
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tprs20

International Journal of Production Research

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tprs20

A paler shade of green: implications of green
product deletion on supply chains

Qingyun Zhu , Purvi Shah & Joseph Sarkis

To cite this article: Qingyun Zhu , Purvi Shah & Joseph Sarkis (2020): A paler shade of green:
implications of green product deletion on supply chains, International Journal of Production
Research, DOI: 10.1080/00207543.2020.1781279

To link to this article:  https://doi.org/10.1080/00207543.2020.1781279

Published online: 25 Jun 2020.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tprs20
https://www.tandfonline.com/loi/tprs20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00207543.2020.1781279
https://doi.org/10.1080/00207543.2020.1781279
https://www.tandfonline.com/action/authorSubmission?journalCode=tprs20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tprs20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/00207543.2020.1781279
https://www.tandfonline.com/doi/mlt/10.1080/00207543.2020.1781279
http://crossmark.crossref.org/dialog/?doi=10.1080/00207543.2020.1781279&domain=pdf&date_stamp=2020-06-25
http://crossmark.crossref.org/dialog/?doi=10.1080/00207543.2020.1781279&domain=pdf&date_stamp=2020-06-25


INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH
https://doi.org/10.1080/00207543.2020.1781279

A paler shade of green: implications of green product deletion on supply chains

Qingyun Zhu a, Purvi Shah b and Joseph Sarkis b

aCollege of Business, The University of Alabama in Huntsville, Huntsville, AL, USA; bFoisie Business School, Worcester Polytechnic Institute,
Worcester, MA, USA

ABSTRACT
Product management activities by operations, marketing, and finance functions have typically
focused on the innovation, acquisition, growth, andmanagement of product lines andproducts. The
same is true when considering product management for green products. The latter stages of critical
strategic decisions related to product deletion or discontinuation have received less emphasis. In
this conceptual paper, the focus is on green product deletion implications for supply chainmanage-
ment and operations. Organisationsmay viewgreen product deletion as evolving fromadeepgreen
to a paler shade of green in their product offerings. A proposed strategic framework pays particular
attention to the implications of the green product deletion decision for supply chain processes and
operational competencies. In this situation, lessened organisational greenness needs to beweighed
against other organisational and operational competencies. The strategic and inter-organisational
relationships associated with this decision help set the stage for future research on this critical, yet
neglected, organisational and operational supply chain issue.
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1. Introduction

Supply chains are designed around products; decisions
related to sourcing, operations and manufacturing, dis-
tribution and logistics, as well as product usage and
service depend largely on the characteristics of the prod-
uct. Cost, quality, flexibility, and time are important
strategic operational competencies that influence the
planning, design, implementation, and management of
supply chains. These supply chain dimensions and deci-
sions become even more complex when the product
is designed to be green or environmentally friendly.
In this research, green products are defined as prod-
ucts with pro-ecological characteristics or environmental
attributes, not only addressing environmental issues but
also minimising their impact on the environment at each
phase of their life cycle.

Organisations have been under pressure from vari-
ous stakeholders to green their products and processes
(Yu and Ramanathan 2015). Stakeholder pressure can
derive from at least four key stakeholder groups (Fine-
man and Clarke 1996). The first stakeholder group is
represented by organisations whose mission is to pro-
tect the planet – serve as surrogates to the environment
(Zhu, Sarkis, and Lai 2013). Examples include national
or local pro-environmental groups pressuring compa-
nies to introduce products that reduce environmental

CONTACT Qingyun Zhu q.zhu@uah.edu College of Business, The University of Alabama in Huntsville, 301 Sparkman Drive, Huntsville, AL 35899, USA

degradation andmay provide environmental benefits (Yu
and Ramanathan 2015). The second stakeholder group
includes regulators. Regulatory pressures involve legisla-
tive requirements that will result in industrial compliance
to maintain green processes such as reduction of dam-
aging effluents (Zhu and Sarkis 2007). A third group
comprise includes consuming individuals or organisa-
tions that enjoy the rewards of green products or pro-
cesses when they fit their needs or economic gains. For
example, green consumers demand green products to
meet their green values (Groening, Sarkis, and Zhu 2018;
Zhang, Zhao, and Zhao 2019). Lastly, internal stakehold-
ers, top management teams, and employees might hold
pro-environmental beliefs or views (Sarkis and Zhu 2018;
Graves, Sarkis, and Zhu 2013).

Some research concerns do arise in this literature. For
example, internal versus external stakeholder pressures
for green product management vary with studies finding
different levels of pressures (Polonsky and Ottman 1998;
Awan 2019). The question ofwhether internal –whohave
the capacity and resources to implement changes – or
external stakeholders – such as customer needs – play a
larger role. This issue may also require some aspects of
product, industry, and location in supply chain. Another
controversy would be the conflicting needs and roles of
stakeholders in green productmanagement (Biddle 2013;
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González-Benito and González-Benito 2006). When a
firm decides to delete a product from its portfolio, sev-
eral stakeholders and business functions influence or
are influenced by this strategic cross-functional deci-
sion. These and other issues are discussed as potential
theoretical issues from a contingency perspective.

Green products, with their additional environmental
characteristics, may require higher environmental stan-
dards in materials selection, design and manufactur-
ing, processing, transportation, service, and end-of-life
management. For a manufacturing organisation, green
products may require greater scrutiny for ensuring envi-
ronmental characteristics increasing cost more when
selecting resources (Kumar, Teichman, and Timpernagel
2012). For example, products that are designed for envi-
ronmental needs to reduce the usage of hazardous mate-
rialsmay require special search anddevelopment increas-
ing costs. Though additional resources may be needed,
green products also emphasise resource efficiency (Sarkis
and Zhu 2018) which means minimising impacts on the
environment with less operational input and costs (Chun
and Bidanda 2013). Despite these challenges, green prod-
ucts can be viewed as sources of competitive advantage
for an organisation (Pujari, Wright, and Peattie 2003).

Researchers have studied various aspects of green sup-
ply chain management, such as green design (Li et al.
2016; Pujari, Wright, and Peattie 2003), green purchas-
ing (Moser 2015; Yen and Yen 2012), production plan-
ning and control for remanufacturing (Guide 2000; Kwak
and Kim 2017), reverse logistics (Saghiri et al. 2017),
and green marketing (Zhu and Sarkis 2016). These sup-
ply chain and operations-oriented studies have focused
on either introducing new green products or greening
existing products. An important question remains unex-
plored – what is the impact of green product deletion
on an organisation’s supply chain? Considerations of
green product deletion may come from its declining life
cycle (Heidrich and Tiwary 2013), operational disrup-
tions (Jabbarzadeh, Fahimnia, and Sabouhi 2018), capac-
ity and resources constraints (Tsai et al. 2012), or social
issues (Guo et al. 2015). Little is known about the strategic
and operational supply chain processes, competencies,
outcomes, or managerial implications related to green
product deletion. A systematic review of green product
deletion from supply chain and operational theoretical
lenses is needed.

Product deletion – elimination, rationalisation or
pruning – means discontinuing or removing a product
from a firm’s product portfolio (Avlonitis and Argous-
lidis 2012). Although designing, developing, and intro-
ducing new products is strategically and financially
important for organisations, considering strategic prod-
uct deletion is also vital because (1) too many products,

especially weak and poorly fitting products, may over-
burden organisations causing them to be less agile and
make them ineffective in addressing shifts in competitive
pressures; (2) bulky portfolios comprised of weak prod-
ucts consume valuable firm resources and complicate
internal processes across functional areas (Putsis Jr and
Bayus 2001; Thonemann and Brandeau 2000); (3) delet-
ing unnecessary products can lower hidden costs and
boost organisational profits (Bayus and Putsis Jr 1999);
(4) customer confusion can be reduced by ensuring high
level of product parity in product lines (Argouslidis and
McLean 2001); (5) deleting redundant products can also
control cannibalisation effects (Argouslidis and McLean
2001); and (6) saved resources from product deletions
can be redeployed to more strategic products in the port-
folio. Thus, deleting certain productsmay have numerous
operational, financial, and strategic advantages for firms
(Homburg, Fürst, and Prigge 2010; Pourhejazy, Sarkis,
and Zhu 2020; Zhu and Sarkis 2020). With better under-
standing of strategic product deletion, deleting products
has becomemore commonplace. Some examples include
General Motors discontinuing several automobile mod-
els over the past decade, and several personal care prod-
uct and electronics companies discontinuing many of
their products each year.

Firms also delete green products from their product
portfolio. For example, Nike discontinued its environ-
mentally friendly forest dweller shoe launched in 2005
under the brand name Nike Considered because of its
poor sales. General Motors deleted the EV1 electric car
and Whirlpool discontinued its CFC-free refrigerator,
both citing limited demand. Though adding green prod-
ucts is beneficial to firm, social, and environmental sus-
tainability, deleting green products may be beneficial
for economical sustainability and has some interplay –
potentially negative and positive – with social and envi-
ronmental concerns. Although, to the authors’ knowl-
edge, there is no report providing industry statistics
showing the widespread nature of green product dele-
tion, many companies producing green products have
a section of their websites dedicated to discontinued
or deleted green products. These webpages, though not
as strong an evidence as industry statistics or reports,
provide some evidence that green product deletion is
commonplace in the industry.

Given that green products are introduced for vary-
ing reasons when compared with regular products, their
deletionmay have unforeseen consequences to an organ-
isation’s operations and supply chains, some beneficial,
some disadvantageous. Firms delete products for sev-
eral financial, operational, and strategic reasons such as
dipping sales and market share, declining profits, redun-
dancy in the product portfolio, cannibalisation amongst
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Table 1. Positions and contributions of green product deletion literature in the supply chain context.

Themes / Focus

Supply Chain Management

Competencies Processes Sustainability

Product Deletion Literature Flexibility Cost Quality Time Sourcing
Operations and
Manufacturing

Distribution and
Logistics

Usage and
Service Economic Social Environmental

Avlonitis (1983a)
√

Avlonitis (1983b, 1985)
√

Avlonitis (1987)
√ √

Avlonitis (1993)
√ √ √

Avlonitis (1984)
√ √

Banville and Pletcher (1974)
√ √ √

Weckles (1971)
√ √ √ √

Evans (1977)
√ √

Hamelman and Mazze (1972)
√ √ √

Hart (1988)
√ √ √ √

Ashayeri, Ma and Sotirov (2015)
√

Kent and Argouslidis (2005)
√

Mitchell, Taylor, and Tanyel (1997, 1998)
√ √ √ √

Muir and Reynolds (2011)
√ √ √ √ √ √

Rothe (1970)
√ √

Shah (2015)
√ √ √

Zhu and Shah (2018)
√ √ √ √ √ √ √

Zhu, Johnson, and Sarkis (2018)
√ √ √ √ √ √ √

This Work
√ √ √ √ √ √ √ √ √ √ √
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similar products, and rising costs (Avlonitis and Argous-
lidis 2012; Shah 2017b). In contrast, green products
might become candidates for deletions because of (1)
customers unwilling to pay a green price premium, (2)
misunderstanding consumers and the market, (3) green
claims outpacing outcomes, (4) ignoring stakeholders,
(5) unexpected and unintended consequences, and (6)
expensive technology and inputs that consumersmay not
fully value (Esty and Winston 2006). Companies have
to make challenging trade-offs and deal with side effects
when managing green products. For example, Sun Chips
deleted their SKU (stock keeping unit) with bioplastic
packaging because the bag was so noisy that there was
a customer backlash, negative publicity, and dip in mar-
ket share (Brokaw 2014). Another example is compact
fluorescent light bulbs that save energy, but also con-
tain mercury that could harm consumers if they break.
The fact is that all products have some impact on the
environment. Therefore, making a 100% green product
is extremely difficult. Instead, marketers could focus on
ways to improve sustainability throughout operations to
decrease its negative environmental footprint (Pride and
Ferrell 2014).

In such situations, if firms decide to delete a green
product, the firm and its management will benefit from
understanding what happens to the various aspects of the
green product’s supply chain i.e. what role does green
product deletion play in supply chain management? This
research and knowledge gap in supply chain manage-
ment and product deletion literature needs to be recog-
nised and addressed. Despite a flurry of attention during
the early 1980s and occasional publications thereafter,
the topic of product deletion still suffers from research
neglect. Table 1 identifies the literature gap and contri-
bution of our study. The relationship between product
deletion and supply chains has been investigated to some
extent through research on product rationalisation and
lean management of operations (Song and Kusiak 2009;
Zhu, Johnson, and Sarkis 2018).However, issues and con-
cerns around green product deletion have not received
attention. The aim of this study is to understand this phe-
nomenon from a conceptual perspective building from
literature and theory. The relationship between product
deletion and supply chain has been investigated to some
extent through research on product rationalisation and
lean management of operations (Sadeghi, Alem-Tabriz,
and Zandieh 2011;Yao, Shi, and Liu 2020; Zhu, Johnson,
and Sarkis 2018). However, issues and concerns around
green product deletion have not received attention. The
aim of this study is to understand this phenomenon from
a conceptual perspective based on literature and theory.

This paper contributes in the context of discovery by
synthesising existing ideas and combining unconnected

bodies of knowledge (Yadav 2010). The integrative con-
ceptual framework presented in this paper attempts to
combine green marketing, supply chain management,
and product deletion literatures by explicating the influ-
ence of green product deletion on supply chain man-
agement competencies and processes. Competencies are
defined as organisational capabilities to manage costs,
flexibility, quality, and time. Competencies relate closely
to organisational competitiveness and operations and
supply chain functional strategies (Halley and Beaulieu
2009). The processes are categorised along supply chain
life cycle functions including upstream sourcing, internal
operations and manufacturing, downstream distribution
and reverse logistics, and product usage and service (Zhu
and Shah 2018).

In summary, we observe that green product deletion
is not studied in the literature, we seek to address this
gap. Its linkage to supply chain and operations concerns
is missing in studies. It is an important strategic practi-
cal issue to organisations and their supply chains since
the corporate reputation, goodwill, competitiveness, and
operational and financial performance are tied to this
decision. The basic research question we ask is – What
influence and relationship exists from green product
deletion on supply chains and their performance?

This paper is structured as follows. In the next section,
the theoretical background of the proposed conceptual
framework is introduced. This discussion is followed
by a detailed investigation of how green product dele-
tion influences operations and supply chainmanagement
competencies and processes. The paper concludes with
theoretical and practical implications of this research,
and directions for future research.

2. Theoretical background

A number of topics are reviewed to set the foundation
for evaluating the implications of green product deletion
on supply chains. These topics include a brief overview
of green marketing and green products, product dele-
tion, supply chain management and its processes, strate-
gic supply chain performance competencies, and supply
chain management for green products.

2.1. Greenmarketing and green products

Increasing attention has been afforded by organisations
to the natural environment due to a number of com-
petitive and social pressures. In response, research on
green issues has grown in various academic disciplines,
including marketing (Polonsky 1994). Green marketing,
also related to and conceptualised as ecological market-
ing, environmental marketing, or responsible marketing,
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incorporates a range of organisational activities that are
green product oriented (Groening, Sarkis, and Zhu 2018)
and operationally related to supply chains (Sarkis and
Zhu 2018). These activities include product manage-
ment and processes (Polonsky 1994), pricing, promo-
tion, and distribution of products (Fuller 1999; Zhu
and Sarkis 2016). A number of additional green prod-
uct organisational-level initiativesmay include packaging
(Rokka andUusitalo 2008), resource use (Ji,Magnus, and
Wang 2014;Mohanty,Misra, andDrzal 2002), and brand-
ing (Hartmann and Ibanez 2006; Hartmann, Apaolaza
Ibáñez, and Forcada Sainz 2005). Overall, green market-
ing and products are introduced to address factors, such
as (1) satisfying customer needs; (2) meeting organisa-
tional goals and objectives; (3) limiting natural environ-
mental burdens; or (4) contributing to societal expec-
tations and norms (Fuller 1999; Violeta and Gheorghe
2009).

Some green products, an important element of green
marketing, have emerged from the demand-pull of cus-
tomers with evolved pro-environmental values and pur-
chasing attitudes (Moser 2015; Simon 1992). Green
products can be defined based on a number of charac-
teristics such as whether they were designed using green
design systems (eco-design), using clean manufacturing
processes, or audited using third party verified eco-labels
(Baumann, Boons, and Bragd 2002).

Green product development is environmentally
proactive. It incorporates environmental issues by
emphasising product pro-environmental design and
green technology innovations in the product develop-
ment process (Chen 2001; Pujari, Wright, and Peattie
2003). In addition to organisational and competitive
requirements, green products may also be driven by
various forms of environmental legislation imposed
by governmental authorities across the globe (Nielsen
et al. 2019). Organisations that adopt environmental
management systems, such as ISO 14000, may also
have specific green product definitions (Albino, Bal-
ice, and Dangelico 2009). Green products are exten-
sively integrated in organisations seeking an ecologi-
cal sustainability strategy. Eliminating green products is
a multi-layered strategic organisational concern. Before
focusing on green product deletion dimension, it is
beneficial to provide some underlying principles of
general product deletion as discussed in Section 2.2
below.

2.2. Product deletion

Product deletion or elimination is the strategic choice of a
firm to discontinue, remove, or withdraw a product from
its product line (Avlonitis and Argouslidis 2012). This

field of product management gained research attention
in the 1960s when firms resorted to product proliferation
without considering its negative consequences such as,
rising costs, consuming disproportionate share of man-
agement time and effort, and inefficient use of resources
(Kotler 1965; Eckles 1971). Firms soon realised that pro-
liferation was draining their valuable resources and they
needed to shift their focus from proliferation to rationali-
sation by deleting weak products from their product lines
(Johnson 1975).

Built upon product lifecycle theory (Stark 2015), most
of the earlier studies on product deletion have indi-
cated that product deletion is a strategic decision for
mature products (Hart 1988; Avlonitis, Hart, and Tzokas
2000). Thus, product deletion decisions often occur in
the decline stage of a product life cycle. However, a
decline in market demand or saturation of market pen-
etration doesn’t necessarily mean that the product has
left its maturity stage or is about to reach the decline
stage (Ayres and Steger 1985; Day 1981). The correla-
tion between product deletion and its decline position at
the product life cycle is misleading (Avlonitis 1985). A
product could be deleted in any product lifecycle stage.
Concerning the uniqueness of green products, they may
be deleted before the arrival of a decline stage. The
resource-based view emphasises adaptation and change
in building, integrating, or reconfiguring resources and
capabilities (Peteraf 1993; Barney 2001). Product deletion
might help to enhance competitiveness through scarce
resources rearrangement. Resources that are freed from
product deletion can be reorganised to produce superior
market offerings that are more economically and/or can
better satisfy customer demand.

Many companies have deleted products from their
product portfolios. For example, Sony (Sanchanta 2007),
P&G (Caldwell 2016; Ng 2014), Unilever (Kumar 2003),
and Shiseido have trimmed their product lines by delet-
ing products that reduced their firm’s profitability and
financial performance, did not serve a strategic purpose,
or did not meet changing market needs. Product dele-
tion is a multi-stage process that typically involve four
steps: (1) identification of candidates for elimination,
(2) analysis and product revitalisation, (3) evaluation
and decision-making, and (4) implementation of prod-
uct deletion (Avlonitis and Argouslidis 2012). Consumer
and industrial product deletion decisions are empirically
classified into a broad typology based on strategic and
tactical factors (Avlonitis, Hart, and Tzokas 2000). These
factors include deletion due to coercion from external
forces, deletion as a part of variety reduction policy to
decrease product portfolio complexity, deletion of unsuc-
cessful new products, deletion of a product facing com-
petitive pressures and declining demand, and deletion of
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a poorly designed product hurting the company’s image
(Zhu, Shah, and Sarkis 2018; Zhu and Kouhizadeh 2019;
Kouhizadeh, Sarkis, and Zhu 2019).

Product deletion, awell-planned formalised process in
many firms, is triggered by consumer needs, and is led by
the research and development and/or the product man-
agement function (Shah, Laverie, and Davis 2016-17).
However, product deletion not only affects the product
management function but also influences several aspects
of manufacturing, operations, and distribution as well
as external stakeholders such as customers, distributors,
suppliers, and competitors (Shah 2015; Bai et al. 2018;
Zhu, Johnson, and Sarkis 2018). Any elimination from
the product line affects the variable costs involved in
manufacturing, reactions from channel partners (retail-
ers and distributors), production runs (Alexander 1964;
Hamelman and Mazze 1972), distribution compatibility
with other products of the firm (Banville and Pletcher
1974), and capacity utilisation (Avlonitis 1993). When
green products are deleted, firms encounter changes in
the way they source materials, manufacture and dis-
tribute products, and offer service as several constraints
imposed by the greening aspects of these processes are
eliminated. It is therefore proposed that green product
deletion affects the firm’s sourcing, production, distri-
bution, and service activities as well as flexibility, cost,
quality, and time competencies.

2.3. Supply chainmanagement and its processes

Supply chain and operations management has a long his-
tory (Sarkis and Zhu 2018). To be able to produce prod-
ucts or provide services, having the necessary resources,
processes, and materials is necessary. The term, supply
chainmanagement, involves both external, upstream and
downstream, and internal, operations practices. Supply
chain principles can also be traced to the value chain
concept (Porter and Millar 1985). The elements of the
value chain include core processes of inbound logistics,
operations, outbound logistics, marketing and sales, and
service, supported with various non-core organisational
functions.

A broader perspective of supply chain activities may
include upstream vendor and supplier management,
manufacturing and operations, distribution and logis-
tics, and product after-life and closing the loop. Although
many definitions exist, our definition of supply chain
includes all activities managing the flow and transfor-
mation of goods from raw materials and information
through the end user. Material and information may
flow both up and down the supply chain (Handfield and
Nichols 1999).

The supply chain operations reference (SCOR) model
(Huan, Sheoran, and Wang 2004), which relates to the
value chain, is a popular supply chain process reference
model. The SCOR model, activities include four supply
chain processes, (1) sourcing, (2) operations and man-
ufacturing, (3) distribution and logistics, and (4) usage
and service. The conceptual framework proposed in this
paper is based on these SCOR processes.

The supply chain includes these processes and involves
a number of organisational functions that participate
vertically across, and horizontally within, organisa-
tions. Supply chain management will result in inter-
organisational relationships with suppliers and cus-
tomers. There will also be a need to incorporate cross-
functional participation such as engineering, manufac-
turing, purchasing, logistics, and marketing functions
within the organisation. The supply chain, by design
and definition, is complex, and decisions affecting prod-
ucts or materials will reverberate throughout the sup-
ply chain. Although managing processes is one aspect
of supply chain management, another important dimen-
sion is supply chain planning and control, which requires
considerations of performance competencies.

2.4. Strategic supply chain performance
competencies

Flexibility, cost, quality, and time strategic performance
competencies, are important when planning, designing,
implementing, andmanaging the supply chain. Acknowl-
edging that other dimensions of performance compe-
tencies exist, these four (flexibility, cost, quality, and
time) are themost commonly identified within the litera-
ture (Boyer and Lewis 2002). These operational strategic
performance dimensions can help organisations identify
ways to differentiate themselves and build operational
competitive advantages. They are also critical to organi-
sational decision making across the supply chain (Halley
and Beaulieu 2009).

Flexibility represents the ability to incur uncertain-
ties with little penalty in time and cost (Upton 1994).
Flexibility is associated with dynamic market environ-
ments and risks as well as the firm’s capability to iden-
tify, respond, and conform to those changes. Cost com-
petency occurs when firms build their organisational
competitiveness by committing to cost reduction as an
operating principle (Porter 1985). Cost competencies and
savings can be achieved through efficient use of tech-
nology, process, labour, materials, facilities, and sourcing
decisions (Lado, Boyd, andWright 1992). Quality can be
defined as the features and characteristics of a product or
service that satisfy customers’ expectations consistently
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(Rauyruen and Miller 2007). Firms obtain quality com-
petencies when they distinguish their market offerings
to be quality competitive in order to satisfy customer
demand (Garvin 1987). Time competency is a firm’s abil-
ity to reduce cycle time in processes of operations, includ-
ing product design (Li et al. 2020), material purchasing,
manufacturing, distribution and delivery, as well as offer-
ing highly responsive service to customers (Stalk Jr 1988).
Time-based competency, with responsiveness as the key
measurement, is instrumental in improving both produc-
tion efficiencies and customer satisfaction (Richins and
Bloch 1991).

2.5. Supply chainmanagement for green products

Competitive and stakeholder forces have evolved,
increasing pressures on organisations to green their sup-
ply chains and improve their environmental performance
(Sarkis and Zhu 2018). That is, organisations are under
greater scrutiny to explicitly consider and integrate nat-
ural ecological dimensions into managing supply chains
(Sarkis 2003; Wagner 2015). Numerous activities and
additional motivations for greening supply chains have
also evolved. Organisations may wish to green their sup-
ply chains for reactive reasons such as meeting com-
pliance and regulatory coercive pressures. Organisations
have also sought to be proactive and build competitive
advantages by greening their supply chains, products, and
services (Pujari, Wright, and Peattie 2003). Some of these
competitive reasons include increased revenue genera-
tion, building business continuity and resiliency, image
and reputation building, and maintaining a license to
operate.

Greening of supply chains can occur in all supply
chain processes and may closely relate to whether a
product, service, or material is considered green. From
a sourcing perspective, selecting green suppliers, those
suppliers whose materials and processes are environ-
mentally friendly, is an important sourcing managerial
issue. If organisations aim to make their supply chain
greener, theymay collaboratewith suppliers through sup-
plier development programmes to deepen their green-
ing further (Yen and Yen 2012). Auditing of suppli-
ers, performancemeasurement, sharing expertise, invest-
ment in technologies, and building green networks are
approaches that can help suppliers improve their envi-
ronmental performance (Govindan et al. 2015; Zhu,
Geng, and Sarkis 2016). Involving suppliers in design and
management of products and processes within a focal
company are additional activities when pursuing green
supply chain strategies. Greening of inbound logistics
may also be a sourcing issue.

Internal greening practices also relate to operational
and manufacturing activities. Some of these activities
involve processes and technologies that could produce
greener products and services. Technology may include
less environmentally burdensome manufacturing prin-
ciples and practices, for example, lean manufacturing
and elimination of waste, machinery and equipment that
may utilise less hazardousmaterials, or more energy con-
servation (Shen, Cao, and Xu 2020; Sarkis et al. 2016).
Internal activities may include the adoption of environ-
mental policies and systems that influence operations.
In addition, the design of products, materials, and pro-
cesses, internally may incorporate ecological principles
(Dey, Roy, and Saha 2019).

Distribution and outbound logistics functions can also
be greened (McKinnon et al. 2015). These activities, such
as packaging and materials management in the delivery
of products, may require evaluation from an environ-
mental perspective (Kuiti et al. 2019). The delivery of
products, similar to inbound activities within sourcing,
could include green transportation practices. In addition,
distribution networks with their warehousing and logis-
tics operations can be made green throughmore efficient
facility design and greener and leaner network schemes.
An important functional element of greening distribu-
tion and logistics is the development of reverse logistics
networks (Öberg, Huge-Brodin, and Björklund 2012).
This downstream set of functions includes methods to
manage the end-of-life of products and materials to
return them into the forward supply chain. Reverse logis-
tics have complexities in their operations that are com-
mensurate with forward supply chains. Reverse logistics
activities are necessary for a critical greening philoso-
phy within supply chains, the ‘closing-of-the-loop’ for
supply chains.

The green and traditional supply chain’s productusage
and disposal phases need to be managed from a per-
spective of product, materials, and service life cycle
(Schenkel et al. 2015). Product usage is typically posi-
tioned in a product’s supply chain life cycle between
forward and reverse supply chain activities. Product
usage is an important supply chain activity since usage
causes a major portion of a product’s environmental bur-
den. Usage is closely related to how products are mar-
keted and managed through the service stages of the
supply chain.

This section provided a conceptual background about
green products, product deletion, supply chain pro-
cesses, performance competencies, and supply chain
management for green products. Further details on
the relationship between green product deletion and
supply chain management is now presented in
Section 3.
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3. Green product deletion and its impact on
supply chains

Firms introduce green products to improve their eco-
logical footprint and achieve environmental benefits.
Introducing green products into the marketplace has
become more common as firms increasingly seek com-
petitive market advantages associated with a focus on
improving environmental performance and ecologically
sustainable supply chains. Part of these ecological per-
formance and practice improvements across the sup-
ply chain derive from the anticipation of evolving envi-
ronmental performance requirements by stakeholders.
Green products are one of the more proactive reasons
for greening supply chains. Green product influences
on greening supply chains is well documented (Kuiti
et al. 2019; Li et al. 2020; Shen, Cao, and Xu 2020).
However, how a green product deletion decision influ-
ences an organisation is not well understood or studied.
Therefore, the aim of this paper is to propose a con-
ceptual framework that explicates the impact of green
product deletion on its supply chain. The next sub-
section defines the scope of the proposed conceptual
framework.

3.1. Scope of the research

First, it is acknowledged that with a green product dele-
tion, the associated green benefits will disappear, i.e.
the firm will move from a darker shade of green to a
paler one. This is intuitive and therefore not presented
as a proposition. For example, despite the many poten-
tial business benefits of moving efforts away from envi-
ronmental programmes and practices, such as higher
flexibility in supplier development, transportation meth-
ods, and resource allocation, drawbacks also exist. These
downsides include (1) managing risks, such as liabili-
ties and fines; (2) waste management cost increases; (3)
low resource efficiency measures; (4) high transportation
costs; and (5) poor organisational and supply chain social
reputation. In addition, there could be an impact on the
brand portfolio, other products in the product portfo-
lio, image/reputation of the organisation, and on several
stakeholders. However, this research, in the interest of
parsimony and coherence, focuses on consequences of
green product deletion specifically on a supply chain’s
processes and competencies.

Second, the stakeholders considered in this frame-
work are the members of a supply chain including all
firms with whom the focal firm interacts directly or indi-
rectly, from the point of origin to the point of consump-
tion (Kazadi, Lievens, and Mahr 2016). The stakeholders
involved in the focal firm’s supply chain are suppliers,

distributors, retailers, logistics firms, and end consumers.
The focal firm is the organisation, which manufactures
the green product and is planning to discontinue it for
business and/or strategic reasons. In the proposed con-
ceptual framework, the implications of green product
deletion on its supply chain stakeholders are from the
focal firm’s perspective.

A firm can delete a product completely with or with-
out replacement. If a firm deletes a green product and
replaces it with another green product, there would be
a few adjustments but not a great impact on the sup-
ply chain processes and competencies. However, if the
firm completely deletes the product and does not replace
it with any other product, there could be significant
changes in that product’s supply chain. The focus of this
framework is complete green product deletion without
replacement and its impact on the deleted green prod-
uct’s supply chain. In addition, it is assumed that the firm
has an existing green product, which is being deleted.
This is different from a firm that does not have any green
products in the portfolio.

3.2. The conceptual framework

This research proposes a conceptual framework (Figure 1)
to set the foundation for understanding and studying the
relationship between green product deletion and sup-
ply chain processes and competencies. The core of the
framework is green product deletion. This phenomenon
is expected to impact four supply chain processes, which
include sourcing, operations and manufacturing, distri-
bution and logistics, and usage and service, based on the
SCOR model (Huan, Sheoran, and Wang 2004). These
supply chain processes typically follow a cycle, which
is depicted in the framework with dotted arrows. It is
also proposed that the four major strategic operational
competencies within each process are also affected by
green product deletion. These competencies, based on
the operations strategy literature (Flynn, Schroeder, and
Flynn 1999) include costs, flexibility, quality, and time.

The consequences of green product deletion on supply
chain processes and competencies, other than negative
environmental outcomes, are introduced and discussed
in the following sub-sections. After discussion in each
subsection, a research proposition is introduced.

3.3. Sourcing

Important sourcing activities include supplier selection,
monitoring, and development (Monczka et al. 2015;
Nair, Jayaram, and Das 2015). Selecting green suppliers
requires a consideration of capabilities and competen-
cies related to green practices (Govindan et al. 2015). For
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Figure 1. A conceptual framework of green product deletion’s influence on supply chain processes and competencies.
Note: The four circles surrounding the central circle represent supply chain management processes, which are impacted by green product deletion. Four supply
chain competencies play an important role within each supply chain management process. Green product deletion also affects each of these four competencies.
These supply chain competencies are C = Costs; F = Flexibility; Q = Quality; T = Time. P1, P2, P3, and P4 represent the four propositions posited by the con-
ceptual framework. The positive (+) and negative (−) signs depict the directionality of the relationships between green product deletion and the supply chain
processes and competencies. For example, P1 represents that green product deletion will likely result in greater flexibility (F+), lower cost (C−), higher quality (Q
+), and shorter time (T−) in sourcing activities.

example, certain environmentally based supplier selec-
tion criteria are the ability to supply recycled material
and components, having greenmanufacturing processes,
using certified environmentally sound materials, or hav-
ing environmental certifications (Bai and Sarkis 2010a;
Genovese et al. 2013). Supplier monitoring involves sup-
plier performance evaluation based on operational and
strategic criteria. Green supplier monitoring considers
environmental factors as fundamental performance indi-
cators (Govindan et al. 2015). Another strategic sourcing
activity, supplier development, helps to build knowledge
and expertise in suppliers. Green supplier development
would include green knowledge transfer and communi-
cation, investment and resource transfer, and manage-
ment and organisational practices (Bai and Sarkis 2010b).
However, if a green product is no longer a priority for the
focal firm due to its deletion, there might be advantages
and/or disadvantages associated with sourcing activi-
ties (Hwang, Wen, and Chen 2010). These are further
discussed in detail with respect to four competencies

(flexibility, cost, quality, and time) that play an important
role in sourcing processes.
Flexibility: If a sourced product or material is meant to
have certain green characteristics, these characteristics
will no longer be required if the green product is deleted.
Minimal carbon footprint is an example of a green prod-
uct characteristic (Onozaka, Hu, and Thilmany 2016). In
some regions of the world, the carbon footprints of prod-
ucts are labelled on the packaging. To lower the carbon
footprint, companies may practice a buy-local sourcing
model, or may have their products delivered through low
carbon delivery modes. These deliveries may be com-
pleted through alternative energy or electric vehicles that
do not emit significant carbon and thus help reduce
transportation emissions. If a company is discontinu-
ing certain green products, then they can choose from a
broader set of delivery modes and locations for sourcing
their materials and product components improving sup-
plier network flexibility (Thun and Müller 2010). How-
ever, given too much flexibility in sourcing alternatives,
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loss of knowledge related to green materials or suppli-
ers may limit the understanding of sourcing activities
causing difficulty in alternative evaluation (Vyas 1993).
Overall, there is a greater likelihood of improvement in
sourcing flexibility due to green product deletion.
Cost: With green product deletion, there is less need for
organisations to integrate environmental performance
or capabilities in the supplier selection process for that
product. Therefore, potentially lower costs are possible
due to increased negotiating power with a broader sup-
plier choice set and greater competition among suppliers.
Green materials and components are usually premium
priced due to lack of economies of scale and hidden cost
inclusion (e.g. social cost) (Ayres 1997; Baumers et al.
2016). Thus, purchasing non-green counterparts reduces
material cost. However, source materials and suppli-
ers that perform poorly on environmental aspects, may
result in potentially greater risks and associated sourc-
ing costs. Green materials and green suppliers enhance
supplier resiliency, implying long-term cost reductions
(Rauer and Kaufmann 2015). So overall, there is a greater
likelihood of sourcing cost reductions due to green prod-
uct deletion.
Quality: When certain green products are deleted,
emphasis on quality initiatives in supplier selection and
monitoring may be greater due to the shift from green
to general supply chain competencies (Roehrich et al.
2017). In addition, reallocation of supplier develop-
ment resources away from environmental programmes
to other development programmes might lead to quality
improvement in the overall product portfolio. Alterna-
tively, firmsmight also sacrifice quality due to fewer green
activities (Narasimhan and Schoenherr 2012). However,
overall, sourcing quality improvement is more likely in
the event of green product deletion.
Time: If an organisation outsources some of its processes
to gain green expertise, it no longer needs that external
green expertise when a green product is deleted (Wang
and Song 2017). The organisation can then insource
the material or the product if certain green aspects are
no longer essential. Insourcing, similar to vertical inte-
gration, allows for greater control and more efficient,
timely processing (Foerstl et al. 2016). However, more
time might be required to switch supplier resources
and build supplier expertise from deleted products to
other dissimilar products, especially if no green prod-
ucts are to be considered as replacement alternatives
(Argouslidis, Baltas, and Mavrommatis 2014; Fisch and
Ross 2014). Overall, there is a greater likelihood of sav-
ing time in sourcing activities due to green product
deletion.

Hence, after considering the pros and cons of green
product deletion on its sourcing activities and competen-
cies, in general, it is proposed that,

P1: Green product deletion will likely result in (a) greater
flexibility, (b) lower cost, (c) higher quality, and (d)
shorter time in sourcing activities.

3.4. Operations andmanufacturing

Internal operations of an organisation’s manufacturing
and service processes may also be green (Sangwan and
Mittal 2015). The environmental aspects of internal oper-
ations range from internal environmental policies and
systems to technology choices and product design (Cam-
patelli and Scippa 2016; Zhu, Sarkis, and Lai 2013). Cer-
tified environmental management systems such as ISO
14000 are usually adopted by organisations to signal their
greenness to themarket (Castka andPrajogo 2013).How-
ever, if a green product is deleted, there might be positive
and/or negative influences on the focal firm’s opera-
tions and manufacturing activities. These influences are
depicted next with respect to four competencies (flexibil-
ity, cost, quality, and time) that play an important role in
operations and manufacturing.
Flexibility: The substitution of environmentally damag-
ing materials and processes with less damaging mate-
rials is a critical aspect of eco-design. One of the
popular design-for-the-environment systems is ‘cradle-
to-cradle’, which charges companies to find alterna-
tives and complete testing of chemicals and materi-
als (McDonough et al. 2003). Deleting green prod-
ucts eliminates such restrictions allowing for a wider
range of product design alternatives. Sometimes for just
one dimension of a product, significant testing may
be required (Lee and Bony 2007). If the firm is delet-
ing the environmental systems required for manufac-
turing the deleted green product, the production line
can become more standardised due to less product vari-
ety resulting in less ‘green flexibility’ (Bai and Sarkis
2017), despite the improvement in the overall flexibil-
ity in manufacturing and operations. Overall, there is a
greater likelihood of improvement in flexibility of manu-
facturing and operations activities due to green product
deletion.
Cost: The costs of certified environmental management
systems can be quite significant (Darnall and Edwards
2006). With the deletion of a green product, such sys-
tems and certifications may no longer be needed for
that product. The implication would be lower costs due
to no requirement of environmental certifications in
operations. Furthermore, green materials are no longer
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required in manufacturing thereby reducing the material
variety requirements. This means the focal firm has to
manage a narrow range of materials inventory leading to
lessened inventory levels, better control, and thus lower
costs (Wan and Sanders 2017; Hvam et al. 2020). How-
ever, the initial investments in the manufacturing facil-
ities and operational infrastructure development, which
are specifically designed and constructed for green prod-
ucts, will no longer be needed. Therefore, restructuring
facilities and infrastructure will burden the firm, espe-
cially if moving from green to non-green product devel-
opment and manufacturing (Saunders and Jobber 1994).
However, overall, there is a greater likelihood of cost
reduction inmanufacturing and operations activities due
to green product deletion.
Quality: Quality increase may occur in the product port-
folio due to slack resources from the deleted product
and focus on non-green quality specifications (Ander-
son 2001; Avlonitis, Hart, and Tzokas 2000). Further-
more, green product deletion leads to inventory reduc-
tion, which also improves overall product quality (Ton
and Raman 2010). However, it has been found that qual-
ity in general improves when environmental systems are
incorporated into operations (Narasimhan and Schoen-
herr 2012; Pil and Rothenberg 2003). With green prod-
uct deletion, the need for pro-environmental operations
lessens. Thus, firms will likely sacrifice perceived and
actual quality due to fewer green activities (Narasimhan
and Schoenherr 2012). Overall, green product deletion is
expected to improve quality.
Time: Low efficiency, at least in the short run, in the
manufacturing and operations processes results in longer
time due to shifting product characteristics and worker
retraining (Harness and Marr 2004). However, the prod-
uct manufacturing process might be shortened since
fewer environmental auditing activities will occur result-
ing in fewer delays (Edwards 2003) depending on the
occurrence and frequency of environmental auditing for
green product operations and processing. In general,
green product deletion is likely to result in longer times
in manufacturing and operations processes.

Based on the above discussion, in general, it is posited
that,

P2: Green product deletion will likely lead to (a) greater
flexibility, (b) lower cost, (c) higher quality, and (d)
longer time in operations and manufacturing processes.

3.5. Distribution and logistics

Distribution and logistics include managing activities
related to distribution channels, warehousing, packaging,

retailing, logistics, transportation, and sorting and collec-
tion of end-of-life products (Franchetti, Elahi, and Ghose
2017). These downstream processes can be quite exten-
sive with significant uncertainties. Typical green-focused
activities within these processes include green packag-
ing, warehousing, and transportationmode selection. For
example, green packaging is one of the most impor-
tant visible traits of the final product delivery. Reusable
or recyclable packaging adds to the green characteris-
tics and support for green products (Zhang and Zhao
2012). However, deleting such a green product might
have positive and/or negative effects on the focal firm’s
distribution and logistics activities. These influences are
depicted next with respect to four competencies (flexibil-
ity, cost, quality, and time) that play an important role in
distribution and logistics.
Flexibility: Packaging eco-design typically limit prohib-
ited materials using checklists (Holdway, Walker, and
Hilton 2002). If greening of packaging is no longer a
constraint due to green product deletion, more pack-
aging can be associated with aesthetics and market-
ing, which means more flexibility in packaging alterna-
tives (Lee and Xu 2005). The delivery and transporta-
tion selection process after green product deletion will
also allow for greater choices of warehouses and trans-
portation modes (Dekker, Bloemhof, andMallidis 2012).
However, loss of knowledge in green packaging designs
and green transportation modes may reduce experi-
ence and expertise (Holan and Phillips 2004). Overall,
there is a greater likelihood of improvement in dis-
tribution and logistics flexibility due to green product
deletion.
Cost: There is a hierarchy of most to least environmen-
tally efficient delivery modes when it comes to energy
usage and emissions per unit. Typically, air transporta-
tion has been viewed as the least ecologically efficient,
while maritime shipping as the most efficient on a per
unit delivery basis (Rondinelli and Berry 2000). With
a lessened need to find the most ecologically efficient
transportation mode following green product deletion,
wider choices of modes may facilitate major cost reduc-
tion depending on availability of logistics alternatives.
However, the interaction between packaging and trans-
portation might also have cost implications. Green prod-
uct deletionmay result inwasteful packaging for aesthetic
purposes. Wasteful packaging leads to greater packaging
and transportation cost (Prendergast and Pitt 1996). At
this stage, supply chain activities work more closely with
both organisational and individual customers, as deleting
a green product may risk the company losing customers
(retailers) who are loyal to that product (Homburg, Fürst,
and Prigge 2010; Vyas 1993). Greater potential cost is
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incurred to seek new markets and customers. Therefore,
overall, there is a higher likelihood of increase in distri-
bution and logistics cost due to green product deletion.
Quality: With green product deletion, the focal firm
has wider alternatives available in packaging, warehous-
ing, distribution, and logistics provider choices (Brady,
Cronin, and Brand 2002). Delivery reliability is an impor-
tant quality measure for this stage. Greater distribution
and logistics alternatives can improve scheduling and
delivery reliability, thereby the quality. With green prod-
uct deletion, similar to other supply chain processes,
organisations could switch emphasis and slack resources
to other quality-oriented factors.Overall, there is a higher
likelihood of improvement in distribution and logistics
quality due to green product deletion.
Time: If the green product was under regulatory pol-
icy, such as Waste Electrical and Electronic Equipment
(WEEE) (Ebrahimpour and Johnson 1992), after its
deletion, regulatory compliance to that policy is not
required. Therefore, shorter lead-time cycle is expected,
as compliance to environmental product regulations is
no longer required post green product deletion. Reverse
logistics and closed-loop supply chain activities are not
necessary any more thus saving time resources that
can be dedicated to other business processes. Over-
all, there is a greater likelihood of saving time in dis-
tribution and logistics activities due to green product
deletion.

This discussion leads to the third research proposition:

P3: Green product deletion, in general, will most likely
result in (a) greater flexibility, (b) higher cost, (c) higher
quality, and (d) shorter time in distribution and reverse
logistics activities.

3.6. Product usage and service

After product delivery, individual end users use and con-
sume the product. Product usage and service activities are
downstream supply chain processes and are thus closer
to individual consumers and product end-users. Here
consumers expect after-sales service from focal firms.
Ceteris paribus, green product usage is more pronounced
amongst environmentally conscious consumers (Young
et al. 2010). When the green product is deleted and the
perceived green impact is gone, the differentiation offered
by the organisation between green and regular non-green
product usage will disappear (Gauthier 2017). Green
product deletion affects the product usage and service
activities with respect to four competencies (flexibility,
cost, quality, and time) that are discussed below.
Flexibility: With a green product deletion, it is expected
that an organisation’s supply chain responsibilities will

end after a consumer’s purchase transaction.
Organisations may no longer have the responsibility
of product recycling and resource reclamation, unless
required by law. The implications for the focal firms
will be more flexibility within the overall supply chain
processes due to additional resources released from dis-
continued product end-of-life activities that could be
redeployed to other supply chain activities. Recycling is
an example of product end-of-life activity, which will no
longer be required when an associated green product
is deleted. One may argue that the focal firm will lose
its ‘recycling flexibility’, however, on the other hand, it
is also gaining ‘labor flexibility’ (Bai and Sarkis 2017).
Therefore, overall, usage and service process flexibility
improves with green product deletion.
Cost: End-of-life activities are adopted by focal firms
to acquire less expensive materials and/or components
(Guide et al. 2000). With green product deletion, cost
could potentially increase since waste reduction empha-
sis is lessened, resource reclamation is not required, and
close-loop resource reallocation is not necessary for that
product. Therefore, overall, there is a higher likelihood of
increase in usage and service cost due to green product
deletion.
Quality: Extended producer responsibility (EPR)1 is an
important aspect of environmental supply chain designs.
When a green product is deleted, organisations may not
necessarily need to attach after sales service required by
that green product’s EPR practices. This lack of service
may result in consumers perceiving the product to be of
lower quality and may eventually affect consumers’ sat-
isfaction levels and perceived brand reputation, both of
which are quality measures (Sengupta, Balaji, and Krish-
nan 2015). In general, the quality of usage and service
activities is expected to reduce due to green product
deletion.
Time: If focal firms engage in EPR activities, such as offer-
ing rebates anddeposit-refunds to have consumers return
their used products, the product life cycle time is short-
ened because it is likely that consumers will return prod-
ucts in a relatively shorter time (Souza 2013; Taylor 2000).
With the deletion of green products, its associated EPR
incentives are no longer needed; resulting in increased
product life cycle time. In addition, in the long run, EPR
dissolution would potentially hurt firm image and per-
ception (Albino, Balice, and Dangelico 2009); thus, more
time would be needed to establish firm market standing
and to acquire new customers. In general, green product
deletion is likely to result in longer times in usage and
service activities.

Taking into consideration, the above discussion, it is
proposed that,



INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH 13

Table 2. Propositions depicting the influence of green product deletion on supply chain processes and .competencies.

Note: The upward facing arrow represents an increase in each competency within a specific supply chain process, and the downward facing arrow represents a
decrease. A grey arrow represents a negative impact such as increase in cost or time, or reduction in quality or flexibility. A white arrow represents a positive
impact such as decrease in cost or time or increase in quality or flexibility.

Table 3. Conceptual propositions and supporting literature.

Sourcing Operations and Manufacturing Distribution and Logistics Product Usage and Service

P1: Green product deletion will
likely result in (a) greater
flexibility, (b) lower cost, (c)
higher quality, and (d) shorter
time in sourcing activities.

P2: Green product deletion
will likely lead to (a) greater
flexibility, (b) lower cost,
(c) higher quality, and (d)
longer time in operations and
manufacturing processes.

P3: Green product deletion,
in general, will most likely
result in (a) greater flexibility,
(b) higher cost, (c) higher
quality, and (d) shorter time
in distribution and reverse
logistics activities.

P4: Green product deletion, in
general, will most likely result
in (a) greater flexibility, (b)
higher cost, (c) lower quality,
and (d) longer time in usage
and service activities.

Flexibility Onozaka, Hu, and Thilmany
(2016); Thun and Müller
(2010); Vyas (1993).

McDonough et al. (2003); Lee
and Bony (2007); Bai and
Sarkis (2017).

Holdway, Walker, and Hilton
(2002); Lee and Xu (2005);
Dekker, Bloemhof, and
Mallidis (2012); Holan and
Phillips (2004).

Gauthier (2017); Bai and Sarkis
(2017).

Cost Ayres (1997); Baumers et al.
(2016); Rauer and Kaufmann
(2015)

Darnall and Edwards (2006);
Wan and Sanders (2017);
Hvam et al. (2020); Saunders
and Jobber (1994).

Rondinelli and Berry (2000);
Prendergast and Pitt (1996);
Homburg, Fürst, and Prigge
(2010); Vyas (1993).

Guide et al. (2000).

Quality Roehrich et al. (2017);
Narasimhan and Schoenherr
(2012)

Anderson (2001); Avlonitis,
Hart, and Tzokas (2000);
Ton and Raman (2010);
Narasimhan and Schoenherr
(2012); Pil and Rothenberg
(2003); Narasimhan and
Schoenherr (2012).

Brady, Cronin, and Brand
(2002).

Sengupta, Balaji, and Krishnan
(2015).

Time Wang and Song (2017); Foerstl
et al. (2016); Argouslidis,
Baltas, and Mavrommatis
(2014); Fisch and Ross
(2014).

Harness and Marr (2004);
Edwards (2003).

Ebrahimpour and Johnson
(1992).

Souza (2013); Taylor (2000);
Albino, Balice, andDangelico
(2009).

P4: Green product deletion, in general, will most likely
result in (a) greater flexibility, (b) higher cost, (c) lower
quality, and (d) longer time in usage and service activi-
ties.

Table 2 summarises the propositional relationships
of green product deletion and potential impact on an

organisation’s supply chain processes and competen-
cies; and the supporting literature is abridged in Table
3. Table 2 is a 4× 4 matrix with columns representing
the four strategic supply chain performance competen-
cies (flexibility, cost, quality and time) and rows rep-
resenting supply chain processes (sourcing, operations
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and manufacturing, distribution and reverse logistics,
and usage and service). Within each cell, overall conse-
quences of green product deletion are shown for each
supply chain process with regard to a specific compe-
tency. The upward facing arrow represents an increase in
each competency within a specific supply chain process,
and the downward facing arrow represents a decrease. A
grey arrow represents a negative impact such as increase
in cost or time and reduction in quality or flexibility.
The general propositional relationships are derived from
literature and practice.

Across every cell of Table 2, the common drawback of
green product deletion is lessened environmental perfor-
mance and social responsibility. This fact should not be
lost when considering the disadvantages of green prod-
uct deletion decisions that are not replaced by other green
products. The strategic concerns include not meeting the
needs and expectations of a broader stakeholder com-
munity, beyond business partners. Other advantages of
greening strategies and greening supply chains include
maintaining business continuity in the supply chain, hav-
ing a license to operate, additional revenue generation,
and improved company image (Sarkis 2013). It is likely
that some or all of these advantages, known for ‘making
the business case’ and not considered amongst the oper-
ational performance competencies and process activi-
ties, will be lost. However, the critical positive business
consequences of green product deletion on a company
adopting a paler shade of green strategy should not be
underestimated.

4. Discussion and implications

4.1. Theoretical implications – a contingency
theoretic perspective

Research has extensively considered operations and sup-
ply chain implications from a new product development
perspective (e.g. Lee 2002). These frameworks and the-
ories have focused on product growth strategies, but
not on product deletion or discontinuation. Marketing
has mainly considered product deletion of unprofitable,
obsolete or mature product categories. Green products
are still a relatively current and novel phenomenon and
overall are at an early stage of the product development
life cycle investigation. Deletion of green products may
not follow similar contexts of existing findings for regu-
lar product deletion. Whether these differences are par-
layed to supply chain implications is an open research
question. The proposed conceptual framework in this
paper, contributes in the context of discovery and justi-
fication by creatively synthesising ideas, developing new
relationships between established constructs, identifying

and addressing a research gap, and integrating extant
theoretical perspectives (Yadav 2010).

The proposed framework is generative in nature and
helps to set the foundation and open new doors for
future research in this under-explored field of green
product deletion. In the future, the relative magnitude
and directions of green product deletion influence on
processes and competencies, proposed here, need to be
empirically investigated. A contingency theory in organi-
sational theory stipulates that specific situational factors
can affect the direct relationships between independent
and dependent variables. For example, if an organisa-
tion’s operations strategy is focused on customisation and
high responsiveness, deleting a green product may be
favourable. This is because green product deletion may
improve flexibility and enhance time-based competen-
cies or responsiveness. In this example, other dimensions
such as cost competency will be of minimal concern.

Operations programmes and philosophies that influ-
ence the supply chain, such as just-in-time principles
(Golhar and Stamm 1991), the lean management phi-
losophy (Jasti and Kodali 2015), total quality manage-
ment (Vanichchinchai and Igel 2011), eco-design, and
the theory of constraints, are contextual programmes
that may influence the green product deletion program
and its practical implications. This contingency theo-
retic perspective results in a series of potential mod-
erating relationships. For example, lean manufacturing
focuses on waste elimination. If the goal of green prod-
ucts is to design processes that will utilise the least
amount of materials, elimination of the green product
may result in minimising emphasis on lean principles.
A perception of less emphasis on lean principles may
require behavioural investigation of managers to deter-
minewhether green product deletion can causemanagers
and workers to perceive the organisation as being less
conscious about waste reduction, in general. This percep-
tion may cause lean management programmes to be less
effective. Whether this behavioural and perceptual situ-
ation – the contingency – does occur for this and other
general operations and supply chain programmes needs
investigation.

It is also acknowledged that there might be broader
strategic and positioning issues arising out of green
product deletion as well as variations in the relation-
ships between constructs presented in the proposed
framework. These issues and variations may be cap-
tured by considering additional contingencies. Contin-
gencies include contextual factors that exist and influ-
ence the relationship between a green product dele-
tion decision and organisation’s strategic supply chain
dimensions (processes and competencies). Contingen-
cies may be moderators, mediators, or control variables
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that play an important role in the context of green prod-
uct deletion. Contingencies that could play a role in this
framework may relate to external exogenous variables,
green product-related variables, or firm-related variables.
External exogenous variables may concern government
policies and regulations, fluctuation of exchange rates,
industrial-level forces, and length of market life. Green
product-related variables include strategic positioning of
the product, the green dimensions of a product, prod-
uct portfolio complexity, and product’s life cycle stage.
Firm-related variables include ownership and gover-
nance characteristics, mergers and acquisitions, culture
and entrepreneurship issues, mission and value proposi-
tions. These contingencies should be carefully considered
when applying this framework in theory and practice.
Empirical research to investigate these contingencies in
the context of green product deletion needs to be pur-
sued.

For instance, research has found that organisations
adopt green strategies and practices when they are faced
with various external stakeholder and institutional pres-
sures (Zhu, Geng, and Sarkis 2016). These pressures
may include compliance (governmental, coercive) or
beyond compliance (competitors, mimetic) dimensions.
Whether the existence or lack of various external pres-
sures plays a role in green product deletion requires
future research investigation. The type of pressure may
also play a role in the implications for the supply chain.
For example, if the reason for adopting certain green
practices in the supply chain activities was due to compli-
ance, green product deletion may not have any influence
on competencies or processes as the organisation still
needs to comply with regulations.

The framework also unlocks several opportunities
of theory application in this under-explored research
area. For example, theories can be integrated within the
proposed framework to further explain the impact of
green product deletion on various facets of supply chain
management. Resource-based theory, stakeholder the-
ory, resource dependence theory, service-dominant logic,
and innovation diffusion theory are among the promising
theories that may invoke additional insights to generate
and integrate conceptual ideaswithin green product dele-
tion and supply chain management literatures. We pro-
vide examples for resource-based, role and stakeholder
theory here as ways to investigate contingencies – other
theories and related questions from a green supply chain
management perspective can be found in Sarkis, Zhu,
and Lai (2011).

Resource based theory may contingently ask the ques-
tion on whether resources and dynamic capabilities are
enhanced by deletion of a product. It may be that the
green product is a differentiator that provides valuable,

inimitable, and rare resources that provide a competitive
advantage. If this is the case, then deleting the green prod-
uct to improve supply chain performance may go against
the strategic direction of the organisation. If it frees up
resources to provide greater capabilities in competitive
dimensions, then green product deletion may be worth it
and supply chain performancemay ormay not contribute
to the decision.

Role theory can be a linking theory that grounds the
contingencies and impacts of green product deletion on
supply chain processes and actors (Biddle 2013). Role
theory describes individuals or organisations behavioural
patterns by considering associated social positions and
expectations. Role theory research includes consen-
sus, conformity, conflicts of role taking characteristics
(Markham et al. 2010). Role theory as applied to the
supply chain management field can provide significant
insight that has yet to be investigated fully. For exam-
ple, supply chain actors take various social roles in supply
chain networks and investigating how they make prod-
uct and supply chain decisions is an important research
direction. Role theory can support insights into role deci-
sion making for products, processes, and resources over
which the respective role players have influence. For
example, a role player takes certain positions in a given
relationship; consider the role conflicts associated with
marketing and operations when making a green prod-
uct decision. The roles and expectations of marketing are
to keep growing revenue with a wide variety of green
products to satisfy multiple niches. Operations and pro-
duction are concerned with efficiency, their role is to pro-
tect the resources and provide the necessary supplies in a
cost-efficient way. Deleting these products may improve
efficiency. Sustainability directors in their role may find
that efficiencies can work well in reducing resource use;
but may have conflicts within their group who each
see varying levels of importance of efficiency versus
greener processes that are less efficient but more envi-
ronmentally sound. A wide array of role-related expec-
tations may pose different power, perceptions, actions
over adding or deleting certain products and supporting
processes.

Stakeholders can also play a contingent role on the
relative performance outcomes. A product may or may
not be deleted depending on the primary stakeholder
involved in the decision and may also influence per-
formance. For example, if there are stakeholder pres-
sures from investors to maintain a certain product or
delete these stakeholders may focus on cost dimensions.
Green customer stakeholders may wish to have flexibil-
ity and variety of green quality products – and not care
about the supply chain costs – and thus an organisation
may not focus on deleting or keeping green products
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that may have certain outcomes. Regulatory stakehold-
ers may require green products to be maintained so that
outcomes related to environmental quality measures are
maintained in the supply chain.

Many such contingencies exist and could be the
foundation of many additional research questions and
hypotheses.

4.2. Managerial implications

The proposed conceptual framework has implications for
practitioners as well. The proposed framework can make
the strategic decision of product deletion more manage-
able within a green context. First, the framework chal-
lenges the traditional view that only adding green prod-
ucts is considered beneficial for firm performance and
introduces a novel perspective that deleting green prod-
ucts also can be beneficial for firms through potential
changes in supply chain processes and competencies. The
results caution managers that an unquestionable posi-
tive view of expanding the green product portfolio may
be simplistic. On the other hand, alternative and crit-
ical thinking is needed to determine whether deleting
green products can be beneficial to the organisation and
its supply chain.

Second, the framework posits that green product dele-
tion influences supply chain processes and competen-
cies. Each supply chain element in the framework can
influence managerial decision making in the context of
green product deletion. The performance of each ele-
ment involves various critical factors. This framework
helps managers to better understand green product dele-
tion’s impact on each supply chain factor; and in return,
the identification of each factor can also improve deci-
sionmaking processes on supply chain. Propositions that
presented in the framework also may inform broader
strategic decision making on supply chains in a post-
product deletion stage. Such decisions may include sup-
plier selection, capacity planning, network design, and
product end-of life services. For example, supply chain
management sourcing decisions include outsourcing of
various processes to external suppliers. An outsourcing
decision, especially one that is driven by green prod-
uct requirements, may need to be altered when green
requirements are no longer part of the supplier selection
criteria. In some cases, unless the current supplier has
better overall non-green competencies, a different sup-
plier or insourcing may occur. The framework provides
direction for some of these considerations, even if the
decision is to outsource or insource one of the general
supply chain processes (e.g. production) discussed in this
paper.

Third, green product deletion decisions and out-
comes presented in the framework are intensively from
but not limited to supply chain perspectives. Managers
from different departments may utilise the framework in
alternative ways. For example, in the event of product
deletion, marketing and sales managers are concerned
about alienating their customers (Shah 2017a). This
framework provides factors they can consider during the
green product deletion. For example, knowing from the
framework that green product deletion could affect dis-
tribution and logistics, they can ensure that their channel
partners provide continued service to retain consumers
of the deleted green product. Thus, this framework pro-
vides an important checklist of factors that managers
from cross-functional areas could consider while mak-
ing the product deletion decision. This framework will
enable improved cross-functional integration amongst
marketing, operations, finance, supply chain, and envi-
ronmental management, instead of the decision being
made by a single department.

Fourth, the framework sets the stage to help iden-
tify key performance indicators (KPIs) for green product
deletion mainly from an operations strategy perspective
based on cost, flexibility, time, and quality competencies
related to various elements of supply chain processes. As
an example, when a green product is deleted, there could
be reduced after sales service. Thismay lead to consumers
perceiving a lower product quality, which further nega-
tively affects consumers’ satisfaction levels and perceived
brand reputation. Using this framework while making
the green product deletion decision,marketingmanagers
consider the impact on quality competency and thus are
able to identify two important KPIs (customer satisfac-
tion and brand reputation). This helps them anticipate
andmanage the adverse consequences arising from green
product deletion related to a key stakeholder (customers).
Similarly, if managers also consider time, cost, and flex-
ibility competencies, they will be able to identify more
KPIs and manage green product deletion successfully.

5. Conclusion

This study investigates product deletion impact on sup-
ply chain management within a green context. The pro-
posed framework demonstrates the linkage between an
organisation’s strategic-level product deletion decision
and supply chain processes in terms of four core com-
petencies (quality, flexibility, time, and cost). Overall,
the framework: (1) fills a research gap by integrating
green product deletion and supply chain management
literatures; (2) facilitates firms’ green product deletion
decision-making process; and (3) sets both, a conceptual
and practical, foundation for further investigation of each
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element within the framework as well as the relationships
amongst them.

This study opens upnew lines of research on an impor-
tant strategic decision, green product deletion, which
deservesmore attention in the supply chainmanagement,
sustainability, andmarketing literature. This topic has not
been covered in previous research. Theoretically, the con-
structs, relationships, and theories that were used to con-
ceptualise the framework may also provide directions in
general product deletion context. Directions and strength
of relationships might vary for different product cate-
gories and characteristics and therefore the framework
should be adapted accordingly. The initial relationships
listed in the propositions are a theoretical and conceptual
perspectives that require further investigation.

Finally, the framework could be extended to product
deletion in general and provide implications for firms
and their supply chains. This aspect is an important con-
tribution to practice. Practically, we have identified four
implications that contribute to providing insights to prac-
titioner and practice – these specific implications include:
(1) Care should be taken with keeping green products in
a portfolio and raises awareness; (2) Supply chain perfor-
mance and decision implications should be considered
when deleting green products; (3) An interdisciplinary
process is needed for green product deletion decisions
are to be made and should not be under the purview of
a single department; and (4) Organisations can identify
key performance indicators that relate to green product
deletion and supply chain performance decisions.

This research and literature stream integration is
expected to inspire future study related to product dele-
tion in diverse disciplines and within different contexts.
It is also meant to build improved practice for green and
regular product deletion decisions.

Note

1. EPR is defined as an organisation’s responsibility for a
product that emphasises the post-use stage of a product’s
life cycle. Two primary dimensions of EPR include the
producing organisation: (1) being at least partially respon-
sible for a product’s end-of-life, physically and economi-
cally; and (2) incorporating environmental considerations
in product design (Lifset, Atasu, and Tojo 2013).
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