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Abstract In the era of digitalisation, daily life is equipped with digital products
and services. These smart products now become the necessity of everyday life. To
fulfil the huge amount of demands of such product in a sustainable way, smart man-
ufacturing is evolving. However, the development of smart manufacturing is facing
many challenges from various perspective. These challenges need to overcome for
the development of smart manufacturing. Therefore, the aim of this chapter is to
identify and prioritise these challenges, which can be helpful to overcome these
challenges. In this study, 16 challenges are identified towards the development of
smart manufacturing from the literature review and experts’ input. Additionally,
these challenges are categorised in four dimensions. After that, these dimensions
and their associated challenges are prioritised based on their importance using the
best worst method (BWM). The result clearly shows that infrastructure-related chal-
lenges are the most significant while consumer related challenges are least signifi-
cant. The identified challenges are helpful for the development of smart
manufacturing. The prioritisation of these challenges assists the management and
policymakers to formulate the strategies for the mitigation of these challenges. This
study provides 16 challenges that can be evaluated by manufacturers/companies to
realize the readiness for smart manufacturing transformation. This chapter provides
an understanding of the smart manufacturing and associated challenges towards its
development.
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22.1 Introduction

In the last decade, there has been excessive advancement in manufacturing and its
related fields such as mechanical automation, business analytics and cloud comput-
ing. These developments would offer the industries to enhance their conventional
production system and adopt the concept of “smart manufacturing”. Wang et al.
(2018) refers the smart manufacturing as ... a new manufacturing paradigm where
manufacturing machines are fully connected through wireless networks, monitored
by sensors, and controlled by advanced computational intelligence to improve prod-
uct quality, system productivity, and sustainability while reducing costs.” In the
context of this definition, the elements of “smart manufacturing” is a combination
of the several advanced technologies such as industrial internet of things (IIoT),
cyber-physical systems (CPS), IoT, cloud computing, additive manufacturing,
industrial integration, virtual and augmented reality, big data analytics and others
(Xu et al. 2018). Smart manufacturing collects real-time data through digital tech-
nologies and provides valuable information to the manufacturing system by analys-
ing this data. These collected real-time data allows the manufacturer to improve the
system and provide some after-sell services such as fault deduction, preventive
maintenance and system update.

Smart manufacturing has the capabilities to bring substantial benefits to firms
through reducing the wastage of material, processing time, operational expenses
and capital expenditure. Moreover, smart manufacturing not only enhance the eco-
nomic perspective, such as the reduction in cost and improved productivity but also
create new values that can continuously contribute to societies. It is not only to
construct an intelligent system through convergence with advanced technologies,
but it also advances as a constant growth engine for manufacturing with human and
society-oriented philosophy through ‘sustainable development’ (Kang et al. 2016).

However, the adoption of the advanced technologies to achieve the goal of smart
manufacturing has made the manufacturing system more complex and led to many
challenges related to the consumers, management and others. These challenges are
the bottlenecks towards the development of smart manufacturing which needs to be
addressed. Apart from the development of smart manufacturing, the transform the
conventional manufacturing system into a smart manufacturing system is also fac-
ing similar challenges. This transformation requires a lot of efforts to overcome the
challenges for the successful transformation of smart manufacturing which needs to
be addressed. Therefore, this study has primary objectives as follows:

 Identify the major challenges towards the development of smart manufacturing
 Prioritise the major challenges using the BWM method

The remaining study is as follows: Sect. 22.2 provides the literature review
related to smart manufacturing; Sect. 22.3 deals with the methodology adopted for
this study; Sect. 22.4 identifies the major challenges of the development of smart
manufacturing; Sect. 22.5 deals with the prioritisation of the identified challenges;
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Sect. 22.6 provides the result and elaborate the finding Finally, section provides the
conclusion, limitations and future scope of the study.

22.2 Literature Review

In order to develop the background for this study, a review and synthesis of the lit-
erature related to the concept of smart manufacturing had been undertaken.
Additionally, some significant studies related to smart manufacturing is also dis-
cussed in this section.

22.2.1 Overview of Smart Manufacturing

Nowadays, ‘smart’ is the buzz word in various domain of life such a ‘smart cities’,
‘smart technologies’ and ‘smart manufacturing’. The manufacturing industries
going through a new revolution and paradigm named as ‘smart industries.” The
manufacturing processes are adopted in the smart industries are termed as ‘smart
manufacturing.” Smart manufacturing is rapidly developing in the context of tech-
nologies, application methods and integrated concept. Before the arrival of the
smart manufacturing, contemporary manufacturing technologies ranging from digi-
tal manufacturing, virtual manufacturing, and advanced manufacturing to sustain-
able manufacturing have been converged with ICT (Khan et al. 2015a; Kang et al.
2016). As is the case with many emerging technologies, there is no single univer-
sally accepted definition of smart manufacturing. The widely accepted definition are
presented by the National Institute of Standards and Technology (NIST), which
defines Smart Manufacturing as systems that are “fully-integrated, collaborative
manufacturing systems that respond in real-time to meet changing demands and
conditions in the factory, in the supply network, and in customer needs (Kusiak 2017).”
In recent years, the organisation focuses to develop the cyber-physical system
through the integration of the manufacturing assets (i.e. physical assets) with the
cyberspace (Alam et al. 2015; Khan et al. 2017a). According to the Kusiak (2017),
smart manufacturing having two layers ‘cyber layer’ and ‘manufacturing equipment
layer’ and these layers are linked by the interface. The cyber layer provided the
system intelligence while manufacturing equipment has its own intelligence.
Smart Manufacturing is the integration of a large number of advanced technolo-
gies which can be developed individually and/or combination with other technolo-
gies (Khan et al. 2020). For instance, IoT, big data analytics and smart sensors were
studied mostly on machines or processes (Javaid et al. 2020). Kusiak (2017) identi-
fied the six significant pillars of smart manufacturing. These six pillars are manufac-
turing technology and processes, predictive engineering, big data, materials,
resource sharing & networking and sustainability (please refer Fig. 22.1). These
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Fig. 22.1 Six pillars of smart manufacturing. (Adapted and modified from Kusiak)

pillars are always present around the manufacturing systems in different names and
the different degree of importance. For example, data has been an essential part of
traditional manufacturing system, and it has become big data in the context of smart
manufacturing.

22.2.2 Smart Manufacturing Related Studies

The primary goal of smart manufacturing is the enhance the productivity, process
improvement, sustainability and automation (Rajput and Singh 2018). Several stud-
ies are carried out in the context of smart manufacturing and its associated areas
from various aspects. Kang et al. (2016) reviewed the literature of smart manufac-
turing as well as related areas and highlighted the major challenges and bottlenecks
of smart manufacturing. Further, they suggested some valuable investigation for
future research work in this emerging area. Siddiqui et al. (2016), discussed the
other aspect of smart manufacturing such as the architecture of smart manufactur-
ing, low latency setup of the latest 5G technology and new business ventures. Zhong
et al. (2017) focuses on the technological aspect of smart manufacturing and over-
viewed the concept of smart manufacturing objects handled with wireless technolo-
gies and IoT. Some studies focus on the pillars of the smart manufacturing such as
Khan et al. (2017b) have identified the major challenges towards the development
of a big scholarly data platform. In this row. Khan et al. (2015b) has proposed a
framework for the management of Big Data in cloud environment and further
develop an outline for Big Data.
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Kadera and Novdk (2017) initially identified the value of the distributed and
smart industrial systems of smart manufacturing. Further, they proposed some
major points to handle the complications in communications among the intercon-
nected devices. Cheng et al. (2017) proposed some smart cutting tools which can be
used for the smart machining and further they also discussed the design, implemen-
tation, and application issues of these smart cutting tools. Li et al. (2017) studied the
issue of big data in the context of smart manufacturing and optimised the load-
balance of the devices. Smart manufacturing also utilised the 3D printing machine,
in this regard major challenges are categorised into technical and managerial by
Chen and Lin (2017). Kymaléinen et al. (2017) established a novel model for the
user experience in the environment of smart industry. The issue of maintenance of
the manufacturing system related to the big data is studied by Wan et al. (2017).
They studied active preventive maintenance in smart manufacturing systems.

Kusiak (2017) provide an overview of the concept of the ‘smart manufacturing’
and addressed the issue of material handling. Further, they provide the ten conjec-
tures of smart manufacturing. Tuptuk and Hailes (2018) addressed the security
issues in the smart manufacturing system. They discuss the security of existing
manufacturing systems and associated weakness and argue that security must play
a key role in the development of smart manufacturing. Manavalan and Jayakrishna
(2019) reviewed the several aspects of supply chain management, enterprise
resource planning, IoT and Industry 4.0. Further, they explore the potential oppor-
tunities available in IoT embedded sustainable supply chain for smart manufactur-
ing transformation.

22.3 Research Methodology

This study adopted two-phase methodology to fulfil the objective of the study. In the
first stage, major challenges towards the development of smart manufacturing are
identified through literature review and expert’s input. The SCOPUS database is
chosen for the selection of the articles to identify the major challenges towards the
development of smart manufacturing. Initially, 22 challenges are identified through
the literature review. These significant challenges are put in front of the expert panel
and asked them to provide their responses based on the importance of the chal-
lenges. The expert’s panel contains six members from the industry and academia.
After the discussion with the experts’ panel, six challenges are dropped and finally,
16 challenges are selected for further evaluation. Further, these finalised challenges
are categorised into four major dimensions. In this manner, 16 major challenges and
four dimensions of these challenges are finalised.

In the second phase of the study, these challenges are prioritised based on their
importance. For serving this purpose, several multicriteria decision making
(MCDM) technique are available in the literature such as AHP, ANP, TOPSIS,
BWM and many more (Sufiyan et al. 2019; Khan et al. 2019a, b). Among these
MCDM methods, BWM is selected for the prioritisation of the challenges. The
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rationale behind the selection of this method is the capabilities of the BWM. This
method required a smaller number of comparisons as compared to other methods
such as AHP and ANP (Rezaei 2015; Khan et al. 2019b). Therefore, it takes less
time of experts and less cost to take input from the experts. Additionally, the consis-
tency ratio of this method is also high as compared to the other MCDM method. The
application of this methodology is seen in several recent studies (Ahmadi et al.
2017; Pamucar et al. 2018; Rezaei et al. 2017; Cheraghalipour and Farsad 2018;
Khan et al. 2019a, b). The adopted research framework is shown in the Fig. 22.2.
The steps of the BWM method are provided as follows (Rezaei 2015):
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Fig. 22.2 Proposed research framework for this study



22 Prioritisation of Challenges Towards Development of Smart Manufacturing Using... 415

Step 1: Identification of decision criteria

In this step, literature review and expert’s inputs are used to identify a certain set
of criteria (“n” number of criterion: C,;, C,, Cs,....C,) which is important in decision
making for the identified problem.

Step 2: Identify the best criterion (most significant) and the worst criterion
(least significant)

In this step, the expert (decision maker) identifies the best and the worst criterion
among the all identified criterion. The best criterion is represented as cp, and the
worst criterion is represented by cy.

Step 3: Perform the reference comparisons for the best criterion.

The preference of the best criterion is determined over all the other criteria using
9-point scale (1-9) through expert input and represented by the vector as
shown below:

Ay =(ag.ag,,...... A,)

Where Ay the Best-to-Others (BO) vectors, ag; refers the preference of the best
criteria B over criteria j and agg = 1

Step 4: Perform the reference comparisons for the worst criterion

The preference of the other criterion is determined over the worst criteria using
9-point scale (1-9) through expert input and represented by the vector as
shown below:

Ay = (a

T
ooy )

Where Ay the Others-to-Worst vector, a;,, refers the preference of the criteria j over
the worst criteria W and a,,, = 1

Step 5: Determine the optimal weights

The optimal weight for each criterion is the one where, for each pair wp/w; and
wywy, it should have wp/w; = ap; and wj/wy, = a;y. To satisty these conditions for all
J, maximum absolute differences minimized of the set {lwy — agw)l, Iw; — aywwyl}.
This problem can be represented as following model:

min max {|w3 - aijj|,|wj =AWy |}
Subject to:

dw, =1 (22.1)

J
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w; 2 0;V]

Model (22.1) can be transformed into following linear problem.
min &Lsubject to:

|%_ab‘j| éL V_]

J

w.
|W_j_ajw| §L Vj

w
ij =1
7
w, >0 Vj (22.2)

The optimal weights of each criterion (w, ,w;,w} .....w, )and the optimal value of
ELobtained by solving the linear problem (22.2). Consistency level of each compari-
son is checked through the value of && and the value of &-closer to 0 indicates higher
consistency and vice versa. (Rezaei 2016).

22.4 Result

In this section, the major challenges of smart manufacturing are identified through
the literature review and expert opinion. These finalised challenges are prioritised
using the BWM method.

22.4.1 Identification of Challenges in Smart Manufacturing

The major challenges are identified through the literature review of smart manufac-
turing, intelligent manufacturing system and industry 4.0. After identification of the
22 challenges, these challenges are put in front of experts for their approval. We
have discussed these identified challenges with the expert’s panel and finalised 16
major challenges which are further categorised into four dimensions. The identified
16 challenges with their brief description and associated references are shown in
Table 22.1.
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Table 22.1 Summary of challenges
Dimensions Challenges Description References
Technological | Data privacy and | Privacy and security of the industrial | Elkhodr et al.
challenges (TC) | security issues data (i.e. process details, maintenance |(2016), and
(TC1) schedule, customer details etc.) are the | Kumari et al.
primary issue for the development of | (2018)
smart manufacturing in a sustainable
manner
Data quality (TC2) | Data acquisition and processed by Alam and Alam

different people/industries under
special regimes and tainted with

(2013), d’Aquin
et al. (2015),

several types of imprecision, Ben Sta (2017),
imperfection, uncertainty, and and Bibri (2018)
ambiguity
Lack of advance New and upgraded materials are Yeh and Chen
materials and required for modern products and to (2018) and
technologies (TC3) | manufacture these materials Masood and
unconventional and complex Egger (2019)

manufacturing technologies are
required. The scarcity of type of
advance materials and technologies
created a challenge towards the
development of smart manufacturing

Lack of advanced

Advanced research centres are required

Hermann et al.

research and for the design and development of (2016), and
development smart product and processes which is | Luthra and
centres (TC4) essential to develop smart Mangla (2018)
manufacturing. However, lack of these
advance research centres is the major
challenge
Infrastructure | Lack of capability | To be competitive in the market, the Wang et al.
related to perform the effectiveness of the supply chain can | (2018) and Sun
challenges (IC) | supply chain be enhanced through the business et al. (2016)

analytics (IC1)

intelligence and supply chain analytics.
Lack of these capabilities is the major
challenge to develop smart
manufacturing.

High IT
infrastructure and
intelligence deficit
Ic2)

Lack of IT infrastructure (e.g solar
electrical systems, cloud computing,
virtual reality) and artificial
intelligence capabilities (e.g. smart
communities, smart energy solutions,
intelligent transport system, etc.) is set
a challenge towards the adoption of
smart manufacturing

Ahamd and
Alam (2014),
Zhou et al.
(2016), and
Rajput and
Singh (2019)

Lack of smart
logistics
infrastructure
(IC3)

The internal logistics (within factories)
and external logistics (inbound and
outbound logistics) are needs to be at
an advanced level for the successful
survival of the smart factories. The
development of the smart logistics
infrastructure is the major challenge.

Qaiser et al.
(2017) and
Perakovic et al.
(2019)

(continued)
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Table 22.1 (continued)

Dimensions Challenges Description References
Lack of global Global distribution network assists the | Lee et al.
distribution supply chain partners to expand the (2013), Shakil
network (IC4) range of targets which seems difficult |and Alam

due to the lack of knowledge regarding | (2016), and
a recent technology. Masood and
Egger (2019)
Consumers Lack of access to | Majority of consumers (especially Perales et al.
related technology (CC1) | developing economies) having lack of | (2018) and
challenges (CC) access to smart digital technologies Rajput and

that can be a challenge toward smart Singh (2018)
manufacturing development

Low awareness of | Consumers are not very much aware Schuh et al.

consumers (CC2) | about the concept of smart (2017) and
manufacturing, and its impact on their | Reyna et al.
quality of life (2018)

Health issues The smart manufacturing system might | Expert opinion

(CC3) use 5G technologies for establishing
communication with other smart
factorises which causes an adverse
effect on the human health

Issues of openness | Consumers are also concerned about | Pereira et al.

of data (CC4) their openness of the data (for (2017), Kumar
example-using pattern of appliances) | et al. (2018),
which can be accessed by the several | and Rajput and
stakeholders. Singh (2018)

Management Cost of training Skill development can be achieved Zhou et al.

related and skills through the training of the working (2016) and

challenges development personnel, which needs a higher cost. | Wang et al.

(MO) (MC1) This higher cost is one of the major (2018)

challenges towards the smart
manufacturing development

Unclear vision
towards smart

Lack of vision on how management
can be effectively imposed to develop

Chourabi et al.
(2012), Hecklau

manufacturing and run the smart manufacturing et al. (2016),
MC2) and Hofmann
and Riisch
(2017)
Organisational To transform the conventional Khan et al.
change/ manufacturing system into a smart (2018) and

Re-engineering
(MC3)

manufacturing system requires a lot of
re-engineering in processes as well as
culture, which is the major challenge
for top management.

Pacaux-Lemoine
et al. (2019)

Green technology
management
(MC4)

For the suitability of smart
manufacturing, green technologies and
green energy resources are adopted
and managed. The adoption and
management of green technology is
also a challenge for top management.

Moktadir et al.
(2018), Luthra
and Mangla
(2018), and Ali
et al. (2019)
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22.4.2 Prioritisation of the Challenges Towards Development
of Smart Manufacturing

In this section, the identified challenges towards the development of smart manufac-
turing are prioritised. To accomplish this purpose, BWM is successfully applied
using the expert’s input. A brief overview of the BWM is provided to the expert’s
panel to revive the understanding about the adopted methodology. After that, the
pairwise comparison matrices were provided for each dimension and their associated
to the expert panel and asked them to identify the best challenge i.e. most significant
challenge and worst challenge i.e. least significant challenge among the all identified
challenges. Initially, there were different inputs comes from the experts but after
exhaustive discussion by experts and moderator about each challenge, the panel were
able to build a consensus on the comparative significance of each challenge.

Based on the expert panel decision, ‘infrastructure related challenges’ are the most
significant challenge (best criteria) and ‘consumer related challenge’ are the least
significant challenge (worst criteria). After identification of the best and worst dimen-
sion (criteria), experts rated the preferences of best dimension over other dimensions
and similarly all the other dimensions were rate w.r.t the worst dimension on a scale
of 1-9. In this manner, a pairwise comparison was obtained and shown in Table 22.2.

Table 22.3 shows the pairwise comparison of infrastructure-related challenges.
Among the identified four challenges related to infrastructure, the most significant
challenge is the ‘lack of capability to perform the supply chain analytics (IC1)” and
the ‘least significant challenge is lack of global distribution network (IC4)’.

Table 22.2 Pairwise comparison of Technology related challenges

BO TCl1 TC2 TC3 TC4
Best criteria: TC1 1 2 5 4
oW Worst criteria:TC3

TCl1 5

TC2 4

TC3 1

TC4 3

Table 22.3 Pairwise comparison of Infrastructure related challenges

BO IC1 1C2 IC3 IC4
Best criteria:IC1 1 2 3 6
(0)%Y% Worst criteria: IC4

IC1 6

1C2 5

1C3 4

IC4 1
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Table 22.4 Pairwise comparison of consumers related challenges

BO CC1 cC2 CC3 CC4
Best criteria:CC4 4 6 3 1
ow Worst criteria:CC2

CCl1 3

cC2 1

CC3 4

CC4 7

Table 22.5 Pairwise comparison of management related challenges (MC)

BO MCl1 MC2 MC3 MC4
Best criteria:MC2 3 1 2 3
oW Worst criteria: MC4

MCl1 2

MC2 4

MC3 3

MC4 1

Table 22.4 shows the pairwise comparison of consumers related challenges. The
most significant challenge is the ‘issues of openness of data (CC4)’ and the least
significant challenge is ‘low awareness of consumers (CC2)’.

Table 22.5 shows the pairwise comparison of management-related challenges
(MC). Among the identified four challenges related to management, the most sig-
nificant challenge is the ‘unclear vision towards smart manufacturing (MC2)’ and
the ‘least significant challenge is ‘green technology management (MC4)’.

Further, we have to find the optimal weight of each dimension and their associ-
ated challenges using the pairwise comparison score. This can be obtained by for-
mulating a linear programming model as shown by the model (2) for dimensions
and associated challenges. After the formulation of the model; these models are
solved to calculate the weights of each dimension and their associated challenges
and shown in Table 22.6. The consistency ratio of the dimension is 0.06504 which
is acceptable because it is less than the 0.1. Similarly, the consistency ratio of the
challenges is also less than 0.1 which is acceptable. Based on the optima weight of
the dimensions and challenges, the dimensions and challenges are locally and glob-
ally ranked and shown in Table 22.6.

22.5 Discussion on Results

The result shows that the most significant dimension of challenge ‘infrastructure-
related challenges’ having 0.471545 and the least significant challenge is ‘consum-
ers related challenges (CC)’ having 0.081301. The infrastructure-related challenges
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Table 22.6 Ranking of dimensions and challenges

Consistency Consistency
Weights of | ratio of Weights of | ratio of Local | Global
Dimensions | dimensions | dimensions | Challenges | challenges | challenges | rank | weights | Rank
TC 0.268293 0.06504 TC1 0.486842 | 0.09210 1 0.130616 |2
TC2 0.289474 2 0.077664 | 6
TC3 0.078947 4 0.021181 | 12
TC4 0.144737 3 0.038832 |9
IC 0.471545 IC1 0.473684 | 0.078947 1 0.223363 | 1
1c2 0.276316 2 0.130295 | 3
IC3 0.184211 3 0.086864 | 4
1C4 0.065789 4 0.031022 | 11
CcC 0.081301 CC1 0.160305 | 0.09160 3 0.013033 | 15
cC2 0.076336 4 0.006206 | 16
CC3 0.21374 2 0.017377 | 14
CC4 0.549618 1 0.044684 | 8
MC 0.178862 MCl 0.176471 | 0.08823 3 0.031564 | 10
MC2 0.441176 1 0.07891 |5
MC3 0.264706 2 0.047346 | 7
MC4 0.117647 4 0.021043 | 13

need to be addressed to move a step forward in the direction of the develop a smart
manufacturing system. Among the ‘infrastructure relate challenges’ the descending
order of the infrastructure-related risk are: ‘lack of capability to perform the supply
chain analytics (IC1)’> ‘high IT infrastructure and intelligence deficit (IC2)’ > ‘lack
of smart logistics infrastructure (IC3)’ > ‘lack of global distribution network (IC4)’.
To overcome these challenges, the government required an especial focus on the
development of the IT infrastructure such as high-speed network connectivity.
Utilising these infrastructures, the organisation can develop the skills and capability
to perform supply chain analytics. At the same time, there a major challenge is the
scarcity of smart logistics services. This challenge is more dominant in developing
countries such as India. The least significant challenge among the infrastructure-
related challenge is the ‘lack of global distribution network’ which needs to be
addressed.

The next significant dimension of challenges is the ‘technology-related chal-
lenges ‘having the weight of 0.268293. This dimension having a technological chal-
lenge such as ‘lack of advance materials and technologies’ and ‘data privacy and
security which can hinder the development/transformation of smart manufacturing.
The importance of the challenges in descending order are: ‘data privacy and security
issues (TC1)’ > ‘data quality (TC2)’ ‘lack of advanced research and development
centres (TC4)’ > ‘lack of advance materials and technologies (TC3)’. Data privacy
and security is a major challenge because it contains the confidential data about the
materials, manufacturing process and details of the working/operating personnel.
Data is collected from the different sources and these data are present in a different
form so that the data quality is low. This data quality is a major challenge to develop
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the predictive aspect of smart manufacturing. There is a lack of advanced research
centres for the development of smart manufacturing process, data cleaning and ana-
lysing techniques. These advance research centre should be developed for the effec-
tive implementation of the smart manufacturing processes and techniques. In this
row, the next major challenge is the lack of advance materials and technologies that
can be a major hindrance towards the development of smart manufacturing.

The third significant dimension of the challenges related to the development of
smart manufacturing is ‘management related challenges’ having the weight of
0.178862. The importance of the challenges in descending order are: ‘unclear vision
towards smart manufacturing (MC2)’ > ‘cost of training and skills development
(MC1)’ > ‘organisational change/re-engineering (MC3)’ > ‘green technology man-
agement (MC4)’. The unclear vision of the management is a major challenge
towards the development of smart manufacturing. To overcome this challenge, man-
agement should develop an understanding about the smart manufacturing process
such as cyber-physical systems, big data analytics and interconnected machines.
After developing a clear understanding of smart manufacturing, management has
proposed a clear vision and achieve the goal of smart manufacturing. Next chal-
lenge is the cost of the training and skill development of the personnel. The environ-
ment of smart manufacturing is different from the conventional manufacturing
system, so that, some training and skill development program is conducted for the
personnel that will demand a high cost. Further, the third challenge in the context of
the management related challenge is the ‘organisational change/re-engineering
(MC3)’. The current organisational and manufacturing structure should be re struc-
tured and redesigned as per the requirement of smart manufacturing. The least sig-
nificant factor related to management is ‘green technology management (MC4)’.
Green technologies and their management are an essential component of the current
business models. Therefore, to be competitive in the global business, green tech-
nologies should be adopted for the effective functioning of smart manufacturing.

Finally, the consumer-related challenges are having the least significant among
the identified dimensions of the development of the smart manufacturing system.
Consumer related challenges are ranked fourth and having the weight of 0.081301.
Among the consumer-related factors, importance order of the challenges is: health
issues (CC3) > issues of openness of data (CC4) > lack of access to technology
(CC1) > Low awareness of consumers (CC2). The major challenge is health issues
which are emerging from the utilisation of the advanced technologies such as 5G
connections for the machine, eatable barcode and DNA barcoding on food products.
These advanced technologies facilitate life but also have some bad effect on health.
The next challenge is the issues of openness of data (CC4) which are related to the
private information of the consumer. This information can be stored and transferred
with other parties which are the major issue for consumers. Lack of access to tech-
nologies by consumers is one of the significant challenges towards the development
of smart manufacturing. The smart devices are providing real-time data to the cloud.
In this condition, if the consumer does not have access of advance technologies then
it will lead to the failure of smart manufacturing. Finally, the least significant chal-
lenge is the low awareness of consumers that means consumers does not have an
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explicit knowledge of the benefits or loss of the smart manufacturing system. Thus,
they are having ambiguities in their perception towards the smart manufacturing
and its related product. Therefore, there is a need to aware the consumers about the
smart manufacturing and its benefits/cost through the awareness programs or
other means.

22.6 Conclusion, Limitations and Future Scope

This chapter provides an overview of smart manufacturing and identified the chal-
lenges towards the development of smart manufacturing. Initially, this study identi-
fied the 16 major challenges towards the development of smart manufacturing and
categorised them into four major dimensions using the literature review and expert’s
input. These identified challenges and their dimensions are prioritised using the
BWM method for deeper insights. The result shows that the major dimension of the
challenge is the infrastructure-related challenges among the identified dimensions.
The least important challenge is consumer-related challenges. This study also pro-
vides some solution to mitigate these challenges.

This study also has some limitation which can be explored in future studies. The
first limitation of this study is the scarcity of the literature in the area of smart manu-
facturing. Due to the limited access to the literature, there is a possibility to skip
some challenges which can be included. Second limitation of this study is the sam-
ple size of the expert. We have only six experts in the panel and this sample size can
be increased in the future studies. The prioritisation of the identified challenges can
be validated through case studies. In term of the future scope, these identified chal-
lenges can be modelled using the other methods such as Interpretive Structural
Modeling (ISM), Total Interpretive Structural Modelling (TISM) and
DEMATEL. Further, the prioritisation of the challenges can be validated using other
methods such as AHP, ANP, TOPSIS and many more.
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