et al., 2020). The study conducted
by Cui et al. (2020) developed a novel time-series machine learning model named emotional
neural network to predict hourly river flow based in Australia. The emotional neural network
method showed significant results in simulating the hourly river flow contributing to the
water resource monitoring and river engineering sustainability. The role of machine learning
is found to be crucial in structural health monitoring systems. Sevieri and De Falco (2020)
presented a machine learning-based framework for Italian concrete gravity dam to monitor
structural health. The developed framework facilitated the detection of damages and
reduction in uncertainties associated with the structural behavior of dams. Similarly, machine
learning applications have been observed in developing sustainable dams (Yahya et al.,
2020). Machine learning techniques showed meaningful understandings for water assets
management, fulfilling the research in SE with respect to water dam research (Yahya et al.,
2020). Considering meteorological data required to operate environmental learning, machine
learning techniques significantly predict energy flux and significant wave height (Gomez-
Orellana et al., 2021). Gomez-Orellana et al. (2021) discussed the importance of software
tools based on machine learning to address the problems related to ocean and coastal
engineering, sustainable energy manufacturing, and environmental modeling, which helps

enhance SE.
The following propositions are to be investigated in further research:

Proposition 10: Assessing the role of machine learning in addressing coastal and ocean
engineering issues from the perspective of sustainable development.

Proposition 11: Applying machine learning algorithms to mitigate the risk related to natural
disasters.

Proposition 12: Exploring the application of machine learning in structural health monitoring

for ensuring sustainable structures.

5.5 Resource utilization for sustainability

Resource utilization in SE provides new avenues and opportunities for establishing natural
environments to attain minimum energy use and new resources with reduced pollution and
waste (Yu et al., 2016). The use of renewable resources is essential to achieve sustainability,
and more consumption of non-renewable resources increases the environmental burden on

surrounding ecosystems (Yu et al., 2016). Thus, by encouraging technological innovation and
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reducing total resource utilization, sustainable development can be achieved. Sueyoshi and
Goto (2018) discussed the corporate sustainability of Japanese organizations concerning the
assessment of their economic activities. The authors recommended focusing more on
environmental aspects of manufacturing activities than operational ones to achieve
sustainability with reduced resource consumption. Amandio et al. (2021) focussed on
establishing an evolutionary multi-objective approach to facilitate the planning of road
pavement rehabilitation. The authors' study contributed to support the decision-making on
resource engineering. The optimization system was a vital contribution to creating more
sustainable and intelligent pavement engineering with minimum resource utilization. Further,
with the introduction of new technologies, there is an increase in demand for sustainable

products, which demands minimum resource utilization (Oliveira et al., 2021).
The following propositions are to be investigated in further research:

Proposition 13: Discovering the sustainable technology innovations through Al to facilitate
reduced emissions and waste minimization, enhancing resource efficiency.

Proposition 14: Operationalizing the Industry 4.0 technologies in developing sustainable
products with minimum resource utilization.

Proposition 15: Developing the structural model of factors integrating resource utilization

strategies and SE.

5.6 Decision making in sustainability research

Several organisations are attempting to deploy strategies ensuring sustainability into their
day-to-day operations decisions. Decision-making in sustainability is a growing area and is
considered a vital element in the success of businesses. Thus, with respect to SE, decision-
making towards sustainable research need to be explored. The best environmental watershed
plan was selected using a fuzzy multi-criteria decision-making approach named fuzzy
analytic hierarchy process (Chen et al., 2011). The findings of the study helped in achieving
sustainability in watershed tourism resources and destination planning. Similarly, the
significant applications of decision-making were seen in the mining industry for identifying
the most feasible solution for the technological mining process from the viewpoint of

environment and safety (Sirb and Popa, 2014).

The fuzzy analytic hierarchy process was used to examine the uncertainty in the design of

concrete structures, ensuring sustainability (del Cafo et al., 2016). The fuzzy method was



found to be significant in decision-making to achieve sustainability goals (del Cafio et al.,
2016). The developed decision support system for planning of water distribution system
ensuring sustainability was found to be efficient, satisfactory, and practical (Freund et al.,
2017). Further, the adoption of complex theory addressed the engineering management issues
that provided a smooth way to sustainability (Abatecola and Surace, 2020). Tian et al. (2021)
constructed a sustainability assessment framework using the fuzzy Vlsekriterijumska
optimizacija i KOmpromisno Resenje (VIKOR) approach. The sustainability index was
obtained for water environment treatment public-private partnership projects. The proposed
framework is shown support to effective decision making and handling sustainability

assessment problems.
The following propositions are to be investigated in further research:

Proposition 16: Application of fuzzy multi-criteria decision-making techniques to assess the
barriers with respect to organisation's sustainable performance.

Proposition 17: Development of sustainable support system enabling decision making in the
improvement of systems.

Proposition 18: Establishment of a framework for effective decision-making in an uncertain

environment in assessing sustainability-related problems for water treatment systems.

Discussion

A systematic literature review was performed using structural topic modeling and
bibliometric analysis to understand the role of Al in SE decision-making in an uncertain
environment. The structural topic modeling aids in obtaining the thematic topics from
recognised literature. The thematic topics generated from structural topic modeling include
Sustainable product design, Technology development in SE, Decision making in sustainable
SC, Machine learning in SE, Resource utilization for sustainability, and decision making in
sustainability research. The developments in SE are gaining significant attention from
researchers in the domain of sustainable product design. As discussed in the study conducted
by Kulatunga et al. (2015), the product design stage contributes to 80% of the environmental
impacts. This enabled researchers to focus on sustainable product design-related aspects to
ensure sustainability.

Further, sustainability activities and practices for the product allow effective design planning
during the product development stage comprising of life cycle assessment phases. The

product design stage needs to be integrated with its life cycle assessment phase to create a



green product design. Also, Agrawal and Vinodh (2019) suggested various green product
design tools, namely quality function deployment, life cycle assessment, etc. For technology
development in SE, Industry 4.0 technologies are observed as the significant enabler for
sustainable development. The adoption of technologies presents several advantages, such as
waste minimization, minimum resource consumption, and minimum emissions. There exists
a positive impact on sustainable manufacturing with the advancements of technology
(Kamble et al., 2020). The next thematic topic illustrated the discussion on decisions making
aspects in SC ensuring sustainability. Several activities related to SC directly impact
sustainable development (Paul et al., 2017). The decision-making techniques helped analyse
the barriers, drivers, and critical success factors of SC ensuring sustainability.

Artificial intelligence is the most rapidly developing field of Industry 4.0, helping to achieve
sustainable goals. Machine learning plays a significant role in sustainability assessment.
Moreover, machine learning algorithms helped in addressing SE problems. Machine learning
applications were seen in developing SE of civil structures, i.e., buildings that contributed to
greenhouse gas emissions, etc. Thus, machine learning helps obtain a quicker change to a
sustainable built environment (D'Amico et al., 2019). The time series machine learning model
named emotional neural network showed promising results for predicting hourly river flow
based in Australia. The emotional neural network helped in modeling the hourly river flow
contributing to the water resource monitoring and river engineering sustainability.
Furthermore, machine learning algorithms helped in developing sustainable dams and
addressing other problems related to coastal and ocean engineering (Goémez-Orellana et al.,
2021). Another interesting topic reviewed with respect to SE is resource utilization for
sustainability. Resource utilization in SE delivered new opportunities for creating natural
environments with minimum use of new resources facilitating reduced pollution and waste.
Sustainable development can be accomplished by promoting technological innovation and
reducing total resource utilization (Yu et al., 2016). Further, the previous studies suggested
concentrating more on the ecological aspects of manufacturing activities than operating one
to attain sustainability. Several organizations are trying to implement sustainable strategies
into their operations decisions. Decision-making in sustainability is a growing area and is
considered a vital element in the success of businesses. The decision-making approach was
seen in the selection of the best environmental watershed plan (Chen et al., 2011) that helped

in realising sustainability in watershed tourism resources and destination planning.



6.1 Implications

A systematic literature review was carried out using structural topic modeling and
bibliometric analysis to understand the role of Al in SE dealing with decision-making in an
uncertain environment. The structural topic modeling facilitates recognizing the key topics
from recognised literature, which would help the readers understand the role of Al in SE. The
key topics generated from structural topic modeling include Sustainable product design,
Technology development in SE, Decision making in sustainable SC, Machine learning in SE,
Resource utilization for sustainability, and decision-making in sustainability research. The
present study discussed the importance of sustainable product design to help researchers and
industry practitioners develop eco-friendly designs. Moreover, the present work provides the
opportunity for industry practitioners to explore the capability of Industry 4.0 technologies in
delivering sustainable solutions in uncertain environments through sharing knowledge and
ideas. One key consideration focussed was pertaining to applications of machine learning in
developing SE designs. This would help industries explore the role of Al in developing
sustainable products and novel business models. The present study also encourages the

researchers to understand the review process and investigate the other promising areas in SE.
Conclusions

Sustainable developments and engineering are fundamentally linked to create sustainable
solutions through sharing of new knowledge and ideas. With the advent of Industry 4.0
technologies, significant changes have been observed in modifying the existing system to a
sustainable one. One of such technology's roles, i.e., Al in SE, is being understood in this
study with the help of a systematic literature review. These days the concept of sustainability
has been extensively utilised in several disciplines. In this regard, the present study explored
the significance of Al in engineering decision-making in an uncertain environment. The
bibliometric analysis and structural topic modeling were used to extract the promising topics
from the previous studies. This study helped deliver deeper insights on the role of Al in SE
facilitating decision-making in an uncertain environment. The existing studies discussed the
role of Al in sustainable product design, decision making, sustainable SC, and resource
utilization.

Although the present study covers the significant aspect of Al in enabling SE, it possesses
few limitations. The study is restricted to journals papers and review articles, whereas

conference proceedings, company reports, field reports, book chapters, etc., have been



excluded from the analysis. The bibliometric analysis facilitated categorising the growth
pattern and quantity of the previous work on Al in SE. Future research directions have been

introduced in the form of propositions for each thematic topic.
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