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Is it practical to uphold both resilience and sustainability of supply
chains using closed-loop supply chain models considering circular
economy? An empirical investigation from Kenya

Mary Aming’a, Reuben Marwanga and Jonathan Annan

Strathmore Business School, Strathmore University, Nairobi, Kenya

ABSTRACT

This paper investigates the practicality of upholding supply chains’ resilience and
sustainability using six aspects of closed-loop supply chain models considering circular
economy (CLSMs). A plant-level survey was utilised to test the influence of CLSMs on
resilience sustainability. A proposed research model and hypotheses are tested using
cross-sectional face-to-face and e-mail survey data collected from manufacturing firms
in Kenya. Structural equation modelling is used to test the proposed hypotheses.
Cleaner production exhibits more influence on resilient sustainability on both economic
and social sustainability, where the Japanese 5S approach is the most prevalent in
cleaner production. Green procurement combined with design for the environment
shows a positive effect on environmental sustainability, and reverse logistics shows a
positive effect on resilience, unfolding the importance of devising CLSMs strategies for
building both resilience and sustainability. Surprisingly, green logistics did not affect
any of the resilient sustainability dimensions and reverse logistics on sustainability.
These results reveal the practicality of upholding supply chains’ resilience and
sustainability through CLSMs. While few studies test the direct link between CLSMs and
resilient sustainability, this study is significant in the upstarting of such investigations,
more so from an empirical perspective. This study contributes to extant literature,
practice, and policy by showing the importance of building both resilience and
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sustainability of supply chains using CLSMs and adopting trade-offs as starting points
as economies walk towards points of balance. From a policy perspective, this study
points out the need for stringent CLSMs policy measures towards resilience and
sustainability, more so in Sub-Saharan African manufacturing contexts.

1. Introduction

In recent scholarly discourse (Ramanathan et al., 2023), there has been emergent attention on closed-loop-
based circular economy supply models (CLSMs) for achieving supply chain (SC) resilience and sustainabil-
ity. This is in response to growing global societal, economic and environmental challenges. For instance,
trade tensions among China, the US, and Europe, COVID-19 effects, the Ukraine-Russia wars, and the
ever-warming globe threaten global SC sustainability. Manurung et al. (2023) reiterate that SCs remain
susceptible to several global disruptions that have a propagating effect on their networks. To address
these challenges, SCs must be resilient and sustainable by adopting robust practices such as CLSCMs.
Holling (1973) argues that resilience is the capability of a system to bounce back after a disruption and
move forward to an improved state. Novak et al. (2021) emphasize that supply chain resilience (SCR)
entails continual strategic transformations among SC partners in their response mechanisms to disrup-
tions. This highlights a need for SCs to build and sustain their system resilience, recognizing the impor-
tance of system sustainability.

For systems to be sustainable, they must be persistent on the roadmap toward sustainable development
(SD). SD delineates efficient resource usage in a manner that does not compromise future generations’
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access to such resources (World Commission on Environment and Development, 1987). In that view, SD
continues to be viewed from a stability perspective (Marchese et al., 2018) of the triple bottom line.

However, such a view shows a static system dimension of sustainability, which is disadvantaged by
the need for more assessment and response to the dynamics of this system. This indicates the need to
transition from a triple to a quadruple bottom line to arrest unsustainable turbulences.

Resilient sustainability is the capability of a system, an organization, a SC or an economy to cope with
environmental, social, and economic disturbances. Against the backdrop, SD then calls for an ability to
identify, assess, and respond to sustainability disruptions. That said, building resilient and sustainable
systems calls for robust supply chain management (SCM) that essentially forms systems contributing to
unsustainability. Nevertheless, SCs form the backbone of the global social-economic structure and the
foundation of the natural environment. Also, SCs' crucial role in economic development and
social-ecological safety should take first-line priority amid their harmful activities to the planet. The
Global Environmental Facility, as cited in De Backer and Flaig (2017), argues that beef, soy, and palm oil
in the agricultural SC contribute close to 80% of deforestation and 12% of the greenhouse gas effect
globally. Such statistics highlight the need for CLSMs as a methodology that incorporates sustainability
thinking into SCs from end to end (Guide & Wassenhove, 2009). This anchors regenerative and restorative
practices (MC Arthur Foundation, 2015) towards SC resilience and sustainability. While CLSMs (Guide &
Wassenhove, 2009) and resilient sustainability (Fahimnia & Jabbarzadeh, 2016) continue to gain traction,
a sufficiently established model in emerging markets still needs to be explored.

The International Finance Corporation (2021) highlights the need to prioritize the reduction of the
GHG effect in emerging markets like Sub-Saharan Africa. Also, building upon this foundation, extant lit-
erature evaluates how the two CLSMs influence resilient sustainability (Cankaya & Sezen, 2019; Jassim et
al., 2020; Rao & Holt, 2005; Binalla & Mate, 2022). Despite the extensive literature on the relationship
between CLSMs and SC resilience and sustainability, empirical gaps in the direct link between the two
components remain (Negri et al., 2022). Besides, frameworks on synergetic combinations of resilience
and sustainability of SCs in Sub-Sahara contexts remain minimal. To address such gaps, this study inves-
tigates the influence of CLSMs and the resilient sustainability of SCs in a Sub-Saharan African manufac-
turing context (Kenya). Contexts in Sub-Saharan Africa, alluded to as agricultural-fed communities,
continue to experience insurmountable challenges hindering their SC expansion, resilience and sustain-
ability. The International Monetary Fund (2020) argues that regions in the Sub-Sahara with weak gover-
nance systems, heavy dependence on agriculture, and conflict bound will continuously be disrupted.
Such disruptions will continuously hinder the region’s sustainable and resilient growth. The United
Nations Children’s Fund-UNICEF (2020) anticipates rising sea levels in most of the hotspots of the
Sub-Sahara, like Kenya, Madagascar, and Mozambique, in their coastal regions and banks of their
inland lakes.

UNICEF (2020) further documents hotspots in the Sub-Sahara with the most recent climate change
disruptive occurrences, such as:

*Severe Horn of Africa drought in (Djibouti, Eritrea, Ethiopia, Kenya, Somalia, South Sudan, and Uganda). The
drought affected at least 17 million people. *

*The cyclone Idai and Kenneth in Mozambique in 2019 affected 1.85 million people. *
*East Africa’s battle with locusts (Kenya) due to a warming climate (onset of 2020). *

*QOccasional flooding in Lake Victoria (Kenya) affecting the surrounding communities. *

Based on the above discussions, the primary objective of this study is to investigate the influence of
CLSMs and resilient sustainability in a manufacturing context in the sub-Sahara. The findings of this
study show the practicality of promoting the resilient sustainability of SCs through CLSMs in fragile con-
texts in the sub-Sahara.

Also, the findings of this study reveal the need for a convergence between resilience and sustainabil-
ity, which have long been argued to be distinct concepts.

The findings of this study still reveal that priority CLSMs are cleaner production, combined green
procurement and design for the environment, and reverse logistics for the resilient sustainability of SCs.
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The study’s findings still reveal that achieving a point of equilibrium between the two components
seems unrealistic. However, such convergence seems a realistic development towards a quadruple bot-
tom line despite the existence of frameworks whose fit may be imperfect. These findings provide insights
to practitioners, scholars and policymakers about sustainable and resilient investment decisions of supply
chains taking the path of CLSMs.

This study selects a sample of manufacturing businesses from a Sub-Saharan African context (Kenya)
for the above arguments. The Kenyan government continues to implement guidelines and regulations
promoting circular economy, resilience, and sustainability. However, Kenya needs more stringent govern-
ment measures to uphold such practices. This is evident from the need for more standardization on
compliance of CLSMs. The Green Climate Fund-GCF (2017) argues that Kenya envisions manufacturing
growth of 10% annually through its project flagship under the development of industrial zones. With the
development of such zones and low social-environmental compliance, many negative environmental and
social externalities emerge (GCF, 2017). GCF (2017) estimates an increase in emissions from 59 million
tons of carbon dioxide equivalent (MtCO2 e) in 2010 to 102 MtCO2 e in 2030. The Kenya National Climate
Change Action Plan-KNCCAP (2018-2022) shows statistics of climate change effects as:

*Kenya was hit by a drought in February 2017, leading to food insecurity for about 3.4 million people and
inaccessibility to water for 0.5 million people. *

*Mount Kenya Glaciers are estimated to disappear in the next 30 years. *

*An estimated reduction of up to 45% in crop yield production for maize, soybean, and rice is expected by
2100. This will lead to serious food insecurity in the country and neighbouring regions. *

*Flooding in 2018 claimed 183 lives! *

According to the Kenya Association of Manufacturers -KAM (2018), Kenya (among hot spotted
countries in the Sub-Sahara) continues to face challenges in manufacturing. Such challenges have fre-
quently given birth to fears of premature deindustrialization in the emerging economy (KAM, 2018). A
stagnating Gross Domestic Product (GDP) evidences this over the years. Overall, the growing impor-
tance of CLSMs for the resilient sustainability of supply chains should never be disregarded amid a
lack of stringent measures on the execution of ACTS of parliament in underdeveloped contexts like
contexts in the Sub-Sahara. Such contexts have a massive potential for improvement through such
studies and enacting the ACTS of parliament. This study is, therefore, structured into five sections.
Section one provides the study’s introduction; section two reviews the literature; section three dis-
cusses the methodology; section four describes the results and discussion; and section five provides
the conclusion.

2. Literature review
2.1. Resilience sustainability of supply chains

Both resilience and sustainability are multifaceted and multidimensional, interdisciplinary concepts with
different meanings, interpretations and perspectives. It is also extensively recognized that supply chains
should be sustainable and resilient.

2.1.1. Resilience of supply chains

Unpacking the concept of supply chain resilience points to Holling’s (1973) arguments that demonstrate
resilience debates resting on two commonly confused terms: stability and resilience. Holling (1973) posits
that the latter is founded on systems being able to pull through when faced with a disturbance and
move forward to a better state, while the former concentrates on being able to bounce back to the
original state. In the quest to understand resilience, it is worth noting that stability is a significant com-
ponent of resilience but not itself. In the contention of Erol et al. (2010), resilience is characterized by
robustness and reliability, where reliability keeps a system in check during disturbances to ensure sys-
tems do not fall, while robustness ensures system functionality without extreme destruction. McManus
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et al. (2007) also look at resilience regarding situation awareness, management of vulnerabilities, and
adaptive capacity.

Van Opstal (2007, as cited in Erol et al., 2010) considers resilience as the ability to be risk-intelligent,
flexible and agile. Hollnagel et al. (2006) focus on preparedness, flexibility, and capacity as primary resil-
ience attributes. According to Fiksel (2006), resilience concentrates on efficiency, cohesion, diversity, and
adaptability as significant attributes of resilience.

Moreover, Christopher & Peck (2004) look at resilience in terms of the risk management culture, sup-
ply chain design principles, supply chain engineering, visibility, collaboration, and the ability to be agile.
Jain et al. (2017) looked at 13 measures to define resilience: adaptive capacity, technological capacity
among partners, reduction of uncertainty, a risk management culture, supply chain agility, supply chain
visibility, market sensitiveness, supply chain structure, information sharing, sustainability, risk and revenue
sharing and collaboration. The arguments of prior scholars depict resilience measures as risk manage-
ment culture, visibility, velocity, flexibility, agility, redundancy, robustness, adaptability, and transformabil-
ity. The discussions on resilience from different scholars show a static-based approach to resilience, which
only indicates the ability of a system to bounce back. The growth of systems goes beyond their static
nature and instead depends on their continuous development. According to Novak et al. (2021), the
resilience of supply chains is usually viewed from an equilibrium perspective that brings forth tensions
between supply chain resilience and firm resilience.

Novak et al. (2021) argue that an equilibrium-based approach of just bouncing back is not viable,
more so in complex adaptive systems like supply chains. This means that supply chain resilience needs
to be viewed from a scale perspective, which Novak et al. (2021) posit as a standard reference point of
resilience in supply chains as complex networks. Novak et al. (2021) further contend that SC resilience
involves many actors beyond the firm level, such as non-governmental organizations and regulatory
agencies. It is also notable that such different actors pose dynamic interactions on the scale from which
supply chain resilience should be measured. For instance, risk disruptions and their propagative effects
occur at different times and magnitudes, which poses a challenge in measuring and understanding SC
resilience. Measuring SC resilience from multiple scales alone could be misleading. In the context of
Novak et al. (2021), multiple scales look into every SC facet with interactions with all social actors of the
world ecosystem, such as Non-Governmental Organizations. While this notion provides a basis for scien-
tific arguments towards the right trajectory for building SC resilience, the notion is disadvantaged by a
lack of scope relevance and criticality of measuring complex systems such as SCs. Building resilience,
looking into all social actors of society, calls for different systems from the home economy to the firm
level and supply chain to economies, which might take much work to achieve by looking at SCs as an
end rather than a means to achieving the end.

Hollings, the father of ecological resilience, where the concept borrows heavily, discusses resilience as
the capacity of a system to persistently absorb change and disturbance and, at the same time, maintain
its position to move forward to a better state (Holling, 1973). While this definition is still anchored on
supply chains as static systems, it brings out an essential perspective of persistence, highlighting the
significance of continuous development that responds to the ever-changing circumstances within the
world’s ecosystem. Against the backdrop, supply chain resilience is the ability of SCs viewed from its
central node to continuously and persistently respond, adapt and build beyond their original position by
picking up lessons and learning from them towards the continual development of their systems with the
primary goal of growing economies and societies. Under such debates, this study looks at SC resilience
from an adaptive (ability to plan and act in response to risk disruptions), agile (ability to respond with
speed to volatile disruptions), robustness (ability to be calculative and careful in selecting strategies to
manage risk disruptions) and risk management culture (ability to deal with foreseeable occurrences) per-
spective as depicted in Table 1.

2.1.2. The sustainability of supply chains

Sustainability of any system in definitive measure borrows from the definition of the Brundtland
Commission of 1987, anchoring the triple bottom line of social, economic, and environmental well-being.
According to Wang and Sarkis (2017), sustainability dimensions encompass economic, social and
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Table 1. Supply chain resilience measures and meanings.

Resilience Measure

Resilience Dimension Meaning

References

Adaptability

Robustness; Redundancy
is a major aspect of
robustness

Agility; Flexibility is a
primary component of
agility

The capability to plan for uncertain occurrences, act in
response to risk disruptions and recuperate by upholding
sustainable operations.

Ability to calculate and careful selection of capacity and
inventory space usage for managing crises to deal with
demand surges and shortages of supplies.

The ability to respond fast to volatile disruptions in supply
and demand.

It's measured through visibility and velocity where visibility is
the capacity to understand the status of a supply chain
environment and assets while velocity concentrates on the
speed of flexibility on the capacity to adapt and hence a

Wieland & Wallenburg, 2012
Singh et al., 2019

Christopher & Peck, 2004
Tukamuhabwa et al. 2015
Wieland & Wallenburg, 2012
Singh et al., 2019
Christopher & Peck, 2004
Tukamuhabwa et al., 2015
Pettit et al., 2013

Erol et al., 2010

Wieland & Wallenburg, 2012
Singh et al., 2019

determinant of the resurgence speed of a supply chain
from a disturbance.

Flexibility is the capacity of a system to absorb change of
whichever kind with minimum attempt to time.

The ability of a system to cope with foreseeable occurrences
that can disturb operations.

Risk Management Culture Christopher & Peck, 2004
Gunasekaran et al., 2015
Erol et al., 2010

Singh et al., 2019

environmental pillars. In the arguments of Labuschagne and Brent (2005), sustainable social development
can be viewed from the perspective of external populations, internal human resources, stakeholder par-
ticipation, and macro-performance issues. Such social sustainability indicators bring out the perspective
of being cognizant of all societal stakeholders' health, safety, and well-being. This means that supply
chains and business firms should consider the impact of their activities on planet Earth’s stakeholders,
whether those that buy from them (customers), their regulators or the larger society. According to
Friedman (1970), there is only one model to measure social sustainability. Friedman (1970) argues that
businesses’ sole purpose is to be profitable with fair competition and not engage in fraud or corruption.

Looking into Friedman’s (1970) reasoning about the social responsibility of businesses, it is clear that
before the advent of intense globalization and the belief in active campaigns on sustainability, social
responsibility was viewed from a profit-making perspective. Considering such thinking, it is unsurprising
that sustainability started gaining momentum after the discussions in the Brundtland Commission of
1987. While businesses need to be profitable, it is also significant to consider other facets of develop-
ment beyond the economic facet.

In the writings of McGuire (1963), an essential perspective of social sustainability is seen through
corporate citizenship. Mcguire (1963) argues that the responsibilities of businesses are not only
based on economic and legal aspects but have extensions to societal responsibility. Businesses exist
for society. This means that the customers of businesses are society’s actors, whether man, animals
or vegetation. In other words, businesses exist to support and sustain life. In this context, it is selfish
for businesses only to guard their benefits from society (economic) and ignore the well-being of
society and, more so, the impact of business activities on society. The claims of Carroll (1979) bring
forth a more pronounced measurement of social sustainability. Carroll (1979) argues that it is busi-
nesses’ responsibility to consider society’s economic, discretionary, legal and ethical expectations.
This kind of responsibility calls businesses to be as human as possible and consider life sacred. This
means that the notion of considering businesses as mechanical systems is outdated. According to
Labuschagne and Brent (2005), as cited in Sarkis et al. (2010), social sustainable development that
looks into internal human resources is very important. This is because the first line of business con-
tact is the internal customers. The health and safety of these internal customers then is paramount
for the success of businesses. Labuschagne and Brent (2005) look at social sustainability indicators
from a health, safety, capacity development, diversity, discrimination, and equity perspective for
internal human resources.

Labuschagne and Brent (2005) further look into other indicators of social sustainability (external pop-
ulations (human capital, productive capital and community capital), stakeholder participation (informa-
tion provision) and macrosocial issues (stakeholder influence and social-economic-environmental
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performance). This study then views social sustainability from fairness (no discrimination), the safety of
employees and customers and the health of employees and customers as part of manufacturing busi-
nesses’ mandate to take care of society. According to Morelli (2011), environmental sustainability looks
into meeting human needs without affecting the health status of the planet.

Morelli (2011) further contends that environmental sustainability encompasses keeping the earth safe
by reducing emissions, reducing waste, enhancing climate resilience and embracing the culture of recy-
cling and reuse. Morelli (2011) argues that economic sustainability is all about allocating resources to
allow future generations access to such resources. Economic sustainability can be measured through
resource utilization or efficiency. It is a world of scarce resources and, more importantly, one planet for
humanity and other inhabitants for the continuity of life and such calls for efficiency in resource use.

Morelli (2011) also argues that achieving economic sustainability requires minimizing social costs.
Unpacking the social costs could mirror all costs that support the flow of activities in a given societal
system. For instance, within SCs, minimizing ownership costs becomes essential for achieving economic
sustainability. Sustainability measures are further depicted in Table 2.

2.2. Closed-loop supply chain models considering circular economy

To understand the concept of CLSMs, it is essential to conceptualize supply chain management (SCM).
SCM has its roots in the works of Oliver and Webber, who coined the word during an interview in the
Financial Times in 1982 depicting the management of the flow of raw materials, information, finances,
people and resources from one point to another, encompassing suppliers, producers and customers.
CLSMs are pegged on a circular economy model that the McHellen Arthur Foundation proposed in an
attempt to move away from the linear model of take-make-dispose to a more circular system that
encourages zero waste through the 4R strategy of reduce, reuse, recycle and remanufacture through
closing the loop of supply chains (Lahti et al., 2018). The circular economy model looks into creating
value through waste generation and resource use for the environment’s well-being well-being. According
to Kumar and Chandrakar (2012), green supply chain management (GSCM) involves the incorporation of
ecological thinking into SCM, from the sourcing of raw materials all through to getting the product to
the customer and up to the point of product returns serviceability. A closed-loop supply chain encom-
passes the phases of a forward and reverse supply chain to manage waste disposal for the well-being
of the environment, society and the economy.

Masoumik et al. (2015) argue that GSCM measures range from eco-product design to green produc-
tion, downstream, upstream, and post-use SC greening. Srivastava (2007) emphasizes green design, oper-
ations, and reverse logistics. Sarkar (2012) contends that these practices must be essential. Recognized
SCs must include green purchasing and inbound logistics, green distribution and outbound logistics, and
green marketing and reverse logistics. For this study, a CLSM encompasses the tenets of sustainability
with more focus on circle economies under the umbrella of circular economy practices. Such practices
depict a loop in the supply chain, depicting the cycle economy with a symbiotic relationship where
waste is treated as value, and the design of supply chains depicts the longevity of materials within the
system to close the loop and optimize the loops for the resilient sustainability of supply chains. This
study has captured this under design for the environment, green procurement, cleaner production, green
logistics, reverse logistics and internal environment management (IEM as a moderator) with unique and
context-specific practices towards designing resilient, sustainable supply chains.

2.3. Closed-Loop Supply Chain Models Considering Circular Economy and resilient sustainability

According to Karimi and Rahim (2015), stakeholder theory emphasizes that organizations will consider
other enterprises’ activities and strategies in coming up with institutional practices. Furthermore, a firm
has much to gain through integrating multiple stakeholders (both primary and secondary) in its
decision-making (Awan et al., 2018). In that regard, Castillo et al. (2018) assert that enterprises need to
look into the input of a large percentage of their stakeholders for making decisions. In the case of pro-
moting resilience and sustainability of supply chains through CLSMs, it is prudent for the different parties
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of a supply chain regarded as stakeholders to be included in the decision-making of adopting green
initiatives in the different stages of a supply chain. This is vital because if one stage fails the system, then
the performance of CLSMs will be in vain. In addition, it is also crucial for the different organizations of
a supply chain to manage and mitigate risks at their point of occurrence for a resilient supply chain,
resulting in a sustainable supply chain.

Holman et al. (2018) argue that systems thinking theory is the new norm for sustainability supply
chain and logistics management. Holman et al. (2018) argue about the need to move from traditional
systems thinking to modern reductionist systems thinking. Traditional reductionist systems look at a sys-
tem as a contribution from individual parts. However, Holmann et al. argue that modern reductionism
systems thinking looks at a system as the totality of its items and whose interactions result in a system
objective whose extra features maximize performance beyond the contribution of individual compo-
nents. With such comprehension, systems thinking captures the tenets of collaborative efforts in supply
chains toward implementing CLSMs for a whole supply chain system to become resiliently sustainable.
Ahlstrom et al. (2020) assert that the interdependence between firms and the planet is significant towards
sustainable management. To that effect, creating a symbiotic relationship between supply chain firms
and the natural biosphere through the embedment of CLSMs enhances the road map toward resilient
sustainability.

According to Spaargaren (2000), ecological modernization theory rests on the tenet of an environmen-
tal problem being a real issue that needs solutions. This theory further examines equilibrium for a sus-
tainable system'’s ecological well-being and economic progression. In the context of this study, this theory
underpins the study in the sense that building a sustainable, resilient system results from the rising cases
of anthropogenic SC activities that have depressed the environment, leading to environmental degrada-
tion. To find a balance between social, environmental and economic sustainability for the reversal of
harm caused to the environment, ecological modernization theory tends to look into issues of modern
society through the provision of sustainable solutions such as CLSMs for sustainable communities. CLSMs
are continually gaining traction as an essential practice to achieve resilience and sustainability of supply
chains. Extant literature also continues to demonstrate the link between CLSMs and the resilient sustain-
ability of supply chains.

For instance, Dubey et al. (2015) argue that green procurement has massive benefits for supply chains
and business operations. Dubey et al. (2015) highlight cost reductions and environmental performance ben-
efits. Also, before practising green procurement, supply chains need to embrace the culture of design for
the environment towards achieving resiliently sustainable supply chains. According to Mitra and Datta (2014),
while green purchasing may reduce pollution at source, there is no evidence of it leading to enhanced
economic performance. Susan et al. (2013) highlight inconclusive findings on green supply chains and per-
formance. Rasit et al. (2019) highlight the importance of design for the environment and green procurement
as practices that lead to improved sustainable performance. While both green procurement and design for
the environment are argued to enhance sustainability performance, very few studies combine the two prac-
tices towards the achievement of sustainable performance and, by extension, resilience.

According to Rao and Holt (2005), cleaner production catalyzes competitive advantage but has no
apparent relationship to enhancing economic performance. Cankaya and Sezen (2019) argue that adopt-
ing cleaner production processes can lower an organization’s costs. Zhu and Sarkis (2004) also argue
about the benefits of practising cleaner production towards both social and environmental performance.
Previous studies have focused solely on adopting cleaner production for sustainable performance with-
out incorporating resilience as a significant pre-condition to achieving sustainable performance. Also,
prior studies include the lean concept of the green philosophy, such as the Japanese 5S approach and
total productive maintenance that essentially contribute to social, environmental, economic and resilient
sustainability. Besides, prior studies are seen to provide contrasting findings on this subject. Green logis-
tics entailing (green transportation, packaging and warehousing) has been shown to improve the com-
petitiveness of firms but with inconclusive findings on improving financial performance (Rao & Holt,
2005). Rao and Holt (2005) further argue that several studies have presented positive relationships
between green logistics and sustainable performance, while others have presented mixed findings, such
as no relationship between green logistics and sustainable performance.



8 M. AMING'A ET AL.

Vienazindiene et al. (2021) posit that green logistics has a capacity for organizations and their supply
chains to achieve sustainable performance from the triple bottom line. Looking into these past scholarly
debates, it is notable that the findings have mixed results and thus need further investigation. Also, it is
notable that prior literature has concentrated more on economic and environmental performance and
minimal focus on achieving resilience. Binalla and Mate (2022) stress the importance of reverse logistics
in handling sustainability challenges. Alnoor et al. (2019) discovered a positive relationship between
reverse logistics and sustainable manufacturing. Sarkis et al. (2010) posit that establishing return pro-
cesses like reusable containers may give businesses many benefits, such as stapling elimination, pallet
use, and cutting of boxes, which generally cause injuries to people.

Gligor & Holcomb (2012) argue that integrated logistical capabilities can lead to agile resilience. In
support, Mandal et al. (2017) posit that integrated logistical capabilities are positively associated with SC
resilience. Notably, very few studies look into reverse logistics and social sustainability, reverse logistics
and SC resilience, and a mixture of findings on reverse logistics on environmental and economic
performance.

According to Feng et al. (2022), IEM, such as customer cooperation, positively moderates the relation-
ship between GSCs and competitiveness. Also, Dubey et al. (2021) argue that sustainable supply chains
could enhance sustainable performance through environmental SC visibility. This could be through cus-
tomers and suppliers. Extant literature shows minimal evidence of the role of collaboration as a capabil-
ity from an IEM perspective towards sustainable performance. Besides, there is no trace of IEM in the
relationship between CLSMs and resilience. Based on the above debates, it is notable that there is a
contrast of findings between green and closed-loop supply chains and sustainability performance.
Furthermore, a direct link between closed-loop supply models and the resilient sustainability of supply
chains is minimally seen across extant literature. Under such circumstances, then, it is evident that there
are still gaps in this area, which leads to the development of the following hypotheses:

H1: Combined green procurement and design for the environment influences on resilient sustainability.
H2: Cleaner production influences resilient sustainability

H3: Green logistics influences resilient sustainability.

H4: Reverse logistics influences resilient sustainability.

H5: Internal environmental management influences the relationship between closed-loop supply models and resil-
ient sustainability.

Figure 1 shows the conceptual model depicting the hypotheses guiding the study.

3. Methodology

The primary objective of this study was to investigate the influence of CLSMs on the resilience and sus-
tainability of SCs for manufacturing businesses in a Sub-Saharan African context with a bias to Kenya. In
response to this objective, this study adopted an explanatory research paradigm, quantitative in nature,
utilizing the survey methodology. This approach was critical to get views from supply chain stakeholders
informed by extant literature. Primary data was mined from supply chain line managers within the chem-
icals, construction, cosmetics, energy, food and beverage, and pharmaceutical businesses in Kenya's
Nairobi industrial zone. This section is organized into three parts. Section 3.1 provides discussions on the
sample used and the data collection methodology. Section 3.2 discusses the measurement and variable
definition delineating the survey instrument used in collecting data. Section 3.3 discusses how the col-
lected data was analyzed, informing the results depicted in section four.

3.1. Sample and data collection

The data collection methodology followed multi-stage and judgmental sampling of the manufacturing
businesses using the Kenya Association of Manufacturers directory. Out of the targeted 329
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manufacturing businesses practicing any form of sustainability, were in pure production, existed during
the study period and had at least operated for one year, 159 businesses were considered for this study
having met the inclusion criteria depicted above. This study used primary data collected through online
and physical questionnaires; and website exploration. Google Forms were particularly used to facilitate
online data collection. The researcher and trained data enumerators distributed the physical question-
naires. This was particularly useful in areas where the researcher did not find registered businesses,
necessitating deploying individuals knowledgeable about given jurisdictions. The questionnaires were
distributed in eight months, denoting the sensitivity of sustainability studies in Sub-Saharan contexts.
The data collected was evaluated for discrepancies and for a need to segment the data based on the
collection periods. However, the evaluation showed consistent responses; thus, no time frame segment
evaluation was conducted. The data collection was done during COVID-19, which could also explain the
longer time to get data.

The Google forms were distributed through email, WhatsApp, Linkedln and Facebook. Out of the 159
manufacturing businesses, 100 useful responses were obtained that were used for the analysis of this
study and results presented in section 4.

The 100 useful responses used in this study align with Hair (2014) who argue about a valid sample
size for conducting structural equation modelling and also as depicted by the results of G power. A
structural equation model was used under the partial least Squares utilizing SMART PLS version 4.
According to Vinzi et al. (2010), PLS-SEM aims to estimate relationships among research constructs.
PLS-SEM is a second-generation multivariate analysis technique that handles relationships among con-
structs without data distribution assumption.

Wong (2019) argues that PLS-SEM is an efficient statistical relationship technique that can be used
when the sample sizes are small and the data is not normally distributed. Also, PLS-SEM is used
when the research seeks to assess the predictive capability of research variables. PLS-SEM literature
argues for a minimum sample size based on the number of arrows pointing to a latent variable and
thus calls for proper estimation for significant statistical power. G* power 3.1.9.4 was used to deter-
mine the sample size given four main and five total predictors for the research model. The sample
size estimation was calculated based on Cohen (1988) and Hair (2014) based on the effect size,
statistical power, minimum coefficient determination (R?) used in the model and the maximum num-
ber of arrows pointing to a latent variable. Cohen (1988) and Hair (2014) argue that a good statistical
power sits at 0.8 under the effect size of 0.15, an error of probability of 1-0.05 and a beta value
(alpha less) of 0.95. For four predictors (4) and five total predictors (5), the sample size was estimated
through an F-test under multiple linear regressions (of which PLS-SEM imitates) of fixed model R?
increase.

This was done through a three-level G-power test. First, a G-power test was conducted under statisti-
cal power of 0.95 as the highest possible statistical power which reflected an appropriate sample size of
129 observations. Second, a G-power test was conducted under the threshold statistical power of 0.8
which yielded a sample size of 85 observations. For robustness check, amid level G-power test was con-
ducted under statistical power of 0.87 (0.95+0.80/2) which yielded a sample size of 100 observations
which was used for this study. Hoyle (1995) argues that good sample estimations should range between
100 and 200 for statistical significance. Figure 2 shows the G power test results.

3.2. Questionnaire development, measurement and variable definition

The survey instrument measured the respondent’s views regarding the study’s constructs. The indicators
defining constructs were measured using a 6-point Likert scale (1= strongly disagree, 2= disagree,
3=slightly disagree, 4=slightly agree, 5=agree, 6=strongly agree). This particular Likert scale was
employed to eliminate the error of central tendency. Green and Rao (1970) state that a six-point and
7-point Likert scale increases information retrieval. This study utilized 83 measurement items: 17 for resil-
ient sustainability, 63 for CLSMs, and three for IEM. The 17 factors relate to resilient sustainability, resil-
ience with nine factors, environmental sustainability with three factors, economic sustainability with two
factors and social sustainability with three factors. The 63 factors relate to CLSMs, green design (9), green
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Figure 1. Conceptual model.

procurement (7), green manufacturing (17), green logistics (22) and reverse logistics (8), and the three
factors relating to IEM. Table 2 shows the details of the measurement items.

3.3. Data analysis

3.3.1. PLS-SEM overview

Structural equation modelling under the partial least Squares was utilized to analyze the data.
SMART-PLS version 4 was used. Covariance-based Structural Equation Modelling (CBSEM) has been a
method of choice for a longer time in data analysis using second generation multi-variate analysis (Hair
et al.,, 2021). However, PLS-SEM has also gained popularity in various disciplines, such as marketing and
management information systems and larger business management (Hair, 2014). PLS-SEM looks into the
prediction of research variables by constructing both measurement and structural models and, as such,
can handle complex models (Hair, 2014). Compared to CBSEM, PLS-SEM has the advantage of conduct-
ing predictive capability better (Hair, 2014). Besides, PLS-SEM handles non-normal data better than
CBSEM. From a softer modelling perspective, PLS-SEM has also been argued to manage smaller sample
sizes better with better predictive power than CBSEM. For those reasons, this study utilizes PLS-SEM
based on *Data records = 100 data points** predicting the effect of CLSMs on the resilience and sus-
tainability of SCs*. In addition, PLS-SEM has a higher capability for testing the magnitude of modera-
tion effects and effects between multi-group comparisons (Qureshi & Campeau, 2009). Based on this
thorough justification for PLS-SEM usage coupled with the sample size estimation for PLS-SEM, it is
then statistically authentic to conduct a PLS-SEM analysis. Before the PLS-SEM analysis report, it is right
first to present the comparison model taxonomy to interpret PLS-SEM results. According to Hair (2014;
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Ringle et al., 2015), PLS-SEM analysis and reporting is threefold; model specifications, measurement
model (outer) and structural model (inner) analysis and reporting. Table 3 shows the PLS-SEM measure-
ment model interpretation.

On an outer (measurement) model thereof, of most importance (Hair, 2014) is the assessment of; the
*Nature of the model (reflective or formative or a combination) = Model specification *. *Indicator reliabil-
ity*. *Internal consistency reliability*.*Convergent validity*. *Discriminant validity*. The model’s nature
(reflective or formative or a combination) is argued to inform the direction of analysis. A reflective mea-
surement scale denotes a scenario where indicators are highly correlated and interchangeable (Hair et al.,
2013) without change of meaning. Wong (2019) argues that in a reflective model, each of the tetrads
should be zero, and as such, if any of the tetrads deviate from zero, the model is formative. CTA-PLS looks
into testing the hypothesis (Wong, 2019) of the nature: HO:t=0 (Reflective); Ha:t=0 (Formative). Figure 3
presents diagrammatic representations when the model is either reflective or formative.

3.3.2. PLS-SEM research model

According to Hair et al. (2019), interpreting the measurement model calls for the assessment of (Loadings,
Cronbach alpha, Composite Reliability, PA, AVE and HTMT). To check for robustness, Hair et al. (2019)
points out the need to conduct a CTA-PLS.

3.3.3. PLS-SEM measurement model, indicator loadings
Based on Figure 4 and Table 4, majority of constructs attained the threshold indicator reliability as per
the outer loadings. Hair et al. (2021) argues that indicators with lower loadings than 0.4 should be

Figure 2. G power estimates.
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Table 2. Measurement items.

Measure and Indicator

References

Green Design/Design for the Environment (9)

Dematerialization, Design for disassembly, Design for recyclability, Design for
recoverability, Design for regulatory compliance, Design for no or less hazardous
ingredients in materials, Design for easier, ISO Certified and Substitutability

Green Procurement (7)

Procuring materials with greater energy and water efficiency, Procuring materials that
utilize clean energy and technology, Procuring materials with controlled use or an
absence of toxic substances, Procuring materials that improve recycling ability,
Procuring materials with minimal packaging needs, Procuring materials with extended
durability and Supplier audits.

Green Manufacturing/Cleaner Production (17)

Reduction of water/energy use, Use of recyclable and biodegradable materials, Use of less
toxic materials, Just-in-time manufacturing, Employee/stakeholder safety measures,
Employment of work schedules of shifts, Provision of protective gear for safety,
Recycling/reuse of water, working towards zero defects, Cleaning Equipment and
Servicing Equipment. 55 methodology (6); the existence of a maintenance department,
sorting, setting in order, shine, standardize and sustain

Green Logistics (22)

Green Transportation (6)

Direct deliveries, Well-planned vehicle routes, Energy efficient vehicles, Grouping orders
for the same destination together, Well-temperature-controlled systems and Keen on
good disposal of vehicles.

Green Warehousing (7)

Reusing older facilities, Efficient space usage, Energy/water saving and Improved indoor
air quality, Usage of sensor bulbs and doors, Well-coordinated labelling of inventory,
Training of workforce and Warehouse waste management.

Eco-Packaging and Labelling (9)

Downsizing packaging, Recycling/reuse of packaging, Standardized packaging, Materials
with natural texture for its packaging, Packaging that is easier to open and store and
uses less space, Keen on well labelling, Use of natural colors for packaging, Use
packaging free of excess layers and Second life packaging.

Reverse Logistics (8)

Reusing, Reduction, Recycling, Refurbishing, Remanufacturing, Product return collection
centers, Product return awareness platform for customers and Support to customers
for product return.

Adaptability (3)

Your supply chain plans for uncertainties by developing a risk register; your supply chain
reacts to risk disruptions through environmental supply chains and adapts quickly to a
disruption.

Robustness (1)

Your supply chain carefully selects environmental supply chains for managing risk
disruptions.

Agility (2)

Your supply chain responds very quickly to disruptions and understands the status of its
supply chain environment and assets.

Risk Management Culture (3)

Your supply chain identifies areas of risk exposure, Your supply chain prepares on how to
cope with foreseeable uncertainties and Has a formal risk management plan

Economic Sustainability (2)

Keen on achieving the lowest total cost of ownership across the supply chain (reduction
in costs), Keen on efficient resource util

Environmental Sustainability (3)

Keen on achieving near zero carbon emissions (reduction of carbon emissions), Keen on
achieving near zero waste (reduction of waste) and Keen on Climate Res

Social Sustainability (3)

Keen on the safety of its employees, Keen on the health of its employees and customers
and Keen on fair selection of employe

Internal Environmental Management (3)

Building Trust, Information Sharing and Transparency

Saeed et al., 2018
Khan & Pasha, 2022, Galati et al., 2022

Govindan et al., 2014, Khan & Pasha, 2022
Galati et al., 2022

Chin et al., 2015a
Khan & Pasha, 2022, Qalati et al., 2022
Sangode, 2018 (5S), Chen et al. 2019 (TPM)

Govindan et al., 2014, Saeed et al.; 2018
Qalati et al.,, 2022

Saeed et al. 2018

Chin et al., 2015b

Souza, 2013, Govindan et al,, 2014, 2015
Qalati et al.,, 2022

Wieland & Wallenburg, 2012

Christopher & Peck, 2004

Tukamuhabwa et al., 2015; Wieland and
Wallenburg, 2012

Christopher & Peck, 2004; Tukamuhabwa et al.,
2015; Pettit et al., 2013; Juttner & Maklan, 2011

Erol et al., 2010; Wieland and Wallenburg, 2012

Gunasekaran et al., 2015

Erol et al.,, 2010

Emas, 2015

Emas, 2015

Emas, 2015

Beamon, 2005
Mafini & Loury Okoumba, 2018

eliminated from the model. For this study, all indicators achieved internal reliability except for a few that
were under 0.708 but still argued to be included to avoid model misrepresentation.

3.3.4. PLS-SEM measurement model, internal consistency reliability (Cronbach alpha, rho-a & rho-c)
Hair et al. (2011) state that composite reliability should be between 0.7 and 0.9. However, for exploratory
research, values of 0.6 are acceptable as a minimum (Hair et al., 2019). Also, Hair et al. (2019) argue that
values above 0.90 may cause redundancy issues. However, values above 0.90 are acceptable for single
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Reflective measurement model Meaning

Interpretation (acceptable range)

Indicator reliability Analysis of the degree to which an indicator’s
variance is explained by its construct.

Internal consistency reliability ~ Analysis of the degree to which indicators
measuring the same construct are related.

Convergent Validity The degree to which a construct converges to
explain an indicator variance.
Discriminant Validity The degree to which a construct is empirically

distinct from other constructs in the
structural model.

Indicator loadings => 0.0708 are preferred as the
threshold shows the capability of the construct to
explain more than 50% of its indicator variance.

Measured through; Composite reliability (Maximum is
0.95), Cronbach alpha (0.7 or 0.6 in ER) and
Reliability coefficient rho (0.8-0.9)

Measured through;

Average variance extracted (> 0.5)

Measured through heterotrait-monotrait (HTMT)
ratio (< 0.9)

Figure 3. Confirmatory tetrad analysis interpretation (Wong, 2019).

Figure 4. Research model- PLS-SEM graphical output (with moderator).

indicator constructs since PLS-SEM does not have problems with single indicator constructs. However,
researchers should carefully use single-construct items to avoid reliability issues. Table 5 shows the internal
consistency reliability for this study. In the arguments of Hair et al. (2014, 2021), Cronbach’s alpha is not an
effective measure in assessing internal consistency reliability. The model achieved internal consistency reli-
ability by looking at the rho-A and composite reliability. For composite reliability, all values are within range
and have not exceeded 0.95. For rho-A, all values are within the range of 0.8 and 0.9.

3.3.5. PLS-SEM measurement model: convergent validity (AVE)
Hair et al. (2019) argue that convergent validity is measured by average extracted variance (AVE) which
is supposed to be equal to or greater than 0.5. Table 6 shows the AVE with all values above 0.5 supported.
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Table 4. PLS-SEM measurement model, indicator loadings.

Outer Loadings

No Indicators Res EcoSus Nevus SocSus GP& DFE GM/CP GL RL IEM
1 Adap 1 0.723
2 Adap 2 0.659
3 Adap 3 0.587
4 Agil 1 0.746
5 Agil 2 0.736
6 Risk 2 0.797
7 Risk 3 0.707
8 Robustness 0.752
9 Econ 1 0.881
10 Econ 2 0.887
1 Env 1 0.912
12 Env 2 0.826
13 Env 3 0.863
14 Soc 1 0.931
15 Soc 2 0.76
16 Soc 3 0.934
17 GP1 0.734
18 GP6 0.747
19 GP7 0.636
20 GPDF1 0.733
21 GPDF2 0.585
22 GPDF4 0.825
23 GPDF5 0.693
24 GPDF6 0.842
25 GPDF9 0.645
26 CcP2 0.693
27 CP4 0.689
28 CP6 0.62
29 CP7 0.727
30 CP8S2 0.798
31 CP9S3 0.721
32 CP1054 0.78
33 LL4 0.636
34 LL5 0.814
35 LL6 0.789
36 LP1 0.573
37 LP4 0.81
38 LP6 0.716
38 Lw1 0.707
Table 5. PLS-SEM measurement model-internal consistency reliability.
Cronbach’s Alpha (rho-a) (rho-c) Validity
RES 0.848 0.854 0.879 Supported
Econ Sus 0.721 0.721 0.878 Supported
Env Sus 0.835 0.838 0.901 Supported
Soc Sus 0.851 0.891 0.910 Supported
GP & DFE 0.882 0.893 0.905 Supported
CcP 0.844 0.848 0.883 Supported
GL 0.877 0.892 0.901 Supported
RL 0.872 0.881 0.901 Supported
IEM,, 0.723 0.746 0.841 Supported
Table 6. PLS-SEM measurement model-convergent validity, AVE.
Indicator AVE Values Supported
RES 0.511 Supported
Econ Sus 0.782 Supported
Env Sus 0.752 Supported
Soc Sus 0.772 Supported
GP & DFE 0.519 Supported
CcP 0.519 Supported
GL 0.506 Supported
RL 0.566 Supported
IEM 0.638 Supported
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Table 7. PLS-SEM measurement model, discriminant validity.

GP & Soc

Variables Ccp Econ Sus Env Sus GL DFE Moderator=IEM RL RES Sus Validity
cp

Econ Sus 0.841 Supported
Env Sus 0.874 0.474 Supported
GL 0.656 0.391 0.582 Supported
GP & DFE 0.878 0.578 0.873 0.785 Supported
Moderator =IEM 0.825 0.437 0.685 0.745 0.816 Supported
RL 0.575 0.303 0.450 0.636 0.603 0.586 Supported
RES 0.519 0.583 0.429 0.443 0.494 0.477 0.641 Supported
Soc Sus 0.845 0.820 0.519 0.494 0.609 0.485 0.401 0.305 Supported

3.3.6. PLS-SEM measurement model, discriminant validity

Discriminant validity is normally assessed through fornell-larcker, cross-loadings and heterotrait-monotrait
(HTMT) ratio. Radomir and Moisescu (2019) argue that fornell-larcker criterion is not a reliable measure
of discriminant validity due to its inability to detect discriminant validity when indicator loads only
have a slight difference (0.65-0.85). As such, the HTMT has been proposed as the best measure for
testing discriminant validity (Henseler et al., 2015). Hair et al. (2019) posit that discriminant validity is
best assessed through the HTMT values, which should be less than 0.90 for conceptually similar con-
structs and less than 0.85 for conceptually different constructs. HTMT values have been argued to
range from 0 to 1, and while values close to zero are suspect, HTMT values should not be greater
than 1. Table 7 shows the HTMT values where all HTMT values are supported, below 1, indicating no
discriminant validity issues.

4, Results
4.1. Demographic characteristics

Demographic characteristics are presented in Table 8.

4.2, PLS-SEM structural model
4.3. PLS-SEM structural model-collinearity assessment

Hair et al. (2011) argue that collinearity assessment is measured using VIF values that should not exceed
5. Values greater than 5 indicate potential issues of collinearity. Table 9 shows the outer VIF.

4.4. PLS-SEM structural model-R square

Hair (2014) argues about the threshold values of R-square to be 0.25,0.50 and 0.75 as weak, moderate
and substantial respectively. For this study, an R- square values fall between the ranges of moderate
and substantial. All R square values in Table 10 are supported.

4.5. PLS-SEM structural model-F square

According to Hair et al. (2019), f square values should be 0.02, 0.15 and 0.35 (considered weak, moderate
and large respectively) (Table 11).

4.6. PLS-SEM structural model-path coefficients (bootstrap, 10,000 samples)

According to Kock & Hadaya (2018), estimating path coefficients is a very important element toward
hypothesis testing for empirical investigations. Kock further argues that path coefficient estimation is the
basis for hypothesis testing in PLS-SEM. Besides, path coefficient estimations look into two approaches
(use of p-values and use of confidence intervals) for hypothesis testing. For P-values, the threshold is 0.05
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Table 8. Demographic characteristics.

Demographic Data A: Industry Type Frequency Percentage
Food & Beverage 38 38
Chemical & Allied 17 17
Pharmaceuticals 17 17
Building, Mining and Construction 10 10
Energy, Electricals & Electronics 9 9
Cosmetics 8 8
Unresponsive 1 1
Demographic Data B: Gender Orientation Frequency Percentage
Male 67 67
Female 32 32
Prefer not to say 1 1
Demographic Data C: Affiliate Department Frequency Percentage
Procurement, Imports, Purchasing, Planning & Logistics 45 45
Production & Quality Assurance 20 20
General Supply Chain 16 16
General Operations like Managing Directors Office 9 9
Accounts, Finance & Administration 8 8
Unresponsive 2 2
Demographic Data D: Affiliate Position Frequency Percentage
Procurement (Senior Manager, Head, In charge, Officer & Analyst), 45 45

Logistics (Assistant &Officer), Stores Manager, Export Dispatch
Manager, Marketing Manager, Purchasing Manager and Managing
Director (Finance & Administration)
Supply Chain (Head, Manager (Tenders & Contracts), Group Manager, 20 20
Manager (Logistics & Supply Chain), Procurement & Supplies Expert,
Assistant Store & Stock Controller, Procurement Officer, Project
Manager & Procurer

Production Manager, Quality Officer, Compliance Officer, safety and 16 16
environment manager & Assistant Lab Manager
Managing Director, Chief Executive Officer &General Manager 9 9
Accountant, Administrator & Human Resource Officer 8 8
Unresponsive 2 2
Demographic Data E: Years of Experience Frequency Percentage
0-5 51 51
5-10 20 20
10-15 12 12
>20 7 7
15-20 5 5
Unresponsive 5 5

where any value less that 0.05 is supported toward rejecting a null hypothesis. On the other hand, con-
fidence interval values are interpreted on the basis that if zero does not fall within the intervals then the
hypothesis is supported (Kock & Hadaya, 2018).

Both P-values and confidence interval results show similar results and either can be used. For this
study, a bootstrap of 10,000 samples was run and the t-statistics show that significance effect of CLSMs
on resilient sustainability. Table 12 shows supported path coefficients through their t-statistics and p
values which have been highlighted.

4.7. PLS-SEM structural model-Q square

According to Hair et al. (2019), the Q square shows the models capability to predict. This is normally
assessed through running a blind fold or conduct a PLS-predict and values below zero indicate that the
model’s predictive power is weak. In recent literature, blind folding has been argued not to provide out
of sample predictive power and as such, an alternative of PLS-predictive has been suggested (Hair et al.,
2021). Table 13 shows Q square values through PLS-predict. When the Q square value is greater than
zero, the model has a higher predictive power even for out of sample assessments (PLS-predict).

4.8. Robust checks: measurement model, confirmatory tetrad analysis

According to Wong (2019), confirmatory tetrad analysis (CTA-PLS) is important to ensure model specifi-
cation. For SMART PLS 3, Wong (2019) argues that, the software has a capability to reflect a reflective
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Table 9. PLS-SEM structural model, collinearity assessment using outer VIF.

No Indicator Outer VIF Validity

1 CP¥*IEM 1.000 Supported
2 CP2 2.100 Supported
3 CP4 1.940 Supported
4 CP6 1.395 Supported
5 CP7 1.828 Supported
6 CP8s2 2.831 Supported
7 CP9S3 1.766 Supported
8 CP1054 2.174 Supported
9 GPDF1 1.871 Supported
10 GPDF5 3.213 Supported
1 GPDF6 3.657 Supported
12 GPDF9 4.242 Supported
13 GP1 2.018 Supported
14 GP6 2.067 Supported
15 GP7 1.783 Supported
16 GPDF4 2.813 Supported
17 Econ 1 1.466 Supported
18 Econ 2 1.466 Supported
19 Env 1 2.908 Supported
20 Env 2 1.582 Supported
21 Env 3 2.495 Supported

Table 10. PLS-SEM structural model, R square and adjusted R square values.
Original Sample Sample Mean  Standard Deviation T Statistic (0/

Indicator (0) (M) (STADEV) STADEV) P Values Validity
R Square Values
Res 0.507 0.550 0.061 8.292 0.000 Supported
SSS 0.477 0.501 0.102 4.660 0.000 Supported
EnvSus 0.645 0.667 0.074 8.703 0.000 Supported
SocSus 0.542 0.559 0.094 5774 0.000 Supported
Adjusted R Square Values
Res 0.470 0.516 0.066 7.136 0.000 Supported
EconSus 0.449 0.474 0.108 4.167 0.000 Supported
EnvSus 0.626 0.649 0.078 8.022 0.000 Supported
SocSus 0.523 0.541 0.098 5.343 0.000 Supported

Table 11. PLS-SEM structural model, F square values.
Original Sample ~ Sample Meas  Standard Deviation T Statistics (O/

(0) (M) (STADEV) STADEV) P Values Validity
CP -> Econ Sus 0.496 0.531 0.267 1.858 0.032 Supported
CP -> Env Sus 0.130 0.150 0.119 1.095 0.137 Unsupported
CP -> RES 0.039 0.055 0.053 0.737 0.231 Unsupported
CP -> Soc Sus 0.547 0.560 0.271 2.014 0.022 Supported
GL -> Econ Sus 0.000 0.011 0.015 0.009 0.497 Unsupported
GL -> Env Sus 0.000 0.017 0.025 0.016 0.493 Unsupported
GL -> RES 0.002 0.017 0.025 0.080 0.468 Unsupported
GL -> Soc Sus 0.007 0.017 0.020 0.359 0.360 Unsupported
GP &DF -> Econ Sus 0.000 0.013 0.020 0.003 0.499 Unsupported
GP &DF -> Env Sus 0.272 0.277 0.153 1.777 0.038 Supported
GP &DF -> RES 0.002 0.017 0.025 0.060 0.476 Unsupported
GP &DF -> Soc Sus 0.008 0.017 0.023 0.362 0.359 Unsupported
IEM -> Econ Sus 0.022 0.036 0.041 0.530 0.298 Unsupported
IEM -> Env Sus 0.000 0.019 0.027 0.002 0.499 Unsupported
IEM -> RES 0.022 0.031 0.037 0.597 0.275 Unsupported
Moderating 1-> RES 0.055 0.055 0.047 1.162 0.123 Unsupported
Moderating 2-> RES 0.067 0.080 0.068 0.976 0.165 Unsupported
RL-> Econ Sus 0.005 0.013 0.017 0.304 0.380 Unsupported
RL-> Env Sus 0.006 0.030 0.042 0.151 0.440 Unsupported
RL-> RES 0.257 0.267 0.137 1.880 0.030 Supported
RL-> Soc Sus 0.000 0.009 0.014 0.005 0.498 Unsupported

model and calls for the researcher to change arrows in case of a formative model. CTA-PLS can be used
to specify the nature of the model. Also, Wong (2019) posit that researchers should be careful since the
CTA-PLS can only accurately specify the model when variables have more than 3 or 4 indicators. On the
other hand, Bollen and Ting (2000) argue that CTA-PLS can also be used in more or less than four
indicators.
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In instances where the indicators are less than 3, Wong (2019) recommends the use of theoretical
reasoning for model specificity while Bollen and Ting (2000) posit that there is no error in the model
specificity with less than four or three indicators. According to Wong (2013), model specifications is
based on the nature of relationship among indicators feeding a variable. This means that if the indicators
are highly related and interchangeable, then it’s a reflective model, otherwise a formative model (Wong,
2019). For this study, both theoretical reasoning and CTA-PLS have been used and the results run through
19,000 bootstrap samples. All values reflected a reflective model since the low adjusted values and up
adjusted values fall between the ranges of 0 as tetrads.

4.9. Robust checks: structural model, non-linear effects

According to Sarstedt et al. (2020), normally researchers assume a linear effect when testing the relation-
ship among variables in PLS-SEM. However, it's not always the case that the nature of the relationship is
linear. In fact, PLS-Sem researchers have rarely looked into nonlinear effects (Sarstedt et al., 2020). Given
then that relationships are not always linear, it is important to check for non-linearity to avoid reporting
misleading results. Sarstedt et al. (2020) argues that non-linear effects for PLS-SEM can be tested through
RAMSEYS 1969 regression equation specification error test (RESET). According to Sarstedt et al. (2020),
the RAMSEY RESET test in PLS-SEM is conducted by first running the PLS-SEM model and using its con-
struct model scores to run the RAMSEYS RESET test in standard software packages such as STATA and
SPSS. The results of a RAMSEY RESET test indicate non-linearity if the specification of non-linearity is
significant. On the other hand, researchers could test for quadratic effects where if the quadratic effect
is significant then non-linearity is detected otherwise the nature of the relationship among constructs is
linear in nature (Sarstedt et al, 2020; Ringle et al., 2019). This means that, researchers could check sig-
nificance of the effect size. If it is significant, then non-linearity is detected, otherwise the robustness of
linearity has been achieved. In addition, Wong (2019) argues that, researchers should check for both
significance and effect size to determine any presence of non-linearity in the model. For this study
thereof non-linearity has been tested through quadratic effects conducted in SMART-PLS version 3.3.7.
It is notable that, all the F square and path coefficient results for quadratic effects is non-significant
where all p values and T statistics for path coefficients are non-significant reflecting the robustness of the

Table 12. PLS-SEM structural model, path coefficient values.
Original Sample Sample Mean  Standard deviation T statistics (|O/

Indicators (0) (M) (STDEV) STDEV)) P values Validity

CP -> Econ Sus 0.822 0.817 0.132 6.238 0.000 Supported

CP -> Env Sus 0.346 0.342 0.140 2476 0.007 Supported

CP -> RES 0.236 0.247 0.140 1.679 0.047 Unsupported
CP -> SocSus 0.772 0.751 0.128 6.033 0.000 Supported

GL -> Econ Sus -0.013 —-0.000 0.119 0.105 0.458 Unsupported
GL -> Env Sus —-0.018 —0.009 0.123 0.147 0.442 Unsupported
GL -> RES —-0.050 -0.029 0.151 0.331 0.370 Unsupported
GL -> SocSus 0.085 0.093 0.094 0.904 0.183 Unsupported
GP &DF -> Econ Sus -0.010 —-0.007 0.154 0.063 0.475 Unsupported
GP &DF -> Env Sus 0.560 0.548 0.147 3.798 0.000 Supported

GP &DF -> RES 0.050 0.033 0.171 0.293 0.385 Unsupported
GP &DF -> Soc Sus —-0.109 —0.096 0.133 0.822 0.206 Unsupported
IEM-> Econ Sus -0.153 -0.161 0.121 1.267 0.103 Unsupported
IEM -> Env Sus —0.006 0.012 0.119 0.047 0.481 Unsupported
IEM-> RES 0.156 0.141 0.124 1.256 0.229 Unsupported
RL -> Econ Sus —0.068 —0.066 0.091 0.743 0.260 Unsupported
RL -> Env Sus —-0.062 —-0.093 0.096 0.644 0.258 Unsupported
RL -> RES 0.471 0.471 0.104 4.532 0.000 Supported

RL -> SocSus -0.007 —-0.002 0.087 0.085 0.466 Unsupported

Table 13. PLS-SEM structural model, Q square (PLS-Predict, 10 folds, 10 repetitions): LV prediction summary.

RMSE MAE Q2_Predict Validity
Econ Sus 0.800 0.593 0.405 Supported
Env Sus 0.686 0.517 0.572 Supported
RES 0.797 0.625 0.391 Supported

Soc Sus 0.730 0.560 0.498 Supported
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model as a linear model without any non-linear effects. The Quadratic effect was run through endogenous
variables against the independent variables through 10,000 bootstrap samples. This leads to the rejection
of the null hypothesis that CLSMs and resilient sustainability has significant non-linear, quadratic effect.

4.10. Robust checks: structural model, endogeneity

Bascle (2008) argues that endogeneity is as a result of a predictor construct has a correlation with the
error term of the dependent variable that its related with. Failure to test and control for endogeneity
may lead to misleading results. Woodridge (2003) stresses that endogeneity is caused by three factors;
omitted variables, simultaneity and sample selection bias. Simultaneity or reverse causality happens
when the predictor variable influences the response variable and at the same time the response variable
influences the predictor variable (Jean et al., 2016). Sample selection bias is as a result of not grouping
samples randomly (Jean et al., 2016). Hair et al. (2019) argues about three steps to test for endogeneity
and address it. First, researchers should begin by first checking if it is necessary to test for endogeneity
by assessing the purpose for their model (explanatory or predictive). For predictive models, Hair et al.
(2019) contends that there is no need to test for endogeneity. Second, Hair et al. (2019) argues that
researchers should check the possibility of adding control variables to address endogeneity and thirdly
perform Gaussian copula test for endogeneity which if significant, researchers should proceed to treat
endogeneity by first assessing the root cause of the endogeneity. For this study, the researcher first
assessed the nature of the model which is both explanatory and predictive oriented and as such need
to test and address endogeneity. Second, the researcher did a thorough investigation in literature to
understand commonly considered control variables in this area such as industry type for mixed studies,
business size and gender to control for any hidden endogeneity. Thirdly, the researcher performed
Gaussian Copula test using Smart PLS 4. The Gaussian Copula results indicate no endogeneity issues
both from the path coefficients and F Square.

4.11. Robust checks: structural model, unobserved heterogeneity

Sarstedt et al. (2020) argue that unobserved heterogeneity is as a result of the existence of different data
groups which yield different model estimates. In such circumstances, estimating the entire group without
considering unobserved heterogeneity may lead to misleading results. In testing and controlling for unob-
served heterogeneity, Sarstedt et al. (2020) argue that researchers need to run finite mixture-PLS to test
for unobserved heterogeneity. FIMIX-PLS normally shows absence of unobserved heterogeneity if results
point to a one segment solution or divergent results (Sarstedt et al., 2020). On the other hand, if results
show significant heterogeneity, then researchers are advised to control it by running PLS prediction ori-
ented segmentation. As a first step, this study ran the FIMIX-PLS under the following steps:

Assess the minimum sample size through G-Power= 85
Determine the study’s actual sample size = 100

Divide the study’s actual sample size by the minimum sample size to obtain number of segments =
100/85=1.1764. Once the number of segments has been attained which in this case could range between one
and two, then one runs the FIMIX-PLS a number of times depending with the segments then analyzes the
results through the fit indices.

If the fit indices have not much significance difference, it can be argued that there is no evidence of
unobserved heterogeneity, otherwise, PLS-Prediction segmentation has to be conducted. The results for
the FIMIX-PLS showed no evidence of unobserved heterogeneity.

5. Discussion

To respond to the main research question (is it practical to uphold both resilience and sustainability of
supply chains through closed-loop supply chain models considering circular economy for manufacturing
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businesses in Kenya), this study evaluates the R square results that seek to measure the predictive accu-
racy of a model through the thresholds of 0.75, 0.50 and 0.25 as substantial, moderate and weak respec-
tively (Hair, 2014). For this study, the R squares of the four endogenous variables depicting dimensions
of resilient sustainability sit between moderate and substantial (resilience, R square = 0.507; economic
sustainability, R square = 0.477; environmental sustainability, R square = 0.645 and social sustainability,
R square = 0.542). Environmental sustainability exhibits a higher predictive power, followed by social,
resilience and economic sustainability.

In general, the model shows predictive accuracy with precision averaging at moderate. In addition, Hair
et al. (2019) posit that to understand the predictive relevance of the model, researchers need to conduct
blindfolding and PLS prediction. In smart PLS version 3, researchers have provisions to conduct blindfold-
ing. However, blindfolding cannot assess out-of-sample predictive relevance (Hair et al., 2019). For this rea-
son, PLS-predict was added to smart PLS 4 to evaluate both predictive relevance in and out of the sample.

For both techniques, it is argued that a good model with better precision in predictive relevance has
Q? values greater than zero. For this study, all endogenous constructs exhibited a higher predictive rel-
evance through PLS-predict (economic sustainability, Q*=0.405, environmental sustainability, Q?=0.572,
resilience, Q%> =0.391 and social sustainability, Q> =0.498). Also, the blindfolding test depicts higher pre-
dictive relevance since all constructs exhibited Q? values greater than zero. Negri et al. (2021) argue that
the convergence of resilience and sustainability is still in its infancy, and the interactions are poorly
addressed. Such reasoning opened up the investigation of the relationship between CLSMs and the resil-
ient sustainability of supply chains. Hypothesizing CLSMs and resilient sustainability of supply chains into
four hypotheses and 16 sub-hypotheses, it is notable that the four hypotheses are significant on path
coefficients and 4 hypotheses significant on the effect size.

Green manufacturing/Cleaner production proves to be the strongest CLSM showing significance on
economic (F=0.496, T=1.858, P=0.032) and social sustainability (F=0.547, T=2.014, P=0.022) on effect
size and social (3=0.772, T=6.033, P=0.000), economic (3=0.822, T=6.238, P=0.000) and environmental
(B=0.346, T=2.476, P=0.000) sustainability on path coefficients. Reverse logistics (F=0.257, T=1.880,
P=0.030) and combined green procurement and design for the environment (F=0.272, T=1.777, P=0.038)
show significance on resilience and economic sustainability, respectively. Interestingly, none of the CLSMs
showed significant results on environmental sustainability. This means that more needs to be done
towards environmental sustainability. However, such results could be explained by the long-term effect
of CLSMs that might influence environmental sustainability. It is encouraging that the supply chain focal
point is the strongest practice showing higher chances of supply chains enhancing their sustainability
and resilience.

According to the study of Cankaya and Sezen (2019), green supply chain management showed signif-
icant effects on environmental sustainability with not-so-positive results on social and economic sustain-
ability, which contradicts the findings of this present study where CLSMs showed significance on social
sustainability, economic sustainability and resilience with no significance effect on environmental sustain-
ability. Notably, debates on CLSMs and resilient sustainability based on the findings of this present study
and those of prior scholars provide a link to theoretical underpinnings on ecological modernization the-
ory that calls for sustainable solutions to revive an ecological crisis, the systems thinking theory on
conceptualizing supply chains as systems rather than individual parts and the stakeholder theory in
terms of harnessing the power of the different supply chain partners to enhance resilience and sustain-
ability of supply chains through CLSMs.

5.1. Combined green procurement and design for the environment on resilient sustainability

The findings of this study show that combined green procurement and design for the environment only
affect economic sustainability with no relationship to social sustainability, environmental sustainability
and resilience. Cankaya and Sezen (2019) report similar findings where they found green purchasing to
affect corporate sustainability. Cankaya and Sezen (2019) argue that such results could be influenced by
the fact that green purchasing is an external practice and that no one stakeholder has full control of its
practice. Nevertheless, through collaboration and stringent policies, manufacturing businesses can engage
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effectively with suppliers towards low-carbon procurement. In the study of Jermsittiparsert et al. (2020),
green procurement positively affected sustainable performance.

These findings agree with this study where combined green procurement and design for the environ-
ment affected economic sustainability and at the same time, disagree where green procurement and
design for the environment did not influence environmental and social sustainability. Negri et al. (2021)
report that green purchasing improved environmental and social performance with reduced risk disrup-
tions. This is contrary to the findings of this study, where green procurement combined with design for
the environment only influenced economic sustainability without a trace of its effect on social, environ-
mental, and resilience dimensions. From a different perspective, the study of Negri et al. (2021) noted
that green procurement, particularly on local sourcing, improved economic performance by reducing
costs, which agrees with this study’s findings.

In disagreement, Green et al. (2012) found no relationship between local sourcing as a measure of
green procurement and sustainability. This points out contrasts in the literature on the true measure of
green procurement and resilient sustainability. Also, the study of Negri et al. (2021) posits that design for
the environment enhances sustainability from the triple bottom line. This was realized in some firms and
not in others. Design for the environment, which was combined with green procurement, proved bene-
ficial for economic sustainability in this study from the perspective of reducing costs and utilizing
resources. In agreement, Zhu and Sarkis (2004) also found eco-design to be a good contributor to eco-
nomic sustainability. In addition, the study of Namagembe et al. (2019) found that green procurement
had a positive effect on economic sustainability. Design for the environment was equally a good enabler
for risk disruptions in the study of Negri et al. (2021).

5.2. Cleaner production on resilient sustainability

In agreement with Cankaya and Sezen (2019), this study found cleaner production not to be affecting
environmental sustainability but to be affecting social sustainability. Also, cleaner production through
lean practices was found to be influencing the sustainability of SME manufacturing as per the study by
Dey et al. (2019). In this current study, cleaner production had elements of lean manufacturing that
anchored total productive maintenance. Notably, the Japanese 5S approach was influential in enhancing
social and economic sustainability for this current study. What this means, then, is that there is a dire
need to redefine cleaner production and inculcate aspects of lean manufacturing into cleaner produc-
tion. Looking at the two, they are both pegged on waste reduction amid their other objectives. Cleaner
production sits at the focal of supply chains. While it is encouraging to see cleaner production influence
social and economic sustainability, there is reason to develop a cleaner production framework that com-
prehensively contributes to both resilience and sustainability. It is also worth noting the need to develop
cleaner production centres in the Sub-Sahara and other world regions to encourage and promote cleaner
production as the centrality of sustainable supply chains. It would be interesting to see synergies between
the government and private sector in promoting and fostering responsible production. Looking at the
Sub-Saharan African context used in this study, it is encouraging to see the industrial clusters and parks
as a path to enhancing manufacturing.

However, aligning the industrial parks and clusters to different cleaner production centres to build
cleaner manufacturing in the sub-Sahara would be important. Of importance to note is the heavy depen-
dence of manufacturing firms in this region on the natural resource endowments evidenced by sectors
with an orientation to agriculture as the ones with a bigger share of manufacturing. What is surprising
is the heavy reliance on international sourcing, particularly in China and Asia, with no clear laws towards
forensics on the scope of these regions’ responsibility to sustainability.

5.3. Green logistics on resilient sustainability

The results of green logistics as a CLSMs practice reveal transportation and its management, packaging
and warehousing as important elements to achieving resilient sustainability in four dimensions (eco-
nomic, environmental, social, and resilience). The results of this study indicate insignificant results on
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green logistics towards enhancing resilient sustainability in its four dimensions. Checking on the signifi-
cance, green logistics did not show any significance based on the path coefficients and their p-values
(GL-economic sustainability = 0.458, GL-environmental sustainability= 0.442, GL-resilience = 0.32 and
GL-social sustainability = 0.183). In addition, green logistics exhibited a too-small effect size (its meaning-
ful relationship with the endogenous variables through the F test (p values); GL-economic sustainability=
0.497, GL-environmental sustainability = 0.463, GL-resilience= 0.408 and GL- social sustainability = 0.360;
against the threshold p-value of 0.05 at 95% confidence interval. From a predictive relevance perspective,
green logistics exhibited a valid predictive relevance for the endogenous variables from a blindfolding
and pls-predict perspective where the Q2 was above zero, indicating higher predictive relevance. The
results of this study, then, from a green logistics perspective, disagree with the results of Trivellas et al.
(2020), which positively affected sustainability performance.

However, Trivellas et al's (2020) study did not have a resilient component and had a different mea-
surement model for green logistics, including the collaboration aspect. It can be argued that collabora-
tion could have influenced the results of green logistics to enhance its positive effect on sustainable
performance. This discovery calls for comparative studies on green logistics and sustainable performance
and green logistics and collaboration and sustainability performance.

It is also notable that the findings of this study are different from those of Trivellas et al. (2020) due
to the novel path of treating resilience as a pre-cursor of sustainability in this study, which still calls for
comparative studies to assess the efficacy of the models with and without resilience. Green logistics in
this study entailed transportation and its management, green packaging and labelling, and green ware-
housing. According to Trivellas et al. (2020), green packaging is a major arm of logistics, making it a
critical determinant for achieving sustainability. Besides, transportation has a huge role in overall perfor-
mance and hence, is a vital element in achieving logistical sustainability (Trivellas et al., 2020). Green
warehousing is equally important through intelligent decisions for its locational choice that can inform
the transportation distance towards lowering emissions.

The findings of this study disagree with those of Agyabeng-Mensah et al. (2020) who argue that green
logistics calls for newer practices such as logistics ecocentricity and supply chain traceability to enhance
sustainable performance. This is because other prior studies have indicated negative and insignificant
effects of green logistics and sustainability performance. Looking into this ideology, it is important to
note the role of green logistics in building supply chain resilience. With the new quest of practices, it is
vital to have resilience and sustainability in mind. What is surprising is the lack of established logistical
systems for manufacturing businesses in a Sub-Saharan context hindering their full practice of green
logistics towards resilient sustainability. It is also realized that the infrastructures in this context partially
support enabling green logistics. Also, Jermsittiparsert et al. (2020) present positive results on green
logistics and sustainable performance. In support, the study of Negri et al. (2022) realized a positive
effect between green logistics and resilience and sustainability. It is evident then that prior literature has
a contrasting effect with this study on the position of green logistics, which calls for more in-depth
research to unfold areas of disparity.

5.4. Reverse logistics on resilient sustainability

According to Cankaya and Sezen (2019) reverse logistics did not affect economic sustainability. This
agrees with the findings of this study, where reverse logistics did not show any effect on sustainability
dimensions. This concurs with the sentiments of Cankaya and Sezen (2019) that emerging economies are
less interested in reverse logistics. In addition, it could also be argued that the top and bottom line for
businesses in developing economies is economic performance which could explain the lack of signifi-
cance on reverse logistics and sustainability. Conversely, this study realized a positive result between
reverse logistics and resilience.

5.5. IEM on the relationship between CLSMs and resilient sustainability of SCs

Notably, IEM from past studies influenced the relationship between green supply chains and sustainabil-
ity. Such findings differ from the findings of this study, where IEM seems not to have a significant effect
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on the relationship between CLSMs and the resilient sustainability of supply chains. The change in R
square for IEM was only exhibited in resilience by 0.038, which is negligible, indicating that IEM does not
affect much the strength of the relationship between CLSMs and resilient sustainability. IEM on reverse
logistics and resilience (F=0.055, T=1.162, P=.0.123) and IEM on cleaner production and resilience
(F=0.067, T=0.976, P=0.165) show no significant effect on the relationship between CLSMs and resilient
sustainability. However, the significance of path coefficients was supported with p values on reverse
logistics and resilience (P=0.049) and cleaner production and resilience (P=0.023). This showed that IEM
can influence the relationship between CLSMs and resilient sustainability. In the findings of Arora et al.
(2020), an environmental collaboration that depicts IEM influences sustainable purchasing and perfor-
mance for small firms but has a negative influence on bigger firms. These findings agree and disagree
at the same time with the findings of this study.

The contrast in such results still call for more inquiry on IEM and its effect on the relationship between
CLSMs and resilient sustainability. Accordingly, Chin et al. (2015b) support that environmental collabora-
tion influences the relationship between green supply chain and sustainability performance. The discus-
sions on IEM and its effect on the relationship between CLSMs and resilient sustainability provide a
connection to theoretical reasoning’s based on stakeholder, systems thinking and ecological moderniza-
tion theories where the interconnections among supply chain partners are informed by perfect informa-
tion sharing among these stakeholders leading to the building of strategic partnerships, confidence and
trust on CLSMs uptake for the achievement of resilience and sustainability of supply chains.

5.6. An integrated resilient sustainability framework for this study

With a myriad of disruptive occurrences across the globe, a need for integrating resilience to sustainabil-
ity becomes urgent now than ever. Sustainability conversations have always followed the traditional
model anchored on the Brundtland report of 1987 toward people, planet and profits. However, achieving
SD calls for efficient management of sustainability disruptions. Classical research has always presented
resilience and sustainability as separate concepts. However, with modern challenges, combining resil-
ience and sustainability presents an avenue of growing economies. Achour et al. (2015) argue that resil-
ient sustainability convergence has been delayed by a lack of motivation, awareness and resources by
major decision makers. Achour et al. (2015) further argue that, the available datasets and information
across the globe can be utilized for seamless integration of resilience and sustainability. It is then noticed
that the connection between the concepts of resilience and sustainability struggle is the most demand-
ing issue confronting modern academicians, industry practitioners and researchers. It is notable that
extant literature lacks established frameworks for such a convergent framework towards theory develop-
ment. Marchese et al. (2018) argue that resilience is a major pre-condition for sustainability. This means
that when a system is more resilient it becomes more sustainable. However, increasing the sustainability
of a system does not make it more resilient (Marchese et al., 2018). According to Ahern (2013), the com-
prehension of cities as dynamic and inherently fragile changes the understanding of sustainability and
as such sustainability as a concept is confronted to develop resilience of cities.

Looking into the understanding of sustainability, Ahern (2013) asserts that such comprehension denies
systems such as cities the capability to be adaptive to the changes that come. Ahern further documents
disturbances that affect urban sustainability such as disease outbreaks, climate change and political rev-
olution which then highlights that the sustainability of cities need to integrate resilience to deal with the
dynamism that comes along in these systems. Blackmore and Plant (2008) contend that the resilience of
a system can massively impact on the sustainability of a system. This means that, all systems are inher-
ently vulnerable to shocks and exposures propagated by risk disruptions. Then to build sustainability that
is long lasting, the resilience integration to systems becomes important and urgent. Milman and Gianotti
(2008) present a resilient sustainability framework by incorporating resilience indicators to sustainability
indicators. Looking into prior literature, much of the resilience and sustainability interconnections are
founded on adding resilience indicators to sustainability indicators. Saidi et al. (2021) posit that, studies
on the integration of resilience and sustainability are minimal. This then points out the need to go way
above conventional sustainable development frameworks to capture resilience as a major pre condition
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to sustainability. Besides, Saidi et al. (2021) present a framework that combines resilience and sustainabil-
ity through merging their building blocks.

To that effect, borrowing from Colantonio (2009), sustainable development has not grown fully in
its conventional pillars of economic, social and environmental sustainability. The European Parliament
(2023) report posits that, there has been so much bias to the environmental and economic aspects
of sustainability in the past. This has always brought about confusions on the integration of social
sustainability to both economic and environmental pillars of sustainability. In this context then, SD in
the Anthropocene epoch need to be looked at from a system perspective in which there is possibility
of disturbances affecting the system and as such inculcate resilience as a major component of SD.
This debate then opens up to the building of a resilient sustainable framework for this study taking
the perspective of supply chains. Based on the above discussions, the building then of a resilient
sustainable framework for this study is based on the preposition (resilience as a component or
pre-cursor to achieving sustainability). Unpacking this preposition unfolds process steps for this study.

First, an investigation on the dimensions of resilient sustainability adopted by supply chains. Second,
the investigation of CLSMs to build resilient sustainable economies is conducted. Third, defining of resil-
ient sustainability from a measurement perspective informed by the building of resilient sustainability
dimensions for adoption (revisiting process step 1). Fourth, the investigation of the relationship between
CLSMs and resilient sustainability of supply chains under the contingent effect of internal environmental
management. Fifth, continuously assess the efficacy of the model redesigning the supply chain as new
factors emerge. Figure 5 depicts a pictorial representation on the integrated framework of resilient sus-
tainability based CLSMs.

6. Conclusions

This study investigates the practicality of upholding resilience and sustainability of supply chains
through CLSMs for manufacturing businesses in a Sub-Saharan African manufacturing context (Kenya),
and presents an integrated framework of resilient sustainability. The results find that CLSMs on an over-
all scale strongly influences resilient sustainability and that trade offs seem more practical as economie
work towards points of balance. Specifically, in the Kenyan context, cleaner production shows a double
effect on economic and social sustainability, combined green procurement and design for the environ-
ment shows an effect on environmental sustainability and reverse logistics shows an effect on resil-
ience. Green logistics shows no effect on resilient sustainability, CLSMs shows no effect on environmental
sustainability and IEM shows no effect on the relationship between CLSMs and resilient sustainability.
The findings of is study reveal that contexts such as Kenya which are emerging economies with few
established supply chains may show low uptake of CLSMs in building their resilience and sustainability.
However, Kenya being among agriculture dependent economies and having faced a myriad of disrup-
tions, the the investigation of CLSMS becomes important as an avenue to boost the countrys sustain-
ability and resilienceFor this present study, both contributions and implications from literature, practical
and policy perspectives are provided.

6.1. Theoretical contributions

A research gap exists in prior scholarly literature with regards to the convergence of resilience and sus-
tainability, and the direct link between CLSMs and resilient sustainability. Under such observations, this
study provides theoretical contributions by extending from extant literature on the need for convergence
between resilience and sustainability, and the need to directly measure the effect of CLSMs on resilient
sustainability.

6.2. Implications for practice

Given the importance of CLSMs in upholding resilience and sustainability of supply chains, actors in the
supply chain ecosystem must seriously consider using CLSMs. Some of the CLSMs are cleaner production
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Figure 5. Integrated resilient sustainability framework based CLSMs (transitioning to the quadruple bottom line).

based lean manufacturing models such as the Japanese 5S approach which are more promising in
achieving resilient sustainability than conventional production models. Also, most businesses in
Sub-Saharan African contexts like manufacturing businesses in Kenya lack the implementation strategy
of CLSMs despite clear guidelines stipulated in ACTS of Parliament. Provision of a frame for resilient
sustainability based CLSMs, especially for manufacturing businesses can aid such companies and other
actors to promote resilience sustainability even with challenges that come with emerging economies.
The government can provide support to such by making the guidelines stringent and through funding
opportunities.

6.3. Implications for policy

The findings of this study open up loop holes for policy that there is need for laws and regulations to
be stringent. It is also worth noting the regulators in this area in a Sub-Saharan African manufacturing
context. To start with, the Ministry of Environment and Forestry, with affiliate laws such as the Sustainable
Waste Management Act, Climate Change Act and Environmental Management Act, are provided with
discussions that can inform policy. While the building of resilience has been captured in the Climate
Change ACT of Kenya, 2016, the policies do not provide, for instance, clear guidelines on how to build
resilience. Better still, this opens up the need for policymakers to consider careful sectoral mapping and
assess priorities towards building resilient sustainability.

A first-line policy guideline to borrow from is the Kenya National Climate Change Action Plan of
2018-2022, which provides a clear road map on priority areas of climate change. Even though, manufac-
turing with regards to climate change adaptation and mitigation is seen at priority six. While it makes
good societal sense, the proposed action plan is disadvantaged by the comprehension of the core role
of manufacturing in nationalities. Looking into the big FOUR agenda put forth during presidents
Kenyatta's tenure, enhancing manufacturing takes priority and this is important to enable the Kenyan
context not leap to pre-industrialization.

This study also provides insights to the government of Kenya and contexts in the Sub-Sahara through
various ministries such as national treasury, environment and forestry, and trade and transportation to
consider public-public and public-private partnerships towards comprehensive policies for resilient sus-
tainability. It is also notable that concrete policies around this area call for multi-stakeholder collabora-
tions and points of convergence for all affiliate ACTS of parliament, as well as stringent measures on
their enactment. A major reason with bias to environmental occurrences is that Kenya and the larger
Sub-Sahara continue to face massive climate-related disturbances such as the melting of glaciers such as
those of Mt Kenya; Lake Victoria is in a highly deteriorating state, leading to a shortage of fish and
depletion of the Mau forest to name a few. It is also worth noting that governments must support such
actors through favorable policies like incentives to actors practising CLSMs.
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6.4. Recommendations

This study recommends the following: (i) Conduct a hot spot analysis and mapping of priority CLSMs
and their affiliate resilient dimensions. Truly, achieving points of balance seem unrealistic. However, econ-
omies can adopt trade-offs as they work towards points of balance. (ii) converging resilience and sustain-
ability. (iii) for sustainability-related ACTS to be aligned with the agendas of national development. A
more worthy recommendation would also touch on the need to establish cleaner production centres
towards manufacturing and supply chain sustainability. Such centers would be initiated by the public
and through partnerships with the private sector and knowledge centers. A clear line for such centers
would be to take advantage of the Kenya's model on special economic zones, more so the industrial
park model.

This means that, every cluster of industrial park should be organized under a cleaner production
center. As envisioned in the Kenya's climate change ACT of 2016 about the integration of climate
change to curricula, knowledge centers could be second line after the special economic zones and the
government to provide cleaner production centers that are research based to offer advisory to those of
the government and the private sector. Against the backdrop, this study is limited with a particular
context in Sub-Saharan Africa necessitating further research on a wider scope of contexts in the
Sub Sahara.

6.5. Study limitations and future directions

This study is not without limitations. First, the study is limited to manufacturing businesses registered by
the Kenya Association of Manufacturers in the Nairobi industrial zone, which depicts that results could
be different in other contexts. Second, the study is limited to collaboration as a moderator defining
internal environmental management posing more inquiry for future studies to consider technology
aspects, context specific variables as moderators. It will also be important to see the direct role that
resilience capabilities play in achieving the sustainability of supply chains.
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