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Abstract: Environmental sustainability and climate impact mitigation are increasingly central to industrial
strategy, especially in sectors with complex value chains. However, existing approaches to environmental
performance are often limited to static reporting, lacking integration with operational and management systems.
This research addresses this gap by proposing and validating a structured framework that enables the mapping,
quantification, and strategic management of greenhouse gas emissions, particularly Scope 3, along the entire
industrial value chain. The framework, developed and piloted in the motorcycle industry, is grounded in
international standards (GHG Protocol, ISO 14064) and Life Cycle Thinking principles. It consists of six
operational phases and integrates emissions data into Environmental Management Control Systems (EMCS),
supported by digital infrastructures. The main contributions of this study include: (i) a replicable and scalable
operational tool for environmental performance governance; (i) integration of Scope 3 emissions into
actionable decision-making; and (iii) validation through an industrial case study that demonstrates both critical

emission hotspots and quick-win areas for intervention.
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LIntroduction

Environmental sustainability has become a critical pillar of
industrial strategy, driven by global decarbonisation targets,
stricter regulatory frameworks, and increasing pressure
from stakeholders and financial markets (Barbosa e al,
2021). The industry sector alone is responsible for
approximately 38% of global CO, emissions, according to
the International Energy Agency (IEA - International Energy
Agency, 2024). Within this context, the assessment and
reduction of greenhouse gas emissions along the industrial
value chain has become a central priority for companies and
policymakers alike. Emissions accounting standards such as
the Greenhouse Gas (GHG) Protocol (GHG Protocol, 2016)
and the ISO 14064 norm (ISO 74064, 2019) classify
emissions into three scopes: Scope 1 (direct emissions),
Scope 2 (indirect emissions from purchased energy), and
Scope 3 (all other indirect emissions occurring across the
value chain). The significance of Scope3 emissions,
covering indirect emissions across the value chain, is
increasingly recognised in the literature. Hertwich & Wood
(Hertwich and Wood, 2018) reported a constant growth in
the importance of Scope 3 in corporate environmental
reports. Recent findings by CDP (CDP Scope 3 Relevance,
2024) state that upstream emissions are on average 26 times
higher than the operational emissions (Scope 1 and 2) of
the companies analysed. Despite their significance, Scope 3
emissions frequently encounter operational barriers to
implementation, including fragmented data systems,
inconsistent standards, and limited integration into
decision-making structures (Jain ef a/., 2023). Notably, only
37% of disclosed Scope 3 emissions are currently

addressed by corporate decarbonisation strategies in
Burope (CDP Scope 3 Reduction Policy, 2023). This significant
implementation gap underlines the urgent need for
frameworks capable of translating Scope 3 data into
actionable management levers.

The growing attention on Scope 3 emissions, combined
with significant implementation barriers, has led many
organisations to explore alternative methods for evaluating
environmental performance along the value chain (Truant
et al., 2024). Among these, Life Cycle Assessment (LCA)
has become a widely adopted framework, particularly in
circular economy contexts, due to its cradle-to-grave
perspective and standardisation under ISO 14040 (Tellnes
et al., 2024). However, while LCA provides valuable insights
into product-level impacts, it remains fundamentally
product-oriented, in contrast to the process-oriented logic
of Scope 3 accounting standards such as the GHG Protocol
and ISO 14064. This mismatch complicates the integration
of LCA outputs into Scope 3 inventories, especially when
companies aim to align product data with upstream and
downstream  process  categories.  The  resulting
methodological gap underscores the need for hybrid
approaches capable of bridging the two perspectives.

To support the integration of environmental metrics into
management processes, companies are increasingly
adopting Environmental Management Control Systems
(EMCS), which translate sustainability data into structured
KPIs and decision-making tools, as discussed by
Schaltegger and Burritt (Schaltegger and Burritt, 2017) and
Sherif et al. (Sherif ez al., 2022). Concurrently, an expanding
corpus of literature has proposed the utilisation of circular
economy (CE) indicators for the assessment of resource
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efficiency, waste reduction and material circularity (Saidani
et al., 2019). This has resulted in a paucity of standardisation
and a narrow focus of many indicators on end-of-life loops
(Vinante ez al., 2021). Some models propose the integration
of circularity indicators with broader sustainability
dimensions, such as life cycle assessment and social
performance, offering a multidimensional perspective
suitable for complex industrial settings (Lopes e7 al., 2024).
Others demonstrate how circular economy metrics can be
applied using operational company data, facilitating their
incorporation into management control systems and
dashboards (Rossi ez af., 2020). However, the proliferation
and complexity of these indicators often hinders their
practical adoption in Scope 3 management. In this light,
there is a clear need for simplified, integrative frameworks
that combine Scope 3 accounting, LCA, CE indicators, and
EMCS logics into scalable and decision-oriented tools. The
following section presents such a framework, structured in
six operational phases, and developed and validated in
collaboration with a company operating in the motorcycle
sector. This sector was selected due to its globalised and
fragmented supply chains, as well as the stringent European
environmental and emissions regulations, which reflect
both reputational pressures and operational challenges in
managing sustainability within the automotive two-wheeler
industry (Masoumi, Kazemi and Abdul-Rashid, 2019). The
objective is to provide a replicable, action-oriented method
that ensures methodological rigour, managerial usability,
and digital traceability of environmental performance.

2 Methodology

2.1 Methodological Framing

This study adopts a Design Science Research (DSR)
approach to guide the development of an integrated
framework for environmental performance assessment
across industrial value chains. DSR is a methodology widely
used in information systems and management research,
aiming to create and validate artifacts, such as models,
methods, or systems, designed to solve real-world
problems. According to the structure proposed by Peffers
etal. (Peffers ez al., 2007), DSR unfolds through six iterative
phases: (1) problem identification, (2) definition of
objectives for a solution, (3) design and development, (4)
demonstration, (5) evaluation, and (6) communication.
These stages provide a systematic lens to reconstruct and
formalise the development process followed in this
research, which was conducted in close collaboration with
a manufacturing company. The project originated from a
concrete industrial need: to develop a structured model
capable of mapping and managing Scope 3 emissions,
integrating them with Scope 1 and 2 data, and embedding
environmental indicators into corporate control systems.

2.2 Methodological Phases

The proposed methodology is designed to transform the
measurement of climate-altering emissions into an
operational tool for strategic and managerial decision-
making. While grounded in established international
standards, namely the GHG Protocol, ISO 14064, and Life
Cycle Assessment (LCA), the framework expands their
applicability by embedding them into the organisation’s

control and information systems. The model is based on
Life Cycle Thinking and employs a functional classification
of emissions according to Scope 1, 2, and 3 categories. It
combines quantitative analysis with environmental,
technical, and economic evaluation criteria, and is adaptable
to complex supply chains and multi-actor industrial
settings, such as those encountered in the automotive two-
wheeler sector. The framework was developed through a
structured design process and consists of six operational
phases. These phases span from scoping and data
collection to emissions quantification, supply chain
analysis, and the prioritisation of interventions. Each phase
is designed to ensure methodological coherence, scalability,
and seamless integration with corporate management
systems, as illustrated in Figure 1.

Figure 1: Methodological phases.

Definition of the analysis scope

The initial phase of the methodology is predicated on the
meticulous delineation of the analysis perimeter, a pivotal
step in ensuring methodological coherence and the
comparability of results. In this phase, the activities to be
included in the study's scope are identified, distinguishing
between internal activities, subject to the direct control of
the organisation, and external activities, belonging to the
value chain but managed by third parties. The former
category encompasses operations conducted within
company facilities and the associated infrastructure. In
contrast, the latter category includes upstream and
downstream processes, such as supplier activities, incoming
and outgoing logistics flows, the management of external
watehouses, and the product's use phase. Concutrently, the
timeframe under consideration is delineated, typically on an
annual basis, with the option to extend for evaluations of
an evolutionary or comparative nature. The establishment
of precise and consistent boundaries, both in terms of
location and duration, is imperative for ensuring the
transparency, reproducibility and applicability of modelling
in diverse industrial contexts.

Data collection and validation

The second phase of the methodology pertains to the
collection and validation of the data necessary for the
quantification of environmental impacts, with the objective
of ensuring scientific reliability and analytical solidity. The
data is divided into two categories: primary, obtained
directly from the organisation or its partners, and
secondary, derived from authoritative sources and
internationally  recognised databases. Primary data
encompasses, inter alia, energy consumption, waste
production, water volumes, vehicle travel, packaging
characteristics and logistics data, which are generally
collected via Enterprise Resource Planner (ERP) systems,
technical interviews, environmental audits and structured
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questionnaires. Secondary data, originating from sources
such as Ecoinvent, DEFRA, ISPRA, or relevant scientific
literature, is particularly advantageous in addressing
information gaps and facilitating comparative analyses
between scenarios. The validation of the dataset is achieved
through a combination of cross-checks between different
sources, historical analyses and sector benchmarking. This
process ensures the coherence, completeness and reliability
of the dataset, thereby making it suitable for use in
subsequent analytical and decision-making steps.

Classification of impact areas

The third phase of the methodology consists of the
systematic  classification of environmental impacts
according to a functional logic consistent with the
operational structure of the organisation. The impacts can
be categorised into two distinct macro-categories: firstly,
internal activities, subject to the direct control of the
company, which include energy consumption, water use
and internal logistics; and secondly, external activities,
attributable to the extended value chain, such as the supply
chain, waste management, external logistics, third-party
warehouses, packaging and the product use phase. This
classification facilitates precise attribution of emissions to
respective operational areas, thereby enabling the
identification of priority areas of intervention and the
definition of targeted sustainability strategies throughout
the product's entire life cycle.

Emissions quantification

The fourth phase of the methodology pertains to the
quantification of greenhouse gas emissions, expressed in
tonnes of COz equivalent (tonCOa.), in accordance with
the ISO 14064-1 and GHG Protocol standards. Scope 1
emissions are estimated by direct conversion of energy
consumption from fossil fuels, while for Scope 2 both
location-based (based on the national mix) and market-
based (on the specific company supply) approaches are
adopted. Regarding Scope 3 emissions, the methodology
favours the use of primary data, where available, and this is
valued according to recognised emission factors. In
instances where such data is not available, secondary
sources are utilised. These include international databases
and scientific literature, which are defined during the
collection and validation phase. Consequently, emissions
associated with transport, water usage, and the product use
phase are calculated using standard coefficients and
technical  parameters.  This consistency,
transparency, and replicability of the entire quantification
process.

ensures

Supply chain environmental assessment model

The fifth phase of the methodology pertains to the
environmental assessment of the supply chain, which is
conducted utilizing a quantitative and multi-criteria model.
As an alternative to the exclusive use of standard emission
factors for estimating supplier impacts, a direct approach is
proposed. This approach is based on the collection of
primary data and the construction of an environmental
rating system for the supply park. This methodological
decision ensures consistency in the quantification of
internal impacts and facilitates the extension of the

traceability principle to outsourced processes. The model
utilises three dimensions to evaluate supplier performance:
current environmental performance (energy consumption,
waste management, water resources), the emission trend
over time (Scope 1, 2 and, where possible, 3) and the
economic weight of the relationship, used as a weighting
factor.

Evaluation of optimisation areas

The sixth phase of the methodology involves a semi-
quantitative comparative assessment aimed at identifying
priority areas for improving environmental performance.
The analysis is based on three criteria: emission intensity,
the degree of control exercised by the organisation, and the
preliminary technical and economic feasibility of the
measures proposed. The latter is considered in qualitative
terms as an orientation element and can be the subject of
analytical analysis only in the subsequent phases of
intervention design. The approach encompasses both
internal activities, which tend to be more manageable, and
external activities, which generally possess a greater impact
but are less controllable. To support strategic decision-
making, a prioritisation logic was developed to guide
resource allocation across impact areas. Each activity was
evaluated along three axes: its emission intensity, the degree
of organisational control over it, and a qualitative
assessment of its technical and economic feasibility.
Activities with high emissions and high controllability, such
as energy consumption within the plant, were classified as
"quick wins" and prioritised for immediate action.
Conversely, external processes with high impact but limited
controllability, such as supplier emissions or downstream
logistics, were identified as critical areas requiring medium-
to long-term systemic collaboration. The combination of
these three dimensions allowed the development of a
dynamic prioritisation tool. Activities were mapped
accordingly to distinguish those that are strategically urgent
and feasible, from those that are either complex, costly, or
dependent on third parties. This analytical perspective
enabled a structured and balanced definition of
intervention strategies, tailored to both organisational
capacity and environmental effectiveness.

3 Industrial case study

The proposed methodological framework was applied and
validated through a real-world implementation within a
leading European company in the motorcycle
manufacturing sector. The objective of this application was
to assess the operational viability of the framework, test its
adaptability to a complex industrial environment, and
generate actionable insights to support sustainability-driven
decision-making. The case study focused on a production
plant specialising in the final assembly of motorcycles,
which interacts with a highly articulated supply chain
extending across FEurope and Asia. The pilot
implementation was conducted in close collaboration with
multiple departments, including Environment,
Procurement, Logistics, Operations, and R&D. Due to
confidentiality constraints, specific quantitative data cannot
be disclosed. Nevertheless, the structured application of the
framework enabled the company to systematically map
greenhouse gas emissions across its value chain, identify
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high-impact areas, and integrate environmental metrics into
internal control systems. The outcomes of the project
included the development of new reporting structures for
Scope 3 emissions, the design of supplier sustainability
indicators, and the identification of optimisation
opportunities across various impact areas.

The following sections describe the application of each of
the six methodological phases presented in Section 2.2.

3.1 Application of definition of the analysis scope

The application of the first phase began with the
delineation of the system boundaries for the environmental
analysis. This step was critical to ensure methodological
consistency and the comparability of results across
different functional areas and reporting cycles. The analysis
was conducted in collaboration with a European company
operating in the motorcycle industry, focusing on a plant
responsible for final assembly and component integration.
The boundaries were defined according to two dimensions:
organisational control and value chain structure.

e Internal activities (under direct control) included
energy consumption, water use, internal logistics, and
on-site operations.

e  External activities (value chain processes) covered
upstream and downstream categories such as
purchased components, inbound/outbound
transport, packaging, third-party warchouses, and
product use phase.

The reference period was set to one fiscal year to ensure
alignment with corporate reporting systems and enable
future comparative assessments. Given the complexity of
the sectot’s supply chains, particular attention was paid to
including high-impact categories from Scope 3 emissions.

This scoping activity was conducted through a series of
workshops
procurement, logistics, and operations teams. The

involving environmental managers,
collaborative approach ensured alignment between the
environmental mapping and existing internal management
structures, laying the foundation for reliable data collection

and strategic applicability.

3.2 Application of data collection and validation
The second phase focused on the systematic collection and
validation of data required for the quantification of
environmental impacts. Given the cross-functional nature
of the analysis, data were sourced from multiple internal
and external stakeholders and spanned a wide range of
operational domains. Two primary data categories were
identified:

e Primary data, obtained directly from company
departments and partners, included energy and water
consumption, waste volumes, packaging
characteristics, travel distances, and logistics flows.
These were collected using structured interviews,
environmental audits, internal dashboards, and
exports from ERP and warechouse management
systems.

e  Seccondary data, used to supplement gaps and ensure
consistency, were drawn from authoritative

international databases and literature, including
Ecoinvent, DEFRA, and ISPRA.

The validation process involved cross-referencing data
across different sources and time frames to ensure internal
consistency. Historical trends were analysed to detect
anomalies, while benchmarking against industry standards
and regulatory databases helped confirm plausibility.

A particularly critical aspect of this phase was the
coordination among departments. Dedicated sessions with
procurement, environment, logistics, and quality control
teams were used to clarify system boundaries, harmonise
data granularity, and establish a shared understanding of
reporting objectives. This collaborative approach ensured
high data quality and internal buy-in, which were essential
for subsequent phases of the model’s implementation.

3.3 Application of classification of impact areas

The third phase aimed to structure the environmental
information collected during the previous step into a
classification system aligned with the organisation’s
operational and managerial architecture. This was a crucial
transition from raw data to a decision-useful format,
enabling targeted intervention planning and traceability
across business functions. Emissions and environmental
impacts were categorised into two main macro-groups,
based on the degree of organisational control:

e Internal impacts, corresponding to Scope 1 and Scope
2 emissions, included energy consumption, water
usage, and internal logistics. These processes were
entirely under the company’s control and mapped to
specific departments and facilities.

e  External impacts, related to Scope 3 emissions,
covered a broad range of upstream and downstream
activities, such as raw material extraction, component
manufacturing by suppliers, packaging, external
warehousing, transport logistics, and the use phase of
the final product.

This functional classification was developed in
collaboration with the company’s environmental and
operations teams and was designed to mirror existing
reporting structures (e.g., ISO 14001 and internal audit
protocols), thereby ensuring alighment and ease of
adoption. The classification also enabled the first high-level
analysis of impact relevance, helping identify areas with
high environmental weight and low managerial visibility,
often typical of Scope 3 categories. This mapping laid the
groundwork for quantification and prioritisation in the
following phases.

3.4 Application of emissions quantification

The fourth phase focused on the quantitative estimation of

greenhouse gas (GHG) emissions across the full system

boundary, using the classification and data sources
established in the previous stages. The quantification was
performed in line with the principles of the GHG Protocol
and ISO 14064-1, and results were expressed in tonnes of

CO; equivalent (tCOzeq).

For each emission scope, the following methods were

applied:

e Scope 1 emissions were calculated by directly
converting activity data (e.g., fuel consumption for
heating, company vehicles, or on-site equipment)
using standard emission factors. These values were
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sourced from DEFRA and national energy
conversion tables.

e Scope 2 emissions were assessed using both the
location-based approach (based on national electricity
mix) and the market-based approach (based on
contractual data for purchased electricity). This dual-
method analysis provided a robust view of the plant’s
energy-related impact.

Scope 3 emissions, the core focus of the study, were

quantified through a hybrid approach combining:

e  Primary activity data (e.g., distances travelled, material
weights, packaging volumes).

e  Standardised emission factors (e.g., for transportation
modes, material types, or supplier categories).

e Seccondary data from scientific literature and LCA
databases (e.g., Ecoinvent, ISPRA) in cases where
direct data were unavailable.

Emphasis was placed on mapping Scope 3 categories such

as:

e Purchased goods and services.

e Inbound and outbound logistics.

e  DPackaging.

e Product use phase.

The quantification process was facilitated by a set of Excel-

based calculators developed internally, capable of

integrating both company-specific and standardised
parameters. The use of multiple data sources and cross-
validation checks ensured both consistency and

transparency in the calculations. This phase resulted in a

first complete environmental footprint of the company’s

value chain, which served as a baseline for identifying
optimisation areas and setting reduction targets in the final
phases.

3.5 Application of supply chain environmental
assessment model
The fifth phase focused on evaluating the environmental

performance of the company’s supply chain through a

structured, multi-criteria assessment model. This model

aimed to go beyond the use of generic emission factors by

incorporating primary supplier data and developing a

system for environmental performance rating across the

supply base. The model was structured around three
analytical dimensions:

e Environmental performance indicators, including
energy use, water consumption, and waste
management practices, as collected through supplier
questionnaires and technical audits.

e  Emission trends, based on available data for Scope 1,
2, and, where applicable, Scope 3 emissions, which
enabled an assessment of progress or deterioration
over time.

e Fconomic relevance, measured by the financial
weight of each supplier within the company’s
procurement portfolio, to support impact-based
prioritisation.

Each supplier was scored along these axes and positioned

on a matrix that balanced environmental impact with

strategic ~ procurement importance. ‘The resulting
visualisation helped identify:

e High-impact suppliers with limited sustainability data
(tisk cluster).
e Key partners with strong environmental performance
(strategic allies).
e  Suppliers with both low impact and low maturity
(low-priority group).
This evaluation was not only instrumental for emissions
accounting but also provided a foundation for supplier
engagement strategies, targeted improvement programs,
and the integration of sustainability criteria into
procurement policies. The model’s flexibility allowed it to
be applied progressively, starting from key Tier 1 suppliers
and expanding over time. In the context of the motorcycle
industry, where component outsourcing is high and
emissions are concentrated in upstream processes, this
supplier-centric approach proved especially valuable.

3.6 Application of evaluation of optimisation areas
The sixth and final phase focused on identifying priority
areas for environmental improvement through a semi-
quantitative analysis. This was aimed at translating the
results of emissions quantification and supply chain
assessment into concrete, actionable strategies for impact
reduction. The evaluation was conducted using a priority
matrix based on three core criteria:

e  Emission intensity, derived from the quantification
phase, which indicated the relative environmental
weight of each process or activity.

e Degree of organisational control, distinguishing
between internal operations, more directly
manageable, and external value chain processes,
which typically involve indirect influence.

e  Preliminary technical and economic feasibility,
assessed qualitatively through internal discussions
with operations and procurement teams, to gauge the
practicality of potential interventions.

Activities and supply chain segments were plotted on the

matrix to determine their strategic priority for

improvement. This allowed the company to:

e Highlight quick wins, areas with high emissions and
high control.

e  Tlag critical dependencies, high-impact, low-control
areas requiring supplier collaboration or systemic
interventions.

e Identify long-term opportunities, lower impact but
scalable areas that could benefit from innovation or
policy incentives.

The output of this phase served as the foundation for

internal decision-making processes, resource allocation,

and the definition of future decarbonisation roadmaps. It
also informed the update of internal dashboards and
control systems, enabling regular performance tracking
against defined KPIs. Although formal cost-benefit
analyses were beyond the scope of this first
implementation, the matrix enabled a strategic orientation
of environmental initiatives, bridging the gap between
carbon accounting and operational planning. The outcome
of this phase is illustrated in Figure 2, which presents the
prioritisation matrix used to guide intervention strategies.

The matrix visually maps each area of impact based on

emission intensity, organisational control, and feasibility,
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supporting the allocation of resources toward actions with
the highest potential for environmental effectiveness.

Priority matrix
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Figure 2: Environmental impact prioritisation matrix.

4 Discussion and results

The application of the proposed framework within a
European motorcycle manufacturing company enabled a
structured mapping of greenhouse gas emissions across the
entire value chain, with particular focus on Scope 3
categories. Despite the absence of publicly shareable data,
the framework proved operationally viable and effective in
facilitating a cross-functional approach to environmental
performance management. This empirical application
aligns with the principles of Design Science Research, as
outlined in Peffers et al. (Peffers e al, 2007), by
demonstrating how the developed artefact, a structured
environmental assessment framework, was instantiated,
tested, and refined within a real organisational context. The
iterative collaboration with multiple departments also
reflects the dual goal of DSR: solving a practical problem
while contributing to academic knowledge through
methodological innovation. This outcome addresses one of
the core gaps identified in the literature, namely the
difficulty in linking product-oriented assessment tools such
as Life Cycle Assessment (Truant ez al., 2024), (Tellnes e al.,
2024), with process-level accounting frameworks like the
GHG Protocol and ISO 14064. The developed
methodology bridges this divide by combining quantitative
rigor with management-oriented logic, and by embedding
emissions data into existing Environmental Management
Control Systems (Schaltegger and Burritt, 2017; Sherif ef al,
2022). The model also contributes to current debates on
circular economy metrics. Although literature such as
Saidani et al. (Saidani ¢z a/, 2019) and Vinante et al. (Vinante
et al, 2021) provides extensive taxonomies of CE
indicators, these are often difficult to operationalise in
Scope 3 contexts. The presented framework addresses this
by integrating simplified indicators into a prioritisation
matrix that balances emission intensity, organisational
control, and feasibility. The results are summarised in
Figure 3, which illustrates the digital dashboard developed
to monitor and manage environmental impacts across all
relevant operational areas. This tool consolidates data
collected throughout the six methodological phases and
provides a dynamic, user-friendly interface for tracking
emissions over time, visualizing impact distribution, and
supporting informed decision-making. The dashboard
enables continuous performance monitoring, facilitates
cross-functional collaboration, and setves as a foundational

element of the company’s Environmental Management

Control System (EMCS).
EMMS

Emissions Monitaring & Management Syster
vesr 2022
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Figure 3: Dynamic dashboard for monitoring and managing
environmental impacts.

The normalised data displayed on the dashboard confirm
that the upstream supply chain and the product use phase
together account for over 96% of the total carbon
footprint, reinforcing the strategic importance of these two
areas in emission reduction planning. Managerially, the
framework supported the integration of sustainability
metrics into procurement and operations, facilitating more
informed choices and alignment with decarbonisation
targets. This also helped overcome common barriers such
as data fragmentation and limited cross-departmental
coordination, two issues frequently mentioned in the
literature (Jain ef al, 2023). From a theoretical standpoint,
the framework reinforces the relevance of hybrid
methodological approaches, contributing to the emerging
body of research that promotes the convergence of LCA,
EMCS, Scope 3 accounting, and CE metrics in a unified
model. Nevertheless, the study has several limitations. It is
based on a single case study and does not include
quantitative performance validation over time. Moreover,
the exclusion of formal economic impact analysis (e.g., ROI
or marginal abatement cost curves) may limit its immediate
adoption in investment planning. Future research could
address these gaps by testing the model in other industries,
developing cost-benefit extensions, or integrating with
digital platforms for real-time data analysis.

5 Conclusions

This study proposed and validated a methodological
framework for the integrated assessment of environmental
impacts across industrial value chains, with particular
attention to Scope 3 emissions. Developed through a
Design Science Research approach and applied within a
leading European motorcycle manufacturer, the framework
responds to a critical gap in current sustainability practices:
the lack of operational tools capable of connecting
emission accounting standards (e.g., GHG Protocol, ISO
14064) with decision-making processes.

The model’s six-phase structure enabled the systematic
integration of Life Cycle Assessment principles, Scope 3
data, circular economy indicators, and Environmental
Management Control Systems. Its practical application
demonstrated the feasibility of embedding environmental
performance into corporate routines, particularly through
the development of supplier evaluation systems, internal
reporting structures, and priority matrices for intervention.
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The framework contributes to both research and practice.
From a theoretical perspective, it supports the convergence
of multiple environmental assessment paradigms and offers
a replicable methodological blueprint for further
development. From a managerial standpoint, it enhances
cross-functional collaboration and strategic alignhment in
emission reduction efforts.

Thanks to its modular structure and alignment with
international standards, the framework is well-suited for
integration into ESG governance systems. Its structured
approach to Scope 3 emissions and use of management
indicators  support compliance with non-financial
disclosure requirements, making it especially relevant under
the EU CSRD directive, which emphasises transparency
and traceability across the value chain. The model can thus
act as a practical tool for aligning corporate practices with
evolving regulatory and stakeholder expectations.
Nevertheless, the study is subject to some limitations. First,
the results derive from a single case study and lack long-
term performance monitoring. Second, the model currently
excludes economic analysis components such as cost—
benefit calculations ot return-on-investment metrics, which
would be crucial for broader adoption in strategic planning.
Future research should aim to test the model in other
industrial settings, integrate real-time data platforms, and
extend the methodology to include financial assessment
modules. Moreover, expanding the supplier evaluation
model across deeper tiers and incorporating digital
traceability solutions could further strengthen its scalability
and policy relevance.

References

Barbosa, L.B. ¢z al. (2021) ‘Environmental Sustainability Strategy
and International Performance: A Review of Literature and a
Conceptual Model’, in A. Verbeke et al. (eds) Progress in
International Business Research. Emerald Publishing Limited, pp.
375-397. Available at: https://doi.org/10.1108/S1745-
886220210000015021.

CDP Scope 3 Reduction Policy (2023). Available at:

https:/ /www.cdp.net/en/press-releases/ only-37-of-scope-3-
emissions-from-european-businesses-are-addressed-by-
corporate-decarbonization-measures.

CDP Scope 3 Relevance (2024). Available at:

https:/ /www.cdp.net/en/press-releases/ corporates-supply-
chain-scope-3-emissions-are-26-times-higher-than-their-
operational-emissions.

GHG Protocol (2016). Available at: https:/ /ghgprotocol.org/.

Hertwich, E.G. and Wood, R. (2018) ‘The growing importance
of scope 3 greenhouse gas emissions from industry’,
Environmental Research Letters, 13(10), p. 104013. Available at:
https://doi.org/10.1088/1748-9326/aac19a.

1EA - International Energy Agency (2024). Available at:
https:/ /www.ica.org/data-and-statistics/ data-tools/greenhouse-
gas-emissions-from-energy-data-explorer.

ISO 714064 (2019). Available at: https://store.uni.com/uni-en-
is0-14064-1-2019.

Jain, A. et al. (2023) ‘Supply chain emission estimation using large
language models’. arXiv. Available at:
https://doi.org/10.48550/ ARXIV.2308.01741.

Lopes, E.D.J. e al. (2024) ‘Systematic Review of the Circular
Economy Petformance Assessment System Under International
Management Paradigms’, Revista de Gestiao Social e Ambiental,
18(9), p. €05664. Available at:

https://doi.otg/10.24857 /tgsa.v18n9-013.

Masoumi, S.M., Kazemi, N. and Abdul-Rashid, S.H. (2019)
‘Sustainable Supply Chain Management in the Automotive
Industry: A Process-Oriented Review’, Sustainability, 11(14), p.
3945. Available at: https://doi.org/10.3390/su11143945.

Peffers, K. et al. (2007) ‘A Design Science Research Methodology
for Information Systems Research’, Journal of Management
Information Systems, 24(3), pp. 45—77. Available at:
https://doi.org/10.2753/MIS0742-1222240302.

Rossi, E. et al. (2020) ‘Circular economy indicators for
organizations considering sustainability and business models:
Plastic, textile and electro-electronic cases’, Journal of Cleaner
Production, 247, p. 119137. Available at:
https://doi.org/10.1016/j.jclepro.2019.119137.

Saidani, M. ef a/. (2019) ‘A taxonomy of circulat economy
indicators’, Journal of Cleaner Production, 207, pp. 542—559.
Available at: https://doi.org/10.1016/j.jclepro.2018.10.014.

Schaltegger, S. and Burritt, R. (2017) Contemporary Environmental
Accounting. 0 edn. Routledge. Available at:
https://doi.org/10.4324/9781351282529.

Sherif, Z. et al. (2022) Identification of the Right Environmental
KPIs for Manufacturing Operations: Towards a Continuous
Sustainability Framework’, Materials, 15(21), p. 7690. Available at:
https://doi.org/10.3390/ma15217690.

Tellnes, L.G.F. ¢t al. (2024) ‘Implementing life cycle thinking and
climate change indicators in small and medium size enterprises’,
Sustainable Production and Consumption, 51, pp. 278-291. Available
at: https://doi.org/10.1016/j.spc.2024.09.014.

Truant, E. ez al. (2024) ‘Life cycle thinking and carbon
accounting in sustainable supply chains: a structured literature
review and research agenda’, Sustainability Accounting, Management
and Policy Jonrnal [Preprint]. Available at:
https://doi.org/10.1108/SAMPJ-09-2023-0708.

Vinante, C. ¢# al. (2021) ‘Circular economy metrics: Literature
review and company-level classification framework’, Journal of
Cleaner Production, 288, p. 125090. Available at:
https://doi.org/10.1016/j.jclepro.2020.125090.



