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Abstract

This study examines the role of multinational enterprise (MNE) subsidiaries in
facilitating environmental upgrading in value chains, with a specific focus on the
salmon aquaculture sector. Addressing the critical challenge of Scope 3 emissions,
this research investigates the dynamics between a French food MNE’s UK subsidi-
ary (Company X) in UK, acting as a Tier 1 supplier, and its lower-tier suppliers in
Scotland and Norway. We explore how do multinational enterprise subsidiaries act
as bridging mechanisms to mediate sustainability mandates and local institutional
contexts, driving environmental upgrading and addressing Scope 3 emissions in
the context of salmon value chains. Through qualitative analysis of interviews and
secondary data, the findings highlight the subsidiary’s bridging role in reconciling
global corporate mandates with local institutional pressures. Institutional context
plays a defining role in shaping subsidiary’s bridging strategy with divergent impli-
cations for Scottish and Norwegian suppliers environmental upgrading.

Keywords Global Value Chains - Bridging - Environmental upgrading - Scope 3
emissions - Salmon Aquaculture - Greenhouse gas emissions - MNE subsidiary -
Lower-tier suppliers

1 Introduction

Climate change presents an unprecedented challenge to global businesses and gov-
ernments, necessitating transformative action across all sectors. Human activities,
such as burning fossil fuels, industrial and agricultural activities, have contributed to
increased greenhouse gases (GHGs) in the earth’s atmosphere, which traps the suns
heat, thus raising Earth’s temperatures (Boehm, 2022; IPCC, 2018; United Nations,
2023). This phenomenon threatens the balance of ecosystems on which food supply
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is dependent, posing worldwide concerns and a need for a system wide transforma-
tion in industry and agriculture value chains to reduce carbon footprints and GHG
emissions (Mishra et al., 2022).

Multinational enterprises (MNEs) hold a pivotal role in this urgent response as
they are significant contributors to GHG emissions and are therefore responsible for
mitigation of GHG emissions in their global value chains (GVCs) (Buckley et al.,
2022). Existing research often centres on the actions of MNESs, which are often lead
firms in GVCs, overlooking the coordination of GVC actors and orchestrating the
management of environmental sustainability (Golgeci et al., 2021; Khattak et al.,
2015). We build upon this research agenda and respond to one of the calls on the
role of MNEs in addressing climate-change-related issues within their extended
value chains in this special issue.

To effectively tackle the environmental impact embedded in GVC operations,
increasing attention is being paid to the phenomenon of environmental upgrading—
that is, process of improvements in products, processes, and organizational practices
that reduce environmental harm (Marchi et al., 2013a, 2013b, 2020). A key chal-
lenge in addressing environmental upgrading across GVCs lies in the complexity
of GHG emissions accountability. The Greenhouse Gas Protocol (2004) categorizes
emissions into three scopes. Scope 1 refers to direct emissions from an organiza-
tion’s own facilities and vehicles (e.g., fuel combustion on site). Scope 2 includes
indirect emissions from purchased electricity, steam, or heating. Most critically,
Scope 3 emissions cover all other indirect emissions across the value chain, includ-
ing those from upstream suppliers and downstream product use and disposal. These
emissions are typically the largest component of a firm’s carbon footprint and the
most difficult to control, as they require coordination beyond the firm’s boundaries
with actors such as raw material providers, transporters, and end-users. Understand-
ing how MNEs engage with Scope 3 emissions is thus vital for advancing GVC-
based sustainability transitions (KlaaBen & Stoll, 2021).

However, despite growing attention to sustainability, mostly environmental
efforts in GVCs are focused on Scope 1 and 2 emissions with Scope 3 emissions
often being ignored, due to complexities of doing end-to-end value chain analysis,
even though in many sectors, and especially the aquaculture salmon value chain (the
context of this study) they can make up most of a product’s carbon footprint (Ham-
mer et al., 2022; Newton & Little, 2018). Feed production, for instance, is the single
largest contributor to Scope 3 emissions in farmed salmon production, responsible
for over 90% of total GHG emissions up to the farm gate (Gephart et al., 2020; New-
ton & Little, 2018). In this study, we define environmental upgrading as a multidi-
mensional climate-change mitigation process by which firms enhance their capacity
to minimize the emissions across GVCs. This approach emphasizes systemic coordi-
nation and innovation beyond the firm’s boundaries, particularly in upstream activi-
ties like feed sourcing and downstream utilization of processing co-products.

In this study, we argue that there is a need to move beyond the MNE and inves-
tigate the agency of other actors such as MNE subsidiaries and various tier sup-
pliers in understanding environmental upgrading to minimize Scope 3 emissions,
which often are overlooked (Marchi et al., 2020; Meyer et al., 2020). It is argued that
a subsidiary-focused view of GVC could help illuminate the bottom-up process of
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upgrading (social or environmental) followed by MNE subsidiaries to connect local
suppliers with GVCs (Soliman et al., 2023). MNE subsidiaries are distinct entities
that engage with the local institutional environments in various ways to gain strength
within the MNE (Pananond, 2013).

GVC studies have explored the role of lead firms (Hammer et al., 2022) in reduc-
ing environmental impacts in their value chains. While MNEs are often cast as
dominant actors in shaping environmental upgrading in GVCs, less attention has
been paid to the intermediary and bridging (Soliman et al., 2023) role of their sub-
sidiaries, particularly in orchestrating environmental upgrading across diverse sup-
plier networks. Soliman et al. (2023) define bridging as “activities that connect
local value chain actors to GVCs .... Bridging involves transferring new meanings
and practices that are sensitive to existing norms and relationships” (p. 7). Despite
growing recognition of the pivotal role subsidiaries play in GVCs, existing research
has yet to fully explore their capacity in driving environmental upgrading, particu-
larly in addressing Scope 3 emissions. Subsidiaries, often positioned between the
strategic priorities of multinational headquarters and the operational realities of
local suppliers, face unique challenges in bridging global sustainability mandates
with local constraints and opportunities. Little attention has been given to how sub-
sidiaries leverage their embeddedness within local institutional contexts to bridge
collaboration and innovation among suppliers, particularly in sectors like aquacul-
ture where environmental impacts are heavily concentrated upstream.

This study addresses the above gap and draws upon Soliman et al. (2023) to
define bridging as subsidiary activities to connect, adapt, and implement global/
local climate-change mitigation requirements (from MNE HQ, GVC lead firms, and
local regulation) into locally embedded supplier practices. Our core research ques-
tion is: How do multinational enterprise subsidiaries act as bridging mechanisms
to mediate sustainability mandates and local institutional contexts, driving envi-
ronmental upgrading and addressing Scope 3 emissions in the context of Atlantic
salmon value chains?

Through a case study design, this study explores the bridging role of a French
MNE subsidiary operating in Scotland — Company X which functions as a Tier 1
processor in salmon GVC. This study looks at both MNE subsidiary Company X
linkages with Tier 2 salmon producers as shown in Figure 1. As discussed in more
details in the findings section, Company X is embedded in a multi-polar value chain
whereby they are tasked with bridging global sustainability mandates into localized
practices, while also adapting these practices to the specific institutional environ-
ments in which they operate (Soliman et al., 2023). While Company X has opera-
tional independence—including discretion over sourcing, supplier engagement, and
implementation of sustainability initiatives—they remain strategically aligned with
the MNE’s global climate goals and science-based targets (SBTs).

In order to address our research question, we integrate insights from subsidiary
bridging perspective (Soliman et al., 2023) and environmental upgrading framework
(Krishnan et al., 2022) with complementary insights from Varieties of Capitalism
perspective (Hall & Soskice, 2001). Our findings reveal that while suppliers in both
regions invest in environmental upgrading initiatives, subsidiary’s bridging mecha-
nisms play a critical role in mediating external pressures and internal efforts into
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Fig. 1 Company X internal and external linkages (Authors’ own based on interviews)

positive/negative environmental outcomes. Furthermore, the institutional context
plays a defining role in shaping the pathways, outcomes, and distribution of associ-
ated costs.

Our study advances the environmental upgrading literature in global value chains
(GVCs) by unpacking how value is created, appropriated, and translated into out-
comes through the mediating role of multinational enterprise (MNE) subsidiaries.
Extending Krishnan et al. (2022), we shift analytical focus from lead firms to subsid-
iaries as bridging mechanisms that interpret and align global sustainability mandates
with local institutional and market contexts. Drawing on the Varieties of Capitalism
perspective, we show how subsidiary strategies are shaped by national institutional
configurations—Norwegian subsidiaries in coordinated economies foster biophysi-
cal improvements through public—private collaboration, while Scottish subsidiaries
in liberal economies rely on compliance-oriented routines. This results in divergent
patterns of environmental upgrading, where reputational and biophysical outcomes
may align or decouple depending on the institutional context and bridging approach.

In the next section, we present the relevant literature and conceptual framework to
position our study. After that, we will discuss the methodology and, finally, we will
present our findings and discuss them to illuminate the theoretical contributions.
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2 Literature Review and Conceptual Framework
2.1 Subsidiary as Tier 1 Supplier in GVCs

The traditional view of subsidiaries in the International Business (IB) literature has
predominantly framed them as extensions of multinational enterprises (MNEs),
primarily tasked with operational responsibilities determined by the headquarters
(HQ) (Bartlett & Ghoshal, 1991; Rugman & Verbeke, 2001). Early studies largely
positioned subsidiaries as passive actors, whose autonomy was limited to predefined
mandates from the HQ. The focus was on vertical HQ-subsidiary relationships, with
minimal attention to subsidiary agency or strategic decision-making capacity (Bart-
lett & Ghoshal, 1991). Recent research has shifted to recognize subsidiaries as enti-
ties capable of shaping their strategic roles within MNE networks (Birkinshaw &
Hood, 1998; Cantwell & Mudambi, 2005). These studies emphasize the capacity
of subsidiaries to engage in innovation, knowledge creation, and upgrading, par-
ticularly in response to local institutional demands and market conditions (Forsgren
2017).

Subsidiaries are increasingly positioned critical nodes within global value chains
(Pananond, 2013). The concept of GVCs has become central to understanding the
global economy in the age of globalization and is defined as a “nexus of intercon-
nected functions and operations through which goods and services are produced,
distributed, and consumed on a global basis” (Kano et al., 2020, p. 579). While
previous studies have investigated subsidiary-HQ link, in this study we explore the
subsidiary’s bridging role as a Tier 1 supplier within the GVC. The bridging role
of subsidiaries within GVCs is increasingly pivotal in balancing multiple layers of
influence. Soliman et al. (2023) explore the bridging role of subsidiaries to con-
nect local value chains with global value chains by addressing institutional voids
via three bridging strategies — internalization, alliance and brokering. In our study,
we focus on subsidiary operating at the intersection of pressures from headquarters
(HQ), buyer-driven lead firms in GVCs, and the institutional environments of their
local contexts in facilitating or hindering environmental upgrading. Understand-
ing their bridging role requires integrating insights from the IB and GVC literature
which mostly worked independently from each other (Buckley et al., 2017; Choksy
et al., 2017).

As the traditional GVC literature (insights emerging from economic sociology
and economic geography) explains that GVCs are governed by lead firms that con-
trol production practices, standards, and supplier engagement through mechanisms
such as contractual agreements and codes of conduct (Gibbon et al., 2008; Golgeci
et al., 2021). This places subsidiaries in a dual role of bridging global pressures
(including internally from HQ and externally from lead firms in GVCs) and local
institutional context. However, current studies have yet to understand this bridging
role of subsidiaries in the context of minimizing Scope 3 emissions in value chains.
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2.2 Environmental Upgrading and Agencies of Lower-Tier Suppliers

In the GVC literature, environmental upgrading is the process of improvement
or reduction in environmental impact along the value chain (Khattak et al., 2015;
Marchi et al., 2013a, 2013b). In the salmon industry, environmental upgrading is
evident in innovations such as the development of sustainable feed, improved waste
management, and recycling initiatives (Glencross et al., 2024; Gudbrandsdottir
et al., 2021; Kenzhegaliyeva & Lund, 2024; Regueiro et al., 2022). For example,
Norwegian salmon producers have employed advanced feed technologies to reduce
carbon footprints, aligning production with the sustainability demands of global
markets (Bush, 2018; Gudbrandsdottir et al., 2021).

The studies on environmental upgrading have generally focused on the impacts
of various forms of governance mechanisms and conditions under which these are
implemented to driving change in GVCs (Langford et al., 2023; Lund-Thomsen &
Lindgreen, 2014; Marchi et al., 2013a, 2013b). In salmon industry, the GVC frame-
work has highlighted the interplay between lead firms and producers, particularly
in managing sustainability standards (Bush, 2018; Kenzhegaliyeva & Lund, 2024;
Rainbird & Ramirez, 2012). Lead firms in Europe and North America often impose
stringent environmental and quality standards, driving producers in countries to
adopt innovative practices and technologies. These dynamics illustrate the gov-
ernance of GVCs, where lead firms control access to high-value markets through
regulatory and certification requirements (Van Der Ven, 2018). However, limited
attention has been paid to the role of MNE subsidiary facilitating/hindering environ-
mental upgrading particularly in the case of salmon GVCs.

However, focusing merely on Tier 1 supplier ignores the fact that much of the
negative environmental impact in aquaculture GVCs originates from lower-tier
suppliers (KlaaBen & Stoll, 2021). Scope 3 emissions—such as those arising from
feed production, transportation, and ancillary services—pose significant challenges
to achieving sustainability goals (Ababouch et al., 2022; Kenzhegaliyeva & Lund,
2024). This requires moving beyond the traditional focus on lead firms and Tier 1
suppliers.

In this study we draw upon Krishnan et al. (2022) to conceptualize environmental
upgrading as a multidimensional climate-change mitigation process through which
firms in GVCs improve their capacity to minimize emissions in GVCs. Krishnan
et al. (2022) distinguishes between the processes of value creation (e.g., adopting
green technologies, improving resource efficiency), the appropriation dynamics
due to power asymmetries in GVCs and the environmental outcomes (e.g., reduced
pollution, improved biodiversity). According to Krishnan et al. (2022) value crea-
tion for environmental upgrading is a process through which different GVC actors
execute strategic practices to achieve certain environmental outcomes (e.g., waste
minimization). While value creation relates to the active efforts to minimize Scope 3
emissions (e.g., sustainable sourcing, supplier engagement mechanisms), and value
appropriation refers to how these efforts translate into competitive or strategic gains,
the third component—environmental outcomes—represents the realized improve-
ments in subsidiaries’ and suppliers’ capabilities to reduce Scope 3 emissions. This
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framing allows us to locate mitigation efforts within the broader upgrading trajec-
tory and evaluate them as evidence of improved environmental performance.

2.3 Institutional Context in GVCs

GVC literature emphasizes on how institutions influence the individual firm’s
upgrading. Whereas the early research on GVC was rooted in dominant firm govern-
ance (also known as private governance) and inter-firm relationship (Gereffi et al.,
2005), the research focus has also incorporated to how national and subnational
institutional context (aka public governance) influence the firms’ development paths.
Horner (2017) developed a model highlighting that governments take on diverse and
changing roles in value chains, acting not only as regulators but also as producers,
coordinators, and purchasers.

Horner and Alford (2019) expanded the framework by pointing out that subna-
tional differentiation, varying strengths of government institutions, and interactions
between public and private governance all shape how GVC work in different politi-
cal settings. De Marchi and Alford (2022) reviewed how government involvement
affects firm upgrading, with a particular focus on social and environmental aspects.
They further examined how policy measures and institutional strengths impact
firms’ potential to improve economic, social and environmental upgrading.

In addition to insights from GVC studies, the VoC framework takes a broader
institutional view for analyzing how various capitalist models affect companies’
decision-making and innovation (Hall & Soskice, 2001). The Varieties of Capitalism
(VoC) framework (Hall & Soskice, 2001) provides a particularly valuable approach
for understanding strategic divergence. It distinguishes between Liberal Market
Economies (LMEs), where firms coordinate primarily through competitive markets,
and Coordinated Market Economies (CMEs), where firms rely on non-market forms
of coordination, such as networks and collaboration with stakeholders. These sys-
temic logics shape the capabilities firms develop and the forms of institutional sup-
port they rely upon—factors which in turn condition the choice between strategies
like internalization versus alliance-based coordination.

The VoC framework in GVC allows for a systematic comparison of how firms in
different institutional environments respond to similar demands for upgrading, help-
ing to explain why upgrading outcomes vary across countries. Lane (2008) gives an
example of such a situation, he noted that German firms benefit from strong local
institutions, that help uphold high environmental standards, unlike firms in more
loosely organized economies such as the USA, where these local connections are
weaker. This comparison highlights how different capitalist models influence firms’
ability to adopt sustainable practices, which results in varying levels of progress
across firms within GVCs. Similarly, Rana and Allen (2024) show that institutional
contexts influence how firms develop climate strategies, as navigating regulatory
complexity plays a key role in shaping their sustainability efforts within GVC. The
Institutional structure ultimately shape how effectively firms can deal with environ-
mental issues like emissions control and resource management, thereby guiding the
types of sustainability strategies they adopt. The findings reveal notable differences
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that firms’ ability to adopt sustainability varies widely and is shaped by the institu-
tional and regulatory frameworks in which they operate. This highlights the impor-
tance of considering how institutional factors interacts with GVC dynamics to influ-
ence environmental upgrading outcomes in various national contexts.

2.4 Conceptual Framework

This study will integrate insights primarily from the multi-actor environmental
upgrading framework (Krishnan et al., 2022) and subsidiary bridging framework
(Soliman et al., 2023) to investigate how MNE subsidiary (acting as a Tier 1 sup-
plier in salmon value chains) manages environmental upgrading in GVCs. We also
take complementary insights from the VoC approach (Hall & Soskice, 2001) to
understand the comparative GVC linkages of MNE subsidiary with Scottish and
Norway lower-tier suppliers in achieving environmental upgrading. Figure 2 visual-
izes our integrated conceptual framework.

In terms of global pressures, subsidiary comply to HQ sustainability requirements
as well as GVC lead firm’s requirements. In terms of local institutional environment,
subsidiary has to comply with the local policy environment related to GHG emis-
sions. However, we also recognize that Tier 2 suppliers are themselves embedded
within national institutional environments and global pressures. Thus, their environ-
mental practices may reflect not only the influence of MNE and subsidiary coordi-
nation, but also exposure to local regulations and global sustainability discourses.
MNE subsidiary is positioned as central mediators within GVCs highlighting the
subsidiary’s ability to bridge global/local pressures and the local institutional pres-
sures to coordinate environmental efforts across the value chains to minimize Scope
3 emissions. Furthermore, Tier 2 suppliers play a pivotal role in the implementa-
tion of environmental upgrading process within GVCs, as they bridge the crucial
connection between Tier 1 suppliers and Tier 3 suppliers (Sinkovics et al., 2021).
These attributes position tier 2 suppliers as key actors in orchestrating sustainabil-
ity practices to lower-tier suppliers, thereby amplifying the impact of environmental

Value creation process >

| Bridging role of subsidiary |

Value appropriation

Global (HQ, certification bodies) and Tier 1 subsidiary Lower-tier suppliers’
local pressures (retailers as lead firms to envir 1 i
mitigate GHG emissions in GVCs) practices practices

Environmental
outcomes,

Institutional and
regulatory pressures

Fig.2 Conceptual framework (Authors’ own drawn from Krishnan et al., 2022 and Soliman et al., 2023)
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upgrading throughout the value chain. These bridging mechanisms will in turn
shape how the distribution of value and appropriation is achieved and the conditions
under which biophysical and reputational environmental outcomes are realized.

3 Context
3.1 €02 Emissions and its Dimensions

A carbon footprint refers to the total amount of greenhouse gases (GHGs), primar-
ily carbon dioxide (CO,), emitted by an individual, organization, product, or activ-
ity over a specific time frame throughout their life cycle including entire supply
chains (World Resources Institute, 2004). It is measured in terms of CO, equiva-
lents (CO,e), which allows other GHGs, such as methane (CH,) or nitrous oxide
(N,0), to be included based on their relative radiative forcing or Global Warming
Potential (GWP). Scope 1 emissions are defined as direct emissions from owned or
controlled sources (Greenhouse Gas Protocol Initiative, 2004). These are emissions
that occur as a result of activities over which an entity has direct control. They can
be further classified into two types: (1) Stationary Combustion: Emissions from the
burning of fossil fuels for electricity, heating, or other energy services. For example,
burning natural gas in a company-owned boiler or furnace. (2) Mobile Combustion:
Emissions from the burning of fuel in company-owned vehicles and equipment,
such as cars, trucks, and forklifts. Scope 2 emissions are indirect emissions from
the consumption of purchased electricity, steam, heating, and cooling (Greenhouse
Gas Protocol Initiative, 2004). These emissions are generated by the production of
energy that is consumed by an organization, but the emissions occur outside the
direct control of the organization. For example, if a company purchases electricity
from a grid powered by fossil fuels, the emissions produced at the power plants are
considered Scope 2 .

Scope 3 emissions are the most complex and extensive category of emissions, as
they include all other indirect emissions that occur in the value chain of the report-
ing company, both upstream and downstream (Greenhouse Gas Protocol Initiative,
2004). This encompasses a wide range of activities beyond direct operations and
energy use, such as: (1) Upstream Emissions: These include embodied emissions
from the production of raw materials, purchased goods and services, transport,
waste disposal, and capital goods. (2) Downstream Emissions: These cover emis-
sions related to the use and disposal of products sold by the company. For example,
the energy used by a household appliance. Scope 3 emissions are often the largest
portion of an organization’s total carbon footprint, but they are also the most chal-
lenging to measure and manage. These emissions typically occur beyond the bound-
aries of an organization’s direct control and often require collaboration with suppli-
ers, customers, and other stakeholders to reduce.
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3.2 Global Salmon Aquaculture Industry

The context of this study is farmed Atlantic salmon aquaculture industry in Scot-
land and Norway. Aquaculture, the farming of fish, has emerged as the world’s
fastest-growing food production sector over recent decades, with output expand-
ing from 15.4 million metric tons in 1992 to 94.7 million metric tons by 2023,
although mostly freshwater species in Asia (OECD-FAQO, 2023). In 2021, aquacul-
ture accounted for approximately 52% of seafood destined for human consumption,
with farmed salmon representing a significant share. In many countries, aquaculture
directly contributes to national food security, especially in Asia. However, Atlan-
tic salmon is considered a high-value species throughout Europe, the Americas and
increasingly gaining traction among the growing middle classes in Asia (Budhathoki
et al., 2024).

Approximately 80% of global salmon production is attributed to farming oper-
ations in Norway, Chile, Scotland, and Canada (GSI, 2023). The Atlantic salmon
industry is characterized by its consolidation around a few large multinational cor-
porations (MNCs) and its substantial contribution to global aquaculture.

MNCs dominate the salmon-farming sector. Mowi, the largest producer, oper-
ates across Norway, Scotland, Canada, and Chile, producing over 20% of the world’s
Atlantic salmon. Other major players include Lergy Seafood Group, producing
approximately 180,000 tons annually, and Cermaq, owned by Mitsubishi Corpora-
tion, produces approximately 200,000 tons annually. These companies not only con-
trol farming but also have vertically integrated operations extending to feed produc-
tion, processing, and distribution. Despite their scale, these MNCs face mounting
pressure to reduce GHG emissions and adopt sustainable practices (Gephart et al.,
2020).

Feed production remains the primary challenge in Scope 3 emissions. The pro-
vision of feed, through sourcing and processing raw materials into ingredients for
aquafeed, contributes in excess of 90% of climate-change emissions, henceforth
referred to as Global Warming Potential (GWP), measured in CO, equivalents
(Newton & Little, 2018; Pelletier et al., 2009). It is therefore paramount to reduce
the amount of feed used and improve the impacts of the ingredients used within
aquafeed per unit of edible yield supplied by the industry. The efficiency of feed
to animal conversion is known as the economic Feed Conversion Ratio (eFCR),
currently stands at around 1.3 (i.e., it takes 1.3 kg of feed to produce 1kg of live
salmon), including accounting for losses during the production cycle (Aas et al.,
2022). This is lower than for almost any other fed livestock species, yet there are
substantial sourcing issues for feed ingredients which have raised concerns among
academic and NGO communities.

Feed composition has changed markedly since the first commercial salmon pro-
duction, over 50 years ago. Initially feeds were composed mostly of “marine ingre-
dients” (Aas et al., 2022), i.e., fishmeals and fish oils (FMFO) made from dried and
ground fish, particularly pelagic species such as anchovy and herring (Newton et al.,
2023). However, due to multiple factors including higher prices resulting from lim-
ited supply and public criticism over perceived impact on fisheries, feed formulators
have steadily replaced marine ingredients with more plant -based ingredients, such
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as soy protein concentrate (SPC) and rapeseed oils, in salmon feed formulations
(Aas et al., 2022).

Addressing Scope 3 emission challenges requires an understanding of the value
chain activities between Tier 1 and lower-tier suppliers across Scotland and Norway,
which serve as pivotal hubs for salmon aquaculture. This study situates itself within
this critical context, focusing on feed as the primary source of Scope 3 emissions
and examining how key actors navigate the constraints and complexities of local
and regional value chains.

3.3 Introduction to Case Organization

The case study organization is a UK subsidiary of a French food multinational cor-
poration here termed as Company X and primarily a Tier 1 salmon processor operat-
ing in Scotland selling processed salmon directly to UK retailers. The French HQ
group employs 4600 individuals and generates approximately €1.1 billion annually.
HQ sells products in sixty countries around the world. The UK subsidiary Company
X specializes in sourcing, supplying, and processing smoked salmon where it is now
currently one of the largest salmon processors in the United Kingdom (UK). Com-
pany X has a factory in Scotland where they process salmon, employing over 700
people and have been established for over thirty years, starting production in 1982.
The activities of Company X predominantly involve the preparation and processing
of seafood products, such as smoked salmon and shrimp.

4 Research Design

This study employs case study research methodology with a qualitative approach.
We use a qualitative approach to capture the detailed account of interviewees’ per-
sonal "experiences, behaviors, and beliefs" (Saunders et al., 2019). It is appropriate
for addressing the interlinkages of Company X (Tier 1 Salmon processor) and Tier
2 salmon producers in Scotland and Norway and to investigate comparative perspec-
tives on environmental upgrading.

4.1 Data Collection and Sampling

The primary data for this study is sixteen semi-structured interviews, including five
interviews with French HQ of Company X employees (Employee A, C, and E) and
Company X subsidiary (Employee A, Employee B, and Employee D), five inter-
views with Tier 2 salmon producers in Scotland (Supplier A, Supplier B, Supplier
D), four interviews with salmon producers in Norway (Supplier C and Supplier E),
and two interviews with a feed producer that produces feed for both countries (Sup-
plier F) (See Table 1 for list of participants). The interview with the feed producer is
to triangulate the insights from Tier 1 and Tier 2 suppliers.

The ‘purposive sampling’ technique is used for selecting the respondents. This is
an appropriate technique and allowed us to select specific individuals in Company X
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and their suppliers (salmon producers and feed producer) that were knowledgeable
and had insightful information on the topic (Saunders et al., 2019).

Interviews were approximately sixty minutes in length and were conducted
online. The interviews started with a pre-determined list of topics and key questions
related to these topics which will guide the interview. This approach allows under-
standing of the “reality” of the phenomenon under study. The interview goal was
to “find out what is happening and to understand the context” of GVC governance
challenges for Company X and their Tier 2 suppliers in facilitating environmen-
tal upgrading regarding reducing GHG emissions and Carbon Footprint (Saunders
et al., 2019). These were recorded with the consent of the interviewees and then
transcribed verbatim in a Microsoft Word document.

In addition to the primary interview data, the study drew on a range of second-
ary data sources to enhance the depth and reliability of the analysis. These included
internal documents and publicly available materials such as annual sustainability/
CSR reports organizational climate-change strategy statements and news related to
the company. Secondary data also included industry reports, academic literature on
salmon aquaculture in Scotland and Norway, and relevant government publications.
Internal documents obtained from the Company X Group Head of Aquaculture and
Quality, and the Group Seafood Purchasing Director. These materials—comprising
strategic board-level presentations and internal communications from 202 1—offered
insight into Company X’s climate objectives, operational structure, and value chain
priorities. The use of secondary data served a dual purpose: it triangulated and
contextualize the qualitative interview data and provided a richer understanding of
Company X bridging role and lower-tier suppliers strategies in relation to Scope 3
emissions. Particularly, the company CSR/sustainability reports, website and other
information about participant companies have been very instrumental in finding
data related to positive/negative environmental outcomes related to Scope 3 emis-
sions. Together, these sources allowed for a more robust mapping of environmental
upgrading efforts, appropriation and outcomes within the salmon supply chains in
Norway and Scotland.

4.2 Analytical Approach

To explore how multinational enterprise (MNE) subsidiary bridge global sustain-
ability mandates and local institutional environments in driving environmental
upgrading—particularly regarding Scope 3 emissions—we adopted an abductive
thematic coding approach on NVivo software grounded in the structured logic of
Gioia et al. (2013) and Gioia et al. (2019). This approach was appropriate given the
multi-actor nature of our research focus and the study’s aim to refine and extend
theoretical understanding rather than test predefined hypotheses.

An abductive approach allowed us to iteratively move between our empirical data
and existing conceptual frameworks, enabling both confirmation and theoretical
refinement. Our starting point was a conceptually informed coding template derived
from our framework that integrated Krishnan et al.’s (2022) environmental upgrad-
ing and Soliman et al.’s (2023) articulation of subsidiary bridging mechanisms.
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This initial structure served as a scaffolding for our aggregate dimensions and to
some extent informed the second-order themes. The coding process remained
open and grounded in participants’ language and lived experiences, particularly at
the first-order category (open coding) level. This allowed new patterns, practices,
and interpretations to emerge organically, especially in relation to country-specific
responses (e.g., contrasting institutional structures in Scotland and Norway) using
VoC approach.

The second-order concepts are analytically deduced by the dimensions of envi-
ronmental upgrading as set out in Krishnan et al. (2022), allowing for a coherent
level of analysis. Such a structure also provided a rich micro-level reality to exam-
ine the cross-national variation in Norwegian and Scottish supplier experiences. We
revised our thematic representation and coded data into first-order categories, which
were clustered into second-order themes that were theoretically resonant. To illus-
trate, within the horizontal value creation, such categories as innovation infrastruc-
ture, investment in environmental initiatives, and multi-actor collaboration quality
were involved.

Using the same approach, when it comes to environmental outcomes, we also
differentiated between the biophysical outcomes (e.g., actual emissions reduc-
tion because of feed innovation), and market/reputational outcomes (e.g., reporting
and certification branding). Table 2 is a complete coding scheme used in the work,
including the relationship of the aggregate dimensions, the second-order theme,
first-order category, and illustrative empirical material. The clarity of this structure
will enable the reader to follow our suggestion about the grounding of our knowl-
edge in data and at the same time the theoretic improvement.

To ensure rigor and consistency, all transcripts were double-coded by two
researchers using NVivo, with discrepancies discussed and resolved in iterative
coding sessions to ensure intercoder consistency and reliability. We also developed
comparative coding templates for Scottish and Norwegian supplier contexts and for
subsidiary mechanisms, which facilitated transparent cross-case analysis and theo-
retical synthesis.

These templates provided a systematic mapping from grounded empirical data to
higher-level theoretical categories, supporting both analytical depth and methodo-
logical transparency.

5 Findings

In the following sections, we apply our conceptual framework on subsidiary bridg-
ing perspective to highlight the comparison between Company X’ linkages with Tier
2 suppliers in Scotland (Supplier A, Supplier B and Supplier D) and Company X’
linkages with and Tier 2 and Tier 3 suppliers in Norway (Supplier C, Supplier E
and Supplier F) engage in environmental upgrading, to what extent they appropriate
value from environmental upgrading and their environmental outcomes. A compara-
tive analysis of Company X’s interactions with its Scottish and Norwegian Tier 2
suppliers highlights distinct approaches to environmental upgrading.
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5.1 Sources of Scope 3 Emissions in Company X Salmon Value Chain

Based on our interviews with participants from Company X subsidiary and its
French HQ, we mapped the Salmon Aquaculture Value Chain of Company X (See
Figure 3 for detailed salmon value chain of Company X), comprising several inter-
connected stages, with feed-related emissions as the dominant contributor across the
chain. The value chain includes feed suppliers of Atlantic salmon, farming opera-
tions in Scottish and Norwegian fish farms, primary processing, secondary value-
addition processing, distribution, and retail (Company X documents, 2021).

Table 3 summarizes the sources of Scope 3 emissions in the Salmon value chain.

Feed production remains the dominant source of environmental impact in fed
aquaculture to farm gate (Bohnes et al., 2018). Feed production accounts for 90%
of Scope 3 emissions (Newton & Little, 2018), making it the most significant envi-
ronmental challenge in the value chain. This is primarily driven by emissions from
energy-intensive processes required to produce feed ingredients such as emissions
of nitrous oxide from managed soils, along with the effects of deforestation and pro-
cessing energy to transform the raw crops to high-performance ingredients. Salmon
require few other inputs, such as heating, compared with terrestrial livestock, so
that feed is the dominant source of GHGs (Naylor et al., 2021; Tlusty et al., 2019).
One of the Tier 2 Salmon producers mentioned: "Deforestation and land-use for soy
sourcing in feed are persistent challenges" (Supplier E). Along the same line, one of
the Company X employees shared: "Our supply chain depends on feed that comes
with a high embedded carbon footprint from soy and marine ingredients" (Employee
E).

Feed production is inherently energy-intensive, as it involves the processing of
raw materials like fishmeal and soy protein concentrate. The energy requirements for
feed manufacturing facilities, including drying, milling, and mixing, are substantial
and depend heavily on nonrenewable energy sources. One of the Salmon producers
said, “Feed production facilities rely on substantial energy inputs, often non-renew-
able.” (Supplier D). Similarly, Supplier A mentioned, “The energy footprint of feed
production contributes to emissions across the chain.” (Supplier A).

One effort to increase the supply of fish meals fish oils (FMFO) has been to
recycled fish byproducts.. , Although the FMFO from byproducts is considered of
lower quality than from forage fish, the practice reduces fishery waste and provides
valuable nutrition to farmed fish. The process still generates moderate emissions,

Producer

‘Scottish and Norwegian fish farms

Fig.3 Salmon value chain (Authors’ own based on interviews with company X participants)
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originating from the initial capture and processing of marine resources, but consid-
erably less than most other marine ingredients and much lower than plant ingre-
dients (Netwon et al, 2023). As one of the Tier 2 producers mentioned "Recycling
marine byproducts, while helpful, carries embedded emissions from sourcing and
processing." (Supplier B).

Transportation is comparatively lower contributor to Scope 3 emissions in Com-
pany X-led GVCs, with feed logistics playing a significant role. Feed ingredients,
such as soy and fishmeal, are often transported over long distances from production
sites to feed manufacturers and subsequently to salmon farms but as they are usually
transported by ocean freight, these emissions are low, although the remoteness of
fish farms can add to those emissions (Aas et al., 2022; Gephart et al., 2020; Newton
& Little, 2018). One of the employees of Company X mentioned: “The logistics of
feed transport, especially to Scottish farms, adds emissions due to geographic isola-
tion and reliance on imported ingredients” (Employee D).

Feed packaging also contributes to the carbon footprint of the value chain, albeit
to a low extent. The packaging materials used for feed, often plastics, indirectly add
to emissions. These materials are necessary for protecting and transporting feed, but
their environmental impact is compounded by limited recyclability and reliance on
fossil-based resources. Company X employee shared: "Feed packaging is necessary
for preservation during transport, but we face issues with non-recyclable materials
contributing to emissions.” (Employee E)

5.2 Bridging Role of Subsidiary to Mitigate Scope 3 Emissions

Salmon value chain of Company X as a whole can be characterized as multi-polar
(Ponte & Sturgeon, 2014)! whereby multiple firm and non-firm actors govern the
value chain. Our analysis shows that Company X’s approach to tackle the Scope
3 emissions was dictated by a complex interplay of influences from Company X’s
headquarters (HQ), buyer-driven lead firms within the global value chain (GVC),
and the local institutional environment. Each of these actors and institutions exerts
varying degrees of control, enabling Company X to bridge these global and local
forces through a mix of internalization and alliance strategies. Figure 1 summarizes
the internal and external linkages of Company X and multiple influences over cli-
mate-change mitigation requirements.

In terms of Company X’s linkages with HQ, our interviews show moderate influ-
ence of Company X’s HQ in former’s environmental practices. Strategic functions
such as salmon procurement, environmental policy, and overall oversight are closely
coordinated with the wider Group and the other UK subsidiary. This integration is
reinforced by the Group’s centralized governance structure, where key personnel—
such as the HR Director, Supply Chain Director, and Head of Aquaculture—are
employed by the parent company and have oversight across both UK subsidiaries.
As Employee E (HQ) highlighted:

! Multi-polar chains are governed by multiple actors and the direction of power and strategic influence
from both firm and non-firm actors (Ponte & Sturgeon, 2014)
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“The new sustainability roadmap has been defined and climate stakes have
been put at the core of our sustainability strategy, which is led by the top man-
agement of the company.”

For instance, Science-Based Targets (SBTs)? facilitate companies to set emission
target in terms of tackling environmental issues across the value chain. Company
X HQ encourage all subsidiary’s commitment to SBTs® and their efforts to encour-
age suppliers to adopt similar standards. Their focus was on reducing deforestation
in feed production, promoting sustainable fishing practices, and encouraging more
local sourcing of ingredients. As a result, Company X required its Tier 2 suppliers
to ensure that feed manufacturers implement a sustainable feed sourcing initiative,
eliminating deforestation and land conversion from its supply chain, particularly in
the production of salmon feed since 2020. Furthermore, through collaboration with
WWF Brazil, the HQ influenced Company X to establish a comprehensive monitor-
ing, reporting, and validation system ensuring their soy-based feed does not con-
tribute to deforestation. As Employee D from Company X commented: We've also
agreed a monitoring, reporting and validation system that was set up with WWF
Brazil to make sure that no soya was associated with deforestation.”

UK supermarkets, as lead firms in the aquaculture value chain, exerted signifi-
cant influence throughout the chain. Complying with the national (UK) and local
(Scottish) policy environment, lead firms pass down their climate targets and envi-
ronmental standards to their Tier 1 supplier, Company X, who then enforces these
targets/standards toward the Tier 2 supplier producers. Essentially, the UK super-
markets’ motivation to minimize GHG emissions along the value chain is under-
pinned by pressure from third-party certification bodies such as GlobalGAP and
Aquaculture Stewardship Council (ASC) * standards that have become prevalent
norms among salmon value chain players for good farm practices. Most supermar-
ket chains demand producers to be accredited with at least one certification label
which create transparency and accountability, which can then be communicated to
customers. In return certification makes it easier for producers to demonstrate their
commitment to sustainability and access lucrative markets with a consistent level of
expected performance.

2 The Science-Based Targets initiative (SBTi) is a non-profit climate action organization that help
companies to set emission reduction targets in line with climate sciences™! and Paris Agreement goals.
It partners with the Carbon Disclosure Project (CDP), the United Nations Global Compact, World
Resources Institute (WRI) and the World Wide Fund for Nature (WWF)..

3 Company X set its own SBTs, depending on if the supplier has capability to do so. This initiative dem-
onstrates a shared commitment toward reducing greenhouse gas (GHG) emissions in alignment with the
Paris Agreement goals. The resolve to adhere to SBTs by 2026 underlines a rigorous approach toward
environmental conservation and upgrading.

* The Global GAP is a certified standard, recognized internationally which ensures ‘Good Agricultural
Practices’. Further, it outlines global standards that act as a safeguard for various elements such as health
and safety, animal welfare, food safety and environmental protection; with specific focus on agricultural
produce, livestock and aquaculture. The ASC is an internationally leading and recognized certification
programme for farmed seafood, such as Salmon, working closely with their partners in the industry.
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Retailers impose stringent sustainability standards, including requirements for
carbon footprint reductions and improved packaging practices. These targets are
built into Company X’s climate road map which is shared, codified and passed down
to Tier 2 suppliers including yearly supplier assessment and questionnaire, where
it’s an “assessment of their performance on different sustainability issues, includ-
ing climate. So, we assess what is the ability of our suppliers to help us to reach our
targets. So that’s part of the yearly assessments among other criteria” (Company X
Employee D). This annual assessment involves a qualitative and quantitative ques-
tionnaire that is self-reported by suppliers.’

Beyond the emissions from sourcing/production of feed, the analysis reveals that
Company X also took action to mitigate the emissions associated with transport-
ing raw materials for feed production. Recognizing road and air freight as signifi-
cantly detrimental to the environment due to their high pollution levels, the company
acknowledges sea travel and train transport as a considerably more eco-friendly
option, though it still contributes to the overall carbon footprint. This approach
applies not only to feed ingredients but also to the transportation of the final salmon
product.

Before we elaborate on the bridging mechanisms, it is pertinent to discuss differ-
ences in institutional environment between Norway and Scotland which help illumi-
nate the ways in which the strategies of Company X vary in both context.

5.2.1 Institutional Differences Between Norway and Scotland

Norway and Scotland exemplify two distinct institutional configurations within the
Varieties of Capitalism (VoC) typology (Hall & Soskice, 2001), and these differ-
ences shape how firms pursue environmental upgrading. Norway conforms closely
to the Coordinated Market Economy (CME) model, where governance is charac-
terized by high levels of stakeholder engagement, tri-partite cooperation among the
state, industry, and civil society, and long-term, trust-based relationships. Environ-
mental governance in Norway reflects a co-regulatory model—favoring negotiation,
mutual adjustment, and collaborative goal-setting—rather than a command-and-
control approach. In contrast, Scotland (and the broader UK) fits the Liberal Market
Economy (LME) model, where coordination occurs primarily through competitive
markets, and relationships tend to be more transactional and arm’s-length. Environ-
mental regulation in this context is more fragmented, with less integrated coordi-
nation between state and industry actors (Jackson & Deeg, 2008; Witt & Jackson,
2016).

These macro-level institutional differences manifest clearly in the governance
of environmental upgrading. In Norway, environmental objectives are embedded
within a broader system of industry-state collaboration, which has produced a range
of innovative policy tools. For instance, the Green Permit and Development Per-
mit programs are designed to incentivize firms to improve environmental perfor-
mance through technological innovation (Hersoug et al., 2019). Under the develop-
ment concession scheme, firms receive additional production licenses in exchange
for demonstrating environmental improvements over baseline technologies. Such
programs not only reward innovation but also reinforce producers’ commitment to
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public regulatory goals. Norwegian farmers continue to participate in these schemes
and remain loyal to the regulatory regime, reflecting a high degree of institutional
trust and alignment (Aarset et al., 2020). Importantly, the Norwegian regulatory sys-
tem is adaptive: it has evolved in response to the sector’s dynamic and contested
nature, and continues to adjust to emerging environmental risks and new knowledge
(Osmundsen et al., 2017). This creates a governance context in which co-creation
and learning are incentivized and where local knowledge is systematically leveraged
to meet collective sustainability targets.

At the firm level, these institutional characteristics underpin a highly coordi-
nated value chain. Norwegian salmon producers operate with structures that sup-
port collaborative sustainability practices. One Norwegian supplier explained their
relationship with Company X as follows: “We do share a lot of knowledge between
ourselves and we have a long-term relationship.” This partnership model involves
regular meetings, joint audits, and collective alignment on carbon footprint and
GHG emissions metrics. Such coordination is made possible by the supportive insti-
tutional infrastructure of the CME context, which fosters trust and long-term align-
ment between buyers and suppliers.

By contrast, Scottish suppliers and processors function in a more fragmented
institutional environment that offers fewer structural supports for coordination. Rela-
tionships are frequently transactional and compliance-driven. As one Scottish pro-
cessor described: “We have several requirements, codes of conduct and standards ...
that we need to adhere to in order to supply them with our products.” These relation-
ships involve clear specifications from buyers but limited engagement beyond con-
tractual terms. While collaboration does occur, it is typically initiated and directed
by the lead firm and lacks the systemic support for reciprocity and long-term joint
problem-solving that characterizes the Norwegian model.

This divergence extends to how Scope 3 emissions—those generated across the
value chain—are managed. In Norway, feed producers and salmon farmers proac-
tively engage in Life Cycle Assessments and align sourcing decisions with sustain-
ability standards such as the ASC Feed Standard, often despite high administrative
and operational burdens. In Scotland, by contrast, the responsibility for Scope 3 mit-
igation is frequently pushed upstream to suppliers, and upgrading tends to be framed
in terms of cost-efficiency or compliance with retailer mandates, rather than as a
shared institutional goal.

5.2.2 Strategic Implications: Bridging via Alliance versus Internalization

These contrasting institutional environments help explain the different upgrading
strategies adopted by the multinational firm studied. In Norway, where institutions
support collaboration, Company X pursued a “bridging as alliance” strategy (Soli-
man et al., 2023), partnering with suppliers and other stakeholders to co-create envi-
ronmental solutions. The strategy benefits from the CME context’s facilitation of
joint problem-solving and long-term coordination.

In Scotland, the same Company X adopted a "bridging through internalization"
strategy, whereby it translated external sustainability demands—particularly from
UK retailers—into its own internal compliance standards, which were then imposed
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upstream on suppliers. This approach reflects the characteristics of a Liberal Market
Economy (LME), where weaker institutional support for coordinated action leads
the subsidiary to function more as a compliance enforcer than a collaborative part-
ner in driving environmental upgrading. These divergent strategies are not simply
the result of managerial discretion but are shaped by the institutional environments
in which subsidiaries and suppliers are embedded.

The following section provide detailed explanation of Company X’s strategies
and the dynamics of environmental upgrading using the theoretical framework dis-
cussed earlier. Table 4 provides an overview of the findings from each firm’s per-
spective participated in this research.

5.3 Bridging Through Internalization

Bridging through internalization refers to the strategy of Company X and its Scot-
tish salmon producers to integrate external pressures (local, global, institutional),
such as sustainability regulatory mandates and lead firm requirements, into internal
practices and operations to ensure compliance for environmental upgrading across
the value chain. Table 5 provides the integration of bridging and environmental
upgrading perspectives to unpack the bridging as internalization from Company X
engagement with Scottish suppliers.

5.3.1 Environmental Upgrading - Value Creation

Value creation process is mainly driven by top-down (vertical) process, where Com-
pany X’s subsidiary acts as a compliance transmitter, enforcing retailer and HQ-
defined Scope 3 KPIs. Underpinning this process is the horizontal influence of cer-
tification bodies—particularly ASC and GlobalGAP—whose stringent frameworks
are a key reason UK supermarkets embed these requirements. As a result, Company
X is increasingly demanding (primarily driven by external pressures) Scottish Tier
2 suppliers to locally sourced crops for feed production instead of importing feed
from geographically distant markets. According to interviews with both Company X
and Scottish Tier 2 suppliers, several local feed manufacturers have taken proactive
steps to offering specialized diets for salmon. These diets are carefully formulated
using locally sourced plant proteins, which stakeholders perceive as reducing the
carbon footprint of feed production. However, while shifting to local sourcing of
feed reduces transport emissions linked to feed, it does not necessarily reduce the
overall Carbon Footprint (Newton & Little, 2018) as echoed by some respondents.
The replacement of marine ingredients with plant materials... you're having to grow
stuff and ship it halfway around the world. Is that better or worse than marine ingre-
dients that are around the local area? So, there has to be a balance.” (Supplier D)

Furthermore, Scottish Tier 2 suppliers optimized logistics by minimizing empty
trips and exploring alternative transport modes has been adopted to reduce emis-
sions from feed transportation: Key thing is never to have our truck running empty
at any time. If there’s no fish boxes coming in, it will take feed in, and so on and so
forth, so you never have an empty truck running (Supplier B)
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Horizontal value creation in terms of support from public institutions, is limited
to compliance rather than coordinated support. The UK government has introduced
several policies aimed at promoting sustainability across various sectors, includ-
ing salmon aquaculture. UK Net-Zero Target 2050 is a legally binding target that
requires all sectors, including food production, to significantly reduce their green-
house gas emissions. A key component is the commitment to achieving net-zero
greenhouse gas emissions by 2050 (GOV.UK, 2021). Scotland has set even more
ambitious climate targets than the UK, aiming for net-zero emissions by 2045. This
places significant pressure on Scottish salmon companies to reduce their environ-
mental impact (The Scottish Government, 2019). Interviewees mentioned the
requirement for all companies and sectors, including companies sourcing salmon,
such as Company X, to produce plans outlining their pathway to achieve Net-Zero
emissions by 2045 in Scotland and by 2050 in the UK. Interviews with salmon pro-
ducers indicate that although regulatory push is present, these regulations are strin-
gent and often fragmented, creating uncertainty and inconsistencies that increase the
costs and difficulties of implementing sustainable practices. There’s quite a bit of
confusion from a regulation point of view as to what should be included, and how do
you measure Scope 3. (Supplier A, Scottish Tier 2 Salmon Producer)

Interviews from Scottish Tier 2 suppliers also revealed that Scotland’s policy
environment may influence compliance, but it is less supportive of sustainable envi-
ronmental upgrading, creating greater challenges for all local value chain actors. We
get a lot of direction on what we should be doing, but there’s very little support
from the government on how to actually do it (Supplier B, Scottish Tier 2 Salmon
Producer)

You’ve got government telling you to reduce emissions, but they’re not funding or
facilitating the technology or infrastructure to do that (Supplier D, Scottish Tier 2
Salmon Producer)

While, lead firms and Company X drive the environmental upgrading from a
compliance perspective, the Scottish salmon producers (Supplier A, Supplier B, and
Supplier D) shared the view that the implementation of environmental upgrading
process was mainly driven by the internal efforts of Tier 2 suppliers and the role of
Company X was more as an enforcer. According to the Scottish Tier 2 suppliers,
they are actively seeking to create value through their environmental efforts, invest-
ing in new technologies, optimizing their processes, and exploring innovative solu-
tions. Scottish Tier 2 suppliers — Supplier A and Supplier D - focus on implementing
returnable and recyclable packaging materials, aiming to reduce single-use plastics
and overall waste. Furthermore, Supplier D demonstrates a strong internal commit-
ment to resource efficiency and a circular economy. However, initiatives linked to
packaging and waste management has limited utility in minimizing Scope 3 emis-
sions from feed.

5.3.2 Environmental Upgrading - Value Appropriation and Environmental
Outcomes

The appropriation of value in this context is influenced by the existence of transpar-
ent direct appropriation by the lead firms, wherein HQ and retailers gain monetary,
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reputational, and strategic advantage at the expense of suppliers when it comes to
environmental reporting documentation (e.g., Scope 3 disclosures), as they pass the
costs to the downstream entities. Certification bodies are value-neutral intermediar-
ies, whose role is to turn expectations of emissions into the strict language of audit
demand, without any capacity-building or participation in common investment. The
funding providers are the suppliers, who accept the financial cost of the sustainabil-
ity activities via price premiums and long-term returns, substituting the cost of cer-
tified inputs and logistical improvement, representing direct expropriation through
indirect environmental costs (See Tables 4 and 5).

Our interview analysis shows that Scottish suppliers bear the cost of environmen-
tal compliance, potentially impacting their profitability without commensurate ben-
efit: "I mean, everything involves investment, doesn’t it? So, you've got to be profit-
able to be able to invest” (Supplier A). Supplier B explicitly advocates for a more
collaborative approach in setting environmental targets, suggesting that the current
system places an undue burden on them. The current implicit cost-shifting, whereby
Company X sets standards without providing sufficient financial or collaborative
support, is explicitly identified as a problem. This directly highlights the negative
distributional consequences, where the costs are unfairly concentrated on the sup-
plier: “having a more collaborative framework work where you set those targets and
together, rather than just coming to us at the delivery stage would help ensure that
there’s like larger success overall” (Supplier B).

The achievement of ambitious environmental targets depends on technological
advancements. The absence of readily available or affordable technologies to meet
those targets creates an additional hidden cost for Supplier D, illustrating how exter-
nal factors can contribute to uneven financial burdens in the pursuit of sustainability:
"if we’re really going to crack the dates that have been set 2030, 2035, 2040, 2045,
2050. Technology needs to catch up and very, very quickly, yeah." (Supplier D).
The availability of renewable energy and established certification programs directly
decreases the cost of adopting sustainable practices. The less supportive regulatory
environment and limited access to renewable energy and financial support in Scot-
land create substantial hidden costs. A primary challenge is the lack of infrastructure
for hydrogen and electric vessels, which limits the industry’s ability to adopt these
technologies. Suppliers highlighted the absence of charging stations and hydrogen
fueling systems, especially in remote and rural areas: “We’re looking to move to
hydrogen, but the infrastructure isn’t available in Scotland” (Supplier B)

As indicated in Table 4 and 5, environmental outcomes of suppliers in Scotland
are not very substantial, and they are more fragmented and mostly resultant to com-
pliance. On the one hand, some concrete initiatives, like 15% and 51% decreases
emissions made by Suppliers A and B, respectively, in emissions produced by pack-
aging activities, serve as evidence of some progress. On the other hand, however,
these gains remain marginal and fail to solve the core problem of emissions that is
attributed to feed production. There is an increased cost of switching to certified
inputs, recyclable packages and tracking emissions that is not matched by support
given by Company X and the environment provided by the institutions. Certification
frameworks, though prevalent, function more as branding mechanisms than drivers
of systemic environmental change. The subsidiary, acting primarily as a compliance
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enforcer, transmits sustainability expectations without the capability to foster inno-
vation or absorb costs. As a result, environmental upgrading remains incremental
and uneven, reflecting a broader institutional context that emphasizes individual
compliance over coordinated transformation.

5.4 Bridging Through Alliance

Bridging through alliances refers to a strategy of Norwegian Tier 2 suppliers to ally
with Tier 3 feed manufacturers, the Norwegian government, and to some extent with
Company X to collaborate on innovations, such as sustainable feed sourcing and
hybrid transportation technologies. Table 6 provides the integration of bridging and
environmental upgrading perspectives to unpack bridging as an alliance from Com-
pany X engagement with Norwegian suppliers.

5.4.1 Environmental Upgrading - Value Creation

In Norway, environmental upgrading through bridging as alliance is enabled primar-
ily through horizontal value creation. For Norwegian Tier 2 suppliers, regulations
have played a significant role in the development process of the industry, as con-
straints themselves provide incentives to innovate and produce more environmen-
tally friendly (Afewerki et al., 2023). Most industry stakeholders in Norway have
the capacity and interest to innovate, in particular government authorities, integrated
companies, grow-out farms, R&D (Malcorps, 2023). Norwegian aquaculture is
unique in this way because it succeeded in establishing collaboration among former
competitors (e.g., farmers and suppliers), the R&D community, technology suppli-
ers, and the government (Afewerki et al., 2023). It is estimated that more than half
of the research is conducted and funded by companies, while funding from pub-
lic sources made up a third of the budget (Afewerki et al., 2023). Norway demon-
strates a supportive and robust policy environment for environmental upgrading in
the aquaculture sector. "The Norwegian farmed salmon industry would be the one
who’s pushing and using deforestation-free soy..." (Supplier E). The Norwegian
government actively supports research and development efforts aimed at improv-
ing the sustainability of its aquaculture industry. This support facilitates technologi-
cal innovation and makes it easier for producers to adopt environmentally friendly
practices. "The government has a strong focus on environmental protection, and that
their industry self-regulatory mechanisms are quite well-developed" (Supplier E).
As a result of innovation support from the Norway government primarily, Norwe-
gian producers demonstrate a more proactive and collaborative linkages with Tier 3
feed manufacturers to improving the sustainability of their feed, including a greater
emphasis on sourcing deforestation-free soy, reducing reliance on fishmeal, and
exploring alternative feed ingredients such as insect meals. Both Norwegian sup-
pliers—Supplier C and Supplier E—actively set their own ambitious sustainability
targets, exceeding the expectations set by Company X. They demonstrate a strong
sense of agency, taking ownership of their environmental impact and developing a
long-term strategy for reducing greenhouse gas emissions. Supplier C illustrates this
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proactive approach, "In a combination of this, we have set together a strategy of
our own company targets that we have set for the next coming years and decades."
Supplier E also emphasizes their commitment to exceeding expectations, stating,
"and "We are also looking at the new technologies also, I mentioned some battery
technologies.” This internal drive to improve and go beyond external requirements
underscores their commitment to sustainable practices. Supplier E is a multinational
subsidiary as well and it collaborates with its parent company and other industry
stakeholders to develop sustainable solutions, as evidenced by statements like, "Our
parent company as well is giving some guidelines in terms of what they want us to
do and then of course we have in the license to operate there,” "We are also follow-
ing some 1SO standards," and "We as an industry, we have been pushing a lot on
deforestation-free soy".

In terms of inter-firm linkages, Company X has a more collaborative relationship
with Norwegian suppliers, emphasizing frequent meetings, knowledge-sharing, and
joint target-setting. Relationship between Norwegian suppliers and Company X is
characterized by long-term, trust-based collaboration. This link allows suppliers to
influence decision-making processes and share valuable knowledge. For instance,
one supplier stated, "We share data on GHG emissions openly with Company X, and
they consult us when developing their sustainability strategy"”. There are quarterly
and bimonthly meetings between Company X and Norwegian Tier 2 suppliers which
are dedicated to the climate road map and associated environmental requirements.
A company X employee states that “we have put in place regular meetings with our
key suppliers. These meetings are dedicated to climate stakes. We have structured
our climate road map with clear expectations with the KPI's and timeline to be able
to track the progress”. Furthermore, tri-partite meetings between the UK retailer,
Company X, and Norwegian Tier 2 suppliers play a critical role in driving change
within the supply chain. These tri-partite meetings which are called “farming group
meetings” and are held quarterly. UK retailers’ expectations for greenhouse gas
emission reductions necessitate action plans and objectives from Company X and its
salmon suppliers, aiming for a harmonized approach to environmental sustainability.
This emphasizes a strong focus on collaboration, information sharing, and transpar-
ency, reflecting a commitment to organizational improvements. Their adoption of
various sustainability standards and certifications further supports this. "We have
had a very good dialogue with them. So before they set their spec, we are in a dia-
logue so they know" (Supplier C). This illustrates a willingness to collaborate with
Company X and incorporate feedback into their sustainability efforts. Furthermore,
the inter-firm linkages between Norwegian Tier 2 suppliers and Tier 3 feed man-
ufacturers is also characterized by collaboration: "We have frequent meetings and
interactions, and we do share a lot of knowledge between ourselves” (Supplier E).

From a bottom-up perspective, Norwegian Tier 2 suppliers invest substantially
in energy-efficient vessels, including the adoption of hybrid and electric boats, to
reduce emissions from transportation. “We've also invested quite heavily in hybrid
boats or electric boats" (Supplier E). Supplier E also collaborates with feed manu-
facturers to ensure that all energy consumption within the operations of their feed
manufacturers is sourced from 100% green supply, eliminating the use of non-
renewable or 'brown’ energy sources entirely. Supplier C has focused on reducing
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diesel usage by supporting feed manufacturers’ transition to hybrid generators. They
have taken significant measures to streamline boat operations and enhance energy
efficiency. By investing in hybridization of diesel generators and exploring alter-
native fuel solutions, the supplier is actively working toward reducing energy con-
sumption and carbon emissions associated with marine activities. Norway’s readily
available green energy also helps facilitate this approach. Norway’s abundant hydro-
power resources make the transition to renewable energy relatively straightforward
for aquaculture producers. “In Norway, we’re not coupled to the electrical grids to
the continent. So, we know that it’s green" (Supplier C). This readily available green
energy significantly reduces the environmental impact of operations and lowers the
cost of adopting sustainable practices.

5.4.2 Environmental Upgrading - Value Appropriation and Environmental
Outcomes

Appropriation dynamics in Norway reflect more equitable and reciprocal mecha-
nisms. While Norwegian suppliers make high initial investments in feed reformula-
tion, hybrid transport, and certification, they benefit from partial direct appropria-
tion, capturing long-term savings and market access advantages. Unlike the Scottish
case, indirect appropriation via environmental burdens is mitigated through public
innovation grants, reduced certification duplication, and coordinated compliance
structures. As a result, Norwegian producers retain more control over their sustain-
ability narratives and gain reputational and strategic advantages within the value
chain. The strong role of horizontal institutions reduces power asymmetries and ena-
bles relational upgrading, where both firms and public actors benefit from cumula-
tive environmental gains.

The ability to negotiate sustainability goals with Company X and other buyers
ensures that Norwegian suppliers are not disproportionately burdened by compli-
ance costs. “We are in a dialogue with Company X before they set their specifica-
tions so that they know their demands are not totally off the charts... This ensures
that we can meet their requirements while keeping the supply stable".

The regulatory environment also ensures a high degree of transparency, as
explained by a supplier: “The Norwegian aquaculture industry is quite transparent
because we self-report to the government... environmental interests are reported at
the macro level". Furthermore, state-backed renewable energy infrastructure in Nor-
way reduces operational costs, enabling suppliers to meet environmental goals more
efficiently: "Norway is hydro-powered, so it’s green energy, and we’re not connected
to the continental grid". This infrastructure reduces dependency on fossil fuels, low-
ering costs and strengthens the suppliers’ credibility, both domestically and interna-
tionally, enhancing their bargaining power in global markets.

As a result, the Norwegian industry has enabled more substantive and systemic
environmental outcomes. Norwegian suppliers have achieved measurable Scope 3
reductions—Supplier C reduced emissions by 12% (2020-2023), and Supplier E
achieved a 37% decline in carbon intensity (2019-2023)—primarily through innova-
tions in sustainable feed sourcing, logistics optimization, and adherence to deforest-
ation-free standards. These improvements are underpinned by strong public—private
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collaboration, national innovation grants, and integrated certification frameworks
that align with government environmental goals. While the Scottish industry is
linked through many of the same supply chains and stakeholders, and has made sub-
stantial improvements, the reporting is less evident and measurable than the Norwe-
gian industry’s commitment to improvements.

6 Discussion and Conclusion

This study set out to explore how MNE subsidiaries as Tier 1 suppliers bridge the
global sustainability mandates with local institutional realities to facilitate environ-
mental upgrading, particularly in relation to Scope 3 emissions. Developing a con-
ceptual framework based on Soliman et al. (2023) and Krishna et al. (2022) com-
plemented by a VoC framework (Hall & Soskice, 2001), we conducted a case study
analysis of Company X and their Tier 2 and Tier 3 suppliers in Scotland and Nor-
way. Figure 4 presents a visual model of our comparative examination.

As discussed in the findings section (See Tables 4, 5 and 6 and Figure 4), Nor-
wegian suppliers operate within a Coordinated Market Economy (CME), charac-
terized by collaborative governance and policy traditions, and systemic support for
innovation. Here, Company X adopts a “bridging for alliance” strategy, enabled by
strong, trust-based relationships with suppliers and a supportive regulatory environ-
ment. These structures facilitate regular knowledge exchange, joint target-setting,
and co-development of sustainability initiatives—such as deforestation-free soy
sourcing and hybrid transport technologies. Conversely, the Scottish case highlights
the case of a Liberal Market Economy (LME), characterized by less collaborative
arrangements and fragmented environmental regulation. In this context, Company
X adopts a “bridging through internalization” strategy, assuming an enforcer role

Value creation process > Value appropriation
- High appropriation by lead firms
| and Company X
- High-cost burden for

environmental initiatives for Tier
2 suppliers

- High-cost burden due to lack of
technology, renewable energy

| Bridging through internalisation

UK retailers - Company X (Tier 1 supplier)
environmental practices { \
- Top-down driven by lead firm

- Strategic oversight from Company X HQ

infrastructure and policy
environment

Environmental outcomes

- Fragmented adoption of

packaging and

Scottish (Tier 2) suppliers — feed
manufacturers (Tier 3)

Company X - Scottish Tier 2 suppliers’

I environmental practices environmental practices
- Strong sustainability requirements - Limited control over feed

National (UK) and local (Scottish) - Low collaboration >  production

regulations - Strong internal capabilities of Tier 2 - Main focus on internal

- Coercive

- Low government support for

environmental upgrading

- Strong requirement to comply with

regulations

reduced feed waste

- Scope 3 tracking, energy
transition, and transport
decarbonisation remain limited

suppliers to comply and manage environmental practices on
sustainability requirements renewable energy and waste
management

Value appropriation
- High appropriation from
innovation supported through

Norwegian (Tier 2) suppliers — feed policy

National (Norway) regulations
- Coercive
- Low government support for

environmental upgrading
- Strong requirement to comply with
regulations

Fig.4 Bridging mechanisms in GVCs for environmental upgrading (Authors’ own)

Company X - Norway Tier 2 suppliers’
environmental practices
Strong sustainability requirements
Strong collaboration
Strong internal capabilities of Tier 2
suppliers to comply and manage
sustainability requirements

manufacturers (Tier 3) environmental
practices

- Strong control over feed production
- Strong collaboration with feed

manufacturers

- Main focus on internal environmental

practices on renewable energy and
waste management

{

| Bridging through alliance

- Strong negotiating power due to
relational governance

- Strong bargaining power in
acquiring new buyers

Environmental outcomes

- Demonstrable Scope 3
reductions through algac-based
feed, feed conversion
improvements, and low-carbon
transport pilots

- Integration of traceability
systems supports real-time
environmental performance
tracking

@ Springer



U.S. Choksy et al.

by translating external sustainability demands—primarily from UK retailers—into
internal compliance standards and cascading these requirements upstream to sup-
pliers. This compliance-oriented approach emerges in the absence of strong institu-
tional support or coordinated collaborative frameworks within the domestic supply
base. As a result, Scottish suppliers are often left to absorb the costs of environmen-
tal upgrading independently, facing higher compliance burdens, constrained access
to renewable energy, and infrastructural limitations. This dynamic reflects the trans-
actional nature of governance in LMEs and underscores the uneven distribution of
costs in sustainability transitions.

In Norway’s CME context, the success of Company X’s alliance-based strat-
egy stems from institutional complementarities: strong state-industry coordination,
adaptive regulatory tools (e.g., the development license scheme), and a cultural ori-
entation toward long-term collaboration. These conditions foster inter-firm trust and
enable systemic sustainability transitions across the value chain. In contrast, Scot-
land’s LME environment—marked by arm’s-length relationships, weaker public-pri-
vate coordination, and a reliance on market mechanisms—constrains collaborative
upgrading, leading Company X to internalize key sustainability functions. Below
we discuss three theoretical contributions followed by implications for practice and
future research.

6.1 Theoretical Contributions

First, our study extends the environmental upgrading framework proposed by
Krishnan et al. (2022) by unpacking the mechanisms through which environmental
value is created, appropriated, and translated into outcomes in global value chains
(GVCs). While Krishnan et al. (2022) identify value creation, appropriation, and
outcomes as distinct but related dimensions, they do not fully explain how these are
linked. Our study advances the GVC environmental upgrading literature by shift-
ing analytical focus from lead firms to the intermediary and coordinating role of
MNE subsidiaries. While prior work has emphasized the dominance of lead firms
in GVC governance (Gereffi & Lee, 2016; Ponte & Sturgeon, 2014), our study illus-
trates that subsidiaries are not merely passive implementers of sustainability man-
dates but active mediators. Building on Soliman et al. (2023), we propose an inte-
grative framework that positions the subsidiary as a mediating actor—what we term
a bridging mechanism. We show that subsidiaries play a dual role: (1) translating
global sustainability expectations into locally viable strategies; and (2) reconfiguring
supplier relationships to align with institutional and market pressures.

Second, the bridging role of subsidiary is not neutral—it is shaped by the institu-
tional configuration of the host country, echoing the Varieties of Capitalism (VoC)
perspective (Hall & Soskice, 2001; Soliman et al., 2023). For example, Norwegian
subsidiaries embedded in coordinated institutional contexts leverage innovation
networks and public-private collaboration to co-create biophysical improvements.
In contrast, Scottish subsidiaries in liberal market contexts are more constrained,
focusing on compliance. The VoC framework thus offers a powerful explanation for
cross-national differences in environmental upgrading, revealing how institutional
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arrangements enable or constrain firms’ ability to coordinate sustainability initia-
tives within GVCs. By embedding the VoC perspective, this study highlights the
importance of institutional fit in subsidiary’s bridging mechanism and supplier’s
environmental upgrading. Our findings respond to calls by Choksy et al. (2017) and
Jackson and Deeg (2008, 2019) for deeper engagement with institutional diversity in
GVCs. This approach understands institutions not merely as variables, but as histori-
cally embedded configurations that shape the identities, interests, and capacities of
economic actors. This perspective extends the institutional embeddedness literature
in IB by showing that subsidiaries act as institutional interpreters and intermediar-
ies within global value chains. Rather than simply adapting to external rules, they
leverage or compensate for institutional complementarities to align global sustain-
ability mandates with local capabilities and constraints. This advances recent efforts
to bridge the comparative capitalism and IB literatures by focusing on the dynamic
interaction between MNE agency and national institutional systems.

Finally, our study demonstrates that trade-offs, decoupling, or alignment across
environmental upgrading dimensions are conditioned by subsidiary bridging mecha-
nisms and institutional contexts. Specifically, we find that in liberal market econo-
mies like Scotland, where bridging takes the form of internalization, subsidiaries
often translate global mandates into compliance-driven routines. This results in
value being created and symbolically appropriated, but with limited material envi-
ronmental outcomes. Conversely, in coordinated market economies like Norway,
bridging occurs through alliance-based collaboration, supported by public—private
innovation systems. Here, environmental value creation is shared, appropriation
is mutual, and outcomes are biophysically realized, leading to a more integrated
upgrading process. Along the same line, Krishnan et al. (2022) distinguish between
biophysical (e.g., emissions reduction) and reputational (e.g., certification, brand-
ing) outcomes. Our findings reveal that these outcomes are frequently decoupled due
to institutional context and divergent bridging mechanisms. In Scotland, environ-
mental upgrading is driven by reputational compliance (e.g., certification schemes,
public CSR commitments), but with limited biophysical gains. Subsidiaries focus
on “ticking the box,” resulting in mechanisms through which environmental codes
circulate without transforming underlying practices. In contrast, the Norwegian case
reflects greater coherence between reputational and biophysical outcomes, due to
stronger regulatory mandates, industry collaboration, and long-term environmental
commitments.

6.2 Managerial Implications

For managers, the findings offer actionable insights into fostering sustainability
transitions within GVCs. First, multinational enterprises (MNEs) must adopt flex-
ible governance models that align with the institutional and resource contexts of
their suppliers. For example, bridging as alliance should be prioritized in regions
like Norway, where collaboration drives innovation, while modular governance
might be more feasible in less regulated contexts like Scotland. Second, managers
should invest in capacity-building initiatives for Tier 2 suppliers, including training,
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knowledge-sharing platforms, and access to affordable sustainable technologies.
Third, as feed-related emissions dominate the environmental footprint of aquacul-
ture, managers should prioritize partnerships with feed manufacturers to co-develop
low-carbon alternatives and innovative sourcing strategies. Fourth, sustainability
reporting frameworks should integrate comprehensive Scope 3 emission metrics
to enhance transparency and align with global net-zero goals, helping firms dem-
onstrate leadership in environmental upgrading. Finally, managers need to be con-
scious of the trade-offs between environmental upgrading and the financial costs
GVC actors have to bear for environmental initiatives. Economic incentives are the
main incentive for Salmon producers to shift toward crop-based ingredients (Pelle-
tier et al., 2018), while also meeting demand for a growing industry in the face of a
finite supply of marine ingredients (Froehlich et al., 2018). Nevertheless, substitut-
ing marine ingredients (to reduce costs) with plant ingredients, such as wheat, corn
gluten, rapeseed oil, leads to higher greenhouse gas emissions because of energy-
intensive processes, and especially when land-use change is considered (Newton
et al., 2023).

6.3 Policy Implications

Policymakers play a crucial role in enabling environmental upgrading through
coherent institutional frameworks and targeted interventions. First, governments
must prioritize investments in renewable energy infrastructure and subsidized access
to sustainable technologies, particularly for suppliers operating in regions like Scot-
land with fragmented support systems. Second, harmonized regulatory frameworks
across local, national, and regional levels are essential to reduce compliance bur-
dens and create uniform standards for sustainability practices. Third, governments
should foster public—private partnerships to drive innovation in low-carbon feed pro-
duction and logistics, as feed-related emissions represent the largest share of envi-
ronmental impact in aquaculture. Policymakers must also take a direct and active
role in addressing Scope 3 emissions from feed sourcing and manufacturing, which
represent the largest contributor to environmental impacts in aquaculture. Govern-
ments should incentivize innovation in sustainable feed production through grants
for research and development, fostering partnerships between feed manufactur-
ers, MNEs, and academic institutions. Regulations should promote the reduction
of waste through circular economy principles (Reguiero et al., 2022), adoption of
deforestation-free soy, and alternative, low-carbon protein sources, and other low-
carbon feed technologies, supported by clear, enforceable standards that align
with global sustainability goals. Nevertheless, while novel feed ingredients such
as insects and microalgae show potential for inclusion in aquaculture diets, chal-
lenges persist regarding their consistent nutritional value, availability, cost (Hua
et al., 2019; Pelletier et al., 2018), and environmental impact (Maiolo et al., 2020).
Additionally, policymakers should consider establishing regional feed certification
schemes to ensure transparency and accountability in supply chains, creating market
incentives for compliance with environmental standards.
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6.4 Limitations and Future Research Directions

This study opens several avenues for future research in Global Value Chains (GVCs)
and International Business (IB). First, current research, although it attempts to inte-
grate Krishnan et al.’s (2022) environmental upgrading, our qualitative data was
limited to effectively capture the tangible measures for value appropriation and envi-
ronmental outcomes. While we were able to extrapolate valuable information from
company reports and websites related to value appropriation and environmental out-
comes, reporting measures were limited to understand the full extent of progress on
Scope 3 emissions. Future studies will benefit from properly integrating Krishnan
et al.’s (2022) framework through mixed method and multi-level research that incor-
porates both qualitative case studies and quantitative data analysis (e.g., lifecycle
analysis). Second, our research was limited to a single case study of Company X and
its two value chains. Future studies can improve the contextualization of the study
by comparing and contrasting multiple case studies perhaps across different spatial
nature of value chains. Further exploration is needed into how subsidiaries mediate
sustainability mandates in other industries and geographies, particularly those with
fragmented institutional frameworks like in Scotland. Comparative studies across
sectors with varying levels of complexity (e.g., agriculture versus technology) could
provide insights into the scalability of bridging mechanisms. Third, future research
could investigate the long-term impacts of bridging on environmental upgrading
outcomes, particularly under shifting regulatory and market pressures. Fourth, the
role of Tier 2 and lower-tier suppliers in sustainability transitions warrants deeper
investigation, as this study demonstrates the agency of Tier 1 and Tier 2 suppliers
but does not capture the agencies of Tier 3 suppliers who have direct control over
Scope 3 emissions linked to feed.
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