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Abstract

The effects of agile practices on sustainability performance measures require examination and
clarification especially given the wider diffusion of agility and the increasing embrace of sustainability.
More importantly, the role agility plays in enhancing or not enhancing sustainability performance is not
fully understood. Therefore, we explored the interaction effects between agile practices, sustainable
practices, operational performance objectives and sustainable performance of organisations. A survey
of higher carbon and energy intensive supply chains in the UK was carried out with a net 311 respondent
organisations. The results show that there is a significant correlation between sustainable supply chain
practices and agile practices. Also, the results indicate that agile practices do have a positive influence
on both sustainability performance and operational performance objectives. Whilst the link between
agility and operational performance is not new, what is new here is the connection between agile
practices and sustainability performance. In addition, the findings show that sustainable supply chain
practices predict both sustainability performance and operational performance. But more importantly,
when these relationships are mediated by agile practices, the performance impacts of sustainability
practices are enhanced. These findings question the usefulness of implementing sustainability practices
within the supply chains when there is a lack of agile capabilities. In other words, the results suggest
that agile capabilities are necessary conditions for maximising the outcomes of implementation of
sustainability practices. As such, managers who want to maximise the outcomes of their sustainability

campaigns should consider concurrent implementation of sustainability practices and agile practices.

Keywords: Supply chain agility; Sustainable supply chain; Competitive performance objectives;

Sustainability performance measures and Organisational performance criteria.



1. Introduction

The growing concerns about the environment, in particular the impact of climate change, has led to a
focus on unsustainable patterns of behaviours in manufacturing supply chains. There is a recognition
that the climate is changing, and further change is inevitable without reducing greenhouse gas emissions
such as carbon dioxide, methane and nitrous oxide and various fluorocarbons (Pierre et al., 2019).
Broadly speaking, these emissions as they relate to supply chains’ activities are often referred to as their

‘carbon footprint’ (Yusuf et al., 2013; Hannibal and Kauppi, 2018)

There is a clear consensus that supply chains’ carbon footprint should be reduced (Jabbour et al., 2018)
and that enterprises’ operations decisions have extensive impacts on the natural environment and
resources. It is essential therefore to consider the impacts of industrial operations on the use of scarce
resources and the level of waste generation across the supply network (Adham et al., 2015). Other
factors such as the growing global population cause increase in demand for scarce resources like energy,
water, raw materials and land. As a result, these resources are subject to greater competition, thereby
leading to resource conflict (Hofmann et al., 2018). Manufacturers will, therefore, be pushing to use
less materials, energy and other inputs; make better use of alternative materials; and embrace reuse,
recycling, recovery, remanufacturing of end of life products and producing robust products for
sustainable consumption (Geissdoerfer et al., 2018; Tonelli et al., 2013). A major current challenge,

thus, is about increasing the sustainability of industrial production.

Several studies have explored agility and sustainability practices (Blome et al., 2013; Marshall et al.,
2015; Dubey et al., 2018). But these practices have rarely been looked at together. Therefore, this study
aims to investigate the relationships between agility and sustainability and their impacts on
sustainability performance of industries. This is predicated upon the fact that whilst agility or
sustainability has been correlated with financial measures and operational performance objectives, there
is no empirical study currently that examines the influence of agile practices on the extent to which

organisations could translate sustainability practices into sustainability performance (Ciccullo et al.,



2018; Chen et al., 2017). In particular, it is not clear if agility serves as an effective mediator of

sustainability.

Sustainable supply chain, according to Roy et al (2018), involves ‘the management of financial and
non- financial measures as well as the encouragement of good leadership practices within the supply
chains’. Similarly, Marshall et al (2015) contend, it is a set of practices aimed at minimising the
environmental impacts and enhancing the social welfare of different stakeholders while contributing to
the long-term financial growth of the entities within the supply chain. Azevedo et al. (2012) and Diies
et al. (2013) distinguish between green and sustainable supply chain paradigms and contend that green
supply chain paradigm involves practices aimed at minimising the environmental impacts of the supply
chain whilst sustainable supply chain encompasses the triple-bottom line of environmental, social and
economic objectives. In furtherance of this, a number of work have examined the relationship between
adoption of sustainable supply chain practices and organisational performance. Such work includes
Golicic and Smith (2013), Rao and Holt (2005) and Paulraj et al. (2017) who have demonstrated a
positive correlation between sustainability and organisational performance. However, there are
contrasting reports (Esfahbodi et al., 2017; Winn et al., 2012; Green et al., 2012; Hahn et al., 2010) of
sustainability having a negative impact on firms’ profitability indicating a need to find ways to
maximise the performance advantage of implementation of sustainability practices. The challenge for
organisations, thus, is how to integrate social and environmental sustainability practices with agile
supply chain capabilities to develop unique capabilities to improve their sustainability competitiveness

(Ciccullo et al., 2018; Chen et al., 2017), which is the subject of investigation of work reported here.

Agile methods focus on people, technology and processes while collaborating with customers and
adapting to change (Serrador and Pinto, 2015) to take advantage of windows of opportunities. It is a
business model that allows companies to use market knowledge and partnerships to exploit profitable
opportunities in a volatile marketplace (Naylor et al., 1999, p.108). This idea has been extended beyond
organisation’s boundaries to include the activities of the supply chain, emphasising the need for
strategic alliances, knowledge transfer, information sharing, aligning resource capabilities and effective

leadership practices across supply chain (Dyer et al., 2018; Dubey et al., 2018). According to Lee



(2004), agile supply chains is about being responsible and adaptable to the customer requirements while
the risk of supply chain disruptions is avoided. Supply chain agility is the ability of firm to sense short-
term, temporary changes in supply chain and market environment as well as to quickly adjust to those
changes (Aslam et al.,, 2018; Eckstein et al., 2015). Agile supply chain capabilities have been
extensively researched and linked to superior organisational performance. However, whilst it has been
established that agility on the one hand induce better operational performance and sustainability on the
hand could potentially enhance indicators of environmental and social sustainability, the interactive
effects of both have not been examined. In fact, Ciccullo et al. (2018) called for the development of a
model that integrates agility practices with sustainability practices and advocated for empirical studies
of the relationships between the two set of practices. Therefore, in this study, we explored agility as
mediator of sustainability and examined the roles of agile capabilities in maximising the transformation
of sustainability practices into environmental and social sustainability performance. Prior to that, we
developed a single integrated conceptual model linking agile practices, sustainable supply chain
practices with organisational performance criteria (operational performance objectives and

sustainability performance) and proposed the following hypotheses:

H1: Agile practices have a positive effect on sustainability performance.

H2: Agile practices have a positive effect on operational performance objectives.

H3: Sustainable supply chain practices have positive effects on operational performance objectives.

H4: Sustainable supply chain practices have positive effects on sustainability performance objectives.

HS: Agile practices mediate the relationships between sustainable supply chain practices and

sustainability performance.

H6: Agile practices mediate the relationships between sustainable supply chain practices and

operational performance objectives.

H7: Sustainable supply chain practices have positive effects on agile practices.



The subsequent section 2 reviews the extant literature on sustainable supply chain and supply chain
agility. Section 3 presents the conceptual model and hypotheses, whilst section 4 discusses the
methodology. The data examination, results and testing of hypotheses with data drawn from 311 UK
organisations followed by discussions are in section 5 and finally, section 6 states the conclusion and

future research directions.

2.0 Literature review

2.1 Sustainable supply chain practices

The supply chain is “a network of connected and interdependent organisations mutually and
cooperatively working together to control, manage and improve the flow of materials and information
from suppliers to end users” (Christopher, 2016, p. 3). It is a strategic management tool used to enhance
overall customer satisfaction, which is intended to improve the profitability and competitiveness of
organisations. In short, Supply chain management embraces the integration of all key business
processes across the supply chain (Lambert and Enz, 2017). Given the growing magnitude of
environmental and social problems, however, the traditional supply chain models have become
inadequate, as a basis for identifying important emerging sources of sustainable competitive objectives.
(Ageron et al., 2012; Grimm et al., 2014; Hofmann et al., 2018; Wong et al., 2018). Unlike the
traditional supply chain model, sustainable supply chain considers the social and environmental impacts
of the production processes as goods flow through the supply chain (Marshall et al., 2015). In other
words, sustainable supply chain paradigm is a set of supply chain initiatives aiming at reducing the
environmental impact and improving the social condition of different members of the chain, while
boosting innovation, resource-efficiency, reputation and market share (Sancha et al., 2016; Stindt et al.,

2016).

Over the years, the concept of sustainable supply chain management has evolved to include activities

such as ISO 14001, SA 8000 and codes of conducts (Darnall and Edwards, 2006; Orzes et al., 2017;



Treacy et al., 2019) in addition to due diligence in supply of conflict minerals (Hofmann et al., 2018)
and restriction of the use of hazardous materials (Blome et al., 2014). Some studies also have looked at
the implementation of proactive sustainable product design within multi-tier supply chains (Morais
and Silvestre, 2018; Grimm et al, 2014; Wilhelm et al., 2016). While others consider sustainable
procurement (Vachon and Klassen, 2006; Paulraj et al., 2017; Zhu et al., 2013; Morali and Searcy
2013) and investment recovery (Zhu et al., 2013, Zhu and Sarkis, 2007; Nasir et al., 2017) as sustainable
practices. Recently, Marshall et al. (2015), Mani et al. (2018); and Zhu and Lai (2019) maintained that
it is important also to understand the social issues that influence each level of supply chain and their
stakeholders. These include health and safety management procedures, workers’ welfare, human rights
violations, product and process safety amongst others (Marshall et al., 2015; Chin et al., 2015). Given
the multi-characteristics of sustainable supply chain practices, as summarised in table 1a, this research
focuses on five major sub-constructs of sustainable practices. These are sustainable products design,
sustainable procurement, environmental management system, investment recovery and social
sustainability practices. These practices relate to the main internal and external activities and operations

in sustainable supply chain management, as suggested by Zhu et al., 2008 and others (Paulraj et al.,

2017; Su et al., 2015).

Social sustainability practices are about the management of social issues in the entire supply chain
(Mani et al., 2018). Marshall et al. (2015) grouped social practices into two categories. These are basic
category, which includes safety, welfare, and health, whilst advanced category involves product and
process related issues. Environmental sustainability can be facilitated, amongst other approaches, via
closed-loop supply chain - a circular way of doing business where wastes are recycled as raw materials
and/or with the end of life products reused as input (Zhu et al., 2013; Kleindorfer et al., 2005). This
practice concerned with reducing negative environmental impacts by attempting to integrate obsolete,
and excess capital assets back in to reverse logistics processes so that assets may be recovered or
disposed of (Zhu et al., 2008). This shift in thinking is likely to generate real competitive benefits and
differentiation. It can also help organisations to maximise cost savings. A circular approach provides

companies with an alternative pattern of resource use and creating more value from each unit of the
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resource through recovery and regenerating products at the end of their service lives (Choi and Hwang,

2015).

2.2 Agile approaches

The term ‘agile manufacturing’ was first used by a group of researchers at lacocca Institute, Lehigh
University, in 1991 to describe the practices observed as important aspects of manufacturing system
(Ren et al., 2003). Goldman et al. (1995) defined agility and developed four dimensions of agility
including delivering value to the customers, being ready for change, valuing human knowledge and
skills, and forming virtual partnerships. Mathiyakalan et al. (2005) argued that agility is a capability of
firms to detect changes in its business environment and reconfigure its resources, processes and
strategies to rapid responses to a changing environment. In line with Naylor (1999), agility involves
using market knowledge and collaboration to exploit profitable opportunities in a volatile market place.
In short, Agile approaches focus on people, technology that works well, working with customers and

adapting to change.

In order to agile, organisations require a set of enablers. Bottani (2010) argued that agile enablers are
capabilities, which allow to promptly respond to changing business environment. Other literature, such
as Aslam et al. (2018); Dubey et al. (2018); Eckstein et al. (2015); Ketchen and Hult (2007) and Lee
(2004) identified market sensing capability, supply chain alignment and adaptability as some of the key
precursors of supply chain agility. In consonance with these drivers, Conforto et al. (2014) itemised a
set of agility enablers including knowledge management, strong leadership commitment, organisation
learning, organisational culture, multidisciplinary teams, decentralised decision-making, customer and

stakeholder involvement.

Besides, Yusuf et al. (2004) classified agile supply chain capabilities into reach and range of upstream
and downstream activities supported by trust-based collaboration. The greater the degree of reach and
range practices the better the visibility of supply chain operations (Yusuf et al. 2004). Similarly, the

reach and range dimensions, according to Dyer and Singh (1998), are measured using related



capabilities of supply chain maturity such as inter-firm collaboration, joint resource capabilities,

knowledge-sharing, and effective leadership practices.

In addition to the stated enablers, Vinodh et al. (2010) group agility enablers into technology and
management categories. The former includes the integration of information, computer-aided design and
production, virtual enterprise, reverse engineering, rapid prototyping. The management enablers
include lean approach, total product management, supply network management. Recently, Gunasekaran
et al. (2018) defined agile supply chain practices in term of five enabling competencies of transparent
customisation, supply network, intelligent automation, total employee empowerment and technology
integration. In order to operationalise the concept of agility in the supply chain, this study used five
important capabilities including market sensitivity, network collaboration, process alignment,
technology integration, and employee empowerment (Gunasekaran et al., 2018; Lin et al., 2006;
Martinez-Sanchez and Lahoz-Leo, 2018). The Table 1a below displays the key enabling attributes of

agile supply chain mentioned and their sources.

Table 1a: The summary of key attributes of sustainable supply chain practices and agile practices

Constructs Attributes Sources
Sustainable supply chain e  Environmental management systems Zhu et al., 2013; Wu et al., 2012;
practices e  Sustainable design Esfahbodi et al., 2017; Blome et al.,
e  Investment recovery 2014; Paulraj et al. 2017; Wong et al.
o Sustainable procurement 2012; Huq et al.,‘2016; Mani et al.,
e Social sustainability practices 2018; Zhu and Lai, 2019; Marshall et

al., 2015.
Agile practices e Market sensitivity Gunasekaran et al. 2018; Aslam et al.
e  Employee empowerment 2018; Dubey et al. 2018 Carvalho et
e  Process alignment al. 2017; Martinez-Sanchez and
e Technology integration Lahoz-Leo 2018; Lin et al., 2006;
e  Network collaboration Eckstein et al. 2015; Conforto et al.

2014; Bottani 2010; Ketchen and
Hult 2007 and Lee 2004.

2.3 Sustainability performance criteria

Performance measures are important to companies in the supply chain in order to assess performance
against set objectives and identify loopholes in performance (Yusuf et al., 2018). The ability to create
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a baseline is a necessity for any performance measurement system (Beske-Janssen et al., 2015). A
performance measurement system can be defined as the set of metrics used to quantify both the
efficiency and effectiveness of actions (Neely et al., 2005). There appears to be a growing recognition
that the measures of performance that companies have traditionally used are inappropriate for
manufacturing supply chains (Yusuf et al., 2018; Neely et al., 2005). This may have been because they:
encourage short-termism; lack strategic focus, and do not provide data of social and environmental
issues; and it fails to provide information on what their customers want and what their competitors are
doing (Kaplan and Norton, 1992). Therefore, it is important that today’s performance measurement
system must address the three sustainability dimensions without giving primacy to the economic

outcomes over social and environmental effects (Pagell and Shevchenko, 2014).

Environmental sustainability performance pertains to reducing the natural resources consumption such
as materials, water, energy and the atmosphere, amongst others. Whilst there is an understandable
concern that the supply chain’s carbon footprint should be minimised, it must be recognised that
suppliers’ decisions have a wider impact on resources generally. Besides, it is important to consider the
effect of human and economic activities on the source of raw materials across the entire supply chain.
Yusuf et al. (2013) termed this as the protection of scarce resources required to satisfy people
requirements. Waste, including external waste, inflicts internal cost (Sarkis et al., 2011). Even in the
absence of laws, wasteful use of materials, water, energy and neglect of greenhouse gases are not only
harmful to the environment but changing climate is likely to increase the vulnerability of global supply
chains and thus exerting pressures on manufacturers to reduce their greenhouse gas emissions. There is
an overwhelming agreement that the climate is changing, and further change is inevitable without
reductions of greenhouse gas emissions such as Hydrofluorocarbons, perfluorocarbons, sulphur
hexafluoride, carbon dioxide, methane and nitrous oxide. The multiple consequences that come with a
warmer climate have escalated the kind of attention given to environmental performance.
Environmental performance may also comprise of minimised air emissions, reduced material input,
increased energy efficiency, reduced discharge of solid and toxic waste, and decreased use of natural

resources, amongst others (Paulraj et al., 2017; Zhu et al., 2008; 2013; Zhu and Sarkis 2004).



The importance of social sustainability performance has been emphasised in the literature (Beske-
Janssen et al., 2015; Walker et al., 2014). Social performance is the means to the twin objectives of
achieving environmental and economic sustainability (Yusuf et al., 2013). Chen et al. (2017) grouped
social performance into two basic categories: social capital and human capital. Social capital, on one
hand, concerns respecting the rights of the communities in which the resources are located, improving
better quality of lives of people without damaging the environment and not overexploiting the resources
contained in it (Chin et al., 2015; Yusuf et al., 2013). This also involves humane working conditions at
suppliers’ plants, fair treatment of customers (product and process safety), and social investment at
communities where suppliers operate (Krause et al., 2009; Sarkis et al., 2010). The human capital, on
the other hand, concerns improved health and safety of workers, fairness in the working environment,
workers diversity and inclusions, sustainable skills development of workers, welfare of workers and the
level of employee commitment, amongst others (Jennings, 2013; Carter and Rogers, 2008; Porter and

Kramer, 2006; Krause et al., 2009).

The economic performance focuses on achieving sales growth and increasing profitability. Here, the
critical linkage is the impact that social and environmental action can have on sales volume and
customer satisfaction. There are studies that indicate a positive connectedness between sustainability
factors and sales growth (Sarkis et al., 2011). For example, Paulraj et al. (2017) show that sustainable
supply chain practices improve economic performance such as profit as a percentage of sales, return on
assets and increase in market share. This can be through the efficient use of resources, where products

use a smaller amount of materials and energy.

It can also be argued that good social and environmental activities may strengthen the likelihood that
customers will remain loyal to the supplier. The higher levels of customer retention lead to greater sales
and profit. Naturally, this occurs because satisfied customers are more likely to place a greater
proportion of their purchases with the supply chains. Nonetheless, to sustain the supply chain,
productivity improvement is important in order to boost market share. Market share is an indicator of

financial performance (Yusuf et al., 2013; 2014). Just as powerful and important is cash flow. Strong
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positive cash flow has become as much a desired objective of management as profit. The pressure on
most organisations is to improve the productivity of capital to make the resources liquid. In this regard,
it is usual to use the concept of return on investment where it is defined as the ratio between the net

profit and the capital that was employed to produce that profit.

2.3.1 Operational performance objectives

Operational performance objectives arise from the ways in which a firm chooses to compete in the
marketplace and the types of markets it pursues (Porter, 2004). In competitive markets, customers drive
markets and markets drive organisational behaviours. Customers make purchasing decisions for a
variety of reasons such as cost or service attributes relating to a purchase. Organisations must position
themselves to meet the buyer’s requirements. There are numerous important operational competitive
attributes that determine the competitive position of an organisation in the marketplace. These may
include cost, quality, delivery reliability, speed of delivery, flexibility and innovation (Yusuf et al.,

2014).

A low-cost position allows the company to use aggressive pricing and high sales volume (Hart, 1995).
The organisation keeps the cost of products and services low to provide its customers with better value
for money. Focus on this attribute will be important when an organisation is in competition with low-
price competitors. Low cost alone may not be enough to attract and keep customers and the company
may need to compete on other dimensions too. The quality objective is the ability to deliver on quality
conformance. There are two aspects of quality, these include product/service quality and process
quality. Process quality is important for all organisations competing in the market because no customer
wants products with defects. It determines the reliability of the product/service. Continuous
improvement of quality and reliability of products and services offered will be essential in the market
being served. The operational objectives must be to specify product/services quality at the level

acceptable to the market and consistently conform to specifications.

Reliability performance objective means adherence to the terms and conditions earlier agreed with the

customer. Delivery on time or ahead of time may help the organisation to establish a competitive
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advantage, which may be critical to securing a competitive position in the market (Yusuf et al., 2014).
Failure to deliver on time may lead to a loss of trust. The emphasis on reliability has increased because

of instability in the market environment (Gordon and Sohal, 2001).

It is important for manufacturers to deliver on cost, quality and reliability objectives. The increase in
competition and rapid technological change have shifted attention to speed. The speed at which a
product or service can be delivered may determine the competitive advantage in some market. Speed
means timely fulfilment of scheduled orders and developing new solutions ahead of competitors.
Enhanced operations speed requires the elimination of non-value-added activities in supply chain
business processes (Gordon and Sohal, 2001). Increasing speed encourages waste reduction, while

materials spend less time in inventory, thereby minimising operational costs.

There is emphasis on operational flexibility and for companies to accept the challenge of delivering an
expected product/service, despite a sudden change in customer demand. In the present social and
environmental changes, flexibility entails being able to change products or production processes
quickly. Manufacturers may need to develop and introduce new products swiftly for its customers.
Innovation, new design, access to capabilities in managing new technologies and process
reconfiguration may all be part of being flexible. Another measure of organisational performance is
innovation. Innovation involves the thoughtful application of information, imagination and initiative to
deliver values from resources. In the context of business, innovation is achieved when an idea is applied
to further satisfy the needs and expectations of customers (Guisado-Gonzalez et al., 2016). The
financial, operational, environmental and social performance measures discussed above are summarised

in Table 1b.

Table 1b: Summary of the dimensions of sustainability and operational performance measures

Dimensions Indicators Sources

Financial performance e Increase in Sales Yusuf et al., 2013 ; 2014 ; Golicic
° Increase in Profit and Smith, 2013; Paulraj et al., 2017
e Increase in overall market share
e Increase in customers’ satisfaction
e  Improvement in firm’s

reputation

12



Costs Yusufetal., 2014 ; Zhu et al., 2013 ;
Quality Renetal., 2003 ; Blome etal., 2013 ;
Speed Eckstein et al., 2015

Reliability

Flexibility

Innovation

Reduction in solid wastes Paulraj et al., 2017; Zhu et al.,
Decrease in use of natural resources 2013 ; Wong et al., 2012 ; Esfahbodi
Increased energy efficiency et al., 2017 5 Blome et al,, 2014
Reduction in water usage

Reduced air pollution

Decrease in consumption toxic chemicals

Decrease in frequency for environmental

accidents

e  Improvement in an enterprise

environmental situation

Operational Performance

Environmental performance

Social Performance e Increase in community involvement Paulraj et al., 2017; Jennings, 2013;
e  Improvement in employee welfare Krause et al., 2009; Chin et al., 2015;

Improvement in health and safety of Sarkis et al, 2010; Klassen and
workers Vereecke, 2012

Improvement in community safety
Respect human rights

Improved product safety
Improved process safety
Improvement in social investment

3. Conceptual model and hypothesis development

3.1 Conceptual model

This study is grounded in the dynamic capabilities view. This theory is the extension of the relational
theory (Dyer et al., 2018). Generally speaking, the resource-based view explores how certain assets and
capabilities serve as a base for competitive advantage and superior performance (Barney, 1991). This
approach views the company as a bundle of resources and emphasises that resource heterogeneity exists
inside the firm. But there have been a lot of criticisms of the relevance of resource-based view theory
to current sustainable supply chain design. Hart (1995), in propounding a natural resource-based view,
argued that models of sustainable competitive advantage need to be expanded to include the constraints
and challenges that the natural environment places on firms, and how resources and capabilities rooted
in the firm’s interaction with its natural environment can lead to competitive advantage. The Natural
Resource-Based View of the firm was further explored by Hart and Dowell (2011) in the light of
dynamic capabilities. The natural resource-based view (NRBV) role was examined to understand how
firms account for environmental sustainability in their quest for competitive advantage. Lavie (2006)

mentioned that unique resources exist at the supply network resources of interconnected firms whilst
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Ketchen and Hult (2007) maintained that companies should rather invest in cooperation that allows
them to create relation-specific instead of firm-specific rent. In light of this, Dyer et al. (2018) argued
that the NRBV fails to consider how cooperation, value creation, and value capture unfold over time.
They suggest that the dynamic capabilities view is critical because it provides greater insight into
understanding both what drives cooperation for value creation and what leads to competition for value

capture.

Accordingly, dynamic capability depicts the organisation’s ability to integrate, build and modify
internal and external capabilities to address quickly shift in the people expectations (Teece et al., 1997’
p. 516). As Aslam et al. (2018), Blome et al. (2014), Eckstein et al. (2015) and Augier and Teece (2009)
pointed out, dynamic capabilities allow organisations to sense and seize opportunities, and to sustain
competitive advantage through aligning and adapting resource capabilities. In the context of the supply
chain, dynamic capability emerges when companies engage their employees in understanding customer

requirements and interpret such needs to permit fast communication in the entire supply chains.

Following Dubey et al. (2018), Beske et al., (2014), Aslam et al. (2018), Ketchen and Hult (2007),
Blome et al. (2014) and Eckstein et al. (2015) studies, our proposed conceptual model in Figure 1 is
grounded in the dynamic capabilities view of the firm. The model offers some insights into enablers
and mediators of supply chains implementation of sustainable practices and the resultant four broad
categories of operational, financial/economic, environmental and social performance objectives. In this
model are contingencies interconnectedness and influences that may result in success or failure of
implementations. As Grimm et al. (2014) mentioned, the leading company have key drivers and
practices for ensuring their supply chain partners meet specified sustainability standards. The various
practices and methods for a concurrently sustainable and agile supply chain management are here linked

in a single integrated model for increasing sustainability outcomes of industries.
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The model proposes the links amongst four constructs. These four main constructs are: agile practices,
sustainable practices, operational performance objectives and sustainability performance measures. The

next section discusses how these constructs are related.

Agile practices Operational performance objectives
- Market sensitivity H1 »{ - Price (cost)
- Process alignment L __________ H6--------- | - Speed
- Technology integration - Quality
- Employee empowerment - Flexibility
- Network collaboration - Reliability
- Innovation
Fr

H7

|
|
|
|
| ~
|
|
1

Sustainable supply chain practices Sustainability performance Criteria
- Environmental management practices
- Sustainable design

- Investment recovery practices

- Sustainable procurement

- Social sustainability practices

- Economic performance measures

- Environmental performance measures

- Social performance measures

Figure 1: The proposed conceptual model

3.2 Hypotheses development

3.2.1 The influence of agile methods on organisational performance criteria

Previous studies have established that agile practices have positive and direct impacts on financial
performance measures and operational performance measures (Tse et al., 2016; Eckstein et al., 2015;
Yusuf et al., 2014; de Groote and Marx, 2013; Blome et al., 2013). Thus, while there has been some
progress made concerning the links between agile practices and economic sustainability measures.
There is no work done on the impacts of agility on social and environmental sustainability measures
and yet, according to Gligor et al (2016) and Dubey et al (2015), social and environmental sustainability
practices are evolving as part of the range of activities of the agile operations. In fact, recently, Ciccullo
et al. (2018) identified a lack of empirical study examining the influence of agile practices on the extent
to which organisations could translate sustainability practices into sustainability performance.
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Therefore, the interaction between agile practices, sustainability practices, operational performance and

sustainability performance require further investigation.

The ability to share information across the supply chain will minimise waste, thereby positively
influencing environmental performance (Cabral et al., 2012). In the same way, working together
collaboratively with suppliers for sustainable procurement and product development has been shown to
reduce usage of hazardous materials in production (Zhu and Sarkis, 2007). As Large and Thomsen
(2011) demonstrated, improved knowledge transfer helps suppliers to eliminate waste, minimise
pollution and emission, so enhancing companies' reputation and increasing environmental performance.
As resources are increasingly becoming scarce, using advanced technology, as Yusuf et al (2014)
contended, will reduce energy, water and raw materials used in manufacturing. In this, therefore, some
of the established agility attributes of information and knowledge management, partnership and

collaboration (Yusuf et al, 2014) can be linked to sustainability performance. We thus hypothesise that:

H1: Agile practices have a positive effect on sustainability performance.

H2: Agile practices have a positive effect on operational performance objectives

3.2.2 The effect of sustainable supply chain practices on operational performance objectives and

sustainability performance

Sustainability performance measures are indicators of how successful the implementation of
sustainability practices in an organisation (Paulraj et al., 2017; Marshall et al., 2015; Morali and Searcy,
2013). The measures indicate the degree to which sustainability practices have led to overall
organisational performance. In addition to the economic performance, increasing number of companies
now consider social and environmental sustainability performance as a competitive advantage
(McWilliams and Siegel, 2001; McKinsey, 2013). In fact, existing literature has linked adoption of

sustainability practices to cost, differentiation and innovation strategies (Crittenden et al., 2011; Orsato,
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2006; Porter and van der Linde, 1995; Orlitzky et al., 2011; Dangelico and Pujari, 2010; Prajogo et al.,
2014). Prajogo et al. (2014) in particular suggested that the effective development of green and social
products relates to differentiation strategies whilst, according to Orsato (2006), environmental
sustainability practices can lead to cost savings. Klassen and Vereecke (2012) stressed that social and
environmental sustainability are means for improving innovation whereas Christmann (2000)
contended that the higher a firm’s level of innovation in pollution prevention technologies, the larger
the cost advantage it gains from environmental sustainability practices. Therefore, sustainability
practices can result in better operational performance objectives of innovation, cost, quality and

reliability.

Hart (1995, 2000) argued that environmental opportunities in the future would become a major source
of revenue growth and competitive advantage to organisations. Extending this viewpoint, one can argue
that, sustainability strategies, when successfully deployed, provide organisations with competitive
advantage through, for example, environmentally differentiating products (and or markets) relative to
the competition. Such practices as pollution prevention and control, waste minimisation and efficient
use of resources or the broader corporate social responsibility initiatives should bring about diminished
impacts of the operations of a firm on the environment and increased social and reputational capital.
The implementation of sustainability practices therefore can result in better sustainability performance

objectives.

In light of the above, the following hypotheses are thus proposed:

H3: Sustainable supply chain practices have positive effects on operational performance objectives.

H4: Sustainable supply chain practices have positive effects on sustainability performance objectives.

3.2.3 Mediating roles of agile capabilities and the effects of sustainability practices on agile

practices
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Several enabling factors can help in sustainable supply chain practices (Esfahbodi et al., 2016; Song et
al., 2016; Hugq et al., 2016; Luthra et al., 2016). Many of these enablers are closely aligned with agile
methods and practices (Gunasekaran et al., 2018). Agile approaches focus on people, technology that
works well, working with customers and adapting to change. It is difficult to implement sustainability
practices successfully without a robust understanding of, involvement with, and knowledge of
customers and other stakeholders. The market sensing capability of an agile organisation can help in
understanding the expectations of customers whilst the lack of sensing capability could render
sustainability initiatives unsuccessful (Wu et al., 2016a). As insights from customers can help shape
platforms that create maximum return for organisations, agile organisations with market sensing
capabilities can quickly leverage on the understanding of customers and information technology to
develop sustainable supply chain practices. Collaboration across supply networks and multi-
stakeholder partnerships are also indirect capabilities for advancing sustainable objectives in industries.
Sustainability issues are more challenging and complex to tackle alone (Chen et al.,, 2017).
Collaborative network capabilities will increase the influence of sustainable supply chain practices by
extending the reach, pooling resources and avoid conflicting communication (Jadhav et al., 2018).
Collaborative practices provide a way for supply chain members with fewer resources to take actions
and contribute to advance sustainable supply chain practices. Collaboration with suppliers on
sustainability issues, for example, can foster product innovation leading to new added features to
existing products and even newly developed ones. The combination of market sensing and network
collaborative dimensions of agility facilitate sustainability practices. Further, whilst sustainability
practices are direct sources of competitiveness on their own, their performance impacts are enhanced

when facilitated or mediated through agile practices. Therefore, we can hypothesise that:

HS5: Agile practices mediate the relationships between sustainable supply chain practices and

sustainability performance

H6: Agile practices mediate the relationships between sustainable supply chain practices and

operational performance objectives.
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Further and following on from above, agile practices mediate sustainability practices because the later
set of practices influence and impact on the former ones. For example, the capacity to design and create
new sustainable products in response to customer requirements can result in the company developing
agile capabilities. Thus, as sustainable supply chain practices induce process and product innovations

that contribute to the overall agility of organisations, it can be stated that:

H7: Sustainable supply chain practices have positive effects on agile practices.

4.0 Research methodology

4.1 Survey development and data collection

The study follows a positivist epistemological position, in that, the social world exists externally, and
its properties should be measured through objective approaches and not subject to scope of
interpretation (Easterby-Smith et al., 2018; Bell et al., 2018). The positivism paradigm employed was
survey research strategy (Dillman et al., 2014). Survey research is suitable for gathering unique and
rich empirical data from a large population size (Wilson, 2014) and because it involves developing and
testing hypotheses, it is considered a deductive approach. After undertaking a review of the literature
on agility and sustainability in supply chains, four constructs were identified. These constructs include
agility practices, sustainable supply chain practices, operational performance objectives and

sustainability performance measures.

A questionnaire was developed around the constructs. Further, multiple items were used for the
measurement of each construct - the scales were developed in accordance with the procedure suggested
by Pallant (2013) for developing measures. The questionnaire survey involved five-point Likert scale
questions, which are important measures for defining the interactions between the practices and

performance measures.
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As these practices and performance measures were objective and not being inferred subjectively
through social construction (Easterby-Smith et al., 2018), a mixed-mode approach of data collection
was used in accordance with Dillman et al., (2014). That is, both mailed portal and web-based survey
were adopted in collecting data. The aim was to mitigate any prejudice of using the individual method
and enhancing the quality of the data beyond the single survey method while eliminating the possibility
of bias (Frankfort-Nachmias and Nachmias, 2007). Based on the modified version of Dillman et al.
(2014), a total design approach was used to gather data via a mailed postal and QuestionPro surveys
from September to November 2018. Prior to the main data collection, a draft of questionnaire was sent
to two academics and supply chain managers with strong interests in agility and sustainable
manufacturing before it was distributed to the respondents. A single answer per organisation was
requested. This is in line with similar studies in this area (Esfahbodi et al., 2017; Bottani, 2010; Aslam

et al., 2018; Blome et al., 2014; Eckstein et al., 2015; van Hoek et al., 2001).

Given the fact that the consumption of resources, waste generation and implementation of sustainable
supply chain practices are mostly associated with industry supply chains, the questionnaire by survey
focused on UK manufacturing supply chains. The target organisations were from those involved in the
extraction of crude petroleum and natural gas; mining of metal ores, coal and lignite; manufacture of
coke and refined petroleum products; manufacture of chemical and chemical products; manufacture of
rubber and plastic products; manufacture of steel or irons, and fabricated metal products; manufacture
of electronic and electrical equipment; manufacture of machinery, motor vehicles, trailers and other
transport equipment. These industries are major contributors to global carbon footprint and key
consumers of natural resources and therefore, prime candidates for the study of sustainability and
related practices of agility. The UK was chosen as the empirical setting for this study because of its
significant share of total global manufacturing outputs and resource demands. According to a most
recent report by West and Lansang (2018), the UK, in 2015, was the 9th manufacturing country in the
world with an output of $244 billion that accounted for 10% of its national output and 2% of the global

manufacturing output.
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There are many challenges with respect to collection of data using simple random sampling. One
drawback is that it can mean small but important parts of a population are missed altogether and the
researchers cannot make confident statements about their results (Easterby-Smith et al., 2018). Another
problem is difficulty in gaining access to senior executives. Other issues include a lack of knowledge
of sustainability concerns among potential recipients of the questionnaires. Therefore, to avoid these
problems, we employed convenience sampling. The convenience sampling enabled us to select sample
units based on how easily accessible they are. Following other similar key informant-based research
studies (Aslam et al., 2018; Esfahbodi et al., 2017; Yusuf et al., 2013), the objective was to find the
right person in the organisation who would be able to respond to all of the questions about agility,
sustainability and performance. For this reason, managing directors, Chief executive officers, Plant
managers, Directors, Logistics managers, Operations managers, Sales managers, Supply chin managers,
and Industrial waste managers and Procurement managers were targeted. These respondents consisted
of highly skilled and knowledgeable supply chain professionals who play important roles in their

organisations.

A total of nine hundred and forty-five (945) questionnaires were mailed out to our samples taken from
financial analysis made easy (FAME) database and subsea oil and gas directory. A cover letter together
with return stamped envelope were enclosed in the postal mail to encourage potential recipients to return
the questionnaires. The survey tool was also uploaded onto the web-based QuestionPro and made
visible only to respondents chosen from the sample organisations. The internet-based survey provides
greater degrees of accuracy and minimises missing values (Creswell, 2014). Non-respondents were
followed up two weeks after the initial mail with a reminder email and telephone calls and seven weeks
later, extra questionnaires were resent to improve response rate as suggested by Frankfort-Nachmias
and Nachmias (2007). In the end, 346 companies completed and returned the questionnaire,

representing a response rate of 36.6%.
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Following Hair et al. (2010, p. 55) suggestions, 35 incomplete responses were removed from the

analysis. A total of 311 usable responses were fully completed and used in the analysis that follows.

4.2 Non-response bias

The non-response bias was investigated using the approach recommended by Armstrong and Overton
(1977, p. 401), comparing early and late respondents as a proxy for non-respondents (Fullerton et al.,
2014). The early respondents (n=136) were completed before the reminder email and telephone calls
was made, and these were categorised as early wave, whilst those respondents (n=175) that returned
the questionnaire after the email and telephone calls reminder formed the late wave. The independent-
samples t-test was conducted to compare the scores for the early and late groups. As it can be seen in
Table 2, the demographic characteristics of number of employees, turnover and agility practices, result
shows that there was no significant difference between the mean values of the two groups, showing the
null hypothesis that there is no statistically significant difference between respondents and non-
respondents cannot be rejected. In addition, based on the two-tailed significant level and Levene’s t-

test presented in Table 2, there was no non-response bias.

Table 2: Independent-samples t-test external validity for non-response bias of the questionnaire

| Constructs || I Wave” 2ond Wave” 2 tail sig. || df || Levene’s test |

No of employees 2.87 2.88 961 309 .820
961 292.121

Annual turnover 3.49 3.53 916 309 984
916 290.848

Market sensitivity 3.75 3.77 .875 309 .662
.875 286.805

Process alignment 3.75 3.80 .679 309 .943
.678 290.785

Technology integration || 3.92 3.97 .658 309 .350
.660 283.962

Network collaboration || 3.76 3.83 557 309 442
.559 286.158

Employee empowerment|| 3.32 3.36 721 309 902
722 287.712
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4.3 The respondents’ demographics

The Table 3 shows the demographics of the respondents, including number of employees, annual

turnover, and business sectors of participating organisations. The sample comprises of 311

manufacturing enterprises in the UK. The table shows that companies with less than £100 million annual

turnovers constituted 51.1% of the entire respondents whilst those with less than 250 employees

accounted for 56.9%, indicating a business structure dominated by contractors and suppliers. The

respondents are well distributed across business sectors. There are three dominant groups — extraction

of crude petroleum, manufacture of chemicals and chemical products, as well as manufacture of motor

vehicles — accounting for 51.4% of the total sample.

Table 3: Respondent’s demographics

Number of the Turnover % Industry classification (UK SIC- standard industrial
employees % || (£ Million) classification) %
| <100 || 33.1 || Less than 25 || 26.7 || Extraction of crude petroleum and natural gas || 23.8 |
| 101-200 || 15.4 || 26 - 50 || 12.2 || Manufacture of coke and refined petroleum products || 1.0 |
| 201-300 || 8.4 || 51-100 || 12.2 || Manufacture of chemicals and chemicals products ” 14.1 |
301-500 9.6 || 101 - 500 25.7 Manufacture of Pharmaceutical products and pharmaceutical 2.9
preparations
| 501-1000 || 11.6 || 501 - 750 || 5.1 || Manufacture of machinery and equipment || 4.8 |
| 1001-2000 || 7.1 || 751 - 1000 || || Manufacture of steel and metal products || 7.1 |
| 2001-5000 || 8.0 || 1001 -2500 || .6 || Quarrying of building stones, limestone and iron ores || 32 |
| >5000 || 6.8 || 3001 - 3500 || 3 || Manufacture of motor vehicles ” 13.5 |
| || || Over 3500 || 12.2 || Manufacture of electricity ” 7.4 |
| || || || || Manufacture of electronic and electrical equipment ” 4.2 |
| || || || || Manufacture of cements ” 4.5 |
| || || || || Transportation ” 4.8 |
| || || || || Other supporting activities for oil and gas extraction ” 8.7 |
5. Results

The analysis of the questionnaire data was carried out using statistical packages for social science (SPSS

and SPSS AMOS). This software packages is one of the most widely used for statistical analysis in

social sciences. The data were analysed using statistical techniques of structural equation modelling to
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explore a set of relationships amongst independent and dependent variables. Here structural equation
modelling is used as a confirmatory approach to data analysis, which tests the hypothesised model to
confirm the degree to which the suggested model is consistent with the data. Such analysis specifies

the direct and indirect correlation among variables (Byrne, 2016).

5.1 Exploratory factor analysis

Exploratory factor analysis is often used in the early stages of research to gather information about the
interrelationships among a set of variables. It can also be used to reduce a large number of related
variables to a more manageable number, prior to using them in the structural equation modelling
(Tabachnick and Fidell, 2014). Prior to performing the exploratory factor analysis, the suitability of
data for factor analysis was assessed. The inspection of the correlation matrix revealed the presence of
coefficients value of 0.70 and above. The Kaiser-Meyer-Olkin value was 0.872, exceeding the
recommended value of 0.6 (Kaiser, 1974) and Bartlett’s Test of Sphericity (Bartlett, 1954) reached
statistical significance value of 0.000, supporting the factorability of the correlation matrix, as displayed

in table 4.1.

Principal components analysis was used as the factor extraction approach to performing exploratory
factor analysis. Varimax technique of orthogonal rotation was then used (Fullerton et al., 2014),
resulting in fourteen factors with eigenvalue greater than 1, explaining (see table 4.2 for details) of the
variance respectively (Hair et al., 2014). Both components are showing a number of strong loadings
and each item loads substantially on one component (see details in table 4.2). Loadings under 0.50 were

removed as suggested by (Marshall et al., 2007). The initial 95 items were reduced to 82 items.

In sum, inspection of the factor items in Table 4.2 shows the components of agile supply chain practices.
For example, component 1 represent process alignment (PA), component 7 was labelled as market
sensitivity (MS), component 8 relates to employee empowerment (EE), component 11 reflected
technology integration (T1), and component 14 represent network collaboration (NC). The components
on sustainable supply chain practices include component 2: sustainable procurement (SPr); component
3 social sustainability practices (SSP); component 5 sustainable design (SD); component 9:
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Environmental management practices (EMP), component 13 investment recovery (IR). The factors on

dependent variable are: component 4; environmental performance (EP); component 6 operational

performance objectives (SP); component 10 social performance (OPO) and component 12 financial

performance (FP).

Table 4.1 KMO and Bartlett's Test

| Kaiser-Meyer-Olkin Measure of Sampling Adequacy.” .872 |

| 35885.440 || 2657.340|

Bartlett's Test of Sphericity | 3321 || 630 |

| .000 | 000 |

Table 4.2 Exploratory factor analysis: factor loadings for explanatory variables
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Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 7 iterations.

5.2 Test of psychometric properties

Prior to the analysis of the data, a test of reliability and validity was carried out. Reliability involves the
consistency of a measure of a construct. The most commonly used indicators of internal consistency
are Cronbach’s alpha coefficient (Rungtusanatham et al., 2003). In line with DeVellis (2016), a good
reliability should have Cronbach’s alpha coefficient of a value above 0.70. The test of reliability was
done and resulting in Cronbach’s values of 0.906 for entire study constructs (see table 6 for details
reliability of sub-constructs). These suggest a very strong internal consistency and reliability as all alpha

values are above 0.70 (DeVellis, 2016).

The confirmatory factor analysis was used to establish convergent validity and unidimensionality of
constructs. The confirmatory factor analysis was performed separately for independent and dependent
variables. The results show a good model fit for the independent and dependent variables as follows:
independent variables normed chi-square (chi-square/degree of freedom) value of 1.336; a root means
square error of approximation (RMSEA) = 0.033; a goodness of fit index (GFI) value of 0.829; and a
comparative fit index (CFI) value of 0.982. whilst, dependent variables include: normed chi-square

(chi-square/degree of freedom) value of 1.886; a root mean square error of approximation (RMSEA) =
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0.053; a goodness of fit index (GFI) value of 0.906; and a comparative fit index (CFI) value of 0.985
were found to be adequate. The fit indices equal to or exceeded the minimum threshold value of 0.9 as
recommended by (Koufteros, 1999). In addition, standard loadings were in all cases above 0.70. Thus,
support was found for the convergent validity and composite reliability in our measurement model as

recommended by (Fornell and Larcker, 1981).

More so, we compared the square root of the construct’s average variance extracted with the constructs
correlation to established discriminant validity as suggested by (Fornell and Larcker, 1981). Table 5
indicate the square root of the average variance extracted as bold in the diagonal. As can be seen, the
entire construct’s correlations were found to be less than the square root of the average variance

extracted for individual construct. As such, there is support for discriminant validity.

Furthermore, we used procedural approach to reduce the potential for common method bias since both
dependent and independent variables were obtained from the same source. The respondents to our
questionnaire survey were mostly senior managers with high level of skills and knowledge about agility
and sustainability, which tends to minimise common method bias. More so, we separated the measures
over the length of the survey instrument and guaranteeing participants that their responses would be
kept anonymous - this also reduced common bias (Podsakoff et al., 2003) as a result of decreased
motivation. Financial analysis made easy (FAME) database was used to check consistency over
demographic variables and performance criteria to further reduce the threat of common method bias. In
the same way, Harman’s one-factor test was carried out (Podsakoff et al., 2003). A factor analysis was
also conducted on the variables and it did not yield a single-factor solution. In addition, the validity and
reliability test (Tables 5a and 5b) plus whole model fit (Table 6) show strong support for the suitability

of the model constructs.

Table 5a: Correlation matric, convergent and discriminant validity test of the constructs
(second order model)

a CR AVE Model Model Model Model
1 2 3 4
Agile practices 0.884 0.994  0.850 0.922
Sustainable supply chain practices 0.864 0991 0.776  .559™  0.881
Operational performance 0.909  0.899 0.598 639" 5177 0.773
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Sustainability performance 0.860 0.979 0.742  .683™ 685" 653" 0.861

**_ Correlation is significant at the 0.01 level (2-tailed).
o construct reliabilities
Square root of Average Variance Extracted (AVE) shown as bold in diagonal
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Table 5b: Correlation matric, convergent and discriminant validity test of the constructs (first order model)

Sub-constructs CR AVE EE MS PA TI NC EMP SPr SD IR SSp SpP EP PA FP
Employee empowerment (EE) 958 .794 .891

Market sensitivity (MS) 980 .908 231" 953

Process alignment (PA) 991 959 543"  314™ 979

Technology integration (TI) 957 787 455" 354" 557 .887

Network collaboration (NC) 967 .830 395 265" 555" 528" 911

Environmental management practices (EMP) 960 .829 .127°  .118" .109 .154™ .161" .910

Sustainable procurement (SPr) 958 790 258 393" 283" 422" 241" 067 .889

Sustainable Design (SD) 922 628 .244™ 2617 209 279" 262 114 546" .792

Investment recovery (IR) 935 741 266" 213" 313" 3177 .105 .165" 1217 .104 .861

Social sustainability practices (SSP) 984 882 338" 268" 4417 443" 269" .132" 325" 294" 334" 939

Social performance (SP) 914 640 457 430" 558" 490" 457" 187" .354™ 465 372 3717 .800

Environmental performance (EP) 965 .822 .446™ 387" 4817 561" 4257 178" .386™ .399™ 323" 6417 581" .907

Operational performance objectives (OPO) 899 599 327" 380" 568" 399" .359™ 162" .360™ .278™ 235" 438" 521" 517" .774
Financial performance (FP) 943 768 384" 559" 5117 449 376" 2757 375 372" 313" 530" .6117 .679 721" .876

**_ Correlation is significant at the 0.01 level (2-tailed).

*_ Correlation is significant at the 0.05 level (2-tailed).

Square root of Average Variance Extracted (AVE) shown as bold in diagonal
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Table 6: Results of confirmatory factor analysis

Items # Scale items Standardised R? | t-value
item loadings
Entire constructs Cronbach’s a=.909
Agile practices Second-order construct consisting five main dimensions; Cronbach’s o = (.884)
Process alignment (PA) Cronbach’s a = (.994), CR = (0.991), AVE = (0.959)
PA1 | Decentralised decision making 983 966 9.043
PA2 | Cross functional teams 982 964 9.105
PAA4 | Information accessible to employees 990 981 7.040
PAG6 | Concurrent execution of activities 984 .969 9.254
PA7 | Quality over product life 984 969 _a
Technology integration Cronbach’s o= (.950), CR = (0.957), AVE = (0.787)
(D
Flexible production technology .836 .699 _a
Leadership in the use of current technology 928 .861 8.885
Skill and knowledge enhancing technologies .848 720 10.997
Technology awareness 931 .867 8.706
First time right design .843 710 11.064
Virtual enterprise .841 706 11.089
Network collaboration Cronbach’s a = (.991), CR = (0.967), AVE = (0.830)
NO)
NCl | Close relationship with customer 991 .983 a
NC2 | Trust-based relationship with customers/suppliers 994 989 7.586
NC3 | Multi-venturing capabilities 982 964 10.972
NC4 | Rapid partnership formation 906 821 12.205
NCS5 | Teams across company borders .986 973 10.495
NC6 | Enterprise integration 977 956 11.285
Employee empowerment | Cronbach’s a = (.978), CR = (0.958), AVE = (0.794)
(EE)
EE1 | Employee satisfaction 910 .828 9.989
EE2 | Learning organisation 936 .876 10.388
EE3 | Workforce skill upgrade 934 872 8.707
EE4 | Multi-skilled and flexible people .962 926 10.436
EES | Continuous training and development 935 875 10.313
EEG6 | Culture of change .945 .892 a
Market sensitivity (MS) Cronbach’s o= (.978), CR = (0.980), AVE = (0.908)
MST1 | Customer driven innovation 944 .892 11.544
MS?2 | Response to changing market requirements 918 .842 7.712
MS3 | New product introduction 983 967 6.063
MSS | Customer satisfaction 976 953 11.274
MS7 | Strategic relationship with customers and stakeholders 904 816 a
Sustainable supply chain Second-order construct consisting five main dimensions; Cronbach’s o = (.864)
practices
Sustainable procurement Cronbach’s a = (.957), CR = (0.958), AVE = (0.790)
(SPr)
SPr1 | Sustainability audit for suppliers’ internal management .891 795 10.286
SPr4 | Cooperation with customer for sustainable packaging 877 770 10.584
SPr5 | Cooperation with suppliers for sustainability objectives 901 813 10.022
Providing design specification to suppliers that include
SPr6 sustainabgility r%:quiliements for theirlgocess 893 798 10.247
SPr8 | Supplier’ ISO 14000 certification .899 .809 10.087
SPr9 | Multi-tiers suppliers sustainability practices evaluation .864 147 _a
Sustainable design (SD) Cronbach’s a = (.924), CR = (0.922), AVE = (0.628)
SD1 | Cooperation with customers for eco design 17 515 11.497
- Elzi;%g losf products for reduced consumption of 869 755 9.650
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Standardised

Items # Scale items . . R? | t-value
item loadings
Design of products for reuse, recycle, remanufacturing, 769 591 11.146
SD3 | and/or recovery of materials and component parts
SD4 | Design of products for easy disassembly .808 .654 10.744
<D 512:;%; 1osf products to avoid or reduce use of hazardous 835 698 10.359
SD6 | Cooperation with customers for cleaner production 7123 523 11.467
SD7 | Design of products for reduced consumption of energy 855 730 a
Investment recovery (IR) | Cronbach’s a = (.931), CR =(0.935), AVE = (0.741)
We used a product’s materials for a basic, low value .641
IR1 | purpose 801 -2
We are extracting a product’s raw materials and usin
IR2 | them for new progducgs ¢ 833 728 10.143
We returned pri ts to the performan ification
IR3 | of ih: t(];lrigeigali eo(;tli;rsne(zlt n?;:lel.lf;)cturerce P 907 823 8414
We are redeploying products without the need for
IR4 refurbishmeﬁt yner 879 772 9-514
IR5 | We sale excess capital equipment .834 .695 10.499
Social sustainability Cronbach’s o = (.986), CR = (0.984), AVE = (0.882)
practices (SSP)
SSP1 | We established health and safety management system 988 978 8.995
SSP2 | We support community involvement and development 985 979 8.923
SSP3 | Worker’s Skills and capabilities development .989 978 9.147
SSP4 | Respect for people rights 968 936 11.361
Provide training for emergency preparedness program .963
SSP5 | to employees, suppliers and community 928 11.500
SSP6 | We guarantee worker’s health and safety at work 792 .627 12.327
Ssp7 za/;:e:;lake products that protect consumers’ health and 924 854 12.021
We support and promote health situation in the 920 .847 a
SSP8 | community
Environmental Cronbach’s a = (.960), CR = (0.960), AVE = (0.829)
management practices
(EMP)
We monitor our suppliers' commitment to
EMP1 | sustainability impr(r))\eement 883 780 10.607
P2 ri(:;l;;l;trment of sustainability practices from senior 901 811 10.199
EMP4 | We helped our suppliers obtain ISO 14001 certification 916 .838 9.725
. rSnl;[l)lp;(g;:trgor sustainability practices from mid-level 928 861 9.187
We frequently visit our suppliers' premises to help 916 .838
EMP?7 | improve their eco innovation -2
Operational performance | Cronbach’s a = (.909), CR = (0.899), AVE = (0.598)
objectives (OPO)
OPOL1 | Costs .843 711 _a
OPO?2 | Flexibility .862 743 9.189
OPO4 | Quality 782 611 10.686
OPO4 | Innovation 742 .550 11.083
OPOS5 | Reliability 763 .582 10.892
OPO6 | Speed 750 .562 11.012
Sustainability performance | Second-order construct consisting three main dimensions, Cronbach’s o = (.860)
Financial performance (FP) | Cronbach’s a = (.932), CR = (0.943), AVE = (0.768)
FP6 | Increase in rate of return on investment 724 .524 _a
FP7 | Growth in market share 173 .597 11.531
FP8 | Increase in sale turnover 928 .860 8.415
FP9 | Increase in profitability 905 818 9.552
FP10 | Increase in customers’ satisfaction 937 .878 7.784
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Items # Scale items Standard1§ ed R? t-value
item loadings

Social performance (SP) Cronbach’s a = (.927), CR = (0.914), AVE = (0.640)

SP1 | Improved overall stakeholders’ welfare 155 .569 _a
SP2 | Improved health and safety of the community 857 735 9.936
SP3 | Improved health and safety of workers .852 725 10.051
SP4 | Improved community involvement and development .873 762 9.539
SP5 | Improved awareness or protection of human rights .801 .641 10.839
SP5 | Improved product responsibility .805 .647 10.792
Environmental Cronbach’s a = (.968), CR = (0.965), AVE = (0.822)
performance (EP)
EP1 | Reduction in solid waste and waste water 981 963 a
EP2 | Reduction of air emission 988 976 4.289
EP3 | Decrease in use of natural resources .880 175 11.857

Decrease in consumption for hazardous/harmful/toxic

EP4 | materials .835 .697 12.059
EPS | Decrease in frequency for environmental accidents 817 668 12.108
Improvement of an enterprise’s environmental 786 619 12.174

EP6 | situation

**%* all significant to P < 0.000

_a indicates a parameter that was fixed at 1.000

n =311, Estimation Method = Maximum Likelihood.

Model fit indexes: CMIN/DF = 1.792; CF1=0.931; TLI=0.927; IFI = 0.931; and RMSEA = 0.051

5.3 Assessing the fit of the model

After the model has been specified and then estimated, there is the need to determine whether it is a
good model fit to run structural equation modelling. The key factor of a good model is the fit among
covariance matrix. One very rough rule of thumb, however, directly related to the x” value is that a
good-fitting model may be indicated when the ratio of the x* to the degree of freedom is less than 2.
Broadly, the following type of fit indexes were assessed (Hair et al., 2014; Tabachnick and Fidell,
2014). The normed fit index (NFI), which compares the x’ value of the estimated model to the x’ value
of the independent model. The non-normed fit index (NNFI) which is an adjustment to the NFI
integrating the degree of freedom in the model, the incremental fit index (IFT) which addresses the
problem of the large variability in the NNFI and the comparative fit index (CFI) that assesses fit relative
to other models. Other fit indexes include the root mean square error of approximation (RMSEA); the
goodness-of-fit index (GFI), and many others (Hair et al., 2014; Tabachnick and Fidell, 2014). The
suggested values for CFI, IFI, and TLI must be above 0.90 or close to 1.00 (Byrne, 2016). Whereas
RMSEA values for good model should be less than or equal to 0.06 (Hu and Bentler, 1999), in this

study, the assessment of model fit shows a normed chi-square (chi-square/degree of freedom) value of

33



(X’ =1.792, P < 0.05); CFI value of 0.931; TLI value of 0.927; IFI value of 0.931 and RMSEA value
of 0.051. This indicates that the model provides a good model fit. As well, the fourteen components
give a good structure in which to continue the structural equation modelling. The standardised values

for the item loadings and the t-values for all the scale items are shown in table 6.

5.4 Hypotheses testing

Even though we have found some support for the hypothesised model, post hoc model modifications
were carried out in an attempt to develop a better fitting model. Based on the theoretical importance,
seven residual covariances were estimated (residual covariance among: information accessible to
employees and team across company borders; concurrent execution of activities and quality over
product life; monitor supplier operations and leadership commitment; provision of design specification
to supplier and ISO 14000 certification; and increase in profitability and increase in customer
satisfaction). The model was significantly improved with the addition of these paths. The assessment
of model fit shows a normed chi-square (chi-square/degree of freedom) value of (X* = 1.597, P<0.001);
CFI value 0of 0.947; TLI value of 0.945; IFI value of 0.947 and RMSEA value of 0.044. These indicate

adequate fit (see details in Table 7).

The Table 7 indicates that greater sustainable supply chain practices predict agile practices
(standardised coefficient = 0.327, p < 0.001). In the same vein, increased sustainability performance
was predicted by more agile practices (standardised coefficient = 0.407, p < 0.001). In addition,
increasing sustainable supply chain practices has a significant positive impacts on sustainability
performance (standardised coefficient = .750, p < 0.001). Moreover, operational performance
objectives improved as agile practices improved (standardised coefficient = 0.537, p < 0.001).
Similarly, rise in sustainable supply chain practices resulted in growth in operational performance

(standardised coefficient = 0.205, p < 0.001).

The importance of the intervening variables was examined using tests of indirect effects through Sobel
test (Sobel, 1982 quoted in Tabachnick and Fidell, 2014) in order to test the hypotheses HS and H6.
The Sobel test method of examining intervening variables is more powerful than mediating variable
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approach (MacKinnon et al., 2002). The Table 8 displays the results of (H5) mediating influence of
agile practices on the relationship between sustainable supply chain practices and sustainability
performance and (H6) mediating influence of agile practices on the relationship between sustainable
supply chain practices and operational performance. The results show that sustainable supply chain
initiatives, when mediated through agile practices, lead to a much better sustainability performance
outcomes (£ = 0.135, P > 0.147), and higher level of operational performance (5= 0.172, P > 0.103).
The P values in both cases (P > 0.103; P > 0.147) are greater than 0.05 indicating there is mediation.
In addition, CFI and NFI exceeded 0.90 as recommended by Byrne (2016), RMSEA is below 0.06 (Hu
and Bentler, 1999), and the normed chi-square (chi-square/degree of freedom) value of X” is less than
2 (Tabachnick and Fidell, 2014) all indicating a strong case of mediation. The totality of these statistics
suggests the amplification effects of agile practices on the transformation of sustainable supply chain
implementation initiatives into sustainability performance of industries. In other words, sustainable
supply chain practices on their own contribute to enterprises’ sustainability, but the contributions are

significantly better if agile capabilities facilitate sustainable supply chain practices.

Table 7. Significant of relationships identified for the hypotheses

Correlation Hypothesis |Standard coefficient| t-values
Agile practices - |Sustainability performance| HI 0.407 2.944
Agile practices > Op.era'.uonal performance H2 0.537 5.706
objectives

Sustainable supply chain L

. - |Sustainability performance| H3 0.750 3.688
practices
Sustallnable supply chain > Op.era'.uonal performance H4 0205 2046
practices objectives
Sustainable supply chain . .

. - |Agile practices H7 0.327 1.704
practices

* kx k%% indicates the significance of the p value at < 0.05; <0.01, <0.001
n =311, Estimation Method = Maximum Likelihood.
Model fit indexes: CMIN/DF = 1.597; CF1 = 0.947; TLI = 0.945; IF1 = 0.947; and RMSEA = 0.044

Table 8: Hypotheses testing results

. Direct Indirect effect [Total effect |Results
Correlations
effect
H1: Agile practices = sustainability performance 0.407 0.000 0.407 |supported
H2: Agile practices = operational performance objectives 0.537 0.000 0.537 |supported
H3: Sustainable supply chain practices = sustainability 0.750 0.000 0.750 |supported
performance
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. Direct Indirect effect |Total effect [Results
Correlations
effect
H4 Sl}stalnable supply chain practices = operational performance 0205 0.000 0.205 |supported
objectives
HS: Sugtalngl?le supply chain practices = agile practices 0.750 0.135 0.885 |supported
->sustainability performance
Hé: Sustglnable supply chain praqtlces -> agile practices 0205 0172 0.377 |supported
—->operational performance objectives
H7: Sustainable supply chain practices = agile practices 0.327 0.000 0.327 |supported

5.4: Discussion of results and implications

5.41 The effect of sustainable supply chain practices on agile practices

The outcome of this study shows that there is a significant correlation between sustainable supply chain
practices and agile practices in the UK manufacturing industry. Thus, it can be argued that the higher
the implementation of sustainable supply chain practices, the greater the likelihood that agile
capabilities will develop. The ability of organisations to design and create new sustainable products
may lead to the development of agile practices. This seems to indicate that the constraints and challenges
posed by social and natural environment are drivers of new capability development for firms. Further
inspection of the hypothesised tests indicates that sustainable practices explained more than 16 per cent
of the variance in agile practices. This suggests that agility capabilities are likely to emerge during a
period of greater social and environmental changes. In this regard, we assume that agile capabilities

evolve as a result of organisations’ responses to consumer demand for sustainable products.

5.4.2 The effect of agile practices on sustainability performance and operational performance

The results also show that agile practices have strong positive and significant effect on sustainability
performance and operational performance. These findings are consistent with prior studies, which noted
that the higher the level of agility approaches, indeed the greater the increase in overall organisational
performance (Tse et al., 2016; Eckstein et al., 2015; Yusuf et al., 2014; de Groote and Marx, 2013;
Blome et al., 2013). Suffices to state that whilst the link between agility and operational performance
is not new, what is new here is the connection between agile practices and sustainability performance.

The agile practices seem to account for more than 69 and 43 per cent of the variance in sustainability
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performance and operational performance respectively. As changing climate will make resources
becoming scarce, using market-sensing capability and advanced technology can facilitate the reduction
of social and environmental impacts. Further, they can help identify ways to eliminate waste, minimise
materials input, water and energy consumption in manufacturing. Additionally, joint effort with
suppliers for sustainable procurement and process development will reduce toxic chemicals during
production. Since these capabilities are socially created with suppliers, customers and other
stakeholders, they can be a source of operational performance while also leading to improved

sustainable supply chain performance.

5.4.3 The effect of sustainable practices on operational and sustainability performance

We found that sustainable supply chain practices have a positive and significant effect on both
sustainability and operational performance. These results point out that sustainable supply chain
practices are essential for differentiating products in the market place, and for additional and innovative
value-creation. Through sustainable practices, the UK companies can realise significant savings,
resulting in a cost advantage relative to their competitors. In fact, sustainable supply chain practices can
save not only the cost of operations, but it can also boost productivity and increased energy efficiency.
Less waste means better use of material inputs, resulting in lower cost for raw materials and waste
disposal. For the same reason, sustainable practices may reduce cycle time by removing non-value
adding activities. More so, a shift towards a circular flow of product, sustainable product design and
socially responsible behaviours could provide UK manufacturing firms with the potential to cut
emissions well below required levels, lessening the organisation’s compliance costs, which, ultimately
result in enhanced cash flow and profitability or new revenue streams for the supply chain. Whilst other
studies appeared to suggest that SSCM practices have damaging effects on operational and financial
performance (Esfahbodi et al., 2017; Zhu et al., 2007; Zhu et al., 2013), our findings provide strong
empirical evidence that the implementation of SSCM practices will lead to better sustainability
performance as well as better organisational performance in terms of cost, quality, speed, flexibility and

innovation.
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5.4.4 The mediating role of agile practices

This study further confirms the mediating role of agile practices in the relationship between sustainable
supply chain practices and organisational performance. This research contradicts Hong et al. (2018)
findings, which predicted that supply chain capabilities has no effect on both economic and social
performance. As already mentioned, the successful implementation of sustainability practices depends
greatly on knowledge of customers and other stakeholders. The market sensing capability of an agile
organisation can help in understanding the expectations of customers whilst the lack of sensing
capability could render sustainability initiatives unsuccessful (Wu et al., 2016a). As insights from
customers can help shape platforms that create maximum return for organisations, agile organisations
with market sensing capabilities can quickly leverage on the understanding of customers and
information technology to improve sustainability. Several organisations have improved sustainability
performance through collective effort and collaboration with network members on sustainable supply

chain initiatives.

5.5 Theoretical implications

The growing competition for resources and a changing climate have forced manufacturers to act in order
to safeguard their future competitiveness. The dynamic capability theory (Beske et al., 2014; Aslam et
al., 2018; Blome et al., 2014; Dubey et al., 2018) can offer important support to the progress of
competitive advantage. This is envisaged based on the fact that sustainable competitive objectives
depend largely on the organisation’s ability to integrate, build and reconfigure internal and external
resource competencies to address rapidly changing environment. In this regard, this study advances the
knowledge of sustainability and operational strategy by exploring the performance effects of agility and
sustainable supply chain practices. Our finding confirms that sustainable supply chain practices are
drivers of agile capabilities. Further, the result indicates that agile practices, in turn, have impacts on

both sustainability performance and operational performance. From the analysis, it is evident that the
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implementation of the respective dimensions of sustainable practices including sustainable products
design, waste reduction initiatives and socially responsible behaviours are supporting organisations to
reach expected sustainable competitive objectives. This result has important implications both for
operations strategy and sustainability field. Thus, this study contributes to the wider literature in our
discipline by providing empirical evidence on the influence of a set of agility and sustainable practices
on organisational performance. More importantly, we break new grounds by examining the
sustainability performance enhancing and amplification role agility plays as a mediator in the
relationship between sustainable practices and the duo of operational performance and sustainability

performance.

5.6 Managerial implications

This study provides several insights into how organisations can adapt to social and environmental
changes in the supply chain. A shift to more sustainable manufacturing will be critical, requiring
manufacturers to use less material, water, energy and other inputs; make better use of alternative
materials. Sustainable products design will be important in helping the economic sustainability and
competitiveness of organisations and will make valuable contributions to social and environmental
sustainability. Managers should implement sustainable and agile strategies concurrently to optimise the
development of agile capabilities. Our result also emphasises the importance of suppliers' involvement
in sustainability initiatives. Therefore, we argue the need for close collaborative relationships amongst
suppliers, customers, and other stakeholders in order to resolve social and environmental problems. In
conclusion, our research examined the intervening effect of agile practices in the links between
sustainable practices and organisational performance. As resources are increasingly becoming scarce,
using advanced technology, as Yusuf et al (2014) contended, will reduce energy, water and raw
materials usage. Sustainable technology will allow companies to reduce material or energy use to levels
considered sustainable in the longer term. It will provide clean energy to everyday products, which can

improve sustainability performance. Finally, managers who want to maximise the outcomes of their

39



sustainability campaigns should consider concurrent implementation of both sustainable practices and

agile practices.

6. Conclusions and further research

The results of this study advance the knowledge of sustainability practices and provide confirmation
regarding the role of agile practices as enablers of sustainability performance. We adopt the dynamic
capability view to examine the interactive effects between agile practices, sustainable practices,
operational performance and sustainability performance of the supply chain. We provide empirical
evidence of sustainability approaches as drivers for the development of agile capabilities. More so, there
is a clear indication of a strong positive and significant effect of agile practices on sustainability
performance. The research findings also demonstrate that sustainability practices are direct sources of
sustainable competitiveness, but their performance impacts are improved when facilitated through agile
practices. This suggests that agile capabilities are necessary conditions for maximising the impacts of
implementation of sustainability practices on enterprise performance. We offer managerial insights into
the outcome of agility and the degree to which the performance of sustainable product design,
investment recovery, health and safety, and a broader socially responsible behaviour collectively can

be achieved.

Although sustainable supply chain practices are a multidimensional construct, we only focused on five
key first-order constructs of social sustainability practices, investment recovery, sustainable design,
sustainable procurement and environmental management practices as a source for valuable agile
capabilities. Further research can explore what other dimensions of sustainable supply chain practices
lead to the development of agile supply chain capabilities. Further research could also look at which

groups of agile companies have a greater (or the greatest) impacts on specific performance objectives.

Another limitation is that the study was focused primarily on data drawn from higher carbon and energy
intensive supply chains in the UK. Therefore, the results may not be an accurate reflection of what

obtains in the less carbon intensive segment of the economy. There is an ongoing attempt to conduct
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longitudinal case studies at some of the participant organisations to corroborate and strengthen the
findings of this study. This will offer an opportunity for further studies. Finally, it is likely that the
results of this study are limited to the UK context where practices like public awareness and strict
regulations of social and environmental problems are perhaps more widespread than many other
countries. Further research thus can replicate and extend the study in other countries, especially the

developing countries that are often beset with relatively weaker institutions.
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