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Abstract: Pandemics cause chaotic situations in supply chains (SC) around the globe, which can
lead towards survivability challenges. The ongoing COVID-19 pandemic is an unprecedented
humanitarian crisis that has severely affected global business dynamics. Similar vulnerabilities have
been caused by other outbreaks in the past. In these terms, prevention strategies against propagating
disruptions require vigilant goal conceptualization and roadmaps. In this respect, there is a need
to explore supply chain operation management strategies to overcome the challenges that emerge
due to COVID-19-like situations. Therefore, this review is aimed at exploring such challenges and
developing strategies for sustainability, and viability perspectives for SCs, through a structured
literature review (SLR) approach. Moreover, this study investigated the impacts of previous epidemic
outbreaks on SCs, to identify the research objectives, methodological approaches, and implications
for SCs. The study also explored the impacts of epidemic outbreaks on the business environment,
in terms of effective resource allocation, supply and demand disruptions, and transportation network
optimization, through operations management techniques. Furthermore, this article structured
a framework that emphasizes the integration of Industry 4.0 technologies, resilience strategies,
and sustainability to overcome SC challenges during pandemics. Finally, future research avenues
were identified by including a research agenda for experts and practitioners to develop new pathways
to get out of the crisis.

Keywords: supply chain management; survivability; epidemic outbreaks; influenza; COVID-19;
sustainability; viability; resilience; industry 4.0; review; manufacturing

1. Introduction

Disruptions to business operations and global supply chains (SC) caused by disasters
have led the practitioners and researchers to focus on survivability, which is the most
concerning topic these days [1]. There have been several threats, such as climate changes
leading to natural disasters, man-made circumstances (in terms of terrorism), and sev-
eral other potential risks. Consequently, companies look for ways to survive in tough
times and sustain their positions after such events. A potential roadmap for ensuring
both objectives is to transform their operations and SC activities into transparent, agile,
and reliable cyber—physical systems. Many industrial tycoons have started the journey
towards digitalization [2].

Moreover, to survive during disasters, the focus on improving market-share, ecologi-
cal consciousness, and differentiation through technology leadership, along with a reliable
and sustainable SC network requires a workable framework. However, approaches such
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as being lean, green, and resilient, and ensuring sustainability are established, and prac-
ticed supporting emerging market requirements. In terms of sustainability, if an SC gets
disturbed because of a disaster, the parallel node to the affected location is identified and
connected to minimize the disruptions in supplies and demands [3]. Among different types
of disasters categorized by the World Health Organization (WHO), epidemic outbreaks
have proven to be destructive to human lives as well as economies. The manufacturing
setups, which are considered the backbone of any country’s economy, often face full or
partial closure in such circumstances. The economic effects surpass territorial boundaries
through a globally connected network. At the micro-level, many industrial sectors experi-
ence absenteeism of the workforce because many are affected or taking care of affected ones
at their residences. This leads to a significant drop in operations and production levels,
and sustainable performance gets disturbed [4]. The world has been challenged several
times by extraordinary pandemics, which left long-term effects on society, businesses,
operations, and SCs [5]. Among these ripple effects, 20 to 50 million people died due to the
Spanish Influenza outbreak in 1918-1919. Similarly, the Ebola virus also had unmatched
effects on all dimensions. These large-scale losses urged the upgrade of disease risk, preven-
tion, and outbreak management facilities, despite the unavailability of cures [6,7]. Notable
outbreaks such as SARS, MERS, AIDS, cholera, and malaria have affected society, as well
as the economy, having accumulated effects in the billions of US dollars [8]. Moreover, a lot
of waste and environment damages are caused every year [9].

In recent years, the frequency and severity of these disasters have been becoming
worse due to several factors. World Health Organization [10] has categorized various
types of disasters. The potential types which potentially lead to epidemic outbreaks are
classified in Figure 1. The emergencies’ consequence is pandemics, causing unprecedented
losses. All SCs, at a local and global level, get affected and face challenges in ensuring
logistic and manufacturing operations continuity [11]. Therefore, it is important to address
the diseases under a unanimous framework in the current timeline. A few studies have
reported that these epidemics are the consequence of climate change and patterns [12].
Businesses are already experiencing disasters. Recently, they have been hit by the highly
contagious, unprecedented, and infectious outbreak termed as COVID-19. It is a novel
outbreak causing disturbances to human lives and the circular economy [13].

The unmatched outbreak, COVID-19, was identified from Wuhan’s wild food market
and reported in late 2019. In the initial phases, China was affected severely and had to
reduce economic and industrial activities, along with instigating several lockdowns in
different cities. The dependence of the world supply chain on the world’s factories was at a
huge risk, and activities were reduced significantly. After a short time, cases were reported
worldwide and it became a global emergency. The sprawl of COVID-19 affected 216 coun-
tries or territories as of 24 June 2020, with 9,110,186 active cases, and 473,061 deaths [14].
A global emergency was announced on 11 March 2020 [15].

The effects of this outbreak have gained the interest of researchers and scholars [5,13,16-28],
as well as industrial leaders [29-32], who are working to explore the impacts on SCs under
uncertain conditions. Moreover, various dimensions related to the disruptions are being
investigated, while industries are reconnoitering points to prepare for digitization to
combat forthcoming disruptions. The recent epidemic outbreak has already disturbed
business operations on a large scale. Therefore, early detection of disruptions and quick
remedial actions can allow industries to lower the impact of current and future shocks.
For example, it is recommended to build transparent multitier systems, enhance capacity in
logistics, to carry out operations optimization, and improve access to the actual customer
to reduce bullwhip effects [33]. Likewise, ref. [34] published the disturbances because of
COVID-19 among 94% of the leading 1000 industrial tycoons. The lessons from previous
disease outbreaks, epidemics, and catastrophes also insist on the building of reliable and
sustainable system designs [13,35], and there is a framework available which can predict
potential disease outbreaks [36].
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Figure 1. Disaster classification which poses serious threats to global supply chains (SCs). (Source: authors).

Due to this outbreak, severe disorder is caused in smoothly running operations.
Many manufacturers had to close their production operations fully, and some reduced
them to minimum capacity. The logistics operations linked with fulfilling supply and
demands were disturbed due to airport bans, because of restrictions by governments.
Similarly, the demand for medical equipment exponentially rose [13]. In the past, strategic
decision making and technology integrated with operations and supply chain manage-
ment have been aided by numerous research works under other epidemic outbreaks.
These works were skewed towards resource allocation, procurement and distribution,
emergency response, and decision making in network design and relief operation manage-
ment [18,23,37,38]. Much of the prominent research was carried out to support influencers
in previous outbreaks related to SC networks and operations management [5,24,37,39-42].
Therefore, there are several potential areas in which work is still needed, and addressing
constraints of the current epoch. In the modern world, China has a major share of the
daily-use product market, therefore, it is known as the world’s factory in the fields of
automobile manufacturing, electrical and electronics equipment, medical devices and
equipment, textiles, and many more sector. When the virus was first reported in China,
therefore, they started fighting it before its cases appeared in other territories [14]. There are
two major goals to be considered in these disrupted situations. The first includes ensuring
the sustainability of operations and resources, along with labor availability and safety from
the disease. The second goal is to shift operations and other activities towards digitally
supported systems, upgrading overall reliability. The question of the survival of the SC
network gets reduced through alignment with industrial revolution 4.0. Moreover, opera-
tions research and management approaches are assisting practitioners in analyzing system
limitations, to act suitably, as shown in Figure 2. To equip the SC networks for future
shocks, highly digitized system-level flexibility with strong integration is required [22].
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Figure 2. Operations research and operations management helping in supply chain disruption for short-term and long-term

goals. (Source: authors).

These tough circumstances have started a debate on the previously available strategies
and approaches for the robustness of SC networks. For instance, individual frameworks,
such as lean and agile manufacturing, and a resilience and sustainability-focused on
maximizing market response rather than ensuring survivability [22,43]. The field of sus-
tainability and viability of operations in SC networks under different uncertain conditions
is also being revisited according to current needs [23,24,44]. However, the long-term
sustainable solution lies with digitally supported technological help [45,46].

The technological portfolio of industrial systems is being entirely upgraded at the mo-
ment, compared to systems in previous epidemic outbreaks. SC disruptions, especially dur-
ing epidemic outbreaks, before the twenty first century caused huge threats to economies,
public well-being, and industrial sustainability. The reasons being, the inadequate avail-
ability of disease management and control systems, incapable technological systems to
support business operations, and the low reliability of supply chain networks. Recently,
developments in decision science have helped to optimize sustainable operations in un-
certain environments. These can potentially be extended to cases of epidemic/disasters.
For instance, resource allocation in a dynamic environment is a very important domain
to be explored. Similarly, new technologies can help in tough situations, through smart
production systems in smart cities.

The theme under focus is promising and vital, as well as at the initial phase of
development [24,33,47,48]. This review article bridges the gap by providing comprehension
of SC operations, and aims at the extension of research through open avenues. It will help
the related personnel in strategic planning, as well as decision making. Subsequently,
considering the paucity of literature on survivability during disturbances, it will connect
the dots on the effects of outbreaks on SC. A few research questions are pursued which are
cited in later sections. We will develop a baseline for researchers through opening avenues
and directions in this niche area to advance SC research.

The article is organized in the following manner. There are four major sections.
The first section covers the overview of recent events from a SC disturbance viewpoint.
Moreover, it establishes the subject introduction and need for study. In the second section,
the process of data collection is mapped. The methodology followed, using a systematic
literature review, is discussed in the section. In Section 3, the objectives tackled by experts
during previous pandemics and outbreaks are reviewed and categorized from a SC per-
spective. It continues with a systematic literature review on the viability and sustainability
of SCs addressing survivability goals. Section 4 contains open research areas, and future
avenues for broadening technological implementation principles and discussion, are re-
garded. The concepts of modern technologies for viability are introduced and formalized
in the subsection of Section 4. At the end, the paper is concluded by summarizing the
major findings and outlining future research perspectives.



Sustainability 2021, 13, 2504

50f 33

Problem Statement and Objectives

A pandemic like COVID-19 (SARS-CoV-2) is one of the special cases which put our
business and supply chain operations at huge risk. These are specifically exemplified by
long-term disturbance, ripple effects generated through propagating disruptions, and a
highly uncertain environment. Nevertheless, very limited research works have reported
on approaches in this direction in a structured manner. The available literature is dis-
persed among multiple streams and sources. Few reviews could be pinpointed from the
perspective of SC under pandemics or outbreaks [39,47]. Despite the scarcity of literature
on the correlation of SC survivability and epidemic outbreaks, this research facilitates re-
searchers, influencers, and governments by outlining the overall insights, to consequently
form strategies. Epidemic control and related logistics operations were categorized [39]
and mapped against operations and SC management [47]. Due to the scarcity of litera-
ture in the selected domain, there is an urgent need to frame previous developments in
epidemic outbreaks to improve the efficiency and reliability of supply chain networks.
Moreover, outlining the sustainability and viability perspectives of supply chains can help
decision makers with short-term and long-term risk mitigation and recovery plans. How-
ever, this work concentrates on viability and sustainability during ripple effects caused
by disasters, or specifically outbreaks. Moreover, the survivability in previous epidemic
outbreaks and the works carried out from those perspectives are also focused on. Further-
more, this article maps past emphasis on future research directions in Coronavirus-like
epidemic outbreaks. The objectives which are addressed in this research are given below.

e  Providing a comprehensive operations management review in pandemics and framing
the objectives addressed in epidemic outbreaks.

e  Exploring and categorizing supply chain operation objectives solved in the context of
previous pandemics, solution methodologies, and their associated implications.

e  Identifying supply chain sustainability, viability, and industry 4.0 developments from
a pandemic perspective.

e C(lassifying literature gaps and research extension opportunities to support supply
chain practitioners during COVID-19-like pandemics.

e Developing a conceptual integrated framework of supply chain operations manage-
ment sustainability preparedness, resilience readiness, and digital vigilance.

2. Research Methodology

To carry out this research, a systematic literature review (SLR) was carried out. This has
a conventional use, mainly carried out in medical and other sciences. Where, it is defined
as follows [47]: An efficient and effective technique to summarize the findings of existing
literature, gauging the consistency in previously reported studies, confirming that tasks
are not unique to the current discussion.

Previously, a SLR has been taken into consideration by several researchers to map
various problems from a SC perspective [49-52], and is considered a rigorous method
to evaluate research status in any field. It includes several steps, for instance planning
(includes research questions, defining the scope and limiting the subjects under their
interdisciplinary nature), searching (contains search protocol, relevancy, database selection,
reliability), screening (inclusion and exclusion criterion), and extraction (analysis, reporting
major studies, insights on existing literature).

2.1. Planning

The basic information articles were taken from a wide range of databases, for example,
Scopus, Science Direct, Google Scholar, Wiley, Web of Science, and other international
forum’s websites. In addition to this, to comply with reliability Scopus indexed journals
and Scopus database was selected for data collection. From the rigorous literature survey;,
incidentally, multiple intersections of various supply chain perceptions of epidemic out-
breaks, distributed through the literature, have not previously been rationalized. Therefore,
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a considerable and distinct contribution is made by this study by building upon these
explicit research questions (RQ):

e RQI1. What is the state-of-the-art in the existing literature related to SC disruptions,
especially during epidemic outbreaks?

e  RQ2. What are the unexplored areas and open questions to combat these effects in the
field of SC?

The questions were designed in a way that the problem is specified in the form of
questions. The answers to the above questions were expected from this research paper.
The most important and major support, through this study, will comprise an insight into
the research agenda for SCs at the time of disasters or epidemic outbreaks; moreover, a sys-
tematic investigation of the literature on epidemic outbreaks and supply chain operations.
In addition to this, several open questions and future research avenues were identified that
can be explored in the extension of the existing body of knowledge.

2.2. Searching

To comply with objectivity and reliability, the research protocol is provided in Table 1.
The Scopus database was employed to import potential data. It was used in the literature
review works [43,53]. All the articles selected were from peer-reviewed journals indexed
by Scopus. Keywords were used to find out the most relevant papers, such as “supply

a7

chain”, “operations management”, “logistics” as a general protocol for SC and operations
management (OM) field delimitation. Whereas specifically “sustainability”, “ripple effect”
and “survivability” were used. The scope of the search was limited by defining Boolean
operators (AND, OR, AND NOT) to search in a precise manner. The viability of SCs during
tough times and looking up sustainability for the future specified a focus on survival.
Therefore, both terms, viability and sustainability, were explored to keep the discussion
wide, to include various perspectives. The period was selected as 2010-2020, to view recent
developments in the field after certain large disasters. The search comprised three steps:
first accessing for sustainability, secondly viewing from the perspective of ripple effects,
and thirdly concerning the risks involved in future outbreaks.

Table 1. Systematic literature review protocol.

Research Protocol Description
Databases Scopus database
Search base Publication type Peer-reviewed journal articles indexed by Scopus
plan Language English
Year range 2010-2020 (exploring streams of last 10 years)
Search terms Titles, abstracts, keywords
N Search term in titles, abstracts, ( ? upply ch:.a1.n ,,OR opllera.1t10n5 ,Ilnanalgl;en}ent O,,R 10”ngtICS AI\,I,D

Directing sustainability” AND “disaster” OR “epidemic” OR “pandemic

keywords “ ”

features OR “outbreak”)

("Supply chain” OR “operations management” OR “logistics” AND
“Ripple effect” AND “viability” OR "sustainability”)

Limiti Inclusion criteria Research articles presented on any disaster, specifically epidemics
1muting . o Research articles with general focus, discussing disasters, outbreaks
factors Exclusion criteria . . .

without the context of supply chain and/or operations management
Analysis Data extraction, analysis, Supported by VOS viewer to visualize the streams and detailed analysis

and synthesis

2.3. Screening

For objectivity purposes, the following inclusion and exclusion criteria were defined.
We determined the criteria.
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2.3.1. Inclusion

As the objective of this study was to get an insight into the impacts of epidemic
outbreaks on SCs and methods, OM helped from this perspective. Therefore, only those
papers were included which presented the problems associated with epidemic control
and effects in the field of operations or supply chain management. In addition to this,
only peer-reviewed journal articles were included, except for a few other relevant sources
which were necessary to answer the developed research questions of this study.

2.3.2. Exclusion

Articles related to healthcare management and clinical trials, humanitarian and com-
mercial logistics and supply chain management were out of the scope of this study. More-
over, papers written in languages other than English were also excluded. The scope was
further specified to “Business, Management, and Accounting” and “Engineering” and
“Decision sciences”.

2.4. Extraction

Initially, the impact of different outbreaks or diseases reported on a large scale were
discussed, concerning supply chain, logistics, or operations management, along with major
methods. For information extraction, the Scopus database integrated with VOS viewer [54]
was employed, and for subsequent analysis, for instance co-occurrence analysis (VCA;
www.vosviewer.com (accessed on 30 January 2020)) [55]. This methodology helped to
analyze the literature objectively; algorithmically by retrieving the articles; classifying and
accumulating key terminologies in distinct clusters; and specifying future research direc-
tions and avenues. For the systematic evaluation of the literature, the protocol is defined
for objectivity in Figure 3. However, Figure 4 presents year wise publication analytics.

Systematic literature review

l

Scopus Database

k
[ 1

("Supply chain" OR "operations management" OR ("Supply chain" OR "operations management"
"logistics” AND "sustainability" AND "disaster” OR OR "logistics" AND "Ripple effect" AND
"epidemic” OR "pandemic" OR "outbreak") "viability" OR "sustainability")
Papers= 122 Papers= 7
Reading Abstracts and Titles I | Reading Abstracts and Titles
Papers=39 \ } Papers= 4
I Papers= 43

‘ Full text read ‘

|

’ Synthesis of data and quality assessment ‘

I

Final selection; Papers = 32

Figure 3. Protocol for the systematic literature review.
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Figure 4. Year-wise distribution of research articles taken under consideration.

3. Discussion on the Findings

This section will cover journals of selected publications, the categorization of previ-
ous epidemic outbreaks and SC implications, multiple correspondence analysis, and SC
sustainability and viability during outbreaks.

3.1. Publications in Journals

Ajournal chart is displayed in Table 2 to show the distribution of research studies con-
cerning journals. The journals with a focus on operations and supply chain management,
logistics, and production represent a major portion of the selected publications. These in-
clude the Annals of Operations Research, Journal of Cleaner Production, International
Journal of Production Research, and the Journal of Humanitarian Logistics and Supply
Chain Management, whereas some journals with a management science focus also spanned
publications on the selected area, such as Management Decision; the International Journal
of Mathematical, Engineering and Management Sciences; IEEE Engineering Management
Review; the and Journal of Enterprise Information Management.

Since this study mainly focuses on epidemic effects on operations, supply chains,
and logistics, therefore, journals on supply chain and logistics are greater in number. Sim-
ilarly, COVID-19’s impacts are included from a similar perspective, and open questions
supported with literature gaps are also suggested to extend research studies in this di-
rection. A dedicated study on the impacts of outbreaks, devoted to SC, was carried out
using the Scopus database through “disease” OR “outbreak” OR “epidemic” AND “supply
chain” OR “logistics” OR “humanitarian relief” keywords. The impact related studies
spanned over 30 publications, related to Influenza, Ebola, Cholera, Malaria, Smallpox,
and COVID-19. Whereas, with a survivability and sustainability emphasis, see Table 1,
37.5% of the publications were from the Annals of Operations Research, Journal of Cleaner
Production, and the International Journal of Production Research. These journals pub-
lished related impacts concerning different agendas over time. However, it is noted that
the journals dedicated to logistics, production, and systems had limited content on the
selected topic (one article till July 15), such as Transportation Research Part E, International
Journal of Logistics Research and Applications, International Journal of Sustainable Trans-
portation, Production and Operations Management, International Journal of Operations
and Production Management, Intelligent Systems Reference Library, and Global Journal of
Flexible Systems Management.
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Table 2. Publications in journals.

Sources Articles

a1

Annals of Operations Research
Journal of Cleaner Production
International Journal of Production Research
Journal of Humanitarian Logistics and Supply Chain Management
Transportation Research Part E
Production and Operations Management
International Journal of Operations and Production Management
Management Decision
International Journal of Logistics Research and Applications
International Journal of Mathematical, Engineering and Management Sciences
Engineering Applications of Artificial Intelligence
International Journal of Sustainable Transportation
Global Journal of Flexible Systems Management
Corporate Social Responsibility and Environmental Management
Benchmarking
Journal of Risk Research
IEEE Engineering Management Review
Journal of Enterprise Information Management
Natural Hazards Review
International Journal of Safety and Security Engineering
Intelligent Systems Reference Library
Economic and Labour Relations Review

= b R b b b e N WO

3.2. Categorization of Previous Epidemic/Disease Outbreaks and SC Implications

To get an understanding of the impacts of previous outbreaks, a rigorous literature
review is summarized in Table 3, categorizing the available research on different epidemics’
effects on the performance of SCs. The content analysis was carried out by focusing on the
epidemic and objectives studied in those publications, the problem-solving approaches,
and the related implications recommended and proposed in those pandemic situations.
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Table 3. Pandemics and the objectives to resolve their impacts on SC.

Ref Pandemic Objectives Problem-Solving Approaches Developments/Implications
An integrated model for suppliers and retailers was
e  Resource allocation during the outbreak. recommended to make use of cutting-edge technology.
e I . Moreover, traceability measures can improve logistics
o  deterministic model. Qualitative analysis of yearly erformance
o logistics model especially for medical published reports, P o . .
ESOUICeS WHO announcements To combat the epidemic, adequate involvement of
) . . ! policymakers and government officials is required to
o contractual model for vaccine procurement recommendations, documents of develon logistics. operations. and SC capabilitics
and distribution under an inefficient system. disease control departments. A rigorPZ)usgfocus,is li‘)e tained cl)n the Coorgination c.) ¢
»  Investigations on transportation infrastructure Brainstorming and devising a influencers to combat vaccine shortfalls and to reduce
and logistics policies for medicine distribution. conceptual roadmap. s social costs by distributing them to several partners.
e  Drugdistribution model and redistribution of Game theory and/or optimization. However, logistics activities play a vital role in outbreak
resources during a pandemic. Cast;study. 1 1 control through necessary medication and preventive
[56-69] Influenza ° Epidemic logistics model to control the disease. Ma:he(finatha mﬁde ing/exact essentials. Based on this, the response to outbreak
e  Food distribution planning. method approach. control through international coordination is possible.
*  Optimization of patient and resource allocation. Optimization heuristics and/or The outbreak elimination is also dependent on public
*  Vaccine distribution to selected groups with a casestudy. . health care officials’ decisions to disseminate vaccine
minimum distance coverage focus. Agent—l?ased amulahons and/or through effective network design.
»  Logistics challenges to public health care mlxed-lnteger linear To address the capacity issues, voluntarily quarantine
response through internat'ional support. o K;ogrla}mmmg. . helped industries such as food industries, which were
*  Stating the effects of the disease on SC, logistics, yon-inear programming. running at half capacity. Furthermore, the proceedings to
vaccine procurement, distribution, and related Simulation and/or case study. take control of the outbreak dynamically were carried
Challenges: ] ) ) Secondary data analysis. out while taking logistics factors and disease
* F?Od distribution and risk of propagation of propagation into account. Management of dispersed
disease. resources and logistics infrastructure plays a vital role in
managing the outbreak.
Epidemic logistics model, including dealing with the
_— . L constraints of treatment centers such as geographical
*  Logistics modglhng. for resources distribution to Mixed-integer linear variables, the changing aspects of infected locations,
control the epidemic outbreak. rogramming /case stud and the effect of resource allocation
e  Disease promotion through air-travel and prog & Y - . ) .
[70-72] Ebola . L2 Secondary data analysis Efficient developments in passenger screening were
defining the role of aviation infrastructure.

Configuring treatment places and comparing
strategies for affected ones

Heuristics.
Dynamic programming

devised against limited airport infrastructure to avoid
disease propagation. The resource allocation approach
should depend on the dynamic evaluation of the
complete system and disease propagation status backed
through a strong logistics control system.
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Table 3. Cont.

Ref Pandemic Objectives Problem-Solving Approaches Developments/Implications
. . Through a Haddon matrix, a framework provides
Res.p onse to the epidemic outbreak. con'tr.o.l comprehension on logistics during multiple phases of a
policies and the emergence of h(salth facilities . disaster, such as pre-, during, and post-event for
newly developed Haddon matrix model Haddon matrix . humanitarian purposes. The focus was shifted towards
data-driven model . . . Second:fu‘y data analysis empowering medical staff as a part of SC to make
[37,73-75] Cholera model based on the distance for facility location Centralized planner resource allocation in emergency stages more effective.
decisions in the context of humanitarian model/network congestion model Individual’s behavior to make logistics more effective is
response. . Mixed-integer linear programming important in humanitarian SCs. The effective resource
mo.d.e.l based on resource constraints such as allocation of limited SC supplies and response to the
facilities location, staff, size and so on . . . .
epidemic, multiple types of resources, and their
consecutive demand should be assessed.
Effective transportation planning can reduce costs and
shortages in medicine and vaccine procurement and
Drug distribution strategy under strategic and - distribution. . (o . .
[76] Malaria tactical aspects Markov decision approach Several challenges are identified dur%ng }mpleme.zntahon
phases, such as inadequate communication, fragile
implementation efforts and engagement by government
and other authorities, and poor infrastructure of
transportation (logistics).
The emergency network design influences on disease
Response to the disaster through SC emergency Operations research/linear control and management in socio-economical activities.
[77] Smallpox for large scale vaccination programming The research contributed to outbreak propagation control
and resource distribution model assisting in epidemic
control and management.
Unmatchable disruptions to SCs are reported. Different
Investigation of SC resilience and robustness Simulation/case study developments to accurately predict the effects on various
strategies Game theory SCs, ranging across several time zones, to support the
Analysis of intertwined SC networks for S darv dat lvsis based performance and for mitigation.
[5,22-24] COVID-19 survivability: the perspective of digital SC cecondary cata anatysis based on The disruption is pushing industrial leaders to test

Prediction of impacts ranging from operations
disturbance to economic activity.

industrial newsletters and, health
and economic forums

different resilience strategies to combat the effects.

For this, analysis of interconnected and resilient
networks also assures survivability and sustainability in
COVID-19-like disruptions over a long-term tenure.
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Table 3. Cont.

Ref Pandemic Objectives Problem-Solving Approaches Developments/Implications
The option contract model was proposed to assist
Development of a model to enhance vaccine i 1 . . suppliers through demand optimization t(.) redl.Jce
procurement and reduce associated social costs. Artificial 1nte!hgence aflgorlthmsj Procu.rement a.nd social costs. A r.noldel to identify
Vehicle trip network structure development such as machine learning, genetic 1nfe'ct10.us Vehlcles to support logistics and SC., and to
concerning passenger density. algorithms. ' ' avo.ld 'rlsky trl‘ps‘, was developed. Whereas, distance for
Vaccine distribution model in high constraints Monte-Carlo simulation. optm@zed logistics protqcols remains a challenge for
G?nera‘l f lowisti & Exploratory modelling analysis. effective resource allocation.
[78-86] epidemic ](;x Og-ltz ;Ciséw on efficient response to an A multi-objective stochastic Emergency medicine distribution and long periods of
manage- perts p programming model. delay also contribute to increasing uncertainty.
ment/control epidemic outbreak. An effective way to resolve these issues is proposed

Emergency model for SC networks to address
fluctuations in demand during the pandemic.
Policies to eradicate effects of pandemic under
uncertain conditions.

Panel discussion/focus group.
Susceptible-Infectious-Recovered
(SIR) model.

Secondary data analysis

through an integrated model employed in SCs to
minimize shortages, an adequate flow of medicines and
other resources in an integrated manner. Moreover,
effective identification of an infectious public system can
help to modify resource distribution plans with disease
propagation.
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Moreover, the focus of these publications was towards providing optimization models
for resource allocation, logistics planning such as vaccine procurement and distribution,
and medication facility location. A few were focused on the minimization of disease
propagation through various means, such as airports and strategies to restrict disease
spread with a dynamic assessment of the pandemic. For an Influenza outbreak, ref. [56]
proposed a deterministic model to manage disaster under limited and distributed resources,
considering uncertain demand during the time of the epidemic. Whereas, ref. [57] proposed
a time series model, through minimizing forecast error for shipping and resource allocation.
Ref. [58] analyzed the inefficiency and imbalance of vaccine impacts, and proposed a
contractual model to eliminate shortages. In addition to this, epidemic propagation needs
effective infrastructure to restrict global dispersion of disease through airports [59,71].
To deal with vaccine distribution problems in an Influenza outbreak, ref. [60] suggested the
distribution of medicines relative to disease progression in a dynamic manner. Ref. [67]
contributed food distribution planning in the network, facility location, and resource
distribution. Refs. [68,69] supported health care decision-makers related to vaccine storage
facility location selection, resource allocation, and distribution plan efficiency, to eliminate
Influenza disease. Ref. [66] shed some light on the importance of logistics during an
epidemic outbreak like Influenza. Refs. [63—65] proposed a conceptual model, proceeding
from the role and coordination of government and manufacturers (directly related to
resources such as medicine, food, safety equipment and so on). They concluded that
without having adequate coordination, social accomplishments cannot be utilized to reduce
the effects of the disease. Similarly, ref. [62] analyzed food distribution issues and suggested
using cutting-edge technology, such as traceability with an integrated supplier-retailer
model, during a bird flu disease outbreak.

To control Ebola outbreaks, ref. [70] introduced and validated a logistics model under
the geographical dynamics of regions and support, through resource distribution con-
straints. It provided valuable information about the distribution center’s facility location.
Ref. [72] highlighted the importance of adequate planning in resource allocation to fight
Ebola disease efficiently. Where cholera is concerned, refs. [37,73,75] proposed a humani-
tarian logistics model to help in all stages of the disaster. Additionally, a data-driven SC
model was proposed to address emergency conditions (including medical staff empow-
erment) and relative resource allocation. For Malaria and Smallpox diseases, an efficient
transportation model was proposed for the reduction of medical supply shortages. Fur-
thermore, the configuration of how an emergency SC network reacts during a pandemic
was considered, concerning social and economic activities.

Whereas the impacts of COVID-19 and ways to deal with these issues have not been
frequently studied yet. The pandemic has had unmatched impacts on global SCs by severely
disturbing smoothly run operations. Refs. [5,23] tried to measure the impacts through
simulating artificial disturbances at different potential places, and evaluated the impact
on global SCs. The authors tried multiple cases at different time horizons and evaluated
intertwined SCs, which resulted in a promising approach for viability and survivability
in deeply uncertain environments. However, an additional focus on flexible and buffer
supported real-time SCs was highlighted to increase the resilience and robustness of SC
networks. These recent studies put some light on this disruption, but do not mean that an
adequate level of research findings and maturity has been reached in this area. However,
SC experts are encouraged to develop new findings using well-equipped technologies,
techniques, and approaches (some are mentioned in Figure 2 and so on) to adequately
understand the impact on SCs in different sectors. A strong data analytics analysis can be
deployed on real-time data to support logistics, operations management, and sustenance,
and emergency conditions can be assessed through social media support. This can help
practitioners to evaluate and take decisions to minimize the impacts on SCs.

Generally, multiple research studies have been conducted to minimize the effects on
SC areas without specifying any disease or epidemic. Ref. [83] developed an optimized
model to meet the demand for a vaccine by minimizing demand forecast error, and social
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and procurement costs. Refs. [81,82] developed logistics research to ease planning and
distribution of resources, ultimately avoiding risky trips. Ref. [80] developed insight into
the importance of adequate resource distribution to combat disease outbreaks. Refs. [78,79]
highlighted the robustness of SCs to ensure adequate flow of supplies, and to minimize
shortages by not letting delays create uncertainty.

3.3. Multiple Correspondence Analysis

To analyze and establish a conceptual map on the selected domains based on the
dataset, multiple correspondence analysis was carried out, and displayed in Figure 5. It is
an effective technique for reducing contents and developing a conceptual map [47]. It is
a two-dimensional technique that constructs a graphical map of the distribution of word
similarities in the data set. These words were acquired from “keywords” and “titles” of the
references considered for analysis. The frequency of the words used in the publications
determines the size of the circle and text, whereas the color represents different clusters.
The keywords “sustainability”, “disasters”, “supply chains”, “supply chain management”
and “resilience” were easily identifiable and confirmed the research trends in particular

areas. However, other words were displayed as emerging research areas in the SC field.
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Figure 5. Conceptual map generated through multiple correspondence analysis.
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Moreover, “COVID-19”, “pandemic”, “recovery”, “natural disasters”, “humanitar-
ian supply chain”, and “humanitarian logistics” were also interesting topics for recent
scenarios. As represented by the correspondence analysis, “emergency services” recom-
mends areas of effective and efficient resource allocation and logistics planning. As a
consequent “resilience”, “disasters”, and “decision making” indicated emerging themes
of the research. In this research study, “sustainability”, “pandemic”, “disasters”, “supply
chain”, and “emergency services” were visible as impact themes, and were focused to
gather the answers to the research questions from the scarce literature. Our study advo-
cates the use of these themes to evaluate the impacts of epidemics and their effects on
SCs. From Figure 6, a multiple co-occurrence analysis of the countries of authors affiliation
was carried out. The countries “France”, “Germany”, “United States”, “China”, “Iran”,
and “India” contributed more to the research on the selected domain. The size of the circle
and text represents the frequency of repetition of the countries in the articles.
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Figure 6. Multiple co-occurrence analysis of the main countries contributing to the selected re-
search area.

3.4. SC Sustainability and Viability during Disasters/Outbreak Produced Ripple Effects

The categorization of the publications was carried out for the year of publishing,
as shown in Figure 4. Moreover, the countries of the authors working in a similar context
are illustrated in Figure 6. More than 80% of the articles were from the last three years
2018-2020. Furthermore, the selected articles discussed the strategies, models, frameworks,
and guidelines for supply chains to avoid disruptions, as well as how to effectively manage
risks, make the transition to Industry 4.0, and sustain the developments.

However, some studies approached disasters, epidemics, or outbreaks differently.
For instance, ref. [87] extended the investigation on humanitarian crisis, being foreseen
because of COVID-19’s disruption. Regarding the features of the publications discussed
in Table 4, “Area of application” is related to the domain in which the problems are
discussed; whereas “Lines of research” is the niche aspect of that research study; “Key
contribution” is briefly discussed, which contributes the tangible output. Specifically,
“Supply chain risk management” is covered by [24,88,89] several studies addressing risk
to SCs at different levels. “Disaster management” and aftermath effects are addressed
by [9,90-92]. The transition to “Industry 4.0” is supported by several studies, to make SCs
more interconnected to combat future disruptions [22,43,93-97].

Lastly, several interesting approaches are highlighted related to “Supply chain/Logistics/
Operations implications” in response to disturbances. Recently, ref. [23] presented the
disruptive effects of COVID-19 on SCs and simulated the situation through various vari-
ables. Consequently, decision-makers are supplied with multiple models, frameworks,
and technologies to gauge the effects of the current epidemic and restore the overall SCs
and confirming their survivability. Moreover, it has been well demonstrated that SC perfor-
mance response relies on the scale and timing of the disruption’s spreading, and not on the
upstream disruption duration. Ref. [47] identified the positive effects of disruption as an
opportunity to repurpose and renew SCs responses (upstream and downstream sides) to
an epidemic when the disruption is simultaneous.
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Table 4. Different aspects addressed to improve SC performance in the context of disasters/disruptions/outbreaks.

Lines of Research Ref. Area of Application Key Contribution
Sustainability | Survivability
“Leave no-one behind” agenda is the future, as COVID-19 might be the portal to achieve
Examining impacts on the economic sustainable development goals more effectively through a greener, ecologically concerned,
and labor market to build sustainable [87] COVID-19: Humanitarian crises ~ and sustainable global version. Developed nations are concerned with minimizing the reliance
societies on long transitional supply chains and diversifying the sources of imports, as well as increasing
domestic manufacturing capabilities.
Operations and supply chain . A framework to support SCs in the time of epidemic outbreaks based on digitalization of
Operations management: Supply - .
management approaches to support [47] . processes, systems and structures, preparedness and recovery against ripple effects under the
. . . chain management . A
SCs during epidemic outbreaks sustainable capabilities development goal was proposed.
A relief logistics network model considering the strategic and tactical planning issues of facility
. . . location, procurement, and resource allocation was proposed, considering the costs of the
Sustainable humanitarian relief . . . . -
TR . [98] Operations management preparedness and response phases and ensuring social welfare, along with taking care of the
logistics in different stages of disaster C . . co O .
ecological impacts of the packaging of relief goods, and CO2 emissions in transportation routes.
The proposed model works in pre- and post-disaster phases.
Humanitarian supply chains focusing o . A framework for green humanitarian supply chain management was developed which identifies
. R o Green humanitarian logistics and . . . L
on social sustainability considering the [99] supply chains the contingency factors related to stakeholders, the field of activity, and organizational
environmental impact PPy management.
Decision support system for a [100] Humanitarian supply chainand = Master planning decision support system for managing a sustainable humanitarianism against
sustainable humanitarian supply chain logistics key parameters such as effectiveness, efficiency, local empowerment, and pollution reduction.
Large scale disaster waste A model was proposed considering economic objectives (total waste processing cost),
management under uncertain [9] Disaster management environmental objectives (greenhouse gas emissions from waste processing facilities), and social
environment objectives (job opportunities generated).
Green product development (reducing waste, recyclable products) is an effective way to manage
Drivers of sustainable supply chain . green sqp'p.ly chains, as we'll as ecological a.spects (carbon managemen.t, .ec.:o-d'es1gn, mu'tual
L . [101] Supply chain management responsibility towards environment, reducing hazardous effects of activities) in a sustainable
management in industrial sectors . . . .
supply chain management (optimal energy consumption, reduced production and
environmental costs).
. . It was found that responding to natural disasters requires companies to reorganize their
The response of the supply chain to Supply chain management: . L9 . .
. [102] A strategies towards sustainability and to develop new practices such as food safety, organic
natural disasters Sustainability - . e
production, and social responsibility
. . . ) A model was proposed for a multi-period and multi-objective sustainable blood supply chain
Sustainable blood supply chain [103] Supply chain management: with uncertain data due to an uncertain condition during a disaster and after, considering donor

management under uncertainty

Sustainability

groups, blood collection facilities, distribution centers, and hospitals as the demand points.
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Table 4. Cont.

Lines of Research Ref. Area of Application Key Contribution
Sustainability | Survivability
Developing commercial practice in the aftermath of a disaster or emergency is not
Reverse logistics in humanitarian [104] Humanitarian supply chainand = comprehensively addressed by the reverse logistics based on the triple bottom line. Greenfield
operations logistics opportunities were highlighted for the support of host governments, aid agencies, donors,
and most important of all, the affected populations.
A multi-criteria decision support system was proposed to evaluate the risks of different textile
Risk-based system for a sustainable [105] Supply chain management: materials and the corresponding suppliers using sustainable development criteria, such as
textile supply chain Sustainability environmental protection, recycling capacity, energy-savings, human health and safety,
and social impacts.
Industry 4.0 | Digitalization
Several approaches have been effective to deal with the problems of material, information,
Operations management helping to . and financial flows. To achieve sustainable and reliable performance in the Industry 4.0 epoch,
. . . o Operations management: . . . . . .. .
build efficient, resilient, [93] Transition to Industry 4.0 industries must look forward by deploying cutting edge technologies such as digital twins,
and sustainable capabilities Y& blockchain, big data analytics, artificial intelligence, virtual reality, and so on to ensure
connectivity, clarity, and continuity for building reliable capabilities.
Digital inclusion for resilient [94] Dicitization Digital transformation was proposed to developing countries for building resilient and
agriculture supply chains & sustainable post-COVID-19 supply chains.
Internet of things (IoT) driven A structured Fuzzy-TISM model was proposed to ensure sustainability and food security by
. [96] Industry 4.0; IoT . A
sustainable food supply management reducing food loss and wastage across distribution channels.
Susta'mable sup }?ly chalp management Supply chain management: Big It was concluded that swift trust, information sharing, and public—private partnerships are
for disaster resilience with the aid of [97] .. .. . .
. data critical enablers of resilience in supply chain networks.
big data
Reconfigurable supply chain [43] Suppl’y' chain management: The.framework of a re(;onﬁgurable s.upply chain was introduced to'operate in highly v1.11nerable
Transition to Industry 4.0 environments, dynamic supply chain meta-structures, and dynamic autonomous services.
A simulation-based model identified that sustainable single-sourcing enhances the ripple effect,
Supply chain resilience and [106] Supply chain risk management whereas facility strengthening mitigates the ripple effect and enhances sustainability. It also

sustainability

builds that a reduction in storage facilities in the supply chain downstream during disruption is
risky, as facilities increases sustainability

Flexibility in manufacturing for supply
chain and service operations

[107]

Supply chain management:
Transition to Industry 4.0

Certain challenges were identified to improve efficiency and resilience in manufacturing,
services, and supply chain systems in the context of flexibility drivers, such as disruption risks,
digitalization and smart operations, sustainability and closed-loop supply chains, and supplier
integration.
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Table 4. Cont.

Lines of Research Ref. Area of Application Key Contribution
Resilience | Robustness
Implications of the COVID-19 o Tlghﬂy coupled supply chains, pr.10r1t121ng short Ferm efficiency goals are more prone to risks.
. L [88] Supply chain risk management A shift of value-based supply chain management is to be encouraged, away from a short term
pandemic on slavery risks in SCs . . -
and arms-length cost focus, paving the way for triple-line approaches.
Way forward for viable supply chain A viable supply chain management helps decision-makers to design structures and processes to
management by integrating agility, [22] Viable supply chain management adapt to changes positively, and to absorb negative disturbances, recover, and survive during
resilience, and sustainably ripple effects.
En\'n.ronm'ental pe'rformancq.e a'nd - A hierarchical stream processing data decision and control system model was proposed to get
resilience in sustainable logistics [108] Logistics management .. L o .
. insights about sustainability trade-offs for resilient and sustainable global transport.
infrastructure
. s . A hybrid facility network was recommended, having forward as well as reverse logistics
Disaster resilient and sustainable - . A . . . . ; .
e e 1 [95] Logistics management: Big data  facilities for design making through a mixed-integer linear programming model. The model was
reverse logistics in big data ; .
tested under various man-made and natural disasters.

. - . A model based on environmental sustainability through a cap-and-trade method of carbon
Sustainable procurement and logistics Supply chain management: . . . -

. o . [109] o emissions was proposed that can be used to design sustainable procurement logistics for
for disaster resilient supply chain logistics management . s .

disaster-resilient supply chain management
. e A model was proposed for selecting the location of warehouses, most suitable plants, grids,
Integrating lean, green, and resilient . o . : R . .

. . . in addition to applicable lean tools for the collection, distribution, and processing of food items,
sustainable food supply chain [110] Supply chain management N . ) :
management optimizing the overall process through waste removal and prevention, to improve economic and

environmental sustainability performance.
. I An integrated decision framework was defined to identify essential and sustainable characters
Agriculture supply chain risk . . - . . - .
. S of risk drivers in an agricultural production system. It ranks different agricultural crop zones
management under a circular economy [89] Supply chain risk management L . g
context that pretend to mitigate flood risks, and their impacts on crop zones/areas and the related
agricultural supply chain.
Relief distribution for the sustainable . The proposed model tries to maximize the lowest victims perceived satisfaction, and minimize,
. o Supply chain management: . T . . . .
disaster supply chain in large-scale [90] . respectively, the largest deviation in victims’ perceived satisfaction for all demand points and
. disaster management
natural disasters sub-phases.
Sustainable humanitarian supply Humanitarian sppply chain A framework was pr(}po,sed for supply chgm design, 1ntegra.1t1ng 1t. with rehef organization
[111] management: disaster enablers, the population’s long-term requirements, along with socio-economic and

chain management under disasters

management

governmental contingency factors.
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Table 4. Cont.

Lines of Research Ref. Area of Application Key Contribution

Resilience | Robustness

Social entrepreneurship to recover A conceptual framework was proposed, emphasizing the contributions of social

from disas teP; S P [91] Disaster management entrepreneurship in planning, development, delivery, and distribution of services in long-term
recovery humanitarian and development operations

The post-disaster challenge for supply Supply chain management: The developed moc'lel .suggested that the poor strategic planning and lack of mvestment in

. [92] . ex-ante measures (limited number and capacity of shelters, and smaller number of in-country

chains disaster management . N
warehouses lead to the lack of sustainable relief aid.

Humanitarian logistics and supply Humanitarian sppply chain The framework aids emergency management agencies in the agility and resilience of emergency
. . . [112] management: disaster . . L . .
chains for disaster resilience management supply chains and logistics systems, particularly for the needs of underrepresented populations.

A model based on three categories of indicators was proposed to assess resilience, such as an
organizational resilience in terms of responsiveness, flexibility, and effectiveness, attaining
Assessing supply chain resilience [113] Supply chain management business resilience (to assess by cash-to-cash, days of inventory, days of receivables, and days of

payables), and labor resilience, based on capabilities for overcoming vulnerable living
conditions.

Evaluating impacts of COVID-19 on
supply chains

Supply chain risk management

It was concluded that the timing of the closing and opening of the facilities at different echelons
might become a major factor that determines the epidemic outbreak’s impact on SC
performance, rather than upstream disruption duration or the speed of epidemic propagation
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3.5. Positive Aspects of COVID-19 on Businesses

At the start of the pandemic, many businesses largely stopped their operations due
to extremely low demand. This led to laying off many employees, dropping a significant
market share, and going bankrupted. However, some businesses profited from the situation,
and scaled up their services and market share [114]. For instance, the USA’s year over
year revenue for online businesses rose 68%. Similarly, a 129% revenue growth was
seen in online businesses in USA and Canada. Companies like Facebook and Amazon
have revolutionized e-commerce services. Likewise, DoorDash, UberEats, Zoom (online
conferencing platform), and Netflix gained a tremendous number of customers and their
share prices sky-rocketed [114,115]. Conclusively, the businesses who provide products and
services to customers through electronic platforms gained popularity and got an amazing
response from the public. However, the businesses totally depending on physical means
faced significant challenges [114]. In addition, the pandemic pushed businesses to cut
operating costs through work-from-home possibilities. Furthermore, companies adopted
electronic-meetings and collaboration systems to gain the best services from geographically
dispersed teams in other time zones.

4. Future Research Avenues

The outcomes of this research can be used to advance researchers’ perspectives on future
developments in SC research. Similarly, our results can be of value for decision-makers to deci-
pher the possibilities and barriers in the process of sustainable and viable SC transformations.

This section mainly covers the managerial, social, and theoretical implications of the
objective to secure survivability during epidemic outbreaks, as identified from Table 3
and Table 4, and to explicitly formulate “future research avenues in SC under epidemic
outbreaks”. Through rigorous content analysis and synthesis of the previously available
studies, open research questions along with the major literature gaps, as well as an original
idea, are identified and recommendations for a future roadmap to deal with the issues
generated through ripple effects and disruptions are made for researchers, scholars, practi-
tioners, and other related experts, as shown in Table 5. The research avenues are for experts
in modelling and framework developers to roadmap the solution to the various highlighted
problems. Mainly, these research gaps are at a system level, process level, organizational level,
a societal level, and global level. The major areas to work on are identified to extend develop-
ment using advanced tools and techniques, which proved to be effective in (Table 3) previous
practices. For instance, operations management strategies such as simulation, optimization,
and so on. Where the organizational approach is concerned, digitally supported intertwined
supply chain networks provide an opportunity to interconnect the processes at the highest
integration level, and help to connect to the real customer [24,44].

Furthermore, the co-benefits of this epidemic are not clear yet. Due to the drastic
reduction in sales, multiple industrial businesses and global SCs, and coping with the short-
ages of medical supplies, are forced to build in-house manufacturing capabilities. Whereas
additive manufacturing and artificial intelligence technologies are continuously helping
SCs to recover from the shock, and continue operations as normal [116-118]. Some of the
developments in material science also support in terms of bio-support [119-121].

In Table 5, there are four columns, namely “reference”, “literature gap”, “open ques-
tions and opportunities for future research”, and “roadmap approaches”. Some of the
research opportunities are identified and represented concisely. Therefore, to make the
opportunities more clear, explicit and open questions are provided. To address the solu-
tion to the questions, some guideline approaches are taken from operations research and
management, as shown in Figure 2. In this highly disrupted SC environment, operations re-
search and operations management (OM) is helping practitioners to analyze the constraints,
and to take decisions accordingly. For instance, network design and complexity theories,
simulation, optimization, and resilience help to set short-term goals for transport, produc-
tion, and worker movement, while where long-term goals are concerned, the industrial
revolution is assisting with digitalization.
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Table 5. Proposed research extension opportunities and agenda for investigating and effectively responding to an epidemic’s effects on SCs.

Ref Literature Gap Open Questions and Opportunities for Future Research Potential Solution Approaches
Optimized and novel models for sustainable =~ How can optimized and novel models help in responding to vulnerable SCs
operations in disturbed SCs during and show robust behavior with SC effects such as shortages, delays, Robust optimization; Stochastic
epidemic/disasters, for resource allocationin  and overhead costs? programming; Mixed-integer linear
[90,101,103,105] . ) gy . . . .
a dynamic environment, and for the How new facilities can be developed to cater to the requirements of dynamic  programming; Game theory; Dynamic
development of sustainable SCs and smart disruptive situations? capability
production systems in smart cities How smart cities can help to support epidemic epicenters?
How can the local and global SCs plan to respond to disasters at a local as
. N - well as global scale in terms of humanitarian relief? .
Optimized response to humanitarian logistics How to prepare a flexible humanitarian response, to plan for an epidemic System dynamics
[87,92,98,100,104] (forward and reverse), supply chains, an hefe’ P P P p Mixed-integer linear programming
and operations yw . . . . . . Socio-technical systems
How parallel operations can help in sustaining reliable and quick
humanitarian relief response through digitally supported SCs?
Novel and severe disruptions to SCs and how  What are the scenarios that lead to severe ripple effect intensification? Do E%St;nlleii};n?elgi
a circular economy can help to sustain they cause long-term unremitting bullwhip effects? plexty theory
[4,8,23,29,47,87] . . . . . .. Agent-based simulation
production capacities and manage insufficient How can a circular and digitally supported economy help to reduce global : . .
i o\ . Discrete event simulation
supply and demand conditions shortages and mitigate the effects on production and global supply? . .
Informational processing theory
How to restore and take benefit from severely impacted SCs in a societal and ~ Agent-based simulation
[53,90,95,99] Severe effects on the ecology of epidemic organizational context? Discrete event simulation
T outbreaks in SCs How can the focus on environmental sustainability be intensified, such as Knowledge-based systems
carbon emission reduction, pollution reduction etc.? Mixed-integer linear programming
Drasti ion in the sales of multipl . . .
Prastic .reduct.l on in the sales of multiple How can disruptions to global SCs sales affect short- and long-term goals? System dynamics
industrial business and global SCs, . . . .. . . . .
. . . How can resilience strategies help in this situation? Discrete event simulation
[106,109,112,113] and coping with the shortages of medical . . - . . . . .
How can immediate transition and repurposing of factories make it possible = Contingency theory

supplies; building resilient capabilities to
repurpose operations during disruptions

to meet novel demands?

Digital twinning

[30,122-124]

Delocalization of manufacturing facilities and
reducing the dependence on others

How to reduce dependence and build inhouse capabilities for manufacturing
effectively?

What are the potential effects on economies because of relocating major
manufacturing facilities?

System dynamics
Discrete event simulation
Contingency theory
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Table 5. Cont.

Ref Literature Gap

Open Questions and Opportunities for Future Research

Potential Solution Approaches

Blockchain as an aid to reduce disruption

[44,83,94,125] effects through effective information flow

How blockchain technologies, such as traceability through visibility and
security can help to reduce the shortages?
How can this help in quickly responding to the disruption?

Complexity theory

Reliability theory

Dynamic capabilities

Convex programming
Mixed-integer linear programming

Artificial intelligence and additive
manufacturing to support SCs during
epidemic outbreaks

[22,43,93,96,103,116,
126-128]

How artificial intelligence can help industries through digital manufacturing
and other assistive technologies in the epoch of epidemics?

How can artificial intelligence help in making responsive models, and by
providing an optimized strategy through heuristics?

How to make an assessment of technological readiness, and roadmap the
transformation journey to combat future disruptions?

How additive manufacturing assistance with artificial intelligence can
repurpose manufacturing demand through digital as well as social media
data analytics?

How can additive manufacturing contribute to meet urgent demand, such as
surgical masks, protective equipment, and so on?

System dynamics

Discrete event simulation
Organizational resilience

Complexity theory

Heuristics

Machine/Deep learning-based models
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In the context of responding to epidemic disruptions, these opportunities and theories
give valuable support to SCs. Mathematical optimization, including mixed-integer linear
and nonlinear programming, and their solutions through advanced heuristics help in
developing optimized plans and networks, for assisting decision-makers in their analytical
modeling of the situation. This helps in making optimized decisions on quantitative
grounds, planning to avoid shortages, and scheduling for fluctuating demands during
pandemics (mask production, sanitizers, ventilators, toilet paper in the case of COVID-19).
Similarly, as mentioned in Table 5, simulation is one of the powerful tools which helps to
compare incorrect and successful elements in an SC response plan. Furthermore, it helps to
make robust plans in response to a pandemic’s dynamic status. For instance, agent-based
simulation helps to evaluate operations by taking multiple agents into account, especially
in the case of COVID-19, where the multiple interactions of stakeholders can be evaluated.
COVID-19 is an unmatched, highly contagious, and economically disruptive event for SCs,
therefore decision-makers, practitioners, and experts can evaluate the current situation
through the approaches mention in Table 5 and Figure 2, and by integrating multiple
approaches, such as simulation theory with reliability analysis, and optimization models
with a fuzzy based uncertainty environment. They can develop various complex and
interconnected scenarios for evaluating shortages of supply and variations of demand,
resource allocation problems, and logistic network design, and find an optimized solution
at each stage and period of the pandemic.

The framework for SCs to cope with the problems caused by a pandemic is shown
in Figure 7, which was extracted from Tables 3-5. It shows the key areas to focus on in
this era; as previously the experience of pandemics was quite different. As at earlier times,
the advanced technological tools and assistive approaches were not available. However,
in this time, with the increase in the extent of the epidemic outbreak, the technology of
counterstrategies has also advanced to deal with the problems easily and return to the
normal condition. To cover the gap between previous practices in responding to pandemics
and in those in this technological era, a framework is suggested which is discussed in
different sections.

4.1. Sustainability/Survivability Preparedness

To prepare SCs for greater reliability and survival during deeply uncertain environ-
ments, first a focus on the preparedness aspect (for survivability) was highlighted by our
SLR on the effects of epidemic outbreaks on SCs. On the path of sustainability, these key
areas are highlighted more during content analyses, such as cost efficiency, agility, flexi-
bility, resource efficiency, environmental footprint, and reliability. Moreover, there are not
only opportunities in the domain of mathematical optimization and simulation, but also
with other approaches, for example queuing theory, system dynamics, effective scheduling
and forecasting, and knowledge-based systems can be explored [39,78]. This indicates that
decision-makers should employ a diverse integrated approach to improving SC survivabil-
ity and sustainability perspective [101,103,105]. Moreover, simulation-based approaches
are commonly used [129] to evaluate different decisions during an epidemic for better
response to SC operation disruptions [5,23,130,131]. Simulation is used as a predictive
tool to test decisions, massive disruptions, and performance capacities. In addition to this,
consideration of SC ecosystems, viability analysis, intertwined network analysis, and hu-
manitarian logistics also play a key role in SC sustainability. However, inter-domain areas
overlapping with resilience and robustness include risk mitigation learning, pre-allocation
of resources, emergency distribution planning, and product diversification and substitution.
Our study sheds more light on the management and allocation of resources, as evident
from previous approaches mentioned in Table 3.

Additionally, sustainability itself, as a focus of our SLR is discussed through consid-
ering SC ecosystems, and the viability of the system, operations, and network; as well
as novel and severe disruptions to SCs and how a circular economy can help to sustain
production capacities, and deal with insufficient supply and demand conditions, to ensure
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Inter-focus
Disruption recovery learning, disruption
pattern recognition, disruption identification,
reallocation of resources for flexible production
to meet demand of society (protective equipment
such as masks, ventilators, medicine) Supply chain management

Intra-focus

short-term and long-term SC sustainability and survivability [8,87]. Moreover, the feedback
in SC ecosystems, both positive (cycle of natural resources) or negative (cycle of emissions
as a contributor to climate change), and the interactions of SC stakeholders, such as society,
organization was also considered. Similarly, workforce development, technological inno-
vations are positive interactions, whereas strikes (SC disruptions and organization-based
resilience level), global disruptions (pandemics or epidemic outbreaks causing SC disrup-
tions at survivability level) are negative interactions. Attempts to manage these negative
implications are made through a focus on the overlap of sustainability /survivability with
industry 4.0/digitalization. “Disruption recovery learning”, “disruption pattern recogni-
tion”, and “disruption identification” in highly interconnected digitally assisted SCs can
bring integrity through intertwined networks. This requires incorporating all the stake-
holder at all levels, such as society, organizations, system, and processes [24]. Moreover,
humanitarian logistics and crises regarding SC sustainability are also vital areas to explore
further in the field [125,132,133].
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Figure 7. Framework for the readiness of SCs to combat pandemics.

4.2. Digital/Industry 4.0 Vigilance

There is an urgent need to evaluate the current technological readiness level for in-
dustry 4.0 transformation to firmly combat COVID-19-like future disruptions. Earlier,
cutting-edge technologies such as blockchain, additive manufacturing, and artificial intelli-
gence (Al) were not available to industries, but in this epoch, these technologies provide
high-end traceability, robustness, and resilience to SCs. First, the analysis of an epidemic
outbreak’s effects on SCs can be carried out, followed by an assessment of the current tech-
nology level [134], and lastly a framework for developed, under-developed, and developing
countries (as dynamics are different in every community) to roadmap the transformation
journey. These technologies (artificial intelligence, Industry 4.0) could play a crucial role
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in SC resilience and robustness against ripple effects [44,135]. In terms of visibility and
digital manufacturing networks, we can foresee a viable option for assuring workability
during a crisis and the coordination of recovery from future pandemics [125,136]. “Digital
twins”, “digital analytics and Al”, and “smart and digital manufacturing” are remarkably
good ways forward, and are sure to support SCs. Whereas the overlap of this focus with re-
silience and robustness of SCs was also identified by our SLR. The collaboration of “Industry
4.0/digitalization” with “resilience/robustness” offers a way forward through firm reliance,

in terms of resource configuration and risk management infrastructure [44,137,138].

4.3. Resilience/Robustness Readiness

The next focus on SCs is their readiness to respond to the impacts of remarkably high
and unexplored ripple effects. Companies and economies are facing a great depression due
to the COVID-19 pandemic [139-141]. This is an important aspect of understanding the
implications of ripple effects and pandemic stress on SCs, and the possibilities of collapse
due to disease and disruption propagation through networks. Though multiple aspects
of ripple effects have been simulated and studied in various dimensions they deserve to
be explored more [4,131,137]. The journey for resilience and robustness of SCs starts from
evaluating ripple effects, then the adaptation of new terms, leading towards the recovery
phase. Several tensions in SCs were reported from previous pandemics, as mentioned
in Table 3, and several operation management approaches have been used to address
resource allocation. Practitioners, decision makers, managers, and experts continuously try
to monitor SCs performance, to rigorously evaluate the disruptions, and to make a recovery
plan covering all aspects and leaving nothing unexamined. To ensure the recovery plan
is successful certain key roles need to be addressed, such as “risk mitigation inventory”,
“redundant capacity”, and “backup facilities and channels”. These are the significant areas
which are needed to make SCs robust, as well as resilient against such pandemics.

To summarize, SCs must operate with the assistance of operations management ap-
proaches and the aspects mentioned in Figure 7; from a resilience and survivability perspective,
to avoid supply shortages, and delivering an optimized, responsive, and dynamic decision
support model for different stages of disaster, pandemics, and outbreaks, through taking aid
from simulations, mathematical optimization, and network and complexity theories.

4.4. A Conclusive Insight

This research study covers the main aspects by classifying different epidemic out-
breaks and SC resilience objectives addressed from the view of local as well as global
pandemics. The overall insight of our SLR analysis orientates the traditional SCs towards
risk, resilience, and sustainable understanding, to tackle severe, destructive, unmatched
global disruptions and disasters. Hence, multiple approaches were found significant to ad-
dress issues during a pandemic [106,125,138]. Therefore, there is always a continuous need,
as per the understanding from the analysis of a SLR, to explore existing approaches [134],
extend them, or propose new [23,107] ones, to deal with new challenges, and we urge experts
to explore the areas mentioned in Table 5 with novel approaches or hybrid techniques.

Initially, the categorization of major epidemic outbreaks which disturbed SCs sig-
nificantly was carried out. The potential research objectives which were addressed are
displayed in Table 3, and the possible solution methodologies were extracted to make a
roadmap for the journey of the COVID-19 pandemic. Therefore, different SC survivability
aspects were explored from previous practices in the context of pandemic disruptions,
and making resilience a goal for the whole SC network, system, organization, and pro-
cess, as reported from Table 3. To make SCs ready for future disruptions certain critical
components of SCs were extracted, such as resilience and robustness, sustainability and sur-
vivability, digitalization, and industry 4.0. All these components play a crucial role during
pandemics and are interrelated, such as in the aspects of readiness, vigilance, responsive-
ness, and preparedness for effective recovery from the disruptions caused by epidemics.
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Various governments have been establishing uncommon collaborative activities with
manufacturing firms and specific suppliers for the reconfiguration, adaption, and ramping-
up of production to provide medical facilities to ensure resilience and flexibility in sys-
tems [127,128,142]; this may partially be achieved through digitalization [128,142-149].
Moreover, numerous global societies need to tackle the mismatch between supply and
demand in distinct ways, providing social distancing and other cautionary measures [27].
In addition to this, the use of collaborative robots for reconfiguration of existing produc-
tion setups can be foreseen to enhance the flexibility of a system; for instance, adapting
automotive industry for the production of ventilators [127,142]. This could be a future
research and development direction to deal with pandemics and large-scale disasters [27].
An exponential growth in research and development in this direction could be seen in the
near future [27].

Practical Implications for Researchers and Practitioners

This comprehensive survey on epidemic outbreaks discussed outbreak’s categoriza-
tion regarding developments in the efficiency improvement of SCs, insights into SC sustain-
ability, viability, and digital technology, and focused on pandemics, research opportunities
to combat future pandemics, and a unanimous framework to improve reliability. These con-
tributions will help decision makers, practitioners, policy makers, and business tycoons in
strategizing their supply chain operations with resilient strategies.

Through content analysis of our SLR, a framework was deduced to emphasize the
robustness and sustainability aspect through Industry 4.0 and operations management
approaches to increase viability and SC survivability in the notable disruptions caused
by epidemics. The important aspect was to introduce and improve the resilience perfor-
mance of SCs [149-152] through buffer demands, redundancy systems, and overlapped
approaches of digitalization [143-149], especially through characterizing changeability
of systems across value chains [145,152], using augmented /virtual reality solutions in
support of intelligent manufacturing, Industry 4.0, industrial digitalization and future-
proofing through-life engineering service systems [143,146-149,152], using 20+ Industry
4.0 technologies, particularly in SMEs [147], and traceability [106,138]. Physical, as well as
digital SCs, support various interactions for examining the effects of the epidemic outbreak
as well [44]. Another important aspect concerning processes is the flexibility in product
development and management, as identified by our SLR. During pandemics, fluctua-
tions in demand of normally produced goods, and increased demand of specific items
required to control and manage epidemic outbreaks, entail repurposing and redesigning
manufacturing setups [127,151]. Therefore, the interplay between process flexibility and
product management needs to ensure the flow of products, without any shortages and
disruptions, which can be met through process redundancy and safeguarding SC in terms
of resilience [64,107]. Furthermore, adequate robustness and control over SC disruptions
and resilience is another challenge for organizations.

The unmatched disruption of COVID-19 has also put a strain on system dynamics,
urging the need for novel policies related to inventory, manufacturing, and transportation,
and integrated with resilience aims [136]. The recovery from disturbances highly depends
upon the roadmap of resilience and survivability [88,144]. Short-term and long-term goals
include the movement of labor, and ensuring transport and production to avoid any type
of shortages. This needs the interconnection between resources such as production flexi-
bility, human resources, transportation constraints, and regional policies to manage the
disruptions effectively. The revival course can be fast-tracked through the effective use
of modern technologies and alternative sources, aided by the goal of production flexibil-
ity. References [127,142] provide a framework for reconfiguring industries to streamline
their production systems to produce supplies that are lacking (ventilators), to nullify an
epidemic’s effect on SCs to a considerable extent. Researchers and practitioners can be
helped by these research directions, which provide opportunities to extend investigations
on supply chains operations, and to develop strategic solutions to combat tough situations.



Sustainability 2021, 13, 2504

27 of 33

5. Conclusions

Pandemics and epidemic outbreaks cause chaotic situations in SCs around the globe,
and can lead towards serious survivability challenges for many SCs. Therefore, in this
research study, we expressed the impacts of previous epidemic outbreaks on SCs through a
unique blend of articles to identify research objectives, methodological approaches, and the
implications for SCs. Moreover, the study presented a systematic analysis of the sustain-
ability and viability perspective of SCs, by using a structured literature review and the
extraction of future research avenues, which have not been comprehensively focused be-
fore. This study found that the interaction between SCs and epidemic outbreaks has been
explored in terms of effective resource allocation, disease management, aid distribution,
and transportation network optimization, through operations management techniques,
such as optimization, complexity theories, and so on. Moreover, several epidemic mod-
els have also been used in a similar context, as reported in the nominated pandemics in
Table 3. In addition to this, multiple aspects for ensuring the sustainability of SCs in tough
conditions were reported, to guide future research opportunities, considering modern
approaches and technologies. In this respect, COVID-19 has had destructive effects on
global SCs, causing full, partial, or smart shutdowns of numerous manufacturing indus-
tries [34]. Whereas refs. [5,47] tried to provide an insight into its impacts on SCs. However,
the research on the topic is not yet mature, offering continuing opportunities for evaluating
the consequences. Therefore, this research study identified literature gaps and research
avenues related to the optimization of sustainable operations during epidemic outbreaks,
the response to humanitarian logistics and operations, how a circular economy helps to
sustain the production capacities, the severe effects on ecologies, and artificial intelligence
and additive manufacturing.

Specifically, we propose a framework for the readiness of SCs to combat epidemic
outbreaks, disasters, and pandemics, such as COVID-19. The framework covers the classifi-
cations and categorization of three major areas, i.e., resilience and robustness, sustainability
and survivability, and digitalization and Industry 4.0. One of the novel aspects of this study
is that it has shown the interplay between SCs in pandemics and Industry 4.0, specifically
in the context of long-term sustainability and survivability during epidemic outbreaks.
This study has only explored research articles related to novel theoretical and practical
tensions, including 30-40 concerning the effects of epidemic outbreaks and SCs, precisely
32 on the context of survivability and sustainability of SCs during large scale disasters
(pandemics), and 25-35 supporting and explicitly discussing literature gaps and research
opportunities. The rest of the articles were for the endorsement of the significance of
this research study. Considering these limitations, we have proposed research directions,
including promising areas to be explored relating to epidemic outbreaks. In the future,
the databases, search domain, keyword themes, and interesting protocols can be explored
for comparative studies on COVID-19 and other epidemic outbreaks. Moreover, one en-
couraging direction of research is to assess industries’ readiness level for Industry 4.0
and digitalization, and to propose a unanimous framework for implementation of these
technologies. Since the conditions vary significantly between different manufacturing
hubs and countries, therefore, individual assessments and roadmaps for global SCs will
be appreciated. Moreover, the concept of the viability of SCs through these promising
areas can integrate the resilience, sustainability, survivability, and robustness of pandemic-
affected SCs [24,125]. In addition to this, artificial intelligence and integrated operations
management methods can also help to successfully gauge ripple effects [4,117], and reveal
the economic, ecological, and social implications during and after the COVID-19 pandemic,
and make a considerable impact on future epidemic outbreaks.
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