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Abstract: With the rise in global consumption and the consequent intensive demand for global
resources, the attention of scholars and practitioners towards greener supply chains has grown over
the years. In this context, this study has two main aims. The first is to offer an up-to-date literature
review of the ways in which sustainability is pursued in diverse settings, based on the sector, the
geographical area, and the level of adoption of digital technologies of a company. The second aim is to
identify the research gaps in this field, and to suggest directions for future investigations. The results
of the structured literature review reveal that, although developed and developing countries tend
to focus on different types of sustainable interventions, three factors are consistently considered to
be crucial for the success of a sustainable initiative in global supply chains. These factors are the
collaboration along the supply chain, the commitment of the top management, and the presence of
environmentally-oriented policies or regulations. These three factors complicate the decision-making
process that is needed to implement sustainable practices. Therefore, we suggest ways in which to
design future research that better capture the real challenges of making environmentally conscious
decisions, leveraging on the concepts of the Intertwined Supply Network (ISN) and the cognitive frame.

Keywords: environmental sustainability; global supply chain; developing economies; developed
economies; digital technology; literature review; decision making; industry; cognitive frame;
intertwined supply network

1. Introduction

With the rise in global consumption and the consequent intensive demand for global resources,
significant challenges have been posed to the sustainable development of many countries across the
globe. In response to these threats, several directives have been issued over the last few years by
national and supranational organisations (e.g., the United Nations, the European Union) to push
towards more sustainable practices in areas encompassing resource consumption, emissions reduction,
and waste management, and to encourage the implementation of circular economy models [1,2].
Alongside the institutional policies, several world-leading firms have launched sustainable initiatives
for their supply chains. For instance, Apple established a set of supplier responsibility standards,
and Unilever implemented a ‘sustainable living plan” in the early 2010s [3]. However, despite the
numerous initiatives, the achievement of successful results in terms of sustainability is still very
challenging, especially if the companies are multinationals. In this case, the distance between buyers
and suppliers located in different markets, the cultural differences, and the dissimilar expectations in
terms of sustainability goals still represent crucial barriers [4-6]. The amount of complexity further
increases if companies operate in emerging economies, where there is a tendency to compromise
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environmental standards in favour of economic growth, and due to the lack of environmental and
social laws [7]. Among the most challenging aspects of managing (or belonging to) a global supply
chain is the lack of visibility beyond first-tier suppliers or customers, and the need to comply with
local habits and regulations, which may change across countries and regions [6].

Despite the abundant presence of literature contributions on sustainability in global contexts,
e.g., Hong et al., Choi and Hong, Wu and Pullman, Koberg and Longoni, 2015 [3,6], there are no clear
indications on what topics are covered to address sustainability in the multitude of contexts that might
possibly characterise a global supply chain. The existing contributions and reviews in this field can be
classified into two main categories. On one side, we find general contributions that do not focus on
a specific country or industry, and which therefore provide broad observations, e.g., Ahmadi et al.,
Ebinger and Omondi [8,9]; on the other side, there are studies focused on a single geographical area
or industrial sector which provide specific—but not always generalizable—insights, e.g., Mitra and
Gaur, Giuffrida et al. [10,11]. This study aims to bridge these two opposing clusters of contributions by
reuniting them in the same review paper that specifically addresses sustainability in different settings.
More precisely, this research has two main objectives.

The first is to shed some light on the ways in which sustainability can be pursued in diverse
contexts by offering an up-to-date literature review. The diversity of the settings, in our paper,
is measured by the sector, the country/geographical area, and the level of adoption of the digital
technologies of a company. In this light, we extend, to a global scope, some preliminary research that
was already focused on the sustainability implications of digital technology applications to national
businesses or supply chains [12]. This helps provide more in-depth insights into reasonable and
context-related sustainability practices. The second objective is to identify and describe the possible
research directions in this field.

We reach the above-mentioned general aims by addressing two main Research Questions (RQs):

RQ1a. What are the key research streams described in the literature with reference to the environmental
sustainability of global supply chains?

RQ1b. Do they differ based on contextual factors, such as the industry, the country of reference, and the use of
digital technologies?

RQ2. What research gaps are present in this field, and how could future studies address such gaps?

In order to address the above-mentioned RQs, a structured literature review was conducted.
The systematic approach was selected because it allows us to compare and synthesise a large body
of knowledge and develop future research ideas [13]. The main contributions of this study are the
systematization and discussion of papers based on novel classification variables, and the presentation
of a specific framework for future research that could help both scholars and practitioners to better
understand the challenges behind the implementation of green supply chain practices.

The paper consists of five main sections. The next section describes the methodology, the third
section elucidates the results of the review, the fourth section discusses the main implications of the
review and identifies directions for future research, and the last section concludes.

2. Methodology

This review covers the scientific contributions of the past eight years. This rather restricted
timeline occurred because of a combination of factors. On the one hand, despite the fact that the digital
revolution is claimed to have started in the 1980s, digital technologies’ most extensive adoption is a
more recent phenomenon, relatively speaking. Digital technologies, such as the Internet of Things,
Big Data, Artificial Intelligence, and Blockchain, started to be used in most countries of the world,
including developing countries, in the 2010s [14]. On the other hand, there has been a significant
increase in the attention towards sustainability matters in the same recent timeframe. For instance,
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the 17 Sustainable Development Goals (SDGs), which represent an imperative call for action by both
developed and emerging countries, were defined only in 2015 [15].

In line with recent literature reviews published in supply chain management journals,
e.g., Giuffrida et al., Ren et al., Tasdemir and Gazo [16-18], a precise sequence of steps was followed in
order to deliver this research, namely a literature search, a literature analysis and description, and gap
identification. These phases are described in the following paragraphs.

2.1. Literature Search

In the literature search phase, we used the international bibliographic databases Scopus and ISI
Web of Knowledge, as well as the science search engine Google Scholar and cross-reference snowballing
in order to retrieve pertinent contributions [19-21]. More precisely, the search was organised as follows.

First, we defined a specific set of words that are relevant for our research field, and which cover the
main aspects we wish to analyse, namely the sustainability practices in global supply chains pertaining
to different sectors and countries, and possibly using different supporting technologies. Examples
of these words include “environmental sustainability”, “digital technology”, “global supply chain”,
“industry”, and “developing markets”. These keywords were initially inputted in the search string
and connected by the operator “AND”, because they refer to all of the elements we hope to find within
each contribution.

Second, for each main keyword, we identified a set of alternatives that represent either a synonym
or a better specification of the primary word. For instance, “green” was used as a synonym of

v, u

“environmental sustainability”; “global value chain” represented an alternative to “global supply

.,

chain”; “automotive”, “fashion”, and “food”, etcetera, were detailed specifications of the “industry”.
Similarly, words like “Asia”, “Europe” “Africa”, “blockchain”, “cloud”, “big data”, and “internet
of things” were used as better specifications, respectively, for the geographical and technological
dimensions. All of these words were connected by the operator “OR”, because they are mutually
exclusive and should be searched for as an alternative to each other. For explanatory purposes,

an example of a search string inputted into Scopus is provided below:

TITLE-ABS-KEY/(((environment* sustainab*) OR (green)) AND ((global supply chain*) OR
(global value chain*)) AND ((develop* countr*) OR (develop* market*) OR (emerging countr®)
OR (develop* econom*)OR (Asia*) OR (Europe*) OR (Asia Pacific) OR (America*) OR
(Africa*)) AND ((industr*) OR (sector*) OR (automotive) OR (electronics) OR (fashion) OR
(textile) OR (food) OR (agriculture) OR (Iluxury) OR (pharma)) AND ((digital technolog*) OR
(digital innovation) OR (blockchain) OR (internet of things) OR (RFId) OR (e-commerce) OR
(big data) OR (artificial intelligence) OR (industry 4.0) OR (cloud) OR (mobile) OR (drone)))

Y7

The use of the asterisk (*) near to words like “sustainab*”, “countr*” or “develop*” served the
purpose of catching relevant keywords in any combination they may appear (e.g., as a noun or
adjective, in the singular or plural form). For instance, “sustainab*” includes both “sustainability”
and “sustainable”; “countr*” stands for both “country” and “countries”; “develop*” catches both
“developed” and “developing”, and so on.

The operator “TITLE-ABS-KEY” indicates that the selected words needed to appear in the most
important sections of the papers, namely the title, the abstract, or the keywords. As shown in the results
section of this manuscript, not all of the relevant papers cover simultaneously all of the main aspects
we wanted to investigate. For instance, some papers describe country- and industry-specific practices
that do not rely on any digital technology. Therefore, we repeated multiple search runs, substituting
some “AND” operators with “OR”. We also used other databases (i.e., ISI and Google Scholar).

Third, abackward snowballing approach was followed, as suggested by the extant literature [20,21],
in order to capture relevant knowledge that, for whatever reason, may not have been indexed in our
databases, or that we may have missed due to the keyword selection.
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Fourth, we defined the inclusion/exclusion criteria (e.g., we considered only papers written in
English, focused on environmental sustainability, published in Journals ranked in Quartile 3 or higher
according to the leading scientific journal ranking platform SCImago). These criteria are detailed in
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram
presented in Appendix A. Starting with an initial dataset of 95 papers (excluding duplicates), we arrived
at the final selection of 66 papers, which represent the most suitable contributions for this review, and
are discussed in the results section.

2.2. Literature Analysis

In the literature analysis phase, the selected contributions were examined deeply and classified
based on a set of relevant variables, i.e., the publication year, journal, adopted methodology, as is
commonly carried out in the extant literature reviews, e.g., [16-18]. Regarding the content, we recorded
the country/region of reference, the industry of reference, the main processes impacted by the solution
(e.g., production, distribution), and the level of adoption of digital technology. We also analysed the
specific initiative or issue described in the paper. By collecting a structured amount of information for
each article, we were able to categorise the publications systematically and present them conveniently
into classification tables, as well as being able to identify key discussion points and gaps more easily.

2.3. Identification of Gaps and Hints for Future Research

In the last stage, the gap identification emerged rather naturally from the analysis of the extant
literature. More specifically, starting from the most relevant identified gaps and topics, the proposal
of a future research framework and questions was postulated by the selection of the issues that we
considered to be more significant from a global supply chain sustainability perspective.

3. Results

3.1. Features of the Articles

Figure 1 shows the time evolution of the papers analysed in this review. Most of the contributions
are very recent, with over 80% of papers being published from 2018 onwards, and 50% in 2020 only.
This result confirms that the specific perspective taken in this study is rather nascent but growing
exponentially due to an increasing interest in sustainability and digitalisation aspects. Not surprisingly,
2020is also the year when the European Green Deal came into action, and several environmental-friendly
laws (e.g., to reduce plastic consumption) were issued in both developed and emerging countries, such
as France, Thailand, Palau, and the USA [22,23]. In order to focus on the highest quality research,
90% of the contributions were published in journals ranked Q1 or Q2. No publications are below Q3,
and no conference proceedings are considered. Most papers belong to sustainability-centred journals,
namely the ‘Journal of Cleaner Production’ (14%), ‘Sustainability” (9%), and ‘Resources, Conservation
and Recycling’ (6%). The remaining are scattered among approximately 40 journals focused on supply
chain, logistics and production management (e.g., ‘International Journal of Logistics Management’,
‘International Journal of Production Economics’) or on some specific sectors (e.g., ‘Agricultural and
Food Economics’, “Clothing and Textiles Research Journal’, ‘Marine Policy’).
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Figure 1. Number of papers by publication year.

Figure 2 presents the main methods used in the papers based on Meixell and Norbis [24].
As shown, the general review—presenting evidence from the literature, practitioner reports and other
secondary data—is the most common method (33%). Among the papers in this cluster, we find Lu et
al. presenting a comparison between reuse practices for Waste Electrical and Electronic Equipment in
China and Europe [25], while Kusch-Brandt proposes a list of sustainability lessons learned for the
food industry [26].

Following this, we find empirical papers presenting either case studies (24%) or surveys (14%).
In this cluster, for instance, Chikudza et al. [27] developed a survey to understand the incentives
and challenges linked to the implementation of a labelling system to ensure the traceability and
sustainability of seafood products in Europe. In contrast, Castro-Nunez et al. [28] presented a study
to show that the deforestation problem in Colombia is not linked, as many assume, to commodities
production, such as cocoa plants.

Another 17% of the publications propose analytical models, e.g., Wiedemann et al. [29], who performed
a Life Cycle Assessment of the entire Supply Chain for a woollen garment. Finally, 6% of contributions
propose conceptual models in the electronics, food, and automotive industries [30-32], while the
remaining 6% present literature reviews on the governance issues of green value chains and e-waste
legislation [33-35]. No specific literature reviews on the topic selected for this study, i.e., the analysis
of context-related sustainable practices, were found.

Methods used in the papers

Analytical Case study Conceptual ~General Literature  Survey

model model review review

Figure 2. Methods used in the papers.
3.2. RQ1: Current Sustainability Research Trends in Global Supply Chains

In order to answer our RQ1, we classified the papers taking into account the main context variables
considered in this research. We started by considering the country in which a given supply chain
activity takes place, and the industry to which the company belongs. On the industry side, we found
that the retrieved contributions may belong to the Agrifood, Automotive, Electronics, High-Tech,
Logistics, Pharmaceutical or Apparel businesses. Based on the country, we distinguished between
research that is focused on developed markets or developing ones. By looking at the paper distribution
summarised in Table 1, we can observe that all of the papers selected for the review present an industry
focus, with automotive and apparel being the most represented. However, not all the contributions
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are focused from a geographical viewpoint (i.e., they are only focused on developed or developing
markets). Over 40% of contributions analyse both developed and developing countries, and were
labelled as papers with a global scope. Among the papers that analyse a specific country or region,
emerging markets prevail, especially China, India, and Brazil.

Comparing the results by industry, we can observe that the electronics, high-tech, pharmaceutical
and logistics sectors are not totally covered from a geographical perspective in the literature, as no
papers were found in some geographical contexts for these industries.

Regarding the electronics, high tech and pharma industries, the papers focus more on emerging
markets. In the high-tech and consumer electronics industries, for instance, many papers are
concentrated on a limited number of Asian countries (e.g., China, Taiwan and India), because these
regions present both lower costs and higher specialisation for the production of these product
categories. Therefore, a centralisation of the manufacturing base and the related research in these
specific areas—with China occupying a dominant position—has occurred.

Regarding the pharmaceutical sector, we find contributions mainly from the Indian market,
because this country is recognised to have better capabilities in formulation development, drug
manufacturing, and final distribution towards the US and European markets. At the same time, many
problems linked to the pollution generated by drug manufacturing have emerged in this area, which
explain a more massive presence of sustainability studies for this country.

Finally, regarding the logistics and transport industry, we found some contributions only in the
developed countries cluster, mainly referring to the German market because this country is a leader
in sustainable logistics, and it has a National Sustainability Strategy that recognises the crucial role
of logistics [36]. Conversely, emerging economies’ logistics landscapes are less mature, and are still
characterised by fragmentation. Therefore, sustainability issues are not yet covered in these areas.

The remaining industries (agri-food, automotive and apparel) are, instead, relatively equally
studied in both developed and developing economies, and are addressed in most of the retrieved studies.

Table 1. Distribution of papers by industry and country focus.

Industry Developed Countries Developing Countries Global Total
Agri-food 5% 6% 6% 17%
Automotive 9% 12% 15% 36%
Electronics - 5% 5% 10%
High-tech - 2% - 2%
Logistics/Transport 2% - - 2%
Pharmaceutical - 3% 6% 9%
Textile, apparel and 8% 9 9% 26%
luxury
Total 23% 36% 41% 100%

The table presents the portion of papers falling in each category, calculated according to the total number of papers.

3.2.1. Sustainability Practices in Emerging Economies

Among the studies based on developing countries, there is a significant focus on the consideration
that sustainability practices have much higher chances of being successful if effective cooperation
mechanisms are in place. Indeed, sustainability initiatives depend on multiple actors. Accordingly,
Villa et al. [37] describe established collaboration-based processes for the development of green
innovations in the Brazilian fashion industry, such as new product development derived from
confection leftovers and the creation of a reverse logistics chain for used clothes. Pacheco et al. [38]
identify effective governance systems to win over the antagonisms between public rules and private
standards. Similarly, Jeong et al. [39] stress the importance of strategic alliances in the Asian eco-friendly
automotive industry. Jeong, Ko, Chavez and Sharma [40] provide information on the willingness of car
owners in Mexico to cooperate with car manufacturers to support green initiatives for car component
recycling. Likewise, in the electronics industry, some references to cooperation are present, such as
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Wong [30], that underline the importance of knowledge sharing for sustainable innovation. A slightly
diverse perspective is the one offered by Bryceson and Ross [41], who describe the importance of
collaboration in terms of informal social relationships (in contrast with formalised agreements) for
sustainability advancement in complex Asian agri-food supply chains.

Another stream of research focuses on the motives or barriers to sustainability implementation.
For instance, Bhaskar et al. [42] describe the effect of e-waste management rules in India on the
implemented practices: while the regulations create an increase in producers’ responsibility towards
waste management, the same type of commitment is not induced in consumers, leading to a
mostly-ineffective implementation of the sustainability practices. Law and Gunasekaran, instead,
focus on the motivators of sustainability initiatives in Hong Kong high-tech industry [43]. The authors
identify—in both top management commitment and infrastructure development—the main enablers
of sustainable practices. Kumar et al. [44] arrive at a similar conclusion in the Indian automotive
context by finding that companies” top management is the main critical success factor for sustainable
manufacturing implementation. Cardoso et al., instead, discover significant relationships between the
size of a company and the motivation to opt for a specific type of sustainable production practice in the
fashion industry, based on a list of 31 clean production practices [45]. For instance, they find that small
companies are motivated mainly by cost reduction. Medium-sized companies are pushed to implement
sustainable production by the need to stay competitive, especially in the global market. Larger
companies are the leading adopters of sustainable practices, and are motivated by the willingness to
preserve or improve their brand image and increase their market share.

On top of that, Cardoso et al. [46] also find a relationship between the implementation of clean
production practices and specific SDGs. More precisely, they show that clean production contributes to
SDG 9 (Industry, Innovation and Infrastructure), 12 (Responsible Production and Consumption) and 15
(protection of Life on Land). Overall, the main drivers for the implementation of sustainable practices
are always of economic or legal nature. More specifically, 26% of the of the contributions focused on
emerging markets present initiatives that are mainly driven by legal requirements, while economic or
performance goals drive the remaining 74%. Being more sustainable does not seem to be the primary
objective in any of the initiatives of this cluster of papers. Instead, it seems to be an additional benefit
that is achieved on top of the real intended goals. These practices are mainly motivated by cost
reduction, brand image improvement or legal compliance.

A third research area is the one focusing on environmental upgrading initiatives, i.e., the process
by which companies aim at repositioning themselves along the value chain in order to increase
their sustainability benefits. By examining the apparel value chain in Sri Lanka, for instance,
Khattak et al. [47] find that environmental upgrading happens mainly to leading firms which upgrade
only with core suppliers in order to maintain their environmental performance while reducing
operational costs.

Last, by focusing on industry-specific initiatives, we found that—in the Pakistani apparel and
textile sector—Abbas et al. [48] examine the most appropriate options for the sustainability of resources,
energy, and water (e.g., using solar energy or biomass from cotton crop waste, implementing wastewater
technologies, pushing for regulatory interventions). In the automotive industry, Li focuses on the needed
development of new energy vehicles and their dependence on effective policy implementation [49].
Similarly, Choi and Rhee propose a recycling scheme for end-of-life battery of electric vehicles in
Korea [50]. In contrast, Ruben et al. [51] suggest the implementation of a Lean Six Sigma approach in
the Indian automotive components industry. Regarding the pharmaceutical industry, Veleva et al. [52]
present a survey showing that Indian companies rely on the treatment and disposal of wastewater
instead of resource usage reduction. Regulatory issues and time constraints when delivering the
drugs are the two most significant barriers for the broader adoption of green materials in India. Cost
savings and environmental regulations are, conversely, the main drivers. Finally, in the agri-food
sector, Kaczan et al. [53] examine the problem of overfishing in Pakistan, suggesting more effective
management models and policy interventions.
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3.2.2. Sustainability Practices in Developed Economies

Looking at the contributions that examine sustainability issues in developed markets” supply
chains, we found some differences with the developing economies presented above.

First, there is more significant concern and interest, among developed countries, for circular
economy models. As consumers in advanced economies are becoming increasingly conscious about the
sustainability aspects in their purchasing decisions, companies are evolving towards the application of
circular economy principles. These postulate a transition from traditional production and consumption
models to others that minimise waste and pollution, and encourage recycling and the regeneration of
natural systems [54]. In this field, Gazzola et al. describe circular initiatives in the fashion industry,
such as the use of innovative technologies that can transform textile waste into new fibres. However,
the authors recognise that the industry is still far from being circular, due to logistics problems and the
lack of comprehensive solutions and adequate infrastructure [54]. Moore et al. explore, instead the
potential of circular models to manage the reuse of end-of-life batteries in Germany, finding multiple
benefits, such as the increased diffusion of renewable energy systems [55].

Second, there is an interesting research stream on sustainability assessment, which seems to be
lacking in studies relating to developing countries. For instance, Schiessl et al. develop a model to
integrate environmental impact assessment and environmental performance indicators into the global
supplier selection processes in the steel industry [56]. Bobba et al., similarly, present a method to
support environmental performances assessment based on second-use electric vehicle batteries [57].
Mair-Bauernfeind et al., instead, propose a combination of methods to quantify the environmental
effects of introducing wood-based materials, instead of steel, into the components of the automotive
industry [58].

Third, when looking at the processes described in the papers, we found that developed
market-based papers tend to present research that analyses environmental sustainability applications
across distinct supply chain phases or activities, e.g., product development [58,59], supplier relationship
management [56,60], production [61], logistics and distribution [55,57,62,63], and customer relationship
management [27,64]. In contrast, research related to developing economies is focused mainly on papers
that deal with the supply chain as a whole, and there is no or little focus on specific supply chain
processes, e.g., Messner et al., Villa et al., Bryceson and Ross [31,37,41].

However, there are also some similarities across the research related to developed and developing
markets. The main commonality is that, even for developed countries, there are some studies on the
barriers and the enablers of environmental sustainability practices. For instance, Chikudza et al. [27]
discuss the incentives and challenges linked to the adoption of ecolabels in the aquaculture industry
in Europe. Secondly, the existence of appropriate regulations and policies is a crucial element in the
sustainability-oriented decisions for companies in developed markets [60], together with the economic
incentives. Indeed, over 80% of the contributions reveal that sustainable practices are motivated by the
expected increase in revenues generated by the price premium applied to green products or the cost
savings linked to an optimised use of resources. Only 10% of the papers center the achievement of
environmental benefits as a primary (and not ancillary) goal. No exceptions to this trend are registered
across the different industries.

3.2.3. Sustainability Practices in Global Economies

The last cluster analysed in this section is the one formed by papers that do not specifically focus
on a selected geographical area, but rather tackle the environmental sustainability issue in a broader
sense. As shown in Table 1, this is the largest group of papers, accounting for 41% of the selected list of
papers. Many articles belonging to this cluster present general overviews on global trends, [65-70],
or literature reviews [33-35]. This further confirms that no other reviews analyse specific geographical
and industry contexts like the present study.

In this group of papers, there is also a large share of studies on environmental performance
assessment, which are also present in developed economy-based papers. For instance, Ferreira et al. [71]
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propose a survey-based evaluation of the environmental benefits of cleaner production adoption in
the textile and apparel industry. On a similar note, Wiedemann et al. [29] calculate the impacts of
using woollen garments in textile manufacturing. Kushwaha and Sharma instead verify the existence
of a positive relationship between green practice implementation in the automotive industry and
the impact on both firm performance and sustainable development [72]. Similarly, other authors,
e.g., Farrias et al., Cucchiera et al., Cherrafi et al. [73-75], focus on green performance assessment in
the automotive sector.

Even in this cluster, the role of the drivers and barriers of sustainable initiatives is
discussed—for instance, by Veleva and Cue [76,77], Koenig et al. [78], and Dranev et al. [79]—in the
pharmaceutical industry.

Regarding the examined processes, we found that most papers take, overall, a generic perspective
on the supply chain, with only a few contributions examining specific phases or activities. In this
aspect, papers with global geographical scope are more similar to papers described in the developing
countries section.

Finally, in this cluster of papers, environmental sustainability practices are not primarily driven by
purely ecological interests. As has already been observed for both developed and developing markets,
a significant set of studies (accounting for 82% of the papers) is motivated by economic gains or legal
compliance motives (14%). Only 4% identify environmental sustainability as the core driver of the
implemented practice.

3.2.4. The Role of Technology

Despite the hype of interest that has characterised digital technologies in the past few years, they
still play a marginal role in supporting the environmental sustainability practices of global supply
chains. As Table 2 testifies, only 17% of the contributions, i.e., 11 papers, deal with digital technology
applications in this field. Approximately half of them refer to the “global” cluster. Only 3% refer to
developing markets.

Table 2. Distribution of papers by the use of digital technology and country focus.

Digital Technology Adoption = Developed Country Developing Country Global Total

No 18% 33% 32% 83%
Yes 5% 3% 9% 17%
Total 23% 36% 41% 100%

The table presents the portion of papers falling into each category, calculated on the total number of papers.

Among the papers dealing with a developing economy, we found Rane et al. [80], who discuss
the benefits of adopting a Blockchain-Internet of Things integrated architecture in the automotive
industry. Considering the importance of suppliers and customers to the achievement of effective green
supply chain practices, the paper leverages technology applications to show the ways in which these
can facilitate supply chain integration.

Rahman et al. [81], instead, focusing on emerging markets, analyse the barriers to the adoption
of biotechnology, which is more sustainable than chemicals, in textile processing. They identify,
for instance, high costs and the lack of long-term stability of the materials.

Regarding the papers in the domain of the developed markets, we found big data applications
that were used to measure and increase energy efficiency, and reduce water and resource consumption,
waste, and emissions in the German automotive sector [61]. Fulton and Lee focus instead on sustainable
initiatives in the fashion online retail sector [63], whereas Wei et al. [62] provide an overview of digital
technology applications in logistics and transportation. Among these, we found Internet of Things
(IoT) and Radio Frequency Identification (RFId) to monitor logistics processes, and blockchain to
guarantee security and traceability.
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Finally, the remaining papers are mostly focused on Industry 4.0 applications in the agriculture [82],
apparel [83], and automotive industries [84,85]. Industry 4.0, representing a paradigm of technologies
enabling smart manufacturing processes, is the main set of digital solutions investigated in these
papers, followed by IoT and RFId and, to a lower extent, big data and blockchain.

3.3. RQ2: Research Gaps

Considering the presented review, several gaps can be identified in the extant body of literature.
First, the literature is still quite fragmented when it comes to context-specific content. As reported in
Table 1, there are many missing values at the intersection of country and industry factors which could
be investigated more in the future.

Second, a key finding of the review is the high relevance, for both developed and emerging
countries, of policy and regulations, as well as cooperation and the top management commitment to
push sustainability implementation. In our view, these elements should, therefore, be put at the centre
of future research.

Third, developing countries are still limitedly interested in circular economy models. This represents
a pivotal phenomenon to examine. Such a concept should become more widespread also in
emerging markets.

Last, digital technology has only partially been adopted in support of sustainability in a global
context. This also testifies that the main motives for technology implementation nowadays are
related to economic reasons (e.g., efficiency gains, cost reduction, turnover increase), and not
sustainability improvements.

Starting from some of the considerations expressed above, the following discussion chapter aims
to highlight the key findings of the work and identify possible key topics to be investigated in the
future, suggesting the ways in which they could be explored. It should be noted that, in order to
define a possible framework for future research, we also referred to literature published on related
topics, e.g., internationalisation and global supply chain management, environmental sustainability,
and decision making in complex settings. Within this literature, we selected the topics that we
considered to be more relevant to the development of global supply chain sustainability research.

4. Discussion

4.1. Summary of Key Findings

In light of the increasing importance of environmental sustainability in global supply chains,
the present paper aimed to systematize the existing literature in this field, and to contribute meaningful
suggestions for future research development. The review was conducted considering novel classification
factors with respect to existing reviews on similar subjects. More specifically, many existing
contributions discuss the evolution of sustainable supply chain practices over time. Conversely,
this review observes current practices across different contexts. The 66 contributions retrieved are
mainly recent, and were selected following the criteria presented in the attached PRISMA model. All of
the contributions, except one book chapter, were published in international journals in the field of
supply chains or sustainability. We believe that the number of contributions reviewed in this study is
adequate given the focus on a circumscribed set of characteristics. The number of analysed papers is
higher than that of previous literature reviews addressing similarly specific topics, e.g., Cagno et al.,
Perego et al. [86,87]. No previous reviews on the same topic of this study were found in the literature.

The papers were classified based on their industry focus and country focus (developed vs
developing markets), as well as their publication year and adopted methods. The possible use of
digital technologies was also considered in the presentation of the results. This review was performed
mainly for the benefit of scholars and practitioners who are interested in understanding the critical
challenges of sustainability management in modern supply chains. The main findings reveal the
following insights:
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e  Most of the selected papers (41%) do not have a confined geographical focus.

e  All the selected papers have an industry focus, but the automotive, apparel, and food industries
are the most represented sectors.

e  The research focused on developing countries is less mature, more general, and tends to disregard
sustainability assessment aspects.

e  The research focused on developed countries presents, in contrast, more details on specific supply
chain processes that could be the object of sustainability project implementation.

e Regardless of the analysed country, the majority of the papers highlight the vital role of policy,
regulations, top management commitment and inter-organisational collaboration for the success
of sustainability initiatives.

e Regardless of the analysed country, the majority of the papers dealing with green initiatives
describe a decision setting in which environmental benefits are often an additional consequence,
but not the main driver for the implementation of the initiative itself. In many cases, companies
implement actions either to improve their economic performances or to comply with regulations.
The objective of being environmentally sustainable per se is rarely pursued in current global
supply chains.

e  Regardless of the analysed country, the majority of the papers do not show a relevant use of new
technologies. Since the literature on digital solutions is, however, becoming preeminent, we can
infer that such solutions are still used mainly for economic (e.g., higher efficiency), rather than
environmental, benefits.

4.2. Future Research Directions

In order to overcome the current limitations of global supply chain sustainability studies, we
think the following two directions could be followed.

First, there is a need to expand the domain of circular economy practices, and to include emerging
economies into this paradigm. The review has revealed that this model is well considered in developed
economies [54,55], but has not been analysed in papers focused on developing markets.

Second, the cooperation and the decision-making mechanisms that are more suitable to deal with
these global and ‘circular” supply chains should be deeply investigated. Indeed, many contributions
in literature have highlighted that the managers’ commitment towards sustainable practice is key
for their effective implementation and success [27,43,44]. However, decision making in sustainability
fields is made more complex due to a series of influencing factors, such as the presence (or lack) of
policy and regulations pushing towards sustainable behaviour, and the possibility to actually measure
the environmental impact of the possible interventions. From this aspect, while developed economies
have presented some studies [56-58], developing markets are lagging behind.

One way to foster the diffusion of circular economy practices globally (the first research direction)
and analyse their decision-making mechanisms (the second research direction) is to investigate
the concept of Intertwined Supply Networks (ISNs), which was recently proposed by Ivanov and
Dolgui [88], in the light of environmental sustainability management. The authors of this paper argue
that, in the current fast-paced and uncertain environment, taking business decisions at a company
or supply chain level is not enough. Indeed, every actor can have different roles (e.g., supplier and
buyer simultaneously) or be involved in multiple (global) supply chains with possibly conflicting
roles. A supply chain in which each member company does not have a unique position, but rather can
take on different roles, is an ISN. We suggest that ISNs become the primary unit of analysis of future
studies in this field. This suggestion is in line with the need to develop ‘circular’ sustainability models
involving companies based in different countries.

However, in such complex scenarios, the difficulty of making the right decisions arises,
and appropriate decision support tools should be selected.
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Leveraging on the consideration that managers” commitment and decision-making abilities are
core for the effective implementation of sustainable practice, we suggest one possible lens to guide
future studies in this field, i.e., the cognitive frame approach.

According to Walsh [89], a cognitive frame is a mental template that helps managers make choices
when they do not have enough time to grasp the best alternative. Cognitive frames are needed
because human minds are not able to analyse the entire range of alternatives in complex scenarios.
While cognitive frames are necessary mechanisms, they often prevent one from achieving optimal
solutions. Sometimes, managers do not opt for sustainability-centred initiatives because they are too
complex, and the results are hard to measure or understand. Their cognitive frames are therefore more
biased towards the acceptance of solutions that provide shorter-term, more visible results, but bring
only incremental adjustments to supply chain processes instead of real sustainability gains.

Even though the connection between decision-making capabilities and cognitive frames is certain,
the research carried out in this field is relatively weak, especially taking a sustainability perspective.
To better guide managers, it might be worthwhile to deepen the analysis of this relationship. It would
also be interesting to highlight the ways in which different local uses and cultures affect the cognitive
frame of their decision-makers, thus comparing the decisional settings of companies in developed and
developing countries.

Another connected investigation path regards the factors that could ‘enlarge’ the cognitive frames
of all the people involved in global supply chain sustainability decisions. Several tools can be used
for this purpose. For instance, the adoption of new digital technologies could help overcome the
limitations of existing cognitive frames. Indeed, digitalisation allows the gathering of information
more quickly and safely. It also allows the reduction of the distance between countries [90] contributing
to the downsizing of the complexity of ISNs.

We think, therefore, that digital technologies should receive greater attention in this field.
This review has revealed that, quite surprisingly, only a limited number of contributions focus on
the role of digital technologies. This is a possible signal that companies may be underestimating the
environmental benefits of digitisation, while they are mainly considering the economic benefits as
decisive factors in the implementation of digital innovation projects. However, digitisation also has
a positive influence on ecological aspects in many ways. For instance, [oT technologies can be used
to collect more precise and reliable data along all the supply chain phases. Big data analytics tools
can be employed to analyse the collected data and use them in the material planning and production
phases in order to reduce unbalanced resource consumption, or when planning delivery routes to
avoid empty runs and, therefore, reduce CO, emissions. Data collection and analysis can help identify
and understand the more prominent causes of unsustainable practices, support the implementation of
corrective measures, and then monitor and measure the effects of the implemented practice over time.
Other types of technological solutions, such as cloud-based collaborative platforms or blockchain,
provide companies with the opportunity to build stakeholder trust by increasing the visibility of a
broader set of actions, including environmentally-oriented ones.

Despite these potential benefits, we must also underline that the implementation of technological
solutions to enhance green practice adoption does not come without its obstacles. The barriers to the
implementation, for instance, of data collection and sharing systems that are able to operate globally
are not only of a technical nature, but also embrace the social, commercial, and legal domains.

To sum up all these considerations, a tentative future research framework and related research
questions are offered in Figure 3.
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Figure 3. Suggested framework and agenda for future research.

Our review shows that, in order to overcome the main obstacles to a confident implementation of
sustainability practices, more informed decision processes are needed.

We believe that future research should try to acknowledge the real complexities affecting
environmental sustainability decisions in a global context. Figure 3, above, shows some of the causes
of this complexity, namely the increasing interconnections of global supply chains, the fundamental
role of key decision-makers, and the factors influencing decision-makers’ cognitive frames (i.e., their
understanding of the problem) and, consequently, the decision output.

More specifically, the following tentative research questions could be addressed:

e RQ1: What are the possible sustainability practices that can be applied in global ISNs? How
can their economic and environmental performances be evaluated? This question goes into the
direction of designing research that expands circular economy models on a truly global scale. The
same analysis can be repeated for ISNs of different global industries (e.g., food, pharmaceutical,
automotive, textile and apparel)

e  RQ2: What are the key decision-makers of global ISNs in different industries, and how can they
select the best sustainability practices, given the adopted cognitive frames?

e RQ3: What factors (e.g., new policies, organisational structures, new technologies) could influence
decision-makers’ cognitive frames in this setting?

5. Conclusions

This paper provides a detailed overview of the current research outcomes, gaps and possible
future directions in the global supply chain sustainability. This work contributes to both the academic
and practitioner communities.

From a managerial perspective, this study identifies sustainability initiatives that pertain to
different industrial settings and regions, and could be used as references for companies that are
interested in the implementation of similar projects. The variety of contests analysed implies that
this paper provides practical examples that could be of interest to a broad audience. The paper also
underlines the strategic roles of managers and decision makers, as well as their relevance for the
success of sustainable initiatives, suggesting that managers should try to set these issues as priorities
in their agenda, and that they should try to understand them better.

From an academic perspective, this study gathers the main body of knowledge on supply chain
environmental sustainability research in different contexts. The paper also identifies guidelines for
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future research stemming from the main relevant gaps and issues retrieved in the current contributions,
and presents them in the discussion section.

We are confident that the identified research lines can positively contribute to the development
of a very complex, yet urgent and fascinating research problem: the development of effective and
environmentally-oriented decision-making frameworks that consider the complexity of the increasingly
intertwined global supply chains.
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