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Abstract. The COVID-19 pandemic has resulted in major disruptions to busi-
nesses, supply chains and economies alike. The negative effects of the pandemic
are yet to be fully realised. In this study, we aimed to reflect on and explore strat-
egies for supply chain sustainability in the face of business downturn caused by
the COVID-19 pandemic. The focus of this study is the heavy engineering indus-
try in South Africa as it relies on a global supply chain network. The paper begins
with a brief introduction of negative effects of COVID-19 on supply chains fol-
lowed by the research questions that drives this study. We used a literature review
to select the critical success factors which were further refined using experts’
opinion. These factors subsequently, were used as input to an interpretive struc-
tural modeling (ISM) technique. The ISM model yielded some interesting find-
ings that can aid organizations in building resilient supply chains that are sustain-
able in nature. We conclude that organizations need to develop a culture of col-
laboration; since greater collaboration among value chain members is required to
create a more resilient supply chain.

Keywords: COVID-19, pandemic, critical success factors, supply chain, sus-
tainability, ISM

1. Introduction

Supply chains are dynamic processes with multifaceted operations and associated
disruption risks [1]. Disruption risks can evolve naturally or artificially with or without
forewarning [2]. Pandemic outbursts are extraordinary disruptive circumstances, which
significantly contribute towards supply chain management risk with endured presence,
prolonged proliferation and elevated ambiguity [3]. The outbreak of COVID-19 is one
of the biggest examples in the history of pandemics that has extensively contributed
towards supply chain management disruptions globally [4], [5]. It is pertinent to under-
stand that the existing management processes are mostly not equipped to sustain
COVID-19 pandemic disruptions [6], [1]; instead hold worrying weaknesses. Organi-
zations are facing various challenges such as failing to optimise supply and demand



gaps and developing resilient supply chains that can recover fast after disruptions.
Lastly, organizations are facing challenges to develop sustainable supply chains [7].
COVID-19 has not only caused health care crises [8]; but caused severe economic
downturn that shifted attention of organizations towards business continuity and sus-
tainability [9]. The health and safety aspects of employees and community are at stake.
Organizations are assisting employees to adapt to new systems [7]. The whole world is
experiencing effects of COVID-19 for the first time and many new strategies and prac-
tices have evolved since March 2020 to cope up with this situation. To extend the
knowledge base we aim to answer the below research question.

RQ1: What are the critical success factors for enhancing supply chain sustainability
amid COVID-19 pandemic?

The relation between each set of critical success factors and outcomes of the inter-
action can provide rich insights which can be useful in redesigning the supply chain to
cope up in this pandemic. Since COVID-19 is a completely new phenomenon facing
supply chain managers; understanding the interrelationships between critical success
factors of supply chain sustainability can add great value [10]. However, literature on
COVID-19 is mainly limited to medical studies and thus highlights the need for inves-
tigation in the supply chain sustainability context. We therefore, aim to address the
second research question namely;

RQ2: What is the interrelationship between the critical success factors that can em-
power supply chain resilience amid the COVID-19 pandemic?

The rest of the sections are organized as follows. Section 2 presents literature review
followed by section 3 that presents the ISM methodology and data analysis. The dis-
cussion is presented in section 4 and conclusions are drawn in section 5.

2. Literature Review

Critical success factors for supply chain sustainability amid COVID-19 pandemic
were identified from literature review and presented below.

a) Technology readiness of organizations - Technology readiness is essential to
cope with supply chain disruptions such as the COVID-19 pandemic [7]. Advanced
information and communication technologies do more than assisting in making timely
decisions but also aid in factory automation; and thus, connecting the factory shop
floor to the top floor (i.e., top management level) [11]. The COVID-19 pandemic and
the resultant national lockdowns and social distancing have impacted the normal fac-
tory operations; which can be overcome by factory automation and use of digital sys-
tems to run production, quality checking and packing [12]. Technologies such as big
data powered artificial intelligence can enhance sustainable manufacturing [13].

b) Historical disruption data analysis - It has clearly been demonstrated that
healthcare supply chains have not learned any lessons from previous epidemics such
as Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syn-
drome (SARS) [14]. However, Ivanov & Dolgui [15] have argued that the analysis of
historical disruption data can help in managing disruption risks.



c¢) Availability of real-time disruption data - It is not possible for any supply chain
to become fully immune from global shocks created by COVID-19; however, availa-
bility of real-time data can reduce the risks. Supply chain executives can collect real-
time data, infer insights and take immediate actions. This will reduce the response
times significantly and lower incidents of customer complaints. It is a necessity dur-
ing a pandemic to access real-time disruption data and keep updated on the latest
trends. China is considered a powerhouse of the global economy as they have shown
ability to manufacture and supply products at low costs. However, with the onset of
the novel coronavirus, thousands of factories had to shut their production units [16].
Consequently, supply chain managers need real time disruption data to assess the sup-
ply chain status and change strategies accordingly. Real-time disruption data thus
proves to be an important agility mechanism for supply chain managers [15].

d) Ensure end-to-end visibility - Supply chain managers must have end-to-end visi-
bility to identify problems in the supply chain and take immediate actions. This has
been recently confirmed by Ivanov & Dolgui [15] where they opined that end-to-end
visibility is important for companies operating in international markets. Visibility in
supply chains has reduced significantly during this COVID-19 pandemic [7]. Ivanov
& Dolgui [15] emphasized on supply chain visibility to enhance end-to-end supply
chain visibility and avert risks. Advanced supply chain visualizations can uncover the
relationships behind big data sets. Other benefits include: data validation, chain-of-
custody reporting, supplier benchmarking, supply chain planning and optimization,
risk heat maps and alerts, emergency response and control tower-like visibility [21].

e) Derive values from technology deployment - In this Industry 4.0 era harnessing
the power of technology such as big data and artificial intelligence, automation, IoT,
blockchain, edge computing, deep learning, advanced computing power, application
programming interfaces and high-power satellites can help an organization become
cautious about supply chain challenges and an organization can change strategies and
practices to mitigate the same [7].

f) Prevent exploitation of workers - It has been found that COVID-19 has triggered
modern slavery. The pandemic has resulted in severe job losses in the last six months
and existing employees fear job losses and thereby ready to overwork even after get-
ting pay cuts/ suffering from other mal-treatments. Trautrims et al. [17] cautioned that
organizations need to prevent exploitation of workers in COVID-19 pandemic.
Sharma et al. [7] opined that organizations need to take care of the health and wellbe-
ing of their own employees and also need to consider the health and wellbeing of tier
one and tier two suppliers’ employees to gain sustainability.

g) Consider the value of flexibility - Remko [18] suggested organizations to con-
sider the value of flexibility. For example, Sub-Saharan African countries need to put



in place flexible but effective policies and legislation approaches that harness and for-
malise the informal trade and remove supply chain barriers. This could include
strengthening cross-border trade facilities such as adequate pro-poor, gender-sensi-
tive, and streamlined cross-border customs, tax regimes, and information flow [19].
Additive manufacturing has proven to enhance flexibility in COVID-19 pandemic and
organizations need to adopt flexibility to gain sustainability [20].

h) Short response times - It is essential that organizations devise strategies to ensure
short response times to changes in their business environment [18]. The more agile an
organization is, the better its chances for survival during the COVID-19 pandemic [1].

h) Adoption of multiple supply sources - Adoption of multiple supply strategy has
become more important for managing supply risks [18]. In the current pandemic,
some suppliers may be located in red zones (high spread of infection) resulting in re-
stricted business operations and supply shortages Therefore, dependency on a few of
suppliers is no longer a viable option for organizations; instead, organisations are in-
creasingly adopting multiple supplier sourcing strategies to ensure continuity of
timely supplies for production [18].

i) Near shore and local sourcing - Near shore and local sourcing is suggested by
Remko [18] as another strategy to ensure supply chain sustainability in the face of a
global pandemic. The closure of | that nternational borders resulting from national
lockdowns amid the COVID-19 pandemic, necessitates near shore and local sourcing
of raw material in order to sustain business operations. Most importantly, the sustain-
ability standards need to be checked [17].

j) Greater utilization of information technology - It was suggested by Remko [18]
that supply chain managers need to undertake greater utilization of information tech-
nology to drive more complete and immediate information availability for quality de-
cision making and that too in a timely manner.

k) Collaboration with external stakeholders - Collaboration with external stake-
holders results in supply chain sustainability and enhances competences to sustain
business operations particularly during a pandemic such as the COVID-19 pandemic
[7]. Literature indicates that more intensive information exchange and collaboration
with unions, NGOs, and other expert stakeholders increases supply chain transpar-
ency and allows for a proactive detection of early warning signals on deteriorating
conditions even when physical audits are disrupted [17].

1) Develop a collaborative culture — A collaborative organizational culture is a very
important factor in ensuring collaboration with suppliers and customers to make
timely production and dispatches. Literature indicates that greater collaboration
among value chain members is required to create a more resilient supply chain [7].



m) Synchronize strategic processes - is essential that organizations focus on syn-
chronization of strategic processes [7]. If an organization mechanizes processes by
converting into intelligent workflows—starting from managing demands to dispatch
strategies, organizations will provide a platform to processes, people and technology
to interact. This will bridge the current gap in a firm’s ability to feel the changes in
the environment, respond to that with the help of intelligent workflows, and generate
required businesses [7].

n) Supply chain resilience - Supply chain disruptions can result in significant eco-
nomic downturn. Resilience is the ability to deal with sudden changes in business en-
vironment while retaining the organization’s basic functions [22]. Supply chain resili-
ence has turned out to be one of the key factors amid COVID-19 pandemic for man-
aging risks and enhancing supply chain sustainability [23].

3. Research method

3.1 Interpretive Structural Modelling (ISM)

The ISM methodology is used in this study to develop the structural model. This
technique was popularized by Sushil [24, 25]. The critical success factors (CSFs”) for
enhancing supply chain sustainability amid COVID-19 pandemic are identified from
the literature review and further refined using two experts’ opinion. Therefore, the
CSFs’ are validated in context to South Africa. The final list of Critical success factors
(CSFs’) is presented in Table 1.

Table 1. CSF refined through experts’ opinion

S1 Mo Wariables

Technology readiness

Historical disruption data analysis

Availability of real-ime disruption data

Ensure end-to-end visibility

Derive values from technology deplovment

Prevent exploitation of workers

Consider the value of flexibility

Short response times

(I3 - Y VY VER IS

A doption of multiple supply sources

10 Nearshore and local sourcing

11 Greater utilization of information technology

12 Collaboration with extemnal stakeholders

13 Dewvelop a culture of collaboration

14 Synchronize strategic processes

15 Supply chain resilience

The second step in ISM involves examining the contextual relationship between
pairs of critical success factors/elements. A questionnaire was used to collect the re-
sponses from five referees, who are working in the heavy engineering sector for more
than 20 years. We applied the statistical function “mode” to develop the aggregate
structural self-interaction matrix (SSIM).

The aggregate structural self-interaction matrix (SSIM) in Table 2, is based on the
notations below which denote the direction of relationships between variables (i and j):



V:ilead toj butjdoes not lead to i
A:idonotleadtojbutjleadtoi
X:ileadtojandjleadtoi

O: iand j are unrelated to each other.

Table 2. Aggregate structural self interaction matrix
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The SSIM has been converted into a binary matrix, i.e., the reachability matrix (Ta-
ble 3) by substituting V, A X and O by 1 and 0. The substitution rule is explained below:
o Ifthe (i, ]) entry inthe SSIM is V, then the (i,j) entry in the reachability matrix
becomes ‘1’ and (j,i) entry becomes ‘0’
o Ifthe (i, ]) entry inthe SSIM is A, then the (i,j) entry in the reachability matrix
becomes ‘0’ and (j,i) entry becomes ‘1’
o Ifthe (i, ]) entry inthe SSIM is X, then the (i,j) entry in the reachability matrix
becomes ‘1’ and (j,i) entry also becomes ‘1’
o Ifthe (i, ]) entry inthe SSIM is O, then the (i,j) entry in the reachability matrix
becomes ‘0’ and (j,i) entry also becomes ‘0’

Table 3. Initial reachability matrix

I o oI v W I WIL VIIL i pe HI pa pianny IV poaty

I 1 1 1 1 1 o 1 1 o o o o o 1 1
o o 1 1 o ] o o o ] o ] o o 1 1
mx o o 1 o o o o o o o o o o 1 1
v o o 1 1 o o 1 1 o o o o o 1 1
W o 1 1 1 1 o o o o o o o o 1 1
I o Q o o o 1 o o o o 1 o o o 1
VIT ] o a o a o 1 1 1 1 o o o o 1
VI o o o o o o o 1 o o o o o o 1
i o 1 o o o o o 1 1 o o o o o 1
p 4 o 1 o o o o o 1 1 1 o o o 1 1
poa 1 1 1 1 1 o 1 1 1 1 1 o o 1 1
poan) 1 o 1 1 1 1 1 1 1 1 1 1 o 1 1
panng 1 o 1 1 1 1 1 1 1 1 1 1 1 1 1
IV 1 o o o o o 1 1 1 o o o o 1 1
ot o Q Q Q Q o o o ] o ] o o o 1

The transitivity principle is checked in this step. If element i leads to element j and
element j leads to element k, then element i should lead to element k. By transitivity
embedding, the final reachability matrix is obtained as shown in Table 4.



Table 4. Final reachability matrix

Driving

Variables I O m v VvV VI VI VI IX X X XO X XIV XV Power
&)
I 1 1 1 1 1 1= 1 1 | 1= | 1= | o 0 0 1 1 12
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I 1 1 1 1 1 1= 1 1 1 1 1 1= | 0 1 1 14
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Im 1 1= 1 1 1|1 1 1 1 1 1 1 1 1 1 15
oty 1 1+ 1= 1= 1= 0 1 1 1 1+ | o 0 0 1 1 11
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The level partitioning is done in this stage. After the first iteration, the variable clas-
sified to level 1 are discarded and the partitioning process is repeated on the remaining
variable to determine the level 2. These iterations are continued until the level of each
variable is completed. The results for iterations 1 to 9 are summarised in Table 5.

Table 5. Level partitioning

“ariablas Feachability s=t Antecedant s=t Intersection s=t Lewsal
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VI 1.2,3.4,6,7,12,13,14 I
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e 1,2.3,4,5,6,7,8,9,10,11,12,13,15 12,1314 12.13 VI
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The structural model is developed using nodes and lines of edges. The digraph is
presented in Figure 1.



Fig. 1. ISM digraph

From ISM digraph we developed the ISM model (refer Figure 2).
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Fig. 2. ISM model




4. Conclusion

Byron and Thatcher [26] indicated that one of the more intimidating challenges re-
searchers face is in understanding theory and theory-building. The following questions
circle on the mind of researchers such as (a) What is (and isn’t) theory? (b) Should we
care about theory? (c) Where do new theories come from? (d) How do you build a good
theory? and lastly (d) How do you get your theory published?

Referring back to the building blocks of theory suggested by Whetten [27] which
articulates theory as consisting of four fundamental things: What and How (descrip-
tion), Why (explanation), and Who, Where, When (boundary conditions) we further
explain our research findings to extend the knowledge base.

In the current study which is exploratory in nature; we have used ISM technique to
build theory and answer two key questions- What, and How. We have answered as to
what are the critical success factors for supply chain sustainability amid COVID-19
pandemic. Second, we have also answered-how these critical success factors been in-
terrelated. The bottom level CSF i.e., development of collaborative culture is very im-
portant and more attention is required on this element as it influences the final outcome
i.e., supply chain resilience. Figure 2 provides a clear understanding about how to use
this model as it demonstrates the interrelationships between all variables.
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