How frugal innovation shape global sustainable supply chains during the
pandemic crisis: Lessons from the COVID-19

Abstract

Purpose- The COVID-19 crisis has created enormous strain in global supply chains. The disruption
has caused severe shortages of critical items, including Personal Protective Equipment (PPE) (e.g. face
masks), ventilators, and diagnostics. The failure of industry to meet the sudden demand for these
necessary items has caused a severe humanitarian crisis. These situations, resulting from the COVID-
19, crisis have led to the informal growth of frugal innovation in sustainable global supply chains. In
this paper we provide a detailed overview of drivers of frugal-oriented sustainable global supply chains,

following lessons acquired from emerging countries' attempt to deal with the COVID-19 pandemic.

Design/Methodology/Approach- We utilized a focused group approach to identify the drivers and
we further validated them using existing literature published in international peer-reviewed journals
and reports. We adopted total interpretive structural modeling (TISM) to analyze the complex

relationships among identified drivers.

Findings- We present a theoretical framework to explain how the drivers are interlinked. We have
developed our framework through a synthesis of the TISM modeling and MICMAC analysis. We
observed that government financial support, policies & regulations, under the mediating effect of
leadership and the moderating effect of national culture and international rules & regulations, has a
significant effect on the adoption of emerging technology, volunteering initiatives, and values & ethics.
Further, emerging technology, volunteering initiative, and values & ethics have a significant effect on
supply chain talent and frugal engineering. These results provide some useful theoretical insights that

may help in further investigating the role of frugal innovations in other contexts.

Originality/ value- We find that outcomes of the methodical contributions and the resulting
managerial insights can be categorized into four levels. Industry and researchers alike can use our study
in order to develop the decision-support systems guiding frugal-oriented sustainable global supply
chains amid the COVID-19 pandemic and in recovering them thereafter. Suggestions for future

research directions are offered and discussed.

Keywords: Pandemic, COVID-19, Global Supply Chain, Supply Chain Disruptions, Frugal
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“The rapid spread of COVID-19 has led to a global shortfall in essential items, turning many countries into resource-
constrained environments. In response, an unprecedented number of do-it-yourself hobbyists (i.e. mafkers) have started to
use digital fabrication tools to produce critical items. These bottom-up communities are mobilizing as part of a global
movement to produce innovative solutions to much-needed items, such as face masks, face shields and ventilators. As
these individuals tackle widespread resource constraints, the conceptual lens of frugal innovation becomes highly relevant
to study how these solutions developed. Frugal innovation is a type of resource-constrained innovation that refers to the
practice of doing more with less, for more people”, (Corsini et al. 2021, p.195)

Introduction

As we are aware, COVID-19, which caused severe acute respiratory syndrome, was first identified in
China in December 2019 (Guan et al. 2020). However, within a short span of time, the virus spread
to other countries in Asia, Europe, and North America and was declared a pandemic by the World
Health Organization (WHO) on 11 March 2020 (Guan et al. 2020; Ivanov, 2020; Ivanov and Dolgui,
2020a; Shih, 2020; Parast and Subramanian, 2021). Due to the severe health crisis resulting from
COVID-19, governments of affected countries are required to slow the spread of the virus by
imposing containment and suppression measures (Guan et al. 2020; Queiroz et al. 2020; El Baaz and
Ruel, 2020; Sodhi and Tang, 2021; Belhadi et al. 2021). These suppression measures include limiting
social gatherings and strict controls on travel and commercial activities that involve face-to-face
contact aimed at ‘flattening the curve (Santos et al. 2020). Guan et al. (2020, p. 577) state that flattening
the curve  is decreasing the rate of new infections to avoid overwhelming healthcare systems to less strict measures
designed to shield immunologically compromised individuals, treat victims and achieve herd immunity”. Harris et al.
(2020, p. 814) argue that “necessity has been the mother of invention in the response to the COVID-19 pandemic,
triggering many an innovation, often without the luxury of time to test these makeshift solutions to pressing problems.

But there is much to be learned from times of crisis for times of plenty”.

COVID-19 has presented unprecedented challenges to both developed and developing economies
(Handfield et al. 2020; Remko, 2020). COVID-19 has forced countries to respond to the unforeseen
challenges with speed, but some countries have failed to meet the traditional processes of testing and
trialing new technologies, processes, and medicines (Harris et al. 2020; Kovacs and Falagara Sigala,
2021) due to a lack of adequate resources. However, on the other hand, some countries like China,
India, Pakistan, Vietnam, and other developing economies have adopted some extraordinary moves
such as creating makeshift hospitals or developing ventilators or by producing millions of bottles of
sanitizers within distilleries infrastructure (Brem et al. 2020). This clearly demonstrates how frugal

innovation has played a significant role during these unprecedented times (Harris et al. 2020). Frugal



innovation does not mean compromising on quality. Instead, it should be viewed as an alternative
solution to respond to the crisis in a resource-constrained environment (Shibin et al. 2018; Harris et
al. 2020). Hence, in such an unprecedented public health crisis, frugal innovation offers a great
opportunity to expand access to care and to ensure that this care, although perhaps not perfect (yet),
is good enough under the current circumstances (Harris et al. 2020; Brem et al. 2020). Whilst existing
literature has often focused on affordability and low cost in frugal innovation, there are many other

factors relating to the concept, in the context of the pandemic, which are not yet fully understood.

Karmaker et al. (2020) argue that COVID-19 has disrupted supply chains on a global scale. Of the
Fortune 1000 companies, 94% of them have experienced coronavirus-driven supply chain disruptions
(Ivanov and Dolgui, 2020b; Karmaker et al. 2020). Despite the multiple challenges posed, the crisis
has raised awareness among the organizations, citizens, and policymakers towards sustainability
(Ivanov, 2020; Sarkis, 2021) and there is a pressing need for frugal innovation in supply chains to
respond to the sustainability agenda (Corsini et al. 2021). In response, the international community
has realized the need for frugal innovation in order to build sustainable global supply chains (Cheng
et al., 2015; Subramanian and Gunasekaran, 2015; Shibin et al. 2018). Hence, we argue that frugal
innovation is the simplest and most appropriate solution for almost all major challenges we face due
to COVID-19. Following the COVID-19 crisis, SMEs in emerging markets such as India are now
focusing more on frugal innovation (Nandi et al. 2021). Nidumolu et al. (2009) argue that the
organizational and technological innovations are the bedrock of sustainability that will ensure
bottom-line and top-line revenue enhancement. Ongoing innovations are necessary to make supply
chains lean (Lamming, 1996; Lelah et al. 2012; Fournier et al. 2021) and it will ultimately help to
improve organizational performance (Dubey et al., 2012; Hui et al., 2015; Shibin et al. 2018). At the
same time, organizations have to ensure that innovation in business and sustainability in operations
are going hand in hand, in order to support society and to minimize any possible negative
environmental impacts (Talonen and Hakkarainen, 2014; Desai, 2012; Schaltegger & Wagner, 2011;
de Camargo Fiorini and Jabbour, 2017 ). Horn and Brem (2012) argue: frugality and sustainability are

the two major fields of future innovation management.

Despite the interest of both academics and practitioners in frugal innovation and sustainability, there

are few articles discussing frameworks and other aspects of sustainability-oriented frugal innovations


https://www.sciencedirect.com/science/article/pii/S2352550920308794#bib0031

related to global supply chains during a pandemic or other major crises (Ivanov, 2020; Karmaker et
al. 2020; Ketchen and Craighead, 2020, 2021). So, following Whetten’s (1989) arguments, we posit

two guiding research questions:

RO1: What are the key drivers of sustainability-oriented frugal innovation in global supply chain management in
the context of the pandemic crisis?

RQ2: How are the drivers associated with each other?

To address our research questions, we used the TISM (Sushil, 2012; Dubey and Ali, 2014) approach
to examine the relationships between the factors that are important for sustainability-oriented frugal
innovations in the global supply chain during the pandemic crisis. We have organized our chapter as
follows. The next section discusses the concepts of frugal innovation and sustainability, and then we
present the methods, the model, and then a discussion of how the results contribute to the theory,
with extensive directions as to the implications for managers and policymakers. Lastly, we draw some

final conclusions.

2. Underpinning Theories

2.1 Conceptual framework

In our study of sustainability-oriented innovations in supply chains following the COVID-19 crisis we
have used a number of organizational theories for the synthesis leading to the development of the
final theoretical model. Firstly is the resource-based view (RBV), by which an organization can be
considered as a bundle of resources consisting of tangible and intangible assets and tacit knowledge
(Penrose, 1959; Barney, 1986; Grant, 1997). Based on the RBV, any firm can gain a competitive
advantage via strategic use of resources that are very distinctive or superior compared to the resources
of its competitors, if the resource requirements are exactly in a match with the environmental
opportunities and business requirements (Thompson and Strickland, 1990). An extension of RBV is
a knowledge-based view (KBV) of the firm, which acknowledges the importance of knowledge as a
strategic resource contributing to the achievement of competitive advantage (Grant, 1996). The
effective management of knowledge leads to better performance in innovative activities, such as new
product development (Ettlie and Pavlou, 2006) and leads to organizational transformation (Zahra and

George, 2002).



According to DiMaggio and Powell (1983), organizations are becoming similar in their nature, mainly
because of three types of institutional pressures: coercive, mimetic, and normative. Thus according to
institutional theory, which is our second theoretical lens, the performance and outcomes of
organizations are influenced by external factors (Meyer and Rowan, 1977; Mizruchi and Fein, 1999).
Government rules and regulations, the socio-political situation, market trends, and competition are
some of these external factors (Law and Gunasekaran, 2012; Annala et al. 2019). Particularly during
the pandemic crisis, institutional theory has become one of the very popular and well-accepted theories
with which to examine the supply chain (see, Craighead et al. 2020). Following Barratt et al. (2011)
arguments, we have adopted RBV and institutional theory to examine some of the drivers of the frugal
innovation in global sustainable supply chains. Moreover, we utilize the contingency view (Sousa and
Voss, 2008) in order to understand the context in which the resources and the external pressures yield

differential outcomes during a pandemic crisis.

Finally, whilst Total Interpretive Structured Equation Modelling (TISM) has gained significant
attention in recent years, the literature on TISM as a research method to generate theory is scant
(Goyal and Grover, 2012; Mangla et al., 2014; Prasad and Suri, 2011; Singh and Sushil, 2013; Srivastava
and Sushil, 2014; Yadav and Sushil, 2014; Dubey et al., 2015). According to Nasim (2011) and Sushil
(2012), TISM has its own advantage over Interpretive Structured Modelling, because the causal
relationships or transitive links between the constructs of the model are particularly well-explained

using a TISM model.

2.2 Sustainability

In the operations management field, Kleindorfer et al. (2005) argue that sustainable operations
management (SOM) practices have a positive impact on the economic performance of organizations
and helps minimize the adverse effects of economic development on society and the environment.
SOM deals with issues such as technology selection in production, energy and material usage
optimization, and waste minimization (Drake and Spinler, 2013). According to Gimenez et al., (2012)
and Gotschol et al. (2014) internal environmental programs within the organization have a positive
impact on the economic, environmental, and social performance of a business, because any investment
in such programs helps gain economic benefits for the organization in the long run (Graham et al.
2015; McDougall et al. 2021). Organizations must consider the term ‘green’ as a tool for achieving

competitive advantage to go global and to increase market share, given that today’s highly educated



and highly aware customers prefer eco-friendly products (Deif, 2011; Houe and Grabot, 2009;
Graham et al. 2015). Social sustainability practices help the organization to achieve a greater social
reputation (Hong et al., 2012; Marshall et al. 2015; Kauppi and Hannibal, 2017), whilst from an
economic perspective of sustainability, Woolworths Company saved 9.3 million US Dollars after
focusing on ecological, social, and economic indices, based on the triple bottom line initiative (Santos

et al. 2014).

Matos et al (2020, p. 1750) argue that the entire globe is facing unprecedented challenges in the form
of “climate change, deforestation, biodiversity loss, inequality, famine, labor exploitation, modern slavery, and more
recently global pandemics”. On the other hand, consumers and key stakeholders are expecting
organizations to be more responsible towards their contribution to minimizing environmental
degradation (Wilhelm et al. 2016; Matos et al. 2020). The pandemic crisis resulting from COVID-19
has further increase awareness of environmental and social sustainability amongst consumers (He and
Harris, 2020; Sarkis, 2021; Severo et al. 2021). Poist (1989) argues that sustainability in the supply chain
is a business obligation to seek socially beneficial results, as well as economic ones, in its actions. Since
then, many scholars have advocated the importance of social sustainability in the supply chain (Littig
and Griebler, 2005; Linton et al., 2007; Hutchins and Sutherland, 2008; Pullman et al., 2009; Klassen
and Vereecke, 2012; Marshall et al. 2015; Zhang et al. 2017; Alinaghian et al. 2020; Venkatesh et al.
2020) as the materials and products pass through multiple levels from supplier to customer. Poist
(1989) further stated that the environment, employee training, health, and safety, philanthropy, workplace diversity,
and community issues including homelessness and hunger as facets of supply chain social responsibility. We feel that
Poist’s (1989) argument is highly relevant in the context of the pandemic crisis, which has resulted in
many people losing their jobs, often without any resources to survive the crisis i.e. in emerging
countries where the government support is far below the minimum requirements (c.f., Sengupta and
Jha, 2020; Pan et al. 2020; Sharma, Talan & Jain, 2020). Hence, we argue that sustainability is regarded
as a source of competitive advantage for any organization (Forman and Jrgensen, 2004; Preuss, 2007)
and is necessary for the effective operations of an organization, realized through SOM techniques.
Furthermore, as Sarkis (2021) states, the three dimensions of sustainability: social, environmental, and

economic, are difficult to disentangle during the COVID-19 crisis.

2.3 Sustainability-oriented frugal innovation and the pandemic crisis



Frugal innovation can be defined as the unique way of thinking and acting in response to challenges
by effectively spotting the opportunities even in the worst circumstances and by improvising the
solutions resourcefully in the simplest possible way (Radjou et. al, 2012; Shibin et al
2018). Affordability is the key factor driving businesses in emerging markets and in this context frugal
innovation acts as a key success factor. The major challenge companies may face in this regard is to
align their business processes and products to make the price of their products and services at a level
where economically disadvantaged consumers will also feel it is affordable. Shibin et al. (2018, p. 910)
conceive frugal innovation as a way to ““consider affordability as the major criterion and try to meet the necessities
of the poor by considering society as a whole and innovation become a development imperative”. Furthermore, frugal
innovation offers the best solution in a resource-constrained environment (Soni and Krishnan, 2014;
Ernst and Kamrad, 2000; Sharma and Iyer, 2012). It is often considered as the foundation of social
entrepreneurship, with the poor as consumers, co-producers, and innovators (Pansera and Sarkar,
2016; Shibin, 2018), thereby enhancing many underrepresented people’s lives. Bhatti and Ventresca
(2013) argue that frugal innovations can also be considered as a way to grow with less and to cut costs,
which in turn will boost environmental and economic performance of organizations. Hence, they
support sustainability, as, firstly, they are more energy or material-efficient; secondly, they promote
technologies that are more democratic; and thirdly, they are pro-poor and consider society as a whole

(Leach et al., 2012; Demeritt et al., 2011; Fagerberg et al., 2010).

Within developing countries, firms that follow the paradigm of frugal innovation aim at achieving
extreme cost advantage (Zeschky et al., 2011). Developing affordable products and services is critical
for Small-Medium-Enterprises (SMEs) in this context, and to this extent the role of knowledge
management is important. Knowledge management, according to Alegre et al. (2011), involves
“identifying and leveraging the collective fnowledge in an organization to contribute to its performance” (p. 2). Utilizing
and managing knowledge effectively can enable SMEs to overcome problems relating to product,
service development, and help to develop sustainable businesses (Durst and Edvardsson, 2012).
Cohen & Levinthal (1990) have argued for the reliance on firms that innovate on their knowledge
capabilities, whereas Zahra and George (2002) suggest that it is absorptive capacity — being a capability
for processing knowledge — that enhances innovation. In earlier studies, von Krogh (1998)
acknowledged the importance of mobilizing knowledge resources and turning them into value-adding
activities, thereby linking knowledge management to innovation and subsequently innovation

performance.



2.4 Drivers of sustainability-oriented frugal innovation

We used a focused group approach to identify ten drivers of frugal innovation in the global sustainable
supply chain. We also provide supporting literature to establish content validity. The drivers are as
follows: government financial support, government policies and regulations, Leadership, talent,
international rules and regulations, values & ethics, volunteering, culture, frugal engineering, and

emerging Technology (see Table 1). In the next section we introduce each in turn.

2.4.1 Government Financial Support

Financial support is vital during a pandemic crisis; without proper financial support it is almost
impossible to execute any sustainable innovation initiative (Mudgal et al. 2010; Karmaker et al. 2020).
Cooke (2001) emphasizes the importance of funding, especially from public bodies, for encouraging
regional innovation and the knowledge economy. Government funding is crucial in encouraging SMEs
to adopt sustainable initiatives in their supply chains (Holt et al., 2001; Lee and Jang, 2003; Lee, 2008).
Thus, public funding is a key facilitator in promoting innovation, sustainability, and cleaner technology
initiatives in supply chains, especially during pandemic crises. The COVID-19 crisis caused severe
disruptions in the supply chains around the globe due to necessary responses, including social
distancing, testing, and quarantining policies, and income support packages (Ivanov, 2021). Ashraf
(2020) found that the government-mandated measures, like social distancing and quarantining policies,
have a direct negative effect on stock market returns, due to their adverse effect on economic activity,
while they have an indirect positive effect through the reduction in COVID-19-confirmed cases. The
government support packages also help the economy to recover and return to growth. Hence, we
argue that government financial support is a significant contributor to any such sustainability initiatives

to minimize the negative consequences resulting from the COVID-19 crisis.
2.4.2 Government policies and regulations

There is literature suggesting that government policies and regulations are one of the major drivers of
an organization’s sustainability initiatives in response to the pandemic crisis (Karmaker et al. 2020;
Shih, 2020). External policies and regulations can enable innovations by compelling organizations to
adopt best in class technologies and process standards, with deadlines that will boost sustainability

performance (Henriques and Sadorsky, 1999; Porter and Van de Linde, 1995). Shibin et al. (2018)



identify government policies as one of the facilitators in achieving sustainability via frugal innovation.
Woo et al. (2020) analyze the case of Singapore in controlling fatalities rate resulting from the COVID-
19 in comparison to other developed countries like the United States, United Kingdom, France, Italy
and Spain. The success of Singapore is attributed to its robust policy capacity, which was developed
over the period and resulted from the previous learning which they gained from the 2003 SARS. On
the other hand, countries like India, despite high population density and lack of adequate capacity to
deal with rising COVID-19 cases, have adopted some strict measures like social distancing, lockdown,
with high penalties for those who flout the strict rules (Ghosh et al. 2020). At this point in time, many
experts have severely criticized Indian government decisions. However, whilst there are some merits
in the criticisms, the strict measures and strong regulatory framework has yielded positive outcomes
in the long run, by minimizing the fatalities (Paital et al. 2020). Thus, we argue that government
policies and regulations are important for frugal innovation in a sustainable global supply chain in

response to the pandemic crisis.
2.4.3 National Culture

A nation's culture may be understood as the shared psychological meanings and collective practices
that separate one nation from another (Hofstede, 1980; Gupta and Gupta, 2019; Gupta et al. 2021).
It has been operationalized in various ways (see, Guan et al. 2020). Guan et al. (2020) argue that people
from the same nation are socialized to use their culture-specific orientations to shape their mental
resilience that enables them to cope with the various degree of the stress caused by the unprecedented
crisis; and there are significant cross-cultural differences in individuals' appraisals of stressors, choices
of coping strategies, and indicators of adaptive outcomes (Gupta et al. 2021). During the COVID-19
crisis, in the absence of reliable vaccines, social distancing is one of the most reliable ways to prevent
the transmission of the virus (Yan, 2021). The social distancing behavior various between different in
different countries (Maloney and Taskin, 2020). Gupta et al. (2021), in one of their recent studies, have
examined the different behavior in maintaining social distancing, using national-culture Hofstede’s
framework. Frey et al. (2020) found that the citizens practice more social distancing in low
‘Individnalisn’ culture. Moreover, Huynh (2020) found that people in a high ‘Uncertainty Avoidance
culture are most likely to practice social distancing. Furthermore, Im and Chen (2020) argue that
people practice social distancing irrespective of the zndividualism culture or uncertainty avoidance culture.

This is purely based on the situation and the need of the hour. Hence, we argue that the national
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culture plays a pervasive role in shaping the ways people assess and cope with career-related stressors

associated with the COVID-19 pandemic.

Table 1: Drivers of sustainability oriented frugal innovation in global supply chain

management in context to pandemic crisis

Drivers of sustainability oriented frugal
innovation in supply chain

Authors (Year)

Government Financial Support (E1)

Holt et al., (2001); Cooke (2001); Lee and Jang, (2003); Lee, (2008);
Mudgal et al. (2010); Ashraf (2020)

Government policies & regulations
(E2)

Karmaker et al. (2020); Shih (2020)

National Culture (E3)

Gupta and Gupta (2019); Guan et al. (2020); Gupta et al. (2021);
Gokemen et al. (2021); Yan (2021)

Talent (E4)

Lambert et al. (1998); Gammelgaard and Larson (2001); Giunipero
et al. (2006);Dubey et al. (2018); Hartmann and Lussier (2020)

International rules and regulations (E5)

Ji et al.,, (2014); Plambeck and Wang, (2009); Bokusheva et al.,
(2012); Ji et al. (2014); McKinnon (2007); Walker et al. (2008); Zhu
and Sarkis (2006); Zhu et al. (2007)

Values & Ethics (E0)

Gunasekaran and Spalanzani (2012); Drake and Schlachter (2008);
Roberts, (2003); Awaysheh and Klassen (2010); Lee and Kim
(2009); Svensson (2007)

Volunteering (E7)

Miao et al. (2020); Finsterwalder and Kuppelwieser (2020); Walker
(2016)

Leadership (ES8)

Dubey et al (2015); Dubey et al. (2018); Salem et al. (2019); Shih
(2020); Woo et al. (2020); Sarkar (2021)

Frugal Engineering (E9)

Zeschky et al. (2011); Shibin et al. (2018); Harris et al. (2020); Vesci
et al. (2021)

Emerging Technology (E10)

Mbunge (2020); Shibin et al. (2018); Shaw et al. (2020); Ivanov
(2020)

2.4.4 Talent

Hartmann and Lussier (2020) argue that the pandemic resulting from COVID-19 has caused

interrelated social, technological, and structural challenges for many organizations. This multitude of

challenges, stemming from extreme lockdowns, has forced organizations to postpone important

meetings and events (e.g., tradeshows, conferences, and customer meetings). Travel restrictions and

border shutdowns by different countries have further worsened the situation. The lockdown or border

shutdowns have led to several issues in supply chains as inventory shortages, supply chain

breakdowns, product delivery problems, general difficulty maintaining daily operations, new work

arrangements (e.g., virtual selling, changes to information flows, contraction and expansion of roles),
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and the threat of temporary or permanent dismissal (Hartmann and Lussier, 2020; Ivanov, 2020; Shih,
2020). Kovacs et al. (2012) argue that supply chain talent is highly critical to manage such
unprecedented challenges. Hence, organizations should focus on developing talented supply chain
professionals for the success of frugal oriented global sustainable supply chain in response to
pandemic crisis. In a previous study, Giunipero et al. (2006) emphasize that ensuring smooth
functioning, strong strategic collaboration, and strategic cost reductions are very difficult without
having a pool of talented supply chain professionals possessing strong technical, communication, and
financial skills. Many researchers (Lambert et al., 1998; Gammelgaard & Larson, 2001; Tatham et al.
2013; Zhang and Lv, 2015; Dubey et al. 2018; Daghar et al. 2020); strongly argue that supply chain
talent development needs further conscious and planned effort from organizations. Thus we too have
considered supply chain talent as one of the drivers of sustainability-oriented frugal innovations in the

sustainable supply chain, for responding to the pandemic crisis.

2.4.5 International rules and regulations

“The novel coronavirus that spread throughout the world in 2020 certainly seemed to fit the definition of problems
without passports, yet as the outbreak turned into the full-fledged COVID-19 pandemic, countries defied each of
Annan's prescriptions, producing three patterns” (Johnson, 2020, p. 148). Dodds et al. (2020) expressed their
concerns over the role of international bodies failing to bring uniformity in their policies to address
concerns resulted from COVID-19. The restrictions on travel based on nationality have further
worsened the relief efforts (Guan et al. 2020). European Union rules concerning, for instance,
electrical and electronic equipment waste and the norms requiring vehicle manufacturers to guarantee
the recycling of vehicle raw material, up to a minimum of 85%, are examples of international rules
and regulations that will drive innovation and sustainability in the supply chain (Ji et al., 2014;
Plambeck and Wang, 2009). International environmental emission regulations not only encourage
companies to reduce the emissions from their products but also compel them to invest in emission
reduction technologies and innovation (Bokusheva et al., 2012; Ji et al., 2014; McKinnon, 2007). There
is rich literature arguing that international rules and regulation is a strong external factor driving
sustainability and innovations in the supply chain (see Walker et al., 2008; Zhu & Sarkis, 2006; Zhu et
al., 2007). However, the role of international rules and regulations in the context to frugal innovations
during a pandemic crisis is not well understood. Sarkar (2021) argue that frugal innovations, supported
by the government, in collaboration with institutions and the non-governmental organizations, are

cheap and highly effective in controlling the negative effects of the COVID-19 crisis on health and
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the economy. Hence, we posit that international rules and regulations are an important driver during

the pandemic crisis.

2.4.6 Values & Ethics

Gunasekaran and Spalanzani (2012) argue that business ethics is an important driver of sustainability
initiatives. Ethical practices are important in the sourcing, purchasing, and successful collaboration of
organizations in supply chain networks (Drake and Schlachter, 2008; Roberts, 2003; Svensson, 2007,
Lee and Kim, 2009; Awaysheh and Klassen, 2010). The responsible supply chain is becoming more
relevant in this era of social turbulence and pandemic crisis (see, Karmaker et al. 2020; Ivanov, 2020).
Hoejmose et al. (2013) further emphasize the need to include organizational strategies that aim at
developing socially responsible supply chain processes. Majumdar et al. (2020) argue that socially
responsible practices are not only critical for the industry, they further help assure the livelihood of
the informal workers who play a significant role in emerging countries. For instance, the readymade
garment industry utilizes such workers and their skills to meet the growing need for the face mask.
This clearly demonstrates that the value & ethics helps frugal innovation to shape a sustainable global
supply chain in response to the unprecedented crises resulting from the pandemic. Thus, we strongly
argue that values & ethics are one of the drivers of frugal innovation in a sustainable global supply

chain.

2.4.7 Volunteering

Miao et al. (2020, p.1) defines volunteering as “a key component of coproduction, as coproducing volunteers
actively provide relevant public services to their own communities, Hpically without tangible compensation”.
Finsterwalder and Kuppelwieser (2020) argue that working with volunteers and voluntary groups to
provide community services has the potential to fill acute gaps and prevent public agencies from being
overwhelmed during crisis events, such as COVID-19. The COVID-19 pandemic created a critical
need for volunteers working with the government to protect public health and to augment
overwhelmed public services (Miao et al. 2020). Walker (2016) clearly argued that the role of local
support is a critical driver to fight against the crisis resulting from the pandemic. Hence, we argue that
volunteering is a key driver of frugal innovation in the sustainable global supply chain for responding

the pandemic crisis.

12



2.4.8 Leadership

Gooty et al. (2010) describe leadership as the process of directing and influencing the task-related
activities of group members. Salem et al. (2019) further argue that leadership plays a crucial role during
a humanitarian crisis. Dubey et al. (2018) found that leadership has an important role to play in any
organizational initiative, through belief and participation. Organizational researchers have recognized
the activities of the leaders or top executives in shaping organizational strategies (Hambrick and
Mason, 1984). Dubey et al. (2015) noted in one of their studies that leader’s values and cognitive
biases, which guide organizational strategies, decisions, and behavior, are critical factors behind
successful organizational change. Hence, the role of leaders is especially critical in terms of resource
allocations and deployment decisions that are necessary for organizational change (Dubey et al. 2021).
We argue that the leadership perspective offers illuminating insights into operations and supply chain
management literature, where resource allocations and deployment decisions may create different
outcomes in dynamic and uncertain environments (Salem et al. 2019). Organizational scholars have
also widely recognized the role of the top managers or leaders in dealing with paradoxes,
contradictions, conflicts, and building requisite conditions for embracing dynamic changes (Gnyawali
et al. 2016). Hence, following the preceding arguments, we believe leadership has an important role to

play in the pandemic crisis in driving frugal innovation in the sustainable global supply chain.

2.4.9 Frugal Engineering

“Dute to the resource constraints typical in emerging markets, consumers in these markets are very value conscions; many
have only recently shifted from being non-consumers to being consumers’” (Zeschky et al. 2011, p. 39). Harris et al.
(2020) argue that the pandemic crisis has influenced the purchasing power of consumers. Recent strict
measures adopted by the government have further increased poverty levels due to the lack of adequate
opportunities offered by unorganized sectors and resources to meet human basic needs (Shammi et
al. 2020; Harris et al. 2020; Vesci et al. 2021). In such a situation, innovations via optimal use of
available resources and proper environmental strategies may prepare citizens to deal with the
pandemic crisis in a far better way. The environmental strategies have a direct impact on the supply
chain and competitiveness of the organization (Wu and Pagell, 2011; Shibin et al. 2018). Hence, we
argue that frugal engineering is one of the drivers of frugal innovation that may help the global supply

chain to respond to the pandemic crisis.
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2.4.10 Emerging Technology

Mbunge (2020, p. 1632) argue that “with the rapid increase in COV'ID-19 cases and deaths in affected countries,
the integration of emerging technologies into contact tracing activities is inevitable. Integration of COVID-19 contact
tracing activities with technology is not new, countries like South Korea, Germany, Singapore, Australia, Colombia,
Australia, Egypt, Ghana, Austria, Israeli among others have launched aggressive technology-based contact tracing
applications. These countries use several devices to communicate together through Bluetooth technology, Global Positioning
System (GPS), wireless technology, mobile phone applications, wearable technology, and sensors”. Some countries
have successfully exploited these innovative technologies (e.g., artificial intelligence (Al), big data, 5G
technologies were used in combination with other emerging technologies like drones, automated
vehicles, robotics, etc.), to test, track and trace COVID-19 infected people. Shaw et al. (2020) further
argue that emerging technologies have been used to identify affected people to check their mobility,
to reduce the risk of contamination, as well as to develop proactively recovery strategies and actions.
Hence this is our final driver of frugal innovation to enable global supply chains to respond to the

pandemic crisis.

3. Research Method

Following Kwak et al. (2018) and Shibin et al. (2018) recommendations we used focused groups to
identify ten drivers of the sustainability-oriented frugal innovation in the global supply chain (see Table
1). We undertook five focus groups constituted with 25 experts from government organizations, non-
governmental organizations, and manufacturing firms with over 10 years of experience. Kwak et al.
(2018) argue that the focus group is an effective way of capturing ideas from a group of experts and
further helps to triangulate expert’s perceptions related to their research domain. We have used total
interpretive structural modeling (TISM) to then examine the complex relationships among the ten
drivers. In TISM, a group expert judgment methodology is used to understand the relationships
among the drivers. Opinions from academics and industry experts having core experience in the
supply chain domain were incorporated using a structural self-interaction matrix (SSIM) (see Table 2).
The opinions from experts were further refined with the help of an extensive literature review,

ensuring that no drivers were being dropped or added up.

Fifteen exploitable responses were chosen from responses from around twenty-five experts in the

supply chain domain with the help of social networking sites. The experts approached had more than
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fifteen years of industry or academic experience in the supply chain domain. The response rate was
60%. Warfield (1974) and Malone (1975) were the first operation research experts, who introduced
the interpretive structural modeling (ISM) technique. The major steps involved in TISM can be listed
out in the sequence as: literature collection on the topic; review of collected literature to identify the
variables; explaining the VAXO matrix allocation rules to the experts; formulation of structural self-
interaction matrix (SSIM) with the help of experts in the domain; conversion of structural self-
interaction matrix to a binary matrix and then to final reachability matrix by considering transitivity
property (Sushil, 2012; Dubey and Ali, 2014; Shibin et al. 2017; Sushil, 2018a,b) (see Table 3). Deriving
the total driving power and dependence based on the binary matrixes to find out the level of variables;
and making the directed graph (DIGRAPH) based on the levels of variables identified. ISM model
can be finalized by preparing a structural model from DIGRAPH, which will be self-explanatory on
the relationship among the variables (Kwak et al. 2018). Reviewing the structural model may be
required to validate the conceptual stability and make necessary changes in the model. There are two
possible responses such as ‘yes’ or ‘no’ for any question regarding the relationship between two
variables. And thus there will be nC, possible number of paired comparisons, which will tally into 45
for 10 variables in our case. The ISM model can be taken to the next level of TISM by incorporating
the interpretive logic between the drivers based on the expert explanation. These interpretive logics

are the contextual relationships among the variables, which are derived through brainstorming.

Table 2: Structural self-interaction matrix of drivers (SSIM)
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There are paired comparisons of each set and the parameters considered are represented by 7 and ;.
Four letters such as V, A, X, O are used to represent the type of relationship between any of these
paired comparisons in the survey. Table 1 shows the structural self-interaction matrix of drivers
considered in this study. The matrix is to be filled with:

V if 7leads to j but j doesn’t lead to /

A if 7 doesn’t lead to j and j leads to 7

X if 7and jlead to each other

O if 7and j are not related each other

4.1 Transitivity Principle

The transitivity principle is used in ISM to check the consistency of the model developed (Farris and
Sage 1975; Sushil 2015a, b). According to the principle, if a leads to b and b leads to c if a leads to b
and b leads to c, then a leads to c. The transitivity property also helps to remove any possible gaps
among the variables. The final reachability matrix for drivers shown in table 3 is prepared by adopting

the above-mentioned criteria and transitivity principle.

Table 3: Final reachability matrix-drivers

E10 | E9 | E8 | E7 | E6 | E5 | E4 | E3 | E2 | E1 | Driving power
E1l 1 tjoj1r |1 ]|1]1]0]1]1 8
E2 1 1 T 111 |11 1 1 10
E3 O |1 |1t |1 |11 |1 ]1]1]0 8
E4 O |1]O0|1T|1T]O[T]O]O]O 4
E5 1 1{1]J]0j0j1T]JO0O[1T]1T]O 0
E6 O |1]O0]1T|1T]O[T1T]O]O]O 4
E7 O J]OJO|T|1T]1T[1T]0O]0O0]O 4
ES8 1 1 1 1 1 1 0100 7
E9 1 1{1]0]0]1T]0]0]0]O 4
E10 1 |11 |1 |11 ]0]0]O0]O 0
Dependence | 6 9 16| 8|8 |8 |7 ]3] 4]2

* represent transitivity property checked

E1-Government Financial Support, E2-Government Policies & Regulations, E3- National Culture, E4-Talent, E5-International rules and
regulations, E6- values and ethics, E7- Volunteering, ES-Leadership, E9-Frugal Engineering, E10- Emerging Technology

4.2 Level Partitioning
The process of ranking different variables into different levels is called level partitioning. To derive

the levels of variables, the first step is the calculation of reachability and antecedent sets from Table 2
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(Warfield 1974; Sushil, 2012; Haleem et al. 2012; Purohit et al. 2016). In any iteration, if the reachability
set intersection antecedent set is the reachability set itself, and then that variable will be placed in the
top level of the hierarchy. The final output of level partitioning is shown in Tables 5, and the
conceptual framework of drivers of sustainability oriented frugal innovation in global supply chains is
shown in Figure 2. The MICMAC analysis shown in Figure 1 for drivers clearly bifurcate the drivers
into four quadrants, depending on their driving power and dependency. The binary matrix shown in

Table 4 is created by considering the final reachability matrix, but only by using binary digits of 0 and
1.

Table 4: Binary matrix of drivers

E10 | E9 | E8 | E7 | E6 | E5 | E4 | E3 | E2 | E1 | Driving power
E1l 1 rjofj1]1]1 )10 1]- 7
E2 1 11 (1|1} 1 )1 }1]-]1 9
E3 0 1 1 1 1 1 1 - 1 0 7
E4 O |1]0]1T|1T]O[-]1]0]01]0 3
E5 1 1100 -]J0[1T]1T]O0 5
E6 O |1]O0|1T|-]0[1T]O]J]O]O 3
E7 O J]O]JO]| -1 ]1T[1T]0]0]O 3
E8 1 1 (-1 |11 ]1]0]0]O0 0
E9 1 -1 1]0]J0]1T]O0O]O0O]J0O]O 3
E10 - 1|1 ]1]1]1]0[0]0]O0 5
Dependence | 5 8 | 5|7 | 7] 7]161]2]3]1

E1-Government Financial Support, E2-Government Policies & Regulations, E3- National Culture, E4-Talent, E5-International rules and
regulations, EG- values and ethics, E7- 1 olunteering, E8-1 eadership, E9-Frugal Engineering, E10- Emerging Technology

Table 5: Level matrix of drivers

Variable Level

E5,E9 Level 1
E4,EG6.E7 Level 2
E8,E10 Level 3

E1,E2,E3 Level 4
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Fig. 1 MICMAC analysis of drivers
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Fig. 2: TISM model of drivers
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5. Discussion

COVID-19 has caused severe economic distress in the last year. Developed economies have faced
unprecedented economic crises due to strict government measures that affected many sectors that
includes the hospitality industry, the manufacturing industry, the travel and tourism industry and many
others. In this study, we have undertaken an extensive literature review to understand the concept of
frugal innovations in the supply chain, the natural link between sustainability and frugal innovations
and any possible research gaps. We have understood that there is very limited work, if any, exploring
the scope for combining sustainability attributes and frugal innovation concepts in context to the
pandemic crisis from institutional theory and resource-based view perspective (Harris et al. 2020
Karmaker et al. 2020). We argue that frugal innovations and sustainability concepts can coexist and
can be mutually beneficial if they try to be more energy or material efficient, to promote technologies
that are more simple and popular, and they are pro-poor and consider society as a whole. Our findings
are in line with the arguments of some recent studies (see, Rosenberg, 2013; Immelt et al. 2009; Shibin
etal. 2018). Via synthesis of the TISM model and the MICMAC analysis to provide a theoretical model
(Dubey et al. 2015; Luo et al. 2018), we have developed a theoretical model that shows how frugal
innovation, in global sustainable supply chains, can address the needs of pandemic crises in context
to emerging countries (Harris et al. 2020; Karmaker et al. 2020). We propose research propositions
based on Figure 3. We observe that the government financial support (E1) and the government
policies and regulations (E2) affects the adoption of emerging technologies (E10), encourage the
volunteering (E7) and help shape the value and ethics (E6), under the mediating influence of the
leadership (E8). We found that the arguments are firmly rooted in the resource-based view (Penrose,
1959; Barney, 1986; Grant, 1996; Grant, 1997), institutional theory (DiMaggio & Powell, 1983;
Craighead et al. 2020), and the upper echelon theory (Hambrick and Mason, 1984). Based on these
arguments we draw our research propositions as:

P1: The government financial support and government policies & regulations under the mediating effect of leadership,
significantly influence the adoption of emerging technologies;

P2: The government financial support and government policies & regulations under the mediating effect of leadership,
significantly influence volunteering

P3: The government financial support and government policies & regulations under the mediating effect of leadership,

significantly shape values and ethics;
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We further observe that leadership (E8) has differential effects on the adoption of emerging
technologies (E10), volunteering (E7) and, values and ethics (E6). These differential effects can be
explained using national culture (E3) and international rules & regulations (E5) as moderating
constructs. Our study draws on contingency theory (Luthans and Stewart, 1977; Sousa and Voss, 2008)
and we echo the views of some scholars who state that the effect of leadership is contingent on the
context in which leaders take decisions — see, for example, Currie and Lockett (2007) and Little (2014).
We propose our research propositions as:

P4: The national culture has a significant moderating influence on the paths joining leadership and emerging
technology/ volunteering/ value and ethics;

P5;: The international rules & regulations have a significant moderating influence on the paths joining leadership and

emerging technology/ volunteering/ value and ethics;

We further observe that the adoption of emerging technologies (E10), volunteering (E7) and, values
and ethics (E6) have a significant influence on supply chain talent (E4) and frugal engineering (E9).
Supply chain talent (E4) has a significant effect on frugal engineering (E9). We draw our research
propositions as:

Po: The adoption of emerging technologies, volunteering and, values and ethics have a significant influence on supply
chain talent | frugal engineering

P7: The supply chain talent has a significant influence on frugal engineering;

E3
E10
E1l
E9
ES ¢ E7
- / >
E6

E5
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Figure 3: Theoretical Model

E1-Government Financial Support, E2-Government Policies & Regulations, E3- National Culture, E4-Talent, E5-International rules and
regulations, EG- values and ethics, E7- Volunteering, E8-1 eadership, E9-Frugal Engineering, E10- Emerging Technology

5. 1 Theoretical Contributions

The operations and supply chain management (O&SCM) field has experienced an intensity of in-
depth studies on the integration of value propositions into business models with sustainable
innovation (Foxon and Pearson, 2008; Boons and Ludeke-Freund, 2013). However, due to the fact
that limited studies provide theoretical justifications (Madhok, 2002), we have generated a theoretical
model that attempts to provide some degree of clarity in terms of the complex associations that exist
among the drivers of frugal innovations to enable global supply chains to respond to the pandemic
crisis. We derive seven research propositions that suggest how these ten drivers are interlinked to each

other; building on RBV, institutional and contingency theory.

We propose that leadership, under the moderating influence of the national culture, has significant
effects on the adoption of emerging technologies, volunteering and, values and ethics. These
observations further support the arguments of previous scholars (Gupta and Gupta, 2019; Maloney
and Taskin, 2020; Gupta et al. 2021). This further shapes our understanding of how and why different
countries have different interpretations of the policy and practices of social distancing and wearing of
face masks to avoid the spread of the virus. Moreover, national culture provides a theoretical lens to
examine the influence of leadership in shaping strategies related to the adoption of technology (Kaba
and Osei-Bryson, 2013). Our study extends the previous literature which has analyzed the direct effects
of national culture on the adoption of technology (Kaba and Osei-Bryson, 2013; Hallikainen and
Laukkanen, 2018). We propose that leadership, under the moderating effect of national culture, has a
significant effect on the adoption of emerging technologies during the COVID-19 crisis. Moreover,
we further propose how and why different countries have different interpretations of volunteering and
value & ethics during the pandemic resulting from the COVID-19 crisis. We further explain
how international trade & regulations shapes leader's decision-making abilities during the COVID-19
crisis, which in turn has a significant influence on the adoption of technology, supporting volunteering,
and shaping value & ethics. Hence, we believe our theoretical contribution is significant in two ways:

Firstly, we explain the role of frugal innovation in shaping a sustainable global supply chain especially
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during a pandemic crisis. Secondly, we shed light on the current pandemic crisis and the efforts taken
by emerging economies to respond to the challenges it is creating, using organizational theories (i.e.,
RBYV, institutional and contingency theory). Our attempt is a way to address the current research calls

of some leading scholars (see, Craighead et al. 2020; Shih, 2020).

5.2 Implications to Practice

We examined the drivers and interlinkages of sustainability-oriented frugal innovations in global
supply chains, in the context of the pandemic crisis, using interpretive logic. The findings of our study
offer guidance to supply chain professionals and policymakers on the critical areas to focus upon that
prepare organizations to deal with the resource constrained environments that are created during
pandemic crises. Government financial support (E1), government policies & regulations (E2), and
national culture (E3) are found to be the most powerful driving factors of sustainability oriented frugal
innovations in global supply chains during a pandemic crisis. International rules and regulations (E5)
and frugal engineering (E9) are also powerful drivers. Our results further guide policymakers to
understand how these drivers are interlinked. For example, in the absence of E1, E2 and E3; it is quite
difficult to achieve E5 and E9. Moreover, emerging technology (E10) and leadership (E8) play a
mediating role. E10 and E8 further helps enhance volunteering (E7) efforts and further shape values
& ethics (E6) and talent (E4), which are considered as crucial drivers separating the traditional
sustainable global supply chain from frugal-oriented sustainable global supply chains, when
responding to the pandemic crisis. We have further synthesized the TISM model and the MICMAC
output to develop a research model (see Figure 3). Figure 3 shows how the national culture (E3) and
international trades and regulations (E5) act as moderating constructs to the paths joining leadership
(E8) and the emerging technology (E10), volunteering (E7) & value and ethics (E6). These findings
strongly suggest that managers engaged in exploiting frugal innovation capability must appreciate the
role of soft dimensions. For instance, the role of national culture and the role of leaders are critical in

achieving desired success in a resource constrained environment.
5.3 Limitations and future research directions

We caution our readers that the findings of our study should be understood in a particular context
and evaluated in the light of their own limitations. Like all studies, our study has some limitations,

which we believe may help shape future research. We have based our study based on a limited sample
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size that may not be enough to establish the causality of our identified inter-linkages. However, we
believe our model may be validated using large data collected using a structured questionnaire.
Moreover, we believe that a comparison must be drawn to understand how the theoretical model
differs in developed economies. Moreover, the study provides a basis for further in-depth analysis of
leadership, national culture, emerging technology, and frugal innovation using resource dependence
theory, resource orchestration theory, and awareness-motivation-capability framework. For instance,
leadership is often considered a crucial factor as leaders are quite capable of understanding the culture
of the innovators engaged in searching for cost-effective solutions to the existing pandemic crisis.
Hence, what leadership style is more suitable in this context is yet to be understood. Moreover, the
existing literature on national culture has provided mixed results. In some studies, authors have
observed that “Zudividualisn’” has a significant effect on the behavior of the citizens during the COVID-
19 crisis and some advocate the role of “uncertainty avoidance’. However, the existing literature still
doesn’t provide a clear picture as to the dimensions of national culture that will help achieve better

results in the case of frugal innovation.

6. Conclusion

The COVID-19 crisis has created enormous strain in global supply chains due to severe lockdowns
and other government measures to prevent the spread of the COVID-19, in order to save the lives of
vulnerable citizens. The economic crisis has invited the attention of the world community engaged in
designing low-cost global supply chains to help resource constrained economy to fight against the
unprecedented challenges posed by the pandemic crisis resulting from COVID-19 (Corsini et al.
2021). Especially in countries situated in the Indian sub-continent and Africa, the majority of the
population who survive below the poverty line have no access to necessary items that are important
to fight against COVID-19. Hence, out study took inspiration from some of these countries' initiatives
to produce innovative solutions to much-needed items, such as face masks, face shields, and
ventilators, which provides an interesting path to other developed economies that are facing resource
constraints due to struggling economies. Despite promising results shown by some of these
communities, to date there is hardly any literature that examines the relationship between frugal
innovation and sustainable global supply chains. In an attempt to address pressing research calls we
adopted the conceptual lens of frugal innovation to understand the drivers of sustainable global supply
chains to address the challenges posed by the COVID-19 crisis. We have used a focused group

approach to identify the drivers of the frugal innovation and further validated these drivers using
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literature drawn from multiple sources. To further establish the relationship amongst these drivers,
we have used TISM. Then we have carried out MICMAC analysis to further understand the nature of
these drivers. We have further synthesized the TISM model and MICMAC output to generate a
research model and derive seven research propositions. To our knowledge, this is one of the first
attempts in the context to the pandemic crisis that the role of frugal innovation in shaping
sustainability in the global supply chains has been studied. We hope that our study will inspire many
scholars engaged in the scientific examination of frugal innovation capability, particularly in adverse

situations, to undertake further research building upon our findings.
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