The current issue and full text archive of this journal is available on Emerald Insight at:
https://www.emerald.com/insight/0957-4093.htm

JLM
35,3

916

Received 21 March 2023
Revised 27 July 2023

12 October 2023

29 December 2023
Accepted 30 January 2024

C

The International Journal of
Logistics Management

Vol. 35 No. 3, 2024

pD. 916-942

© Emerald Publishing Limited
0957-4093

DOI 10.1108/[JLM-03-2023-0116

From carbon-neutral
to climate-neutral supply chains:
a multidisciplinary review
and research agenda

Laharish Guntuka
Rochester Institute of Technology, Rochester, New York, USA

Prabhjot S. Mukandwal
Mike Ilitch School of Business, Wayne State University, Detroit, Michigan, USA

Emel Aktas

Department of Logistics, Procurement and Supply Chain Management,
School of Management, Cranfield University,
Cranfield, UK, and

Vamsi Sai Krishna Paluvadi
Deepak Fertilisers and Petrochemicals Corp. Ltd, Navi Mumbai, India

Abstract

Purpose — We conduct a multidisciplinary systematic literature review on climate neutrality in the supply
chain. While carbon neutrality has gained prominence, our study argues that achieving carbon neutrality alone
is not enough to address climate change effectively, as non-CO, greenhouse gases (GHG) are potent
contributors to global warming.

Design/methodology/approach — We used multiple databases, including EBSCO, ProQuest, Science Direct,
Emerald and Google Scholar, to identify articles related to climate neutrality in the context of non-CO, gases.
A total of 71 articles in environmental science, climate change, energy systems, agriculture and logistics are
reviewed to provide insights into the climate neutrality of supply chains.

Findings — We find that, in addition to CO,, other GHG such as methane, nitrous oxide, ozone and fluorinated
gases also significantly contribute to climate change. Our literature review identified several key pillars for
achieving net-zero GHG emissions, including end-use efficiency and electrification, clean electricity supply,
clean fuel supply, “GHG capture, storage and utilization,” enhanced land sinks, reduced non-CO, emissions and
improved feed and manure management.

Originality/value — We contribute to the literature on climate neutrality of supply chains by emphasizing the
significance of non-CO, GHG along with CO, and highlighting the need for a comprehensive approach to
climate neutrality in addressing climate change. This study advances the understanding of climate neutrality
of supply chains and contributes to the discourse on effective climate change mitigation strategies. It provides
clear future research directions.
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Paper type Literature review

1. Introduction

We recognize the urgent need to address pressing global challenges such as biodiversity loss,
resource depletion, pollution, social inequality and climate change (Lim, 2022). Sustainability,
with its focus on balancing environmental, social, economic and governance dimensions,
provides a framework for navigating these challenges and ensuring a better future for
generations to come (Lim ef al,, 2022b; Guntuka et al., 2024). One of the most critical challenges
we are facing today is climate change (Boyson ef al, 2022). Climate change, driven primarily by
human activities, poses profound risks to ecosystems, economies, and human well-being
(Gammelgaard, 2023). It is a direct consequence of unsustainable practices, such as excessive
greenhouse gas (GHG) emissions, deforestation and reliance on fossil fuels (Chen and Fei, 2022).
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As such, understanding and addressing climate change is integral to the broader sustainability
agenda.

CEOs around the globe are increasingly recognizing that climate change and natural
disasters present an existential threat to their supply chains if they are not prepared (Boyson
et al., 2022). Anthropogenic GHG emissions have led to climate change (Zhang et al., 2022b),
increasing the global average surface temperature by 1.2 °C since 1850, resulting in weather-
related events that damage production networks around the globe (Chen, 2021). Given the
severity and urgency of the climate issue, the United Nations Framework Convention on
Climate Change identified that the world’s most pressing need is to stabilize GHG
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system (Schneider and Mastrandrea, 2005). In the context of
supply chain and logistics, stabilizing GHG concentrations in the atmosphere should be done
within a timeframe that allows ecosystems to adapt to climate change naturally, prevents
disruptions to logistics networks and enables sustainable economic development (Brazzola
et al., 2022; Scheibe et al., 2022). This is critical to ensuring the long-term viability of supply
chains and logistics operations while mitigating the impacts of climate change (Sovacool
et al, 2021).

In addition to CO,, non-CO,, gases, such as methane, nitrous oxide, tropospheric ozone and
fluorinated gases, are also significant contributors to climate change (Sovacool et al., 2021).
From 1970 to 2010, the role of CO, in global warming is about three times the role of non-CO,
gases (Ramaswamy and Solomon, 2001; Forster ef al, 2007, Forster ef al.,, 2021; Myhre et al,
2013). Despite being a much smaller contributor to global warming, non-CO, gases can be
much more potent than CO,. Indeed, in terms of heat trapping potential, CO, and non-CO,
GHG emissions contribute close to equal shares (52-57% for CO, and 43-48% for non-CO,
GHG, Dreyftus et al, 2022). For example, methane is over 20 times more effective at trapping
heat in the atmosphere than COs, and nitrous oxide is over 300 times more effective (Malerba
et al, 2022). While energy generation and transportation are the largest sources of COy
emissions, key industries like agriculture, waste management and industrial processes are
significant sources of non-CO, GHG (Ou ef al, 2021).

Inresponse to the need to address climate change by reducing GHG emissions, the concept
of carbon neutrality, i.e. the state where the net release of CO, emissions into the atmosphere
is zero, has evolved (Mishra et al., 2022). Carbon neutrality means that any CO, emissions
produced are offset by equivalent reductions in emissions or removals of CO, from the
atmosphere (Caro et al, 2013). This can be achieved through measures such as reducing
emissions in supply chains, implementing renewable energy sources or adopting alternative
transportation modes (Wang and Zhao, 2022).

While carbon neutrality has gained recognition on a global level, the potency of non-CO,
GHG means that achieving carbon neutrality alone may not be enough to address climate
change (Brazzola et al, 2022). Hence the concept of climate neutrality has emerged, which
involves not only reducing emissions of CO5 but also addressing emissions of other potent
GHG (Krammer et al., 2013). In this context, climate neutrality refers to the state where there is
no net release of any GHG into the atmosphere, not just COs. In essence, carbon neutrality has
now become a subset of climate neutrality. Despite the complexities and uncertainties
surrounding the non-CO, impacts of certain industries on the environment, regulations have
excluded them from international climate agreements, mitigation policies and carbon
markets (Waugh ef al, 2011). Addressing non-CO, GHG is necessary for achieving climate
goals, as reducing these emissions can have a significant impact on slowing the pace of global
warming.

The literature addressing supply chain management and climate neutrality lacks a review
of research on this stream. The connection between climate change and supply chain
management highlights the significant impact of climate change-driven risks on food
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production, natural resources and transportation (Ghadge et al, 2020); however, carbon
emissions attract higher attention than other GHG. The scarce availability of climate
neutrality research in supply chain calls for a distinct multi-disciplinary systematic literature
review on the topic for multiple reasons. First, the concept of climate neutrality within the
realm of supply chain and logistics is not widely comprehended, justifying a comprehensive
literature review of various fields. Achieving climate neutrality in the supply chain involves
grappling with intricate issues across different points, including sourcing, production,
distribution and disposal, along with their interconnected dynamics. Second, a
multidisciplinary literature review encompasses insights from diverse areas such as
economics, engineering, environmental science and sociology (Kano et al, 2020), thereby
enabling a more insightful exploration that identifies any overlooked knowledge gaps or
potential research queries resulting from narrower perspectives. Finally, due to the complex
nature of climate neutrality and supply chain matters (Zhang et al., 2022a), a holistic approach
becomes imperative for fully grasping their interrelationships. Our multidisciplinary
literature review provides a comprehensive picture of the challenges and opportunities
related to achieving climate neutrality in the supply chain.

Past literature reviews on emissions mainly focus on circular economy and emissions in
transportation and agriculture industry highlighting CO, emissions (Mishra et al, 2022;
Windsperger et al., 2019; Krammer et al., 2013). Little to none of the research has focused on
the influence of non-CO, GHG impacts. As climate neutrality focuses beyond CO, impacts, a
systematic literature review is needed to identify associated emerging themes for conducting
rigorous research at the intersection of climate neutrality, supply chain and logistics.
However, as non-CO, gases are a relatively underexplored topic in the logistics and supply
chain management literature, this study draws on a multidisciplinary literature review to
inform the field, incorporating insights and findings from disciplines that have advanced
research in this area. This study synthesizes the broader climate neutrality literature related
to supply chain management across disciplines and identifies research gaps. Specifically, we
aim to address the following research questions.

RQI1. What factors drive climate neutrality in non-CO, emissions of the supply chain, and
how have these factors changed over time?

RQ2. How do different industries and sectors differ in their strategies for achieving
climate neutrality in non-COy emissions of the supply chain, and what factors
contribute to these differences?

RQ3. What are the major research gaps and future directions for studying non-CO,
emissions in achieving climate neutrality in the supply chain, and how can
organizations and researchers address these gaps?

By addressing the above research questions, our study makes a significant contribution to
the literature on climate neutrality in the supply chain. While carbon neutrality has gained
prominence in discussions on mitigating climate change, our research argues that achieving
carbon neutrality alone is unlikely to address the full extent of climate change impacts. By
conducting a multidisciplinary systematic literature review, we highlight the importance of
non-CO, GHG as potent contributors to global warming, which should be explicitly
considered when designing supply chain operations. Through our analysis, we identify key
pillars for achieving net-zero GHG emissions, encompassing various aspects such as end-use
efficiency, clean electricity and fuel supply, GHG capture and storage, land sinks, non-COs
emissions reduction and improved management practices. In addition, our synthesis of the
literature demonstrates that climate neutrality provides a more comprehensive approach to
addressing climate change in the supply chain and logistics context. By shedding light on this
important distinction and the limited existing literature, our study advances the



understanding of climate neutrality in the supply chain and contributes to the broader
discourse on effective climate change mitigation strategies.

The rest of the paper is organized as follows. In Section 2, we document the methodology
followed to conduct the literature review. Next, in Section 3, we present the themes in climate
neutrality and on non-CO, gases in Section 4. Section 5 discusses the industries represented in
the literature. Managerial and policy implications are elaborated on in Section 6 and future
research directions in Section 7. Finally, we conclude the paper in Section 8.

2. Methodology

We employed a multidisciplinary systematic literature review approach to address our
research questions. This approach is commonly employed by researchers when a topic is not
extensively covered by the primary field, and borrowing knowledge from related fields
becomes crucial (Kano ef al, 2020). For instance, Solarino and Aguinis (2021) utilized a
multidisciplinary literature review to provide insights on designing and conducting
interviews with elite informants, drawing from a variety of fields. Similarly, Gligor et al
(2019) utilized a comparable approach to study the multidisciplinary nature of concepts
related to agility and resilience and argued such an approach was necessary to explore the
literature outside the business domain and gain a comprehensive understanding of the
constructs. As previously noted, the topic of climate neutrality necessitates a
multidisciplinary systematic literature review due to its inherently interdisciplinary nature
and because studies on non-CO, gases do not commonly address supply chain management.

Given the nature of this systematic literature review, it was essential to cover a wide range
of sources. As a result, we used a variety of databases, including EBSCO, ProQuest, Science
Direct, Emerald and Google Scholar, as is typical in multidisciplinary literature reviews
(Gligor et al, 2019). The research team developed a set of keywords based on an initial
literature search and interactions with industry experts.

Our focus is on the larger narrative of climate neutrality and not just carbon neutrality. We
therefore conducted two searches to explore the topics of climate neutrality and non-CO,
gases comprehensively. These two searches were necessary due to the limited coverage by
existing research of climate neutrality, which often fails to include non-CO, gases in its scope.
Our search criteria in Table Al of online appendix encompass language, journal areas, article
types, search fields and timeframe. Table A2 shows the inclusion and exclusion criteria for
scope, relevance and methodology of the papers returned from the two search strategies we
employed.

The first search focused on the concept of climate neutrality using keywords such as
“climate neutral” and “non-CO,” to ensure the inclusion of studies that addressed the broader
concept of climate neutrality, encompassing both CO, and non-CO, gases (See Table A3).
This initial search yielded 610 articles from various disciplines, including transportation and
logistics, sustainability and agriculture. However, given the interchangeability of the terms
“carbon neutrality” and “climate neutrality” in most domains, we carefully reviewed these
articles to identify those that explicitly discussed climate neutrality in the context of non-CO,
gases. This critical evaluation resulted in a refined selection of 22 articles that specifically
addressed the broader concept of climate neutrality and its association with non-CO, gases.

Recognizing the need to further explore the role of non-CO, gases in the context of supply
chains, we conducted a second search. This search aimed to investigate the individual non-
CO, gases and their connection to supply chain management. To accomplish this, we
employed a combination of keywords such as “supply chain,” “logistics” and specific non-CO5
gases like “methane,” “nitrous oxide,” “ozone,” “halocarbons,” “HCFC” and “molecular
hydrogen.” This refined search strategy focused on the abstracts and titles of the articles,
resulting in 1,190 relevant articles spanning multiple domains, including environmental
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Figure 1.
Selection of studies

science, climate change, energy systems, agriculture and logistics. From this extensive set of
articles, we meticulously evaluated each one to select those that were most relevant to the
study’s focus on supply chain and logistics. This rigorous evaluation process allowed us to
identify 49 articles that specifically addressed the connection between non-CO, gases and
supply chain management (Figure 1).

By conducting these two searches and employing a comprehensive approach, our study
considered both the broader concept of climate neutrality and the specific role of non-CO,
gases in the context of supply chains, contributing to a more comprehensive understanding
of these important topics.

Descriptive statistics of the articles we identified are provided in Figure 2. The distribution
of articles across the years revealed a relatively consistent presence of research, with a
noticeable increase in publications in recent years. The highest number of articles were
published in 2022 (17), followed closely by 2021 (13). A remarkable surge in the number of
articles can be observed following the signing of the Paris Agreement in 2015 (Figure 2a).
This significant increase in publication volume highlights the growing scholarly attention

Search in databases for keywords

. 4 rith a combination of “supply
Search in databases for keywords with a combmal tosupply
“climate neutral” and “non-CO," chain™, “logistics™, and “methane™,

X h “mitrous oxide™, “ozone”, “HCFC™,
to appear anywhere in the article “halocarbons™ “molecular

hydrogen™

Climate neutral: 610 articles
Non-CO;- 1,190 articles

( Excluded articles
=L Climate neutral: 555 articles

A 4

Title and abstract screening
Climate neutral: 55 articles
Non-CO;: 78 articles

Non-CO;,: 1,112 articles

( Excluded articles
:L Climate neutral: 33 articles

\ 4 Non-COy: 29 articles

Full text-based screening
Climate neutral: 22 articles
Non-CO;: 49 articles

Final set of articles:
71

Source(s): Authors’ own work
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and research focus on climate neutrality in supply chains in the years that followed this
global environmental milestone.

In terms of the methods used, life cycle assessment (LCA) was the most commonly utilized
approach, with 19 articles (Figure 2b). These articles employed LCA to evaluate the
environmental impact of supply chains. Modeling techniques were also prevalent, with
modeling being utilized in 14 articles to simulate and analyze different scenarios related to
achieving climate neutrality. Climate impact assessment studies represented a significant
portion of the literature, as 12 articles focused on assessing how non-CO, gases affect supply
chains. Additionally, empirical studies based on archival data were found in 10 articles, which
provided valuable real-world insights into the relationship between supply chains and non-
COs gases. Furthermore, some articles included case studies, conceptual analyses and field
experiments but in smaller numbers compared to other methodologies discussed above.
While existing research has produced insightful findings, there is still limited empirical
evidence available on climate neutrality within supply chains. This scarcity points to a need
for further investigation to establish concrete empirical evidence in this area. Moreover,
researchers have an opportunity to introduce innovative approaches and methodologies into
the field of supply chain management so as to deepen our understanding of non-CO, gases’
role within these systems. By adopting these new methodologies identified in our review,
researchers can explore more intricate aspects of managing supply chains in relation to non-
CO, gases.

Regarding disciplinary coverage, most articles originated from the field of environmental
science (24 articles), reflecting the significance of understanding the environmental
implications of non-CO, gases (Figure 2c). Other disciplines contributing to the body of
literature included energy, multidisciplinary research, biological sciences, economics and
management. These findings highlight the growing interest and multidisciplinary nature of
research on climate neutrality and non-CO, gases in supply chains.

We identified several themes based on our analysis of articles related to “climate neutral”
and “non-COy” gases. Within the category of “climate neutral,” we identified three main
themes: (1) Climate neutrality in relation to non-CO, gases, (2) Emissions reduction goals, and
(3) Mitigation strategies for all GHG. In the category of “non-CO,” gases, the majority of
articles focused on three gases: methane, nitrous oxide, and ozone. Our detailed findings are
presented in Sections 3 and 4.

3. Key themes in the literature on climate neutrality

3.1 Theme 1: climate neutrality in relation to non-CO gases

Climate neutrality refers to the state where GHG emissions are balanced by removing the
same amount of GHG from the atmosphere (Brazzola et al., 2022). To become climate neutral,
CO;, emissions along with non-CO; are offset by removal methods, renewable energy and
energy efficiency measures (Cetkovi¢ ef al, 2021). The concept of climate neutrality is
becoming increasingly important in global industrial and regulative initiatives (Zhang et al,
2022b). While CO, emissions are the main contributor to global warming, other GHG such as
methane, nitrous oxide, ozone and fluorinated gases also play a significant role (Wang et al.,
2022). However, there is no consensus of the exact extent of these effects, the operational
aspects they depend on, and metrics used for their evaluation (Pouzolz ef al., 2021). While
these non-CO, gases have shorter atmospheric lifetimes than CO,, they have much higher
global warming potential (GWP), meaning they can trap more heat in the atmosphere per unit
of gas emitted (Klophaus and Lauth, 2022). Reducing emissions of non-CO, gases can be
challenging because they come from a variety of sources, including agriculture, waste
management and industrial processes (Ou ef al, 2021).



We note that reduction and offset are two strategies used to achieve climate neutrality
(Grewe et al.,, 2021). Reduction involves decreasing GHG emissions through energy efficiency,
renewable energy and process improvements (Cetkovic ef al,, 2021). In contrast, offsetting
compensates for the remaining emissions that couldn’t be reduced (Zhang et al, 2022a).
Table 1 presents a comparison of various reduction and offset mechanisms that can be
employed by organizations to achieve climate neutrality.

3.2 Theme 2: emussions reduction goals

Emissions goals encompass the objectives set by countries, industries, or other entities to
reduce their GHG emissions during a specific timeframe (Wang ef al, 2022). These targets are
important in addressing climate change as decreasing GHG emissions is imperative to
curbing global warming and its associated consequences (Klophaus and Lauth, 2022; Pouzolz
et al., 2021). Various emissions goals and initiatives have been explored. For instance, the
European Union’s “Clean Aviation” framework seeks to establish a carbon-neutral aviation
system in Europe by 2050 (Pouzolz et al., 2021; Paleari, 2022).

The Paris Agreement (December 12, 2015) has set ambitious goals to combat climate
change, and countries are taking various measures to reduce their GHG footprint (Wang
et al, 2022; Grewe et al, 2021). The Western Balkan countries are urged fo start
implementing the Paris Agreement by creating suitable procedures and policies (Cetkovi¢
et al,, 2021). Several analytical frameworks and models are being developed to guide the
transition to net-zero emissions (Zhang et al., 2022a). The reduction of non-CO, emissions
such as methane and fluorocarbons is critical to mitigating climate change (Cetkovic et al.,
2021; Sovacool et al., 2021). The agriculture sector’s competitiveness is likely to face greater
challenges as efforts to mitigate non-CO, emissions become more stringent (Frank et al,
2021; Antimiani et al., 2023).

While the importance of pledging to combat climate change is highlighted in the literature,
critics often argue that firms set vague targets (Rogelj et al, 2021). Frequently, when firms
pledge to reduce their emissions, they do not specify whether their policy includes all GHG or
solely carbon dioxide, whether their pledge applies to their own operations or also to their
supply chain parties, or why a particular base year was chosen for setting target levels
(Timperley, 2021). For instance, Procter & Gamble signed “The Climate Pledge” and declared
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Reduction Offset
Driving Addressing sources of emissions under an Addressing sources of emissions beyond an
factor/focus organization’s control (Charabi, 2021) organization’s control (Fragkos and
Fragkiadakis, 2022)
Boundary Typically involve internal projects that are Generally involves external projects or
conditions implemented within an organization/supply  initiatives that may involve local

Time horizon
Examples

chain (Sovacool et al., 2021)

Immediate reductions of emissions
Switching to renewable energy sources (e.g.
wind and solar), energy efficiency
improvements, electric vehicles, reduced
waste going into landfills, improved livestock
management, reduced use of synthetic
fertilizers (Antimiani ef al, 2023; Lovett ef al.,
2008)

Source(s): Authors’ own work

communities, or the global climate system
(Brazzola et al., 2022)

Long-term removal/offset of emissions
Reforestation, crop rotation, tillage
reduction, methane capture, conservation
and restoration of coastal ecosystems like
mangroves, salt marshes, seagrasses
(Ladage et al, 2021; Whittaker ef al., 2016)

Table 1.
Comparison of
reduction and offset
mechanisms for
climate neutrality
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its goal to achieve net-zero GHG emissions across its operations and supply chain by 2040.
However, it did not provide details on how it will measure and verify its emissions reductions
or what kind of offsets it will use (Fields, 2021).

3.3 Theme 3: mitigation strategies for all GHG

Mitigation of all GHGs refers to the efforts to reduce emissions of all GHG, including CO, and
non-CO,, gases such as methane and nitrogen (Mayer and Ding, 2022). Literature on climate
neutrality discussed emissions mitigation strategies in different sectors, including aviation
and forestry, and emphasized the need to consider both CO, and non-CO, emissions
(Dahlmann et al, 2023; Wang et al., 2022). For example, to meet its ambitious targets, the
aviation sector will have to neutralize CO, emissions and reduce non-CO, climatic effects.
However, most of aviation sector’s non-CO, gases are currently excluded from climate
mitigation efforts, and simply neutralizing CO, emissions without reducing non-CO, could
lead to additional warming of up to 0.4 °C, compromising the 1.5 °C target (Brazzola
et al, 2022).

While CO5 emissions can be directly calculated, the estimation of non-CO5 emissions are
more complex and require detailed analysis (Dahlmann ef al, 2023). For example, in the
forestry sector, assessing climate change mitigation involves techniques such as wood
product LCA and forest management analysis (Wang et al., 2022). The approaches evaluate
the sector’s contribution to emission reduction and biodiversity conservation. Municipal solid
waste management is also significant in this regard, as it directly or indirectly influences the
emissions of both CO, and non-CO, GHG, including methane (Pikort and Gaska, 2010).

Researchers identified several key pillars for achieving net-zero GHG emissions, including
end-use efficiency and electrification, clean electricity supply, clean fuels supply, GHG
capture, storage and utilization, enhanced land sinks [1], and reduced non-CO, emissions
(Zhang et al, 2022a; Fragkos and Fragkiadakis, 2022; Fujimori et al, 2022). Researchers
around the globe emphasized the importance of policy feasibility, technological uncertainty
and required capability building for modeling energy systems and achieving climate
neutrality (Capros et al, 2019; Fragkos and Fragkiadakis, 2022).

4. Key themes on non-CO; gases: emissions, impacts and mitigation strategies
4.1 Theme 1: methane

Methane is a potent GHG produced by production and transportation of natural gas, livestock
and agricultural practices (Sargent et al., 2021; Habib, 2018; Wiedemann et al, 2016). It has a
GWP that is 86-125 times that of CO, over 20 years and 25-36 times that of CO, over
100 years (Sargent ef al., 2021). Methane emissions lead to rising temperatures, more frequent
and intense heatwaves, changes in precipitation patterns and more severe weather events.
Methane emissions also contribute to smog formation which is associated with respiratory
diseases (Ingwersen et al.,, 2016). In addition, methane can dissolve in water and escape into
the atmosphere, leading to a decrease in dissolved oxygen levels, negatively impacting
aquatic life, thus having a far greater impact on climate and human health than CO, (Ma et al,
2022). Negative economic impacts of methane emissions are increasing cost of production for
natural gas and negatively impacting tourism and recreation industries (Yuan et al., 2019;
Hammitt, 2021).

The literature discussed a myriad of sources of methane emissions across multiple
industries. First, natural gas production and its transportation are key sources of methane
emissions in the power sector (Ladage et al., 2021; Marks, 2022). These emissions result from
leaks in pipelines, valves and other equipment in the oil and gas industry (Charabi, 2021). The
emissions from production and transport are substantial, particularly during well completion



and processing (Cooper et al., 2021). Furthermore, methane emissions intensity of natural gas
supply chains varies greatly across regions and even individual supply chains, highlighting
the importance of accurately quantifying emissions at different supply chain levels (Marks,
2022). Ruminant livestock is another significant contributor where methane is emitted in
different stages of the livestock supply chain, including manure management and feed
production (Habib, 2018; Wiedemann ef al., 2016). Researchers utilized an LCA approach to
estimate methane emissions associated with various stages of meat production and
consumption, including animal rearing, processing and transport (Crow et al., 2019; Plant
et al., 2019). Finally, multiple studies examined the sources of emissions at various stages of
the supply chain such as raw material extraction, processing and transport (Tan and Lim,
2019; Vitali et al., 2018). Specifically, in the industry of ceramic tile production, the majority of
GHG emissions come from the firing process, which requires high temperatures and
significant amounts of energy (Ma et al., 2022).

Multiple strategies can mitigate the consequences of methane emissions. One approach
involves minimizing methane release during the production, transportation and storage of
fossil fuels (Yuan et al, 2019). To achieve this, it is essential to enhance equipment
maintenance, limit leaks and cut down on venting and flaring (Balcombe ef al, 2022; Ladage
etal, 2021). For instance, employing advanced technologies like optical gas imaging cameras,
drones and robots can more efficiently detect leaks than traditional methods (Balcombe et al,
2022; Charabi, 2021). Another method focuses on reducing methane emissions resulting from
livestock farming due to animals’ digestive processes and how manure is stored and handled
(Bekkering et al, 2020). Adopting practices like improving animal nutrition quality,
optimizing diets and managing manure better can effectively curb methane emissions (Habib,
2018; Whittaker et al, 2016). Collecting methane from manure to use it as an energy source in
biogas production further helps reduce these emissions (Roder et al, 2015). Enhancing the
deployment of renewable energy sources like solar power, wind energy and hydropower
offers another avenue for curbing methane emissions (Tan and Lim, 2019; Ma et al., 2022).
Additionally, using renewable energy sources in combination with energy storage
technologies can help mitigate the variability of these sources and provide a stable source
of power (Allen et al., 2022).

4.2 Theme 2: mitrous oxide
The next non-CO, gas we focus on is nitrous oxide (N;O), a potent GHG that contributes to
climate change. Its GWP is 298 times greater than CO, over a 100-year time horizon
(Wiedemann et al, 2016; Singh et al, 2015). NoO emissions in supply chain and logistics are
observed in various agricultural industries, such as pork, beef and dairy farming (Singh ef al,
2015; Lovett et al, 2008; Gregory et al, 2005) owing to feed production, manure management
and fertilizer application (Hasler et al, 2015; Ingrao et al, 2018). N5O is released at different
stages throughout the livestock industry’s supply chain (Oquendo ef al, 2022) when nitrogen
fertilizers are used in feed production and manure is decomposed (Hasler et al, 2015; Oquendo
etal,2022). For instance, in Australia’s pork industry, N,O emissions accounted for 9% of total
GHG emissions. Manure contributed to 63% of these emissions, while feed production and meat
processing accounted for 24 and 10%, respectively (Wiedemann et al, 2016). Similarly,
significant contributors to NoO emissions are beef and dairy supply chains. In Ireland’s
pastoral-based dairying systems, NoO ranked the second GHG emitted after methane (Lovett
et al., 2008). Lastly, N,O is emitted from diesel trucks or ships. These releases lead to various
environmental impacts like acidification, eutrophication and GWP (Sim and Sim, 2017).
Researchers have documented various methods of reducing N>O emissions. For example,
Cloud Computing Technology (CCT), used to collect, analyze and share data among different
participants, helps measuring and minimizing N»O emissions (Singh ef al, 2015). With CCT,
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the farm can monitor feed production and decrease the usage of nitrogen fertilizer, and hence
N>O emissions. Similarly, optimizing manure management practices using CCT can help
mitigate NoO emitted during manure decomposition and storage. Additionally, modifying
management strategies can curb GHG emissions by 12%, depending on production systems
and pricing scenarios (Wang and Dalal, 2015; Gregory et al., 2005).

Furthermore, emissions at various stages of the supply chain can be reduced by
minimizing nitrogen fertilizer use during feed production or optimizing manure storage
(Ingrao et al, 2018). Lastly but importantly, dairy farming systems stand to achieve
substantial reductions in GHG emissions by embracing sustainable approaches such as
precision fertilization and soil management (Hasler ef al, 2015).

4.3 Theme 3: ozone

Ozone emissions encompass the dissemination of substances that can contribute to the
genesis of ozone in the atmosphere. Ozone, as a GHG, has the capacity to be advantageous or
detrimental to life depending on its location (Paulikiené et al., 2020). Increased levels of ozone
within the lower part of the atmosphere (known as the troposphere) have adverse effects on
human well-being and environmental conditions. Determining the impact of ozone emissions
necessitates employing an LCA, which considers several impact categories such as GWP,
ozone depletion potential (ODP), photochemical ozone creation potential (POCP) and human
toxicity potential (HTP) (Pierobon et al, 2015). The ODP metric gauges the potential for
disintegration in stratospheric ozone layers, leading to amplified ultraviolet radiation
exposure that adversely affects humans, living organisms and ecosystems at large scales (Liu
et al, 2014). Conversely, POCP evaluates probable photochemical smog development linked
with respiratory issues in humans while detrimentally impacting vegetation. Lastly, HTP
serves to measure conceivable damage caused by airborne chemicals released into our
surroundings (Pierobon et al, 2015).

Ozone emissions arise at various points within the supply chains of producing goods and
providing services. Numerous factors, such as combustion, transportation and disposal,
influence their production (Castellani ef al.,, 2019; Paulikiené et al., 2020). To illustrate, specific
chemicals used in manufacturing processes, the transport of goods and waste disposal
practices all have the potential to emit ozone and other harmful gases (Ou et al., 2020; Guntuka
et al,, 2019). Polluting substances like ozone and other contaminants can be emitted while
transporting items between different locations (Liu et al, 2014). Similarly, the energy
consumed in housing, such as heating, cooling and lighting, can also contribute to ozone
emissions (Giuntoli ef al,, 2015).

Different supply chains across multiple industries contribute to ozone emissions in a
variety of ways. First, biomass supply chains can indirectly contribute to ozone formation. A
study examined the effects of several residential heating methods employing forest logging
waste and various combustion techniques on the creation of photochemical ozone over their
entire life cycles (Giuntoli ef al, 2015). Second, global supply chains also have a significant
impact on ozone formation. Production for export in China contributes significantly to
domestic non-methane volatile organic compound (NMVOCs) emissions, leading to an
increase of NMVOCs concentration and peak ozone levels in coastal areas (Ou et al, 2020).
These emissions are responsible for an estimated 16,889 premature deaths annually,
combining the effects of NMVOCs and ozone. The relocation of global supply chains from
developed to developing regions has shifted a large proportion of ozone precursor emissions
from developed to developing regions. Therefore, addressing the indirect connections
between the supply chain and ozone formation is crucial for achieving climate neutrality.

The entire supply chain of a product should be assessed when evaluating its
environmental impact, including its contribution to ozone formation. First, by reducing the



emissions of ozone precursors, i.e. NO,, VOCs and carbon monoxide (CO), from sources such
as transportation, manufacturing and agriculture, the formation and concentration of ozone
can be mitigated (Temporelli e al, 2022). Second, as burning fossil fuels is a significant source
of ozone precursors, using renewable energy sources such as wind, solar and hydroelectric
power can help reduce the use of fossil fuels and, as a result, mitigate ozone formation
(Pierobon et al., 2015). Third, regular monitoring and reporting of ozone concentrations and
precursor emissions can help identify ozone formation sources and hotspots (Marinello et al,
2021). This information can be used to develop targeted mitigation measures.

4.4 Differences between CO» and non-CO» producing activities

Table 2 provides an overview of the key distinctions between CO, and non-CO, emissions
practices. Although there have been significant advancements in reducing and capturing CO,
emissions, the progress in mitigating non-CO, emissions is still in its infancy (Ou et al., 2021).
Several factors contribute to the limited progress made in reducing and capturing non-CO,
emissions compared to CO, emissions. As most CO, emissions originate from point sources
such as power plants or industrial facilities, capturing and/or reducing efforts can be
relatively concentrated and targeted. On the other hand, the emission of non-CO, gases, such
as methane, can occur from sources other than point sources, also known as area sources,
which include wetlands and livestock pastures. As a result of this dispersion, direct capture
techniques are harder to implement at area sources.

There are several other challenges involved in preventing the emissions of non-CO5 gases.
For example, it may seem logical to prohibit the release of methane gas in mining areas.
However, methane gas is highly flammable and, if trapped, could cause explosions, which
pose a safety risk to workers. Therefore, it is not feasible to reduce methane emissions
through the implementation of bans or restrictions. We present an overview of the diverse
strategies used and challenges encountered by various industry sectors in their efforts to
reduce their GHG emissions. Table A4 (see Online Appendix) provides a detailed discussion
of themes and examples of buyer-supplier engagement for climate neutrality in various
industries.

5. Managerial implications and policy suggestions

The relevance of climate neutrality’s managerial and policy implications on supply chains is
growing for firms of all sizes. Often, firms such as Royal Dutch Shell set ambitious emissions
reduction targets but struggle to achieve them. According to a Bloomberg report published in
October 2021, Shell was on track to miss its own targets for reducing its carbon emissions
despite announcing a net-zero target for 2050 (Hurst, 2021). With the increasing drive to set
targets for climate-neutral supply chains, supply chain partners must be prepared to engage
all stakeholders. Top-level executives and government officials must recognize that pursuing
certain environmental initiatives, such as zero-emissions or other commercial environmental
technologies, may not generate immediate results. These stakeholders (managers and
policymakers) play a critical role in shaping strategies for achieving climate neutrality. Below
are a few implications that we built upon the findings from the literature.

5.1 Non-CO emissions reduction

The articles on Australian pork production, low-emission wheat production, and alpaca
production suggest that the agricultural sector can implement practices that reduce methane
emissions, such as using low-emission feed, improving manure management and reducing
tillage (Wiedemann et al, 2016; Oquendo ef al, 2022). Managers in the agricultural sector
could consider adopting these practices to reduce their operations’ environmental impact and

From carbon-
neutral to
climate-neutral

927




(panunuoo)

(G107 “1oneyds) UOHBULIOT SUOZO
0) 9INQLYUOD OS[E (())) dPIXoUOUT
uoqIed pue (SDOA) spunodwod
J1ueso s[neoA ‘*ON)

SOPIXO UAS0IIU ANI[ SUOISSTWID
J0s.m231d o1j199dg "sassav01d
Surmjoemuew [BIWLAYD pue
[esodsIp aisem ‘uorjeliodsuen
‘aonsnquuod Ul SULLIMId0

980U} S [INS ‘SUONOBAI [BITWUAYD
10S.Mo31d WO} $a)eULsLIO
Aqurewnrid 9UOZO [9AJ[-90B1ING

J[qe[reA® JON

9, T U SSo]
(020z ‘7 92 nQ) syuerd

[BITWRYO PUB SILIDUYAI ‘SIS0
retgsnpur ‘syued somod ‘s1ed

Aq papmwe syuenyjod Joyjo yim
10831 (SDOA) Spunodwod J1uesio
S[IJE[OA USYM INOJ0 JBY) SUOTIOBSI
[BITWSYD JO JNSAI 3} ST Iyl

(G10z “Toneyds)
uonedrdde 1azI1119) pue

JUSWSSBURW SNURW ‘SuIssadoid
Jeawt ‘uononpoid pas,|

(G0 “v 12 [SEH) STEAL (0T
I9A0 §()) URY) JDYSIY SAWN) Q67

%L 1noqy

(220z “Iv 32 opuanb()) Suruey
Axrep pue ‘799q ‘yod Afreorioads

(1202 ‘1qeIey)) Juswageue
QINUBW ‘UONSITIP [BWIUR
‘Burssaooad pue uona[dwod [[am
uawdmbs pue sourpdid ur syea|
Surmjoemuew

3onpoid Se yons saLnsnput

ur sureyd Ajddns jo sogers
SNOLIBA PUE ‘S901)0eId [RI)NOLISE
PUE 300IS9AT] ‘uonjelIodsuen

pue uononpoid ses [emjeyn

(1202 ‘17 12

19d000)) S8 ()T JOA0 TYSIY
S9WI) 9E—GZ PUB SIBIA ()7 19A0

%00 uey PYSY soum GZ1-98

%¢1 Moqy

(cz0a
“Ip J2 opusanb()) SuLmjorULW
Jonpoad ‘9aynoLise

(suorsstws adidyrey) uonejiodsuen
pue (S[ejow SuIuyax

/3unoenNXa SB oNns) $9ssad01d
[eLgsnpur pue (Ses [eimjeu ‘eod
SB [ons) S[anJ [1SS0J JO UONSNQU0d
woJy Ajurews Jo jonpoid-Ag

§(0)-U0U 10J A0UAISJAI AUI[ASBY

%08 Mmoqy

(1202
“Iv 12 91A0¥39)) UonjelIodsSuRI)

90105

(3oedu)
[enuajoJ Jesy

OHO
[B10} J0J SJUNODOY

Sunnqriuod

NQ ‘PaRIWL AJ3091Ip JOU SI I ‘Ansnpur [em)noLsy ‘SUIULIEJ J0)SAA]] ‘SES [RInjeN ‘SULIMJOBFNUBI ‘SATIIN JOMOJ JSOW S10309S
auoz() 9PIX0 SNOMIN SUBYRIN
%00-uoN %00 uosuswi(y
g
Zs
23
25
.82
= o 0 P m m m
=he N e
= (<) HQO A




&2 o o
S — B N 2
O c s (=2} =
- =D <
< = =
S ==
L
58
e} S
=
~ =
(&)
(panunuod)
(0202 “1 12
QAIZIM()) SWIAISAS [BINYNILISE (1202 “v 12 JudgIeS
SunsIxs Ul SAISURYD pue ‘2207 ‘SYIBIN 1207 ‘1qeIey))
SJUS)SOAUL JUBDIJIUSIS 21mbax uone1edood [RUOIRUINUL (1202 “1v 12
Aew sar30[0u09) mau Sundope pue ‘saonjoeid [emymoLLse n()) UOLORIXD [aN] [ISSOJ WOIJ
(G107 ‘Toneyds) Pue s3013081d JUSWLSBURW ‘mmedal pue UONO9)Op 93eNe9]  SUOISSIUS dUBY}oW Weansdn pue
S93URYD A101B[NS3I 0] SIURISISAI dqeureisns unuswayduuy ‘BULIOJIUOW PUR JUSWSINSEI[\  SUONSNWIOD [9NJ WOIJ SUOISSIUID
[enuajod 9y} pue ‘S90S ASI9UD SW9)SAS SULIONUOW (suorsordxa $(0))) 1991Ip Y)O( S90NPAI ‘SBS
9[qBMAUI JO AJ[ICR[IBAR PUR }SOD PUE JUSWSINSEIW 9)RINIOR JusA91d 0] INO JUSA 0) PIMO[[E PUE [10 ‘TROD SB [ONS ‘S[anJ [1SSOJ
) ‘sep[oyae)s odnnt Suowe 10 PO I} SE [[oM SB ‘UTRYD ST QUBYJIW ‘SIUIW [BOD UL §9) N0 Surseyd ‘S0UB)SUI J0,] "SI0109S uoresniu
uone1adood 10y padu ay) ‘suteyd  Ajddns 9y Jnoysnoay) suorssid - doefd ul Ind 9| 3, UBD SISBIBI[/JUIA SSOIDB PIULMIIAIUL IR 4())-UoU pue uonen[eAs
A1ddns 1eqo[3 Jo Ayxa[dwon) Burdeuew Jo ANxa[dwo) U0 SUONILISAI J0/PUB SUB( SWOS PUe ¢())) 10] SUOLIOR UOLIBSIIIA] ur segus[ey)
(L10%
“Iv 72 pRURIII) JamodoIpAy pue
PUIM ‘TR[0S 9] S30IN0S AFIoUd
9[(BMIUDI 0} SUTUON)ISURI],
(S102 ‘uononpoid segoiq ur
“Ip 32 4SUIQ) ANISNPUL YO0ISOAI] SN S) PUR SINUBW WOIJ SUBYIIW
9} UI SUOISSIUD D) SUDNPaI 70 2.myded 9y ], “JustaSeuLRW
03 ANGLIUOD UBD AJUSIDIJS P9y SINUBW SANIIJJO PUB
(0Z0Z “1v 12 n() UOLRULIOY Surziundo pue soreUAS [eUNUR  SI9IP SulZiundo ‘UOHLONU [RWIUR (92207 “v 12 Sueyy ‘€z0g “v 12
9U0Z0 3)eSHIW ‘A[Jusnbasuod ‘pue  SurAoiduw ‘9sn I9ZI[).I9] SUDNPIT Suraoxduwur se yons saonoeid  [URIWIIUY) SHPIID UOGIRY) J9SII0)
uondwnsuod [anJ [ISSOJ 9onpal 0} SB (oNS S9aSULYD JUSWRSBURIA ‘QIynoLIse uf “Ansnpur ses sjun
$90IN0S AZI9UD I[(BMIUI SUIS)  SISP[OYa¥e)S Suowe SULIRYS PUB  [BINJRU Y} Ul SULIE[] PUB SUJUSA  (S)))) 93LI0)S JO UOLJRZI[IN Puk
IMNOLISE  ‘SISATRUR ‘UON)II[[0 BIep SUI[(RUS SurZIuruIw pue ‘uononpal yes| aamded () Surho[da( aamyde)
pue Ansnput ‘uorjelrodsuer) wo.y A SUOISSIWD 2.INSBAW PuR ‘DouruL)uIRW Juswdmbs 1o)eg  suonersdo ul S[ENJ [1SS0f SUIAOWI
(00 pue sHOA FON) s1osmoaxd zIwuIw 03 (1.00) A3o[ouyds)y (tuswdimbs 10suLs ‘sogeun ‘UOTYEIIJLI}II[ :UOLINPAY $9010RI
9UOZO JO SUOISSTIWD SUIONPIY Sunndwod pnopod Jo 3s() AI[[ares Aq) UO1IP YBI| 9SO/ myde)/uononpay UONBSIIA
UOZ() 9PIXO SNOMIN QUBYRIN
00-uoN %00 uoISuLUII(]




(duozo

[PAS[-90B]INS) SUOISSIWR J0SMda1d
JO UOI)BIO0[31 [RUOTJUSIUI UT
Pa8e3UuDd JOU 1. 319 JeL[) INSUD
pnoys smegeuew ureyd Ajddng

SONSSI 3U0Z0
[eqO[S SSaIppe 0} uoreIadood
[BUOTIBUI)UI JO JUSUAIUBYUD

PUE ‘S10J09S ASI9UD J[(BMIUL
ur sqof UdaIs JO UoneaId
‘sureyo Ajddns sqeure)sns jo
uonowo1d ‘S3r30[0UY09) JOULBI[D
Jo uondope pue Juawdo[aAd(]

SUOISSIWD ()EN JO UoL B
9ATID3JJ9 9I0UL 0] JUIPLI]
‘sarSojouyda) pue saondeid
9[qeurejsns jo uondope 9y}
IBII[IOB] OS[B UBD SISP[OYaYR]S
ureyd Ajddns Suowre uLreys
UOIJBULIOJUI PUB UOLBIOCE[[0))
SUOISSIWD

(N 8uronpaz 03 aNJLIUOD URd
sureyd A1ddns ‘93ei0)s surziundo
pue saonoed JusuRSeuRW
amuewr Suraoxdwr ‘uononpoid
P99] Ul SN J9ZI[11I9] UagonIu
Suronpaa se yons ‘ureyd Ajddns
3} Jo sageys Suiziundo Ag

sagewep

[BIUSWIUOIIAUD 9} ISIOAIT

03 sureyd Ajddns [emynoLise
SAIIRISUSFI 9JOWOL]

SUOISSIIR 90NP3l 0] SHIOfD
urysjoq pue Aoudredsuer)
Sunueyus ‘saonoeid 3s9q

Jo uondope a9y} SuLI)SOJ ‘Ureyd
A1ddns 9t} sso1oe Jusegesus
PUE UOLBIOCE[[0D YSNOIy}
SOLIBPUNO( 19y} PURdXa UBD SULIL]
eni st svured ureyd Ajddns
Suowre Lousredsuen [euis)ul

‘sny 1, Juejzodu st (uoryerodsuen)
pue ‘Surssaooid ‘UONIBNXI
[BLIJRUW MBI "579) S93e)S

ureyd A1ddns sso1oe SanIsusjul pue
S90INOS UOISSTWD SUIPUR)SIOPUN
‘SIY} JI0J PUE TeINLID SI SUIRYD
A1ddns ur ser39jens uonesnu
Pajasire) Jo uonejuswa[duw Y,

101098 A319U9

UBS[D A} UI IMOIT JTOU0ID
pue ‘uonesd qol ‘uoryeAouur 1oy
santunyroddo apraoid ued $30.Mos
A319U0 9]qEMAUSI 0] JUTUOT}ISURT)
‘A[reuoppy ‘Juswdo[ossp
JqeuIR)SNS SUDUBYUS PUB
‘UOTJRWLIO] SOWS IIM PIBIOOSSE
SYSLI Y3[eay Suronpai ‘Ayenb

are Suraoxdwir Se yons syjauaq
9ARY UBD UOLIRIIW SUBYISIA
$90.1N0S

BaJIR PUB $90mos jurod yjoq

WOIJ SUOISSIUS SUBY}SW SUIDNPIY

JI0M UMO SIOYINY :(S)92.1Nn0g

SUOISSIWD UOQIR) SUISSIIPPE
USYM WLISAS 9y} JO s)aed [eIayur
9y} 9q 03 smorjddns Jemoduws

PUE 9]0 JIAT[} 93PS[MOUNI.

0} [BIJUISSA SI J1 ‘SaLIBpunoq
S,WLIJ B 0] [BUI9)X0 SB PIpIesal
Aquourtuod a1 swijddns ysnoyiy
s1pu}Ied 1913-19MO[

0] WY} SUDINOSINO JO PEaISUl
san1AnoeR uonn[jod UMO JIdY} J0f
Anqisuodsar Surye) Aq SUOISSIUD
UOQIeD 9NPa 0] A)BIOCL[[0D
sm1[ddns I9Yy) pue SULIL]
JuswdO[PASP PUB (IIBISaI 0]
Surpuny Surjedoj[e pue ‘9ouer[dwod
A1078[N3a1 SUrdIoFuUd ‘uoneIedood
PUE SJUSWAISE [RUOTRULIDIUL
Sunowoxd ‘S9AIIULDUISIP 10
SOATIUSOUI [eDURUT} Surjuewus|duu
‘Buryrodar w syorddns

Z-191) PUB T-191} JO JUSUSA[OAUT
9y} SuLmsus ‘siorddns JoJ sjo3Ie)
UOLONPAI UOISSID SUTYSI[)SD
SPN[OUT ULD SAIJBIS ‘SUOISSTUID

€ 9d00G 20NPaI A[PAIIIIIR O,
WISAS

UTBYd ANJBA JO S9SB)S SNOLIBA

Je sa13ojouyda} Jurmided ¢0))

Aiennoau srewpd
Joj sureyd Ajddns
oy} Surremoduury

sureyo Ajddns

JO YI0MBWRI]

o3 Ul
sonunyioddo maN

au0z()

9PIX0 SNOJIN

QUBYIOIN
%00-UON

%00

UOISUBWI(]

JLM
35,3
930

Table 2.



potentially costs. The articles on methane emissions from shale gas development, natural gas
production and upstream oil and gas well sites suggest that the natural gas industry can
implement technologies and practices to reduce methane emissions. These technologies and
practices include using more efficient equipment, detecting and repairing leaks, and
capturing and using methane emissions (Littlefield ef al, 2017; Charabi, 2021). Managers in
the natural gas industry could consider investing in these technologies and practices to
reduce their operations’ environmental impact and potentially costs.

5.2 Climate-neutral transportation

Climate-neutral transportation refers to the idea of achieving net-zero GHG emissions from
transportation by reducing emissions as much as possible and compensating for the
remaining emissions through offsetting. This goal can be achieved through a combination of
technological innovation, operational efficiency improvements, and the use of sustainable
fuels (Ou et al,, 2021). One of the managerial implications of climate-neutral transportation is
that commercial and passenger transportation firms need to develop and implement
comprehensive sustainability strategies that encompass their entire operations (Guntuka,
2022). This involves setting ambitious emission reduction targets, identifying areas where
emissions can be reduced and investing in the development and deployment of new
technologies that can reduce emissions (Frank et al, 2021). Another implication is the need to
collaborate with industry stakeholders, such as airports, manufacturers and fuel suppliers, to
develop sustainable ecosystems (Paleari, 2022; Schmelzle and Mukandwal, 2023).
Governments can provide support by funding research and development of sustainable
aviation technologies, providing incentives for operators to adopt sustainable practices and
implementing policies that promote the use of sustainable fuels (Bullerdiek et al, 2021,
Santos and Delina, 2021).

5.3 Regulatory compliance

Regulatory compliance and policy implications are vast with multiple topics, including
climate change mitigation, GHG emissions, carbon pricing, sustainability and energy
production. However, in general, the articles highlight the need for policies and regulations
that can reduce GHG emissions from different sectors such as agriculture, transportation and
energy production. For instance, articles on aviation discuss the need for regulatory
compliance to mitigate the GHG footprint of the aviation sector (Sovacool ef al., 2021). This
can be achieved by implementing carbon pricing policies or investing in renewable aviation
fuels. Similarly, articles related to methane emissions from natural gas production and
agricultural activities suggest the need for policy interventions to reduce methane emissions
(Fernandez-Amador ef al, 2020). Additionally, articles on LCA suggest that policies should
focus on reducing the environmental impact of products throughout their lifecycle, from
production to use and disposal. Similarly, articles related to food production and agriculture
highlight the need for policies that promote sustainable and low-emission practices, such as
improving nitrogen management, reducing food waste and investing in renewable energy
(Whittaker ef al., 2016). Overall, the articles suggest that regulatory compliance and policy
implications are crucial for reducing GHG emissions and achieving a more sustainable future.

5.4 Life cycle assessment

The use of LCA can help identify hotspots in the supply chain that contribute significantly to
emissions and prioritize mitigation measures. LCA can be used to assess the environmental
impacts of different agricultural production systems and identify ways to reduce emissions
while maintaining food security (Gregory et al., 2005; Wang and Dalal, 2015). The impact of
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policy initiatives, such as carbon pricing and fossil fuel subsidy removal, on emissions can be
evaluated through LCA to ensure that they are effective in reducing emissions (Mayer and
Ding, 2022). The use of LCA can help evaluate the environmental impacts of different
transportation systems, such as green supply chain networks and cold chain logistics. LCA
can be used to evaluate the impact of different energy sources on emissions, such as the use of
biogas and natural gas (Sovacool et al,, 2021). By evaluating the environmental impacts of
different processes and technologies, LCA can help guide the development of sustainable and
low-emissions systems.

6. Future research directions [2]
6.1 The role of consumers in achieving climate-neutral supply chains
As consumers become more aware of climate change, their desire for environmentally
friendly products and services is on the rise (D6gl and Behnam, 2015). This presents a unique
opportunity for businesses to set themselves apart by adopting sustainable practices
throughout their supply chains and logistics operations, effectively reducing their GHG
emissions. The work of Lim (2017) explored three main theoretical viewpoints regarding
consumer behavior: responsible consumption, anti-consumption and mindful consumption.
To propel the field of climate neutrality in supply chains and logistics, it is crucial for
future research to explore the impact of consumers on stimulating demand for sustainable
products and services. More specifically, investigations should center around grasping
consumer preferences and behaviors such as mindful consumption, assessing the
effectiveness of sustainability initiatives, identifying barriers to adoption and devising
strategies to overcome these obstacles (Gupta et al, 2023). By engaging in these research
endeavors, scholars can make valuable contributions towards crafting effective strategies for
companies and policymakers to achieve their sustainability goals while reducing GHG
emissions.

6.2 Global trends affecting climate change

Global trends such as urbanization, e-commerce, automation, artificial intelligence and
regenerative supply chains have significant implications for supply chain and logistics
operations, particularly about their impact on climate neutrality (Chen et al., 2020; Grover and
Ashraf, 2023). As such, future research in this area needs to consider these trends. In recent
years, urbanization has significantly influenced the logistics and supply chain industry. With
more people choosing to reside in urban areas, there is a growing demand for goods and
services within cities resulting in a spike in transportation activities that significantly
contribute to GHG emissions. As a result, it becomes imperative for research efforts to focus on
devising strategies that can effectively reduce emissions stemming from transportation and
other supply chain activities within urban environments. Furthermore, another noteworthy
trend shaping the retail sector is the emergence of e-commerce as a dominant force, especially
since the advent of the COVID-19 pandemic. The rise of online shopping has resulted in a
substantial increase in merchandise that needs to be transported — particularly with last-mile
deliveries. Regrettably, this surge not only gives rise to heightened emissions generated by
delivery vehicles but also contributes adversely toward packaging waste concerns. Hence,
future research should focus on optimizing last-mile delivery operations to reduce emissions
and exploring alternative delivery models such as drones and electric vehicles.

6.3 Policymaking to incentivize climate-neutral operations
As governments across the world are moving in the direction of climate neutrality, there is a
huge responsibility and opportunity for researchers to assist in this transition. First, future



research in climate neutrality in the policymaking space can focus on assessing the impact of
existing policies and regulations on supply chain sustainability and climate change. Second,
future research can explore opportunities for collaboration between governments, businesses
and other stakeholders of supply chains. This can include exploring the potential for public-
private partnerships, stakeholder engagement and other collaborative approaches to address
sustainability and climate change challenges. Finally, future research can also focus on the
governance of supply chain and logistics sustainability and climate change policies. This can
include exploring the role of different levels of government (local, regional, national,
international) in policy development and implementation and assessing the effectiveness of
governance mechanisms in promoting climate neutrality in supply chain and logistics.

Moreover, emerging technologies like blockchain can revolutionize transparency,
accountability and trust among participating stakeholders. More specifically, blockchain
technology offers secure and decentralized platforms for sharing data collaboratively while
ensuring verification mechanisms are dependable — ultimately consolidating consensus-building
efforts integral to policymaking procedures and upholding the credibility of climate-related
nitiatives. Through the utilization of these and similar technologies, policymakers can bring
together individuals with diverse backgrounds and perspectives. This inclusive approach allows
for the harnessing of collective wisdom and expertise from a variety of actors, including
government agencies, industry representatives, nongovernmental organizations and community
groups. By fostering collaboration in policymaking processes, stakeholders are encouraged to
take ownership in the decision-making process while also promoting knowledge-sharing. As we
move forward, further research must delve into how technology-enabled platforms can be applied
in policy-making contexts and what impact they have. More specifically, these platforms should
facilitate tracking mechanisms to assess how different policies contribute toward reducing
carbon emissions as well as offsetting methane, nitrous oxide, and ozone emissions.

6.4 COVID-19 lughlighting the urgency of the need for climate neutrality

In the context of achieving climate neutrality in supply chain and logistics, future research
can investigate the impact of the COVID-19 pandemic, ie. how this global crisis has
influenced progress toward reaching climate neutrality. Notably, this pandemic has triggered
transformations in consumer behavior, disruptions along supply chains and transportation
patterns (Carnovale ef al, 2023). Consequently, exploring how businesses have reacted to
these changes could uncover whether they have adopted more sustainable transportation
methods or experienced reduced emissions due to shifts in customer habits. Overall, there is a
need for further research to better understand the complex interactions between the COVID-
19 pandemic, supply chain and logistics, and climate neutrality and to identify strategies for
companies and policymakers to move towards a more sustainable and resilient future. The
COVID-19 pandemic has disrupted global supply chains and revealed the flaws in existing
systems. It has served as a reminder of the pressing need for resilient and sustainable supply
chains capable of effectively handling global crises (Lim, 2021).

7. Conclusion

Our research identifies a critical gap in the existing supply chain management literature, as
non-CO,, emissions are often overlooked despite accounting for a substantial proportion of
total GHG emissions. By emphasizing the importance of accounting for non-CO, emissions,
this study enhances our understanding of the complexities associated with transitioning to
climate-neutral supply chains. The study also provides valuable insights into the diverse
pathways pursued by various industries to achieve climate neutrality, including the crucial
role of non-CO, gases in supply chain emissions.
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Theoretical implications of our research can be summarized in four key categories
(Mukherjee et al., 2022) as follows: (1) The factors of interest for climate-neutral supply chains
are sources of emissions controlled and uncontrolled by the organization and its wider supply
chain. (2) These factors arve interrelated as they collectively affect how climate neutrality can
be achieved in the supply chain. The source of emission can be classified as point (e.g. power
plants) or area (e.g. wetlands). (3) The reasons for factors to be interrelated are the cause-effect
relationships between decisions taken to optimize different supply chain objectives (e.g. lower
production cost may mean higher transportation cost; higher service levels translate into
higher inventories which need to be stored and maintained). (4) Temporal and contextual
factors that act as boundary conditions are sectors, the size and complexity of the supply
chain, and commitments made by the organizations to achieving decarbonization and climate
neutrality. Organizations may have internal or external projects that facilitate collaboration
among various stakeholders, such as local communities, government initiatives and the
organization itself.

We acknowledge some limitations of this study. First, we do not consider the potential
trade-offs between different approaches to achieving climate-neutral supply chains. For
example, reducing non-CO, emissions may be more difficult or expensive than reducing CO,
emissions. Second, the literature included in this multidisciplinary literature review may be
biased toward certain perspectives or methodologies, as an outcome of the papers included in
the review. Despite these limitations, we strongly believe that the findings of this research
offer guidance for researchers and practitioners seeking to develop effective strategies for
achieving climate-neutral supply chains.

Notes

1. An enhanced land sink is a natural process that removes harmful gases from the atmosphere
through the growth of plants and trees.

2. Table A5 provides an overview of the future research directions and illustrative research questions.
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