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Context: Scope 3 emissions often represent the largest part of an organization’s carbon foot-
print. However, organizations face major difficulties when accounting for value chain emis-
sions preventing them from effectively managing Scope 3 emissions and reducing them.
Goal: The goal of this study is to mitigate some of the challenges faced by organizations
when accounting for Scope 3 emissions such as the lack of guidance by providing clear
guidelines and a practical implementation example on how to collect, track over time, and
analyze value chain emissions. Method: The work was conducted in collaboration with a
telecommunication company and consisted of using the Design Science Research Method-
ology (DSRM). The study involved relevance, rigor, and design cycles to design the desired
artifacts. Result: Two main artifacts were designed in the study. First, a five-step generic
framework was established aiming to guide reporting companies on how to effectively track
Scope 3 emissions and adjust climate transition goals accordingly. Second, a software tool
was developed as a Proof of Concept (PoC) which implements the framework and assesses
the impact on the climate transition goals of the industry partner of the study. Conclusion:
The study emphasizes the importance of supplier engagement in effectively collecting value
chain emissions and achieving climate transition goals. Moreover, the study suggests adopt-
ing data-driven approaches for collecting and managing Scope 3 data.
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1 Introduction

One of the most threatening phenomena to humans is climate change as it negatively im-
pacts global and local communities around the world. Some organizations, associations,
cities, and governments are consequently starting to consider climate change as an emerging
priority since the situation requires the mitigation of the impacts of increased temperatures,
and changing climate patterns, as the United Nations, 2023 highlighted in their article on the
growth of the climate crisis and its effect on global peace. The goal of preventing such conse-
quences of climate change has been discussed by international agreements such as the Paris
Agreement by the United Nations Framework Convention on Climate Change, 2015, which
set ambitious targets to keep global warming under 2 degrees Celsius and in the best-case
scenario under 1.5 degrees Celsius above pre-industrial levels. Following this imperative,
other initiatives, regulations, and measures have been established before and after the Paris
Agreement to effectively achieve such an objective. These efforts concern different sec-
tors, industries, and governments in the areas of energy production, transportation, industrial
manufacturing, telecommunications, and logistics to limit and monitor the carbon emissions
coming from human activities. Moreover, the focus extends beyond environmental aspects
to also cover social and economic implications.

As part of these initiatives, measures such as the Non-Financial Reporting Directive and
the Environmental, Social, and Governance (ESG) reporting frameworks were developed to
make companies report on their environmental, social, and governance impacts and activi-
ties, and be more accountable and transparent. In recent years, general corporate sustainabil-
ity reporting has been gaining more importance and attention. This growth in recognition
draws attention to the need for companies to clearly report on their environmental impacts
as more regulations and measures can potentially be enforced in the future (Bini & Bellucci,
2020.). Moreover, with the introduction of the Corporate Sustainability Reporting Direc-
tive (CSRD) in the European Union, companies find themselves under greater pressure to
not only report on their sustainability performance but also to navigate the complexities of
Greenhouse Gas (GHG) emissions reporting and management. While reporting on Scope
1 (direct emissions) and Scope 2 (indirect emissions from purchased energy) has been rel-
atively well-established, the challenge is now shifting towards reporting value chain emis-
sions, encompassing the entirety of the other indirect emissions along the supply chain with
all the different suppliers and stakeholders (Nguyen et al., 2023.). However, researchers
have criticized the credibility of such initiatives and disclosure reports as some organizations
make use of those reports as a means to improve stakeholders’ perceptions and market value
without tackling the actual sustainability aspects such as emission reduction strategies for
Scope 3 emissions (Bini & Bellucci, 2020.).
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Furthermore, value chain emissions are often overlooked in corporate sustainability report-
ing and sustainability management strategies as discussed by Nguyen et al., 2023 in their
work. In fact, Scope 3 emissions constitute a substantial portion of a company’s total car-
bon footprint (Huang et al., 2009.). However, despite their significance, Scope 3 emissions
historically receive less attention compared to their Scope 1 and Scope 2 counterparts due
to various major challenges. While substantial research has been conducted on managing
and reporting Scope 1 and Scope 2 emissions, the unique challenges associated with Scope
3 emissions present an actual obstacle. Despite the issuance of guidelines by the GHG Pro-
tocol, corporations struggle with persistent roadblocks in effectively accounting and man-
aging Scope 3 emissions and reporting on them Patchell (2018). A primary challenge in
addressing Scope 3 emissions lies in the complex network of suppliers that contribute to a
company’s value chain. Accessing accurate and comprehensive emission data per product
or service from suppliers across diverse industries poses a significant challenge as discussed
by different studies in literature such as the one by Lestari & Xiong, 2022. Moreover, each
company operates within its unique ecosystem, utilizing various tools, methodologies, and
reporting practices, further complicating the standardization of data collection and reporting.
Moreover, suppliers may differ in their willingness, engagement level, or capacity to provide
emission data, leading to gaps or inconsistencies in reporting which decreases the overall
credibility.

Beyond the complexities of data collection, corporations struggle with the deeply rooted
dependencies within their value chains. Organizations often operate within global supplier
networks, sourcing materials and components from multiple countries, and regions around
the world. This geographic aspect introduces additional layers of complexity, as emissions
may be influenced by diverse factors such as the usage of different emission factors, lo-
cal regulations, resource availability, and supply chain disruptions. As a result, corporations
face challenges in attributing emissions accurately to specific activities or entities within their
value chains as highlighted by Blanco, Caro & Corbett, 2016 in their analysis of the US mar-
ket in disclosing Scope 3 emissions. As a consequence, corporations could fail to establish
realistic and achievable sustainability goals such as achieving a net zero. Furthermore, the
dynamic nature of supply chains increases the challenge of Scope 3 emissions management.
Supply chain configurations are subject to frequent changes due to factors like market dy-
namics, technological advancements, and geopolitical shifts, for example, (Llamas-Orozco,
Meng & Walker, 2023.).

In addition to the mentioned challenges, there is a pressing need for close collaboration be-
tween companies to craft innovative IT solutions to automate the collection, tracking, and
management of Scope 3 emissions data in a common and standardized manner (Blanco,
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Caro & Corbett, 2016.). Communication and collaborative efforts between organizations
and their suppliers are essential aspects to successfully develop standardized methodolo-
gies, tools, and reporting frameworks that facilitate transparent and comprehensive Scope 3
emissions reporting. This study aims to mitigate these challenges by exploring how to col-
lect, track, and analyze Scope 3 emissions in order to provide clear guidance for companies.
Moreover, the study further aims to develop a Proof of Concept (PoC) software system to
collect Scope 3 emission data from suppliers, calculate CO2 emissions, visualize the data,
and assess the impact of value chain emissions on the climate transition goals of an industrial
partner organization in the field of telecommunications. The conducted research in this study
is done with that organization, which provides data, industry expertise and knowledge.

1.1 Research Questions

In order to achieve the two main objectives of this study, the following two research questions
were defined:

• RQ1: How to collect, track, and analyze Scope 3 emissions?
Rationale: Data and its quality are very much essential to be able to account for Scope
3 emissions especially when dealing with upstream emissions, however, there is a lack
of guidelines for companies on how to do so. Moreover, to tackle the lack of guidance
concerning value chain emission management, the aim of this research question is to
explore and find clear guidelines for collecting data, tracking it over time, and setting
or adjusting climate transition goals.

• RQ2: What are the impacts of Scope 3 emissions on the climate transition goals
of a telecommunication company?
Rationale: Knowing whether the already set climate transition goals are achievable
and comparing current performance with the required one are both important aspects
when aiming to reduce value chain emissions. For the scope of this study, the aim is to
calculate the impact of a selected number of products and services on the climate goals
of a telecommunications company through the usage of a developed software tool.

1.2 Scope and Limitations

The focus of this thesis is on Scope 3 emissions because of the pressing challenges of the
value chain emission management and their important contribution to the overall carbon
footprint of organizations compared to the Scope 1 and 2 emissions as discussed previously.
Moreover, the focus is only on the emissions occurring during the production of goods and
services purchased by a company and not on the usage and disposal of those goods and ser-
vices. In other words, this thesis focuses on upstream emissions and more specifically the
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first category of Scope 3 emissions which is the purchased goods and services due to their
important contribution to the overall emissions of the partner organization of this study. Ad-
ditionally, the technical contribution of the study uses the data of four direct suppliers from
the supply chain. In addition, one limitation of the study lies in the lack of data availability
of purchased goods and services as a consequence of privacy and data protection rules put
by the partner organization.

1.3 Thesis Structure

The thesis consists of six different sections and is structured as follows:

• Section 1: Introduction
The Introduction section sheds light on the context of the conducted study by highlight-
ing current sustainability reporting initiatives and discussing the current challenges in
value chain emissions management. Additionally, the Introduction specifies the re-
search gap, objectives, main research questions, scope, and limitations of this thesis.

• Section 2: Related Works
This section reviews existing literature, research, and practices related to sustainability
reporting such as the GHG Protocol, and Scope 1, Scope 2, and Scope 3 emissions to
provide background information and highlight gaps in the literature. Moreover, this
section sheds light on previous literature tackling the pressing challenges concerning
value chain emissions management in detail such as the lack of guidance, data-related
difficulties, and lack of supplier engagement in the value chain.

• Section 3: Methodology
This section dives deeper into the adopted research methodology for this study which
is the Design Science Research Methodology (DSRM). More detailed information on
how this methodology was provided in this section by describing the different rele-
vance, rigor, and design cycles used throughout the study.

• Section 4: Research Execution and Results
In the fourth section, the previously defined cycles are elaborated in more detail by de-
scribing the executed techniques and processes. Each step that led to the final version
of the designed generic framework is thoroughly discussed, highlighting the iterative
improvements and refinements made along the way before yielding the final designed
artifacts of the study. Additionally, this section dives deeper into the development
process of the PoC software tool, explaining how it was designed and developed.

• Section 5: Discussion
In this section, the focus shifts to discussing the results of the conducted research by
assessing the designed artifacts. Moreover, a reflection is conducted to investigate
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how the goals and research questions were achieved and answered and to discuss the
different implications of the study. Threats to validity such as external, construct, and
conclusion along with mitigation strategies were included in the Discussion section of
the thesis.

• Section 6: Conclusion
The Conclusion section consists of re-iterating the two main research questions, re-
search objectives, and the main findings of the study. Also, the limitations of the study
and potential future work are also discussed.

-
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2 Related Works

In this section, relevant information and definitions are provided to give context and founda-
tional knowledge of this study. Additionally, relevant studies are also mentioned to provide
more context and shed light on the challenges faced by organizations in Scope 3 manage-
ment. Namely, this section covers the GHG Protocol, Scope 1, 2, and 3 emissions, CDP, data
collection, GHG Protocol calculation methods, and finally the challenges faced by organiza-
tions when it comes to accounting and tracking value chain emissions.

2.1 Greenhouse Gas Protocol

In the context of sustainability reporting and CO2 emissions, the Institute & Sustainable De-
velopment, 2015 developed the GHG Protocol which is considered one of the foundational
frameworks assisting companies with managing and reporting on carbon emissions. The
protocol aims to provide international standards, guidelines, and tools for quantifying and
reporting GHG emissions. In the same goal, the protocol aims to promote the use of these
standards to reduce CO2 emissions on a global scale. Moreover, the GHG Protocol organized
the emissions into three different categories called scopes as illustrated in Figure 1. Scope 1
covers direct emissions emitted by the company. Scope 2 is the indirect emissions originat-
ing from the purchased energy. While Scope 3 covers the other indirect emissions occurring
in the value chain and that are not covered in the first two scopes. By putting these scopes
in place, the GHG protocol aims to help corporations to more systematic when reporting on
their GHG emissions. Furthermore, the protocol brings additional valuable information on
the data collection techniques and calculation methods needed for accurate emission alloca-
tion (Institute & Sustainable Development, 2015.). The following subsections provide more
information on each scope with a deeper focus on Scope 3 emissions.

2.1.1 Scope 1 Emissions

The GHG Institute & Sustainable Development, 2015 defined Scope 1 emissions as a type of
emissions that encompass direct greenhouse gas emissions that result from sources that are
owned or controlled by an organization. These emissions typically arise from activities such
as the combustion of fossil fuels in stationary sources as well as from industrial processes.
Scope 1 emissions are considered a fundamental component of an organization’s carbon
footprint, as they represent the direct impact of its operations on the environment Institute
& Sustainable Development, 2015. Analyzing and quantifying Scope 1 emissions is an es-
sential first step for organizations seeking to understand and mitigate their greenhouse gas
emissions, as it provides a baseline for identifying emission reduction opportunities, imple-
menting mitigation strategies, and demonstrating environmental accountability. Moreover,
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Figure 1: GHG Protocol scopes. Source: (WRI & WBCSD, 2011.)

tracking Scope 1 emissions enables organizations to comply with regulatory requirements,
meet sustainability targets, and enhance their overall environmental performance. Addition-
ally, Scope 1 emission data is the most straightforward to collect and calculate as everything
is happening internally within the company (Institute & Sustainable Development, 2015.).
Although there are clear guidelines that can be utilized to report and manage value chain
emissions, the latter is not the largest portion of the overall emissions of organizations as
stated by Li, Wiedmann & Hadjikakou, 2019 in their work.

2.1.2 Scope 2 Emissions

Scope 2 emissions, as outlined in the Scope 2 standard by the GHG Institute & Sustainable
Development, 2014, refer to indirect greenhouse gas emissions associated with the genera-
tion of purchased or acquired electricity, steam, heating, and cooling consumed by an organi-
zation. Unlike Scope 1 emissions, which originate from sources directly owned or controlled
by the organization, Scope 2 emissions are generated off-site but are a consequence of the
organization’s activities. These emissions are typically produced by utilities and energy
providers that supply electricity or other forms of energy to the organization. Understanding
and accounting for Scope 2 emissions is crucial for organizations committed to assessing
their environmental impact comprehensively. In fact, Brander, Gillenwater & Ascui, 2018
claim that the total generated electricity can reach 25% of the global GHG emissions. By
accurately quantifying Scope 2 emissions, organizations gain insights into the environmental
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consequences of their energy consumption and can identify opportunities to minimize their
carbon footprint through the adoption of energy efficiency technology and strategies such as
the usage of renewable energy, and other sustainability initiatives (Brander, Gillenwater &
Ascui, 2018.). Moreover, tracking Scope 2 emissions enables organizations to evaluate the
environmental performance of their energy providers, advocate for cleaner energy sources,
and contribute to the transition towards a low-carbon economy. A robust understanding of
Scope 2 emissions is essential for informing energy management strategies, evaluating the
effectiveness of climate mitigation efforts, and promoting sustainable business practices that
align with broader environmental and climate objectives (Institute & Sustainable Develop-
ment, 2014.).

2.1.3 Scope 3 Emissions

As mentioned before and according to the Scope 3 GHG WRI & WBCSD, 2011, Scope
3 emissions encompass indirect GHG emissions originating from sources beyond a com-
pany’s direct control, involving entities along the suppliers in the value chain such as logis-
tics providers, waste managers, travel suppliers, lessees, lessors, franchisees, retailers, and
customers. These emissions are established to prevent double counting with Scopes 1 and
2. Scope 3 emissions has 15 different categories of emissions. These types of emissions
are further categorized into upstream and downstream emissions. In Table 1, the 8 upstream
categories of Scope 3 emissions are described ranging from purchased goods and services to
upstream leased assets. As defined in the Scope 3 standard by the WRI & WBCSD, 2011, the
upstream emissions refer to the indirect emissions associated with the bought and acquired
goods and services.

On the other hand, downstream emissions are the ones associated with the sold and dis-
tributed goods and services and consist of seven different categories such as downstream
transportation and distribution due to selling products, processing of sold products, invest-
ments, and franchises. In Table 2, the downstream emission categories are further described
according to the (WRI & WBCSD, 2011.).

Additionally, according to the Scope 3 standard by the WRI & WBCSD, 2011, the emissions
are constrained by a time boundary. In other words, some categories of the Scope 3 might
have emissions happening in past years, while others in the present reporting year or future
years as illustrated in Figure 2. All categories account for the emissions happening during
the reporting but some categories can include past years or future emissions. For example
category number 1, 2, 3, and 4 all account for past years and current reporting years. While
category number 9, 10, 11, and 12 account for current reporting year emissions as well as
future year emissions because of the nature of the categories. In Figure 2, it is noticeable that
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Table 1: Upstream Scope 3 categories. Source: (WRI & WBCSD, 2011.)

Category Description
Purchased goods and
services

Extraction, production, and transportation of goods and ser-
vices purchased or acquired by the reporting company in
the reporting year.

Capital goods Tangible assets used in the production of goods or services
over an extended period of time.

Fuel- and energy-
related activities

Emissions associated with upstream activities such as min-
ing, drilling, refining, and transportation of fossil fuels.

Upstream transporta-
tion and distribution

Transport and distribution of goods and materials from sup-
pliers to the reporting company’s facilities.

Waste generated in op-
erations

All types of waste produced as a byproduct of the reporting
company’s operations.

Business travel Travel undertaken by employees or representatives for busi-
ness purposes.

Employee commuting Travel by employees to and from their workplace.
Upstream leased assets Assets leased for use in exploration, extraction, production,

and processing of natural resources.

Table 2: Downstream Scope 3 categories. Source: (WRI & WBCSD, 2011.)

Category Description
Downstream trans-
portation and distribu-
tion

The emissions originating from transportation and distribu-
tion of sold products during the considered reporting year.

Processing of sold
products

The handling of intermediary goods sold during the report-
ing period by downstream entities.

Use of sold products The utilization of products and services sold by the report-
ing company within the reporting period.

End-of-life treatment of
sold products

The management and disposal of products sold by the re-
porting company (within the reporting period) at the con-
clusion of their life-cycle.

Downstream leased as-
sets

The functioning of assets possessed by the reporting com-
pany and rented out to other entities during the reporting
period, excluding those accounted for in Scope 1 and Scope
2 emissions – disclosed by the lessors

Franchises The operation of franchised outlets during the reporting pe-
riod, excluding those covered by Scope 1 and Scope 2 emis-
sions

Investments The management of investments during the reporting pe-
riod, not encompassed within Scope 1 or Scope 2 emissions.

most Scope 3 downstream emissions categories account for the current reporting and future
years. However, software companies might have different Scope 3 categories compared
to traditional organizations and manufacturers as noted by the work of Sipilä, Partanen &
Porras, 2023. Through the usage of DSRM, the authors created a new model of emission
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scopes tailored to software companies. The model specifically acknowledges servers and the
cloud as a source of emissions for the Scope 3 category (Sipilä, Partanen & Porras, 2023.).

Figure 2: Time boundaries of Scope 3 emissions. Source: (WRI & WBCSD, 2011.)

2.2 Carbon Disclosure Project

The Carbon Disclosure Project, 2024 is defined as a globally recognized initiative that plays
an important role in promoting corporate transparency and action on climate change. Founded
in 2000, the CDP operates as a non-profit organization with a mission to encourage compa-
nies and cities to disclose their environmental impacts such as carbon emissions. Through
its annual disclosure platform, the CDP collects and assesses environmental data from var-
ious organizations, cities, and governments worldwide, providing investors, policymakers,
and the public with valuable insights into corporate environmental performance and climate-
related risks. The CDP’s disclosure framework enables companies to measure, manage,
and report their GHG emissions, aligning with international reporting standards such as the
GHG Protocol. By fostering transparency and accountability, the CDP aims to empower
stakeholders to make informed decisions, drive climate action, and accelerate the transition
to a low-carbon economy. Furthermore, the CDP initiative is a data source that could be
used in different projects for further analysis of the state of the carbon accounting and data
sharing of such data (Carbon Disclosure Project, 2024.). In the research field, the CDP is
widely used as a primary or secondary source of data utilized to carry out different studies
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concerning value chain emissions and supplier engagement such as the research conducted
by Dahlmann & Roehrich, 2019. Moreover, the CDP provides structured and well-labeled
data compared to other sources such as the CSR reports Dahlmann & Roehrich, 2019.

In fact, the CDP’s scoring methodology evaluates companies’ environmental management
practices and climate strategies, facilitating benchmarking and comparison across industries
as stated by the Carbon Disclosure Project, 2023 in their scoring methodology report. More-
over, the scores are a means to incentivize suppliers to share their impacts, whether positive
or negative on the environment. The CDP offers three different questionnaires covering
three main areas which are climate change, water, and forests. To generate the overall score,
the questions span between general questions and sector-specific questions for high-risk and
high-impact sectors. To further bring more granularity to the scoring methodology, the scor-
ing system Carbon Disclosure Project, 2023 is based on unique questions for each question-
naire. As shown in Table 3, the score can range from D- to A, and the levels that a company
can go through to reach full grade are Disclosure, Awareness, Management, and Leadership
while an F grade signifies that there is a lack of sufficient information and the evaluation
can’t be carried out (Carbon Disclosure Project, 2023.).

Table 3: Scoring Levels. Source: (Carbon Disclosure Project, 2023.)

Level Climate Change Water Forests Score band
Disclosure 1-44% 1-44% 1-44% D-

45-79% 45-79% 45-79% D
Awareness 1-44% 1-44% 1-44% C-

45-79% 45-79% 45-79% C
Management 1-44% 1-44% 1-44% B-

45-74% 45-74% 45-74% B
Leadership 1-69% 1-69% 1-69% A-

70-100% 70-100% 70-100% A

Prior CDP scoring methodologies involved assigning an overall score between 0 and 100%
based solely on the completeness of a company’s disclosure. This approach received criti-
cism for being susceptible to greenwashing, where companies could appear environmentally
friendly without taking substantive carbon reduction actions as noted by Guo et al., 2020
in their conducted work to analyze CDP scoring methodologies. To effectively explore the
impact of these different scoring methodologies, Guo et al., 2020 conducted an empirical
study assessing how the type of scoring technique influences an organization’s carbon per-
formance. The study concluded that the new four-level ranking system, as illustrated in
Figure 3, positively affects carbon performance, whereas the previous methodology did not
demonstrate such an effect or correlation with regard to carbon performance.
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Figure 3: CDP Scoring Levels. Source: (Carbon Disclosure Project, 2023.)

2.3 Data Collection

As described in previous sections, collecting Scope 3 data is a challenge for many corpo-
rations as it requires a large engagement of the network of suppliers and having a good
understanding and clarity of the activities and their amounts of GHG emissions (Lestari &
Xiong, 2022.). Identifying the activities that have the most emissions helps greatly in the data
collection. Indeed, the corporate value chain standard by WRI & WBCSD, 2011 defined a
four-step iterative process, as illustrated in Figure 4, for collecting and evaluating emission
data. The process involves data collection, choosing the appropriate data, gathering the data
and addressing any gaps if existent, and ultimately enhancing the data over time. In this pro-
cess, data, activity or emission factors data, and their quality are very important and essential
for having accurate results in the calculation phase. The Scope 3 standard defined the activity
data as the quantitative representation of an activity emitting CO2 emissions while emission
factors are defined as estimations that convert activity data into CO2 emissions. Further-
more, there are two different types of data for Scope 3 emissions: primary and secondary
data (WRI & WBCSD, 2011.).

2.3.1 Primary Data

Primary data consists of information directly related to specific activities within a corpora-
tion’s value chain. It originates from direct suppliers or other entities primarily involved in
the value chain. This type of data is typically acquired through direct monitoring meth-
ods such as meter or sensor measurements, utility bills, and purchase invoices (WRI &
WBCSD, 2011.). Moreover, primary offers numerous advantages and is strongly recom-
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Figure 4: Data Collection Steps. Source (WRI & WBCSD, 2011.)

mended for comprehensive tracking and measurement of GHG emissions within the value
chain. Supplier-specific data, in particular, provides valuable and detailed insights into the
value chain, facilitating individualized tracking of specific suppliers and enhancing clarity
regarding GHG emission reductions (Nguyen et al., 2023.). Furthermore, primary data plays
a crucial role in fostering GHG awareness throughout the supply chain network. However,
collecting such data may incur significant costs as it necessitates the establishment of vari-
ous processes, devices, and practices necessary for data collection such as meters, and might
generate a significant burden on reporting companies Nguyen et al., 2023. Consequently,
in cases where primary data is unavailable or insufficient, secondary data may serve as a
viable alternative to fill the data gaps and proceed with the data collection processes (WRI
& WBCSD, 2011.).

2.3.2 Secondary Data

The second type of data serves as a valuable resource when primary data is unavailable or
its quality cannot be assured. This category of data encompasses information sourced from
external sources beyond the reporting organization’s value chain. Examples of such data
include industry averages and estimates obtained from literature, government publications, or
other reputable sources (Protocol, 2013.). It is imperative, however, that companies exercise
caution and rely solely on data from trusted databases to mitigate the risk of errors and
inaccuracies. In addition and unlike primary data, secondary data offers a cost-effective and
straightforward means of data collection for companies, as it does not entail the setup of
complex data collection processes (WRI & WBCSD, 2011.). Nonetheless, secondary data
comes with some drawbacks and limitations as it may not accurately reflect the activities of
the reporting organization, potentially leading to inaccuracies in estimating GHG emissions
and overlooking optimizations taken by specific suppliers (Protocol, 2013.).
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2.4 Calculation Methods

Accurate calculation formulas and methods are essential for generating the total GHG emis-
sions of a business entity as accurately as possible reflecting the actual reality of the con-
ducted activities of organizations. Selecting the appropriate calculation method is crucial as
it must account for various factors such as the Scope 3 category, supplier engagement levels,
data availability, data quality, and data types. Different calculation methods are available
such as the supplier-specific, hybrid, average, and spend-based methods. One method may
be more suitable than another depending on the previously mentioned factors, making it cru-
cial to choose accurately for better results and decision-making (Protocol, 2013.). Figure 5,
illustrates each calculation method and the overall needed data.

Figure 5: Calculation Methods and Data Types. Source: (WRI & WBCSD, 2011.)

For the case of the purchased goods and services category, choosing the most suitable cal-
culation method is a result of going through a specific decision tree as illustrated in Figure
6. The GHG Protocol, 2013, provided this decision tree to accurately use and determine the
most suitable calculation method based on different factors such as impact, business goals,
data availability on the physical quantity and product-level data. To ensure accurate and
reliable results, it is imperative that the answers to the decision tree questions are provided
transparently and objectively, without bias towards any particular calculation method for the
company’s own benefit. In the following subsections, each calculation method for the first
category of the Scope 3 emissions will be detailed by giving its formula and the data required
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according to the GHG Protocol, 2013.

Figure 6: Calculation Methods Decision Tree

2.4.1 Supplier-specific Method

The GHG Protocol, 2013 noted that the supplier-specific method is the most accurate of all
the various methods as it avoids any allocation and uses data directly related to the reporting
organization. To apply this calculation method, the following formula can be applied:

Total Emissions = ∑
i
(Qi ×EFi)

where:
Qi = quantity of good i purchased (e.g., kg)

EFi = emission factor of purchased good or service i (e.g., kg CO2e/kg)
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2.4.2 Spend-Based Method

The spend-based calculation method is the last alternative of the four available methods
(Protocol, 2013.). However, it is one of the most common used calculation method as it
is easy to apply if costs are known. The spend-based method is utilized when product-level
emission data is not available and all the other methods cannot be used. This method consists
of multiplying the amount of money spent on a product or a service by an emission factor
describing the mean emission amount per spend unit in a specific currency. The following
formula can be used to effectively apply the spend-based calculation method:

Total Emissions = ∑
i
(Vi ×EFi)

where:
Vi = value of purchased good or service i (in $)

EFi = emission factor of purchased good or service i per economic value unit (kg CO2e/$)

2.4.3 Average-Data Method

Concerning the average-data calculation method, the reporting organization is required to
use data related to the physical mass or other relevant units and multiply them by industry
average emission factors. In fact, this method is a mix of primary activity data and secondary
emission factors for purchased products and services. The following formula can be utilized
to apply the average-data calculation method when the mass of purchased goods and services
is available:

Total Emissions = ∑
i
(Mi ×EFi)

where:
Mi = mass of purchased good or service i (in kg)

EFi = emission factor of purchased good or service i per unit of mass (kg CO2e/kg)

2.4.4 Hybrid Method

The hybrid method is a combination of different methods, by using primary data provided
by the suppliers and utilizing secondary data to fill the gaps if needed. For this method, the
reporting organization might collect life cycle assessment (LCA) data or other relevant emis-
sion factors. According to the Greenhouse Gas Protocol, 2013, the hybrid method requires
three main types of activity data which are the allocated scope 1 and scope 2, mass or volume
of the material, and the quantities of the waste output (Protocol, 2013.).
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2.5 Challenges of Scope 3 Management

Accurately reporting on Scope 3 emissions and reducing them is still a challenge for most
companies as stated by Hettler & Graf-Vlachy, 2024. Scope 3 emissions are complex to
fully manage as they are related to the value chain as a whole and usually, they constitute
a big portion of the total carbon footprint of an organization. As the number of suppliers
in the value chain increases, the difficulty of measuring and estimating Scope 3 emissions
becomes even greater as mentioned by Royo, 2020 in his work. Moreover, Blanco, Caro &
Corbett, 2016, stated that in the US and across the different sectors, the Scope 3 upstream
emissions account for around 74% of an organization’s carbon footprint. Literature has
explored different challenges that explain why value chain emissions are considered difficult
to act on and reduce.

The lack of guidance concerning how to handle value chain emissions and manage them over
time in order to reduce them is a significant challenge in the industry field. Juurikka, 2023
conducted research to explore the various challenges faced by food production industry or-
ganizations, using value chain emissions and reporting. The findings of the study highlighted
a major industry challenge regarding knowledge and guidance on Scope 3 emissions. One
critical issue is the excessive flexibility in the GHG Protocol, which often leaves room for
interpretation and uncertainty as confirmed by the study of Talbot & Boiral, 2013. The flex-
ibility leads to confusion and uncertainty about how to proceed with accounting for Scope 3
emissions in a complex value chain, especially in the food industry sector (Juurikka, 2023.).
The lack of guidance often leads to significant discrepancies in how emissions are reported
by different organizations, as each company can adopt a unique and specific methodology
that suits their available resources and business goals. Additionally, Juurikka, 2023 noted that
the inconsistency in Scope 3 accounting not only harms the comparability and consistency
of reported data but also affects the credibility of the GHG inventories. For instance, small-
scale suppliers, in particular, struggle due to their limited resources and technical knowledge,
which decreases their ability to provide accurate emission factors for their customers. Fur-
thermore, even sustainability field experts face challenges in fully understanding and apply-
ing the GHG Protocol’s instructions, especially when deciding which categories to account
for and which ones to neglect from their value chain emissions list (Juurikka, 2023.). Such
a lack of clear guidelines was also explored by Downie & Stubbs, 2013 yielding to similar
results. One of the critical issues identified is the limited rigor in determining which emis-
sion sources are relevant and should be included in Scope 3 assessments. Companies often
rely on subjective judgments or limited external advice, resulting in varied and sometimes
insufficient inclusion of emission sources. This lack of standardized criteria increases the
complexity of the challenges concerning Scope 3 accounting, as organizations may either
overlook significant emissions or include sources that do not actually affect their overall
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GHG emission footprint (Downie & Stubbs, 2013.)

Another significant challenge faced by organizations in reporting Scope 3 emissions is en-
gaging suppliers across the value chain. The study Stenzel & Waichman, 2023 highlights
that engaging suppliers in data sharing is a major obstacle that harms accurate Scope 3 es-
timation and reduction. This issue is further complicated by the often limited visibility and
control organizations have over their extended value chains. Effective supplier engagement,
data sharing, and availability are critical and needed for obtaining and measuring reliable
Scope 3 emission data, yet it remains a complex and resource-intensive objective Stenzel &
Waichman (2023).

Moreover, the work conducted by Dahlmann & Roehrich, 2019 provides valuable insights
into sustainable supply chain management, detailing three distinct types of supplier engage-
ment: basic engagement, transactional engagement, and collaborative engagement. Basic
engagement typically involves minimal interaction and information exchange, focusing on
compliance and basic reporting. Transactional engagement, on the other hand, includes more
structured data sharing and performance monitoring but still operates within a limited scope.
Collaborative engagement is considered to be the most advanced form of engagement with
suppliers, involving a deeper partnership where organizations work closely with both up-
stream and downstream suppliers to align on strategic sustainability goals. Furthermore, the
work of Dahlmann & Roehrich, 2019 emphasizes that collaborative engagement fosters in-
novative relationships and joint problem-solving, setting common strategic goals and driving
collective action toward emission reductions. This approach can greatly improve the accu-
racy and effectiveness of the value chain emissions reporting by creating a more integrated
and transparent supply chain. However, the study also notes that most companies engage
only with a limited number of suppliers and often struggle to broaden the engagement scope
over time. This limitation is due to various factors, including the complexity of managing ex-
tensive supplier networks, the varying levels of supplier maturity in sustainability practices,
and the resource constraints faced by companies Dahlmann & Roehrich (2019).

In addition to the lack of guidance, and supplier engagement, another challenge prevents
companies from reaching sustainability stewardship when it comes to Scope 3 accounting
and reductions which is data availability and quality. The work conducted by Shin & Searcy,
2018 aimed to assess the challenges in reporting GHG accounting in the alcohol sector by
conducting a case study and semi-structured interviews in Canada. The researchers have
highlighted the unavailability of primary and even secondary data as a major obstacle (Shin
& Searcy, 2018.). In fact, emissions from agricultural activities, transportation, and pro-
duction processes constituted major sources of Scope 3 emissions, yet reliable data on these
processes were challenging to acquire.
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Furthermore, the work of Royo, 2020 highlighted another challenge that prevents compa-
nies from collecting and measuring Scope 3 emissions and setting realistic climate goals in
the transportation and logistics sector. The author emphasized the usage of information and
communication technologies as a means to share the Scope 3 data between the different en-
tities of the value chain. However, most companies utilize legacy systems with proprietary
communication mechanisms. As a consequence, the communication between different sys-
tems becomes more difficult. Such a problem requires automation and API integration of the
different systems for carbon emission collection, calculation, and climate goal setting. How-
ever, these highly interconnected and scaled IT systems often raise security issues such as
confidentiality and integrity (Royo, 2020.). To mitigate such a challenge, different initiatives
were taken to establish an IT system to ensure data sharing and emissions calculation. For
instance, the author sheds light on a solution for emission calculation that ensures software
system communication in a cloud computing setting as illustrated in Figure 7. The figure
highlights the overall architecture of the system and contains important components such as
the services dedicated to benchmarking carbon footprint performance, calculating emissions,
and persisting the data in a centralized database while being able to share it with different
stakeholders. This solution is part of a project named The Shared European Logistics Intel-
ligent Information Systems (SELIS) aiming to improve the connection between suppliers in
the logistics sector leveraging cloud computing and SELIS Community Nodes to integrate
systems transport management systems of logistic service providers with ERP systems of
shippers and facilitate the collaboration between logistic companies and suppliers (Royo,
2020.). Despite the innovation aspect of the project, this solution also suffers from security
issues such as confidentiality, integrity, and trust as highlighted by Royo, 2020.
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Figure 7: Cloud Computing System for Scope 3 Emission Calculation. Source: (Royo,
2020.)
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3 Methodology

This section discusses the adopted research methodology in this study to answer the set re-
search questions. The following subsections shed light on the DSRM and the overall utilized
cycles throughout the thesis.

3.1 Design Science Research Methodology

This study is based on the DSRM as defined by Hevner & Chatterjee, 2010 and is using
its different cycles iteratively to provide a generic yet comprehensive framework for orga-
nizations to track Scope 3 emissions and assess their impact on climate transition goals.
Additionally, the DSRM is used to establish a PoC software tool. The DSRM is chosen as
the main methodology for this work because it ensures that the artifact built addresses actual
problems and requirements. Additionally, DSRM contributes to the incremental improve-
ment of the concerned artifacts leading to a more stable and robust result since different
stakeholders and experts can also be included in the feedback loop. The methodology con-
sists of three different cycles which are the relevance cycle, design cycle, and rigor cycle as
established by Hevner & Chatterjee, 2010. Figure 8 illustrates in more detail the established
cycles for this study.

Figure 8: DSRM cycles as defined by Hevner & Chatterjee, 2010

• Relevance Cycle: The relevance cycle in design science research is a fundamental
phase that mitigates the gap between the conducted research process and the real-
world application environment. It begins with identifying a specific opportunity or
problem within an actual application domain, which includes the people, organiza-
tional systems, and technical systems working towards a common goal. This context
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provides the necessary requirements and sets the criteria for evaluating the success of
the research. The relevance cycle ensures that the designed artifact is not only theo-
retically sound but also practically useful by returning it to the environment for field
testing and evaluation. Feedback from this real-world application informs whether fur-
ther iterations are needed, either to address deficiencies in the artifact’s performance
and usability or to refine the initial requirements based on practical insights. Through
iterative feedback and adjustments, the relevance cycle aims to ensure that the final
artifact effectively improves the environment and meets the defined goals (Hevner &
Chatterjee, 2010.).

In this study, the application domain consists of all the organizations that are fac-
ing challenges related to activities of tracking, collecting, and analyzing value chain
emissions involving different stakeholders such as sustainability analysts. Moreover,
the application domain also includes IT systems as they are an important component in
collecting, storing, computing, analyzing Scope 3 emissions, and automating such pro-
cesses. Regarding the problems faced and tackled, the main challenge is the difficulty
in collecting and tracking value chain emissions from different suppliers over time.
This challenge can be broken down into issues of data availability, a large number
of suppliers, and a lack of supplier engagement. Specifically, suppliers are not always
engaged and may not share relevant data, such as product life cycle assessment reports.

• Design Cycle: The Design Cycle is the core of any design science research project as it
links between two main important steps which are designing the artifact and evaluating
it. It involves an iterative process where a designed artifact is established, evaluated,
and refined based on expert feedback, surveys, or workshops for example. This cycle
generates and assesses various design alternatives against set criteria until an optimal
solution is achieved. The inputs for these requirements come from the Relevance Cy-
cle, while the design and evaluation methods are derived from the Rigor Cycle. How-
ever, the primary function of the methodology happens within the Design Cycle. This
cycle requires a balance between the development of the solution and its assessment
to adhere to requirements. Both activities must be grounded in relevance and rigor. In
fact, simply having a strong rationale for the artifact’s construction is not enough if the
evaluation process is weak Hevner & Chatterjee, 2010. Therefore, artifacts must be
rigorously tested in controlled environments before they are field-tested in real-world
scenarios, as part of the Relevance Cycle.

For the purpose of this study, the design cycle aims to establish two main artifacts.
First, a framework aiming to provide a general solution to collect, track, and calculate
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Scope 3 emissions while assessing climate transition goals. Second, a PoC dashboard
application that implements the framework in an industry context and assesses the
Scope 3 emissions and climate transition goals of a telecommunication company. To
evaluate these artifacts, the feedback from field experts such as sustainability analysts
was used to iteratively and incrementally improve the concerned designed artifacts.

• Rigor Cycle: The rigor cycle ensures that the work conducted is grounded on robust
scientific and engineering foundations Hevner & Chatterjee, 2010. This cycle draws
upon a comprehensive knowledge base, involving a careful selection and study of ap-
propriate concepts, theories, and frameworks. Importantly, the rigor cycle not only
incorporates established scientific and engineering principles but also integrates the
latest experiences and expertise within the application domain (Hevner & Chatterjee,
2010.).

In the context of this study, a review of scientific literature was carried out to better
understand the challenges related to Scope 3 emissions accounting and management.
This review included examining current methodologies and identifying gaps in exist-
ing research. Key sources of guidance were the GHG Protocol and its various stan-
dards, which provided a solid foundation for understanding emissions tracking and
reporting. The rigor cycle also involved exploring existing solutions and best prac-
tices to address similar challenges, ensuring that our approach was informed by both
historical and the latest guidelines and standards.

3.2 Overall Cycles

Overall, establishing a a new generic framework for tracking Scope 3 emissions and devel-
oping a PoC for it took 6 phases as illustrated in Figure 9. Inspired by the study of Betz
et al., 2024, the Rigor and Design cycles were merged as illustrated in Figure 9. Initially,
it was crucial to identify as precisely as possible the problems and challenges faced when
dealing with value chain emissions and aiming to adopt a data-driven approach to collect,
track over time, and analyze the impact on the climate transition goals. Next, we developed
a first version of the framework addressing those problems and challenges. Alternating be-
tween rigor, design, and relevance cycles, the framework was improved to take into account
other newly discovered aspects such as supplier engagement. Moreover, the development
of a dashboard was carried out in the last 2 phases as a means of a PoC of the previously
elaborated framework and to assess the impact of Scope 3 emissions on the climate transi-
tion goals of the partner telecommunication company. The field experts have provided their
guidance, knowledge, and requirements to successfully develop the software tool.
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Figure 9: Overall applied cycles
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4 Research Execution and Results

In this section, each cycle is explained thoroughly to detail the steps taken to complete it
following the overall cycles illustrated in Figure 9. Moreover, additional explanation is also
provided to further explain the transition from one cycle to the other while shedding light on
the execution steps and the yielded results.

4.1 Relevance Cycle 1: Problem Identification

As discussed in the background and related works sections, companies encounter numerous
challenges in accounting for value chain emissions which often represent a significant por-
tion of their total yearly emissions (Blanco, Caro & Corbett, 2016.). One of the primary
challenges is the complexity of the supplier network. Large companies often work with a
vast network of suppliers, each with its own unique practices and standards for tracking and
reporting emissions. This diversity makes it difficult to gather consistent and comprehensive
data across the entire value chain. Another significant challenge is the quality and unavail-
ability of emission data (Royo, 2020.). Many suppliers lack the resources or expertise to
accurately measure and report their emissions. This results in incomplete or unreliable data,
which hinders a company’s ability to fully understand and manage its Scope 3 emissions
(Juurikka, 2023.). Additionally, the use of different standards and practices in emissions ac-
counting further complicates the issue. Various industries and regions may adhere to differ-
ent guidelines, making it challenging to harmonize the data into a cohesive and comparable
format. This lack of standardization can lead to significant discrepancies and inconsistencies
in emissions reporting and data sharing (Royo, 2020.).

To validate these challenges and accurately identify the needs, we conducted meetings with
industry experts and got inspiration from the literature readings previously mentioned. In
these interviews, different questions were asked such as “What do you think are the chal-
lenges faced by organizations in Scope 3 management” and “Do you think it would be useful
to have a generic framework to assist companies in Scope 3 emission management”. These
meetings primarily involved sustainability experts, as shown in Table 4 who have extensive
experience in value chain emission accounting and ESG reporting and this cycle 2 meetings
were held online. Through these discussions, it became clear that there is a strong need for
a comprehensive framework that outlines the steps required to effectively track value chain
emissions as a mean to provide a generic and simple framework for companies that are start-
ing their value chain emissions reporting journey. Moreover, the experts affirmed that the
framework should also cover the creation of scenarios to assess and adjust climate transi-
tion targets based on the collected emissions providing more visibility and insights into the
future.
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Table 4: Cycle 1: meetings with field experts

Position Expertise Organization Number of
meetings

Meeting
mode

Corporate
responsibil-
ity manager

Sustainability
and business
design

Telecommunication
company

2 Online

ESG man-
ager

ESG Reporting,
Sustainability
Regulations and
Compliance

Telecommunication
company

2 Online

Additionally, industry experts highlighted the necessity for a practical tool that can imple-
ment some of the key steps of this framework while visually presenting insights on climate
goals. More specifically, one of the interviewees remarked, “I find a dashboard that tracks
our climate transition progress against our science-based targets and drills down into Scope
3 emissions and scenarios really interesting”. Such a tool would facilitate more efficient
and accurate tracking of emissions through automation, helping companies to better manage
value chain emissions and sustainability goals.

4.2 Rigor and Design Cycle 2: Framework Development

State-of-the-art: The published Scope 3 Standard by WRI & WBCSD, 2011 provided gen-
eral guidelines on how to manage value chain emissions on an industry level. The Scope
3 standard contained an overview of the steps required to adhere to the standard as well as
some other requirements. The overview was a foundation and an inspiration for the frame-
work to be developed in this study. Figure 10 illustrates the 9-step overview process of the
GHG Protocol. The latter starts initially on a high-level of abstraction by setting general
business goals and objectives, then reviewing the accounting and reporting principles of the
reporting organizations. Next, different processes follow, such as Scope 3 activities identi-
fication, data collection, and emission allocation. The overall procedure then ends with the
reporting being done at the last step. Additionally, several researchers have stated that the
GHG Protocol contains gaps, offers excessive flexibility, and thus leaves room for different
interpretations by the stakeholders (Talbot & Boiral, 2013.). Finally, it is noticeable that the
provided overview process by the GHG Protocol is a linear process and not iterative offering
fewer chances for returning to previous steps for improvement purposes as shown in Figure
10.

Designed Artifact: Drawing from previous research, an initial version of the framework,
illustrated in Figure 11, was established. In order to design such an artifact, the constant
participation of the field experts was valuable for evaluation purposes as shown in Figure
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Figure 10: GHG Protocol Overview. Source: (WRI & WBCSD, 2011.)

8. Some steps were removed from the overall guidelines provided by the WRI & WBCSD,
2011, as those steps can be judged to be high-level and create room for interpretation and
ambiguity. Moreover, the proposed framework leverages iteration as an important aspect
which was lacking in the framework shown in 10. More specifically, the designed framework
consists of the following four main steps.

Figure 11: Framework First Version

• Identify Key Suppliers: Identifying the key suppliers that contribute the most to the
organization’s value chain emissions is the most crucial first step in the framework.
Not only does this facilitate determining a focused and arrow scope, but also makes
the emission tracking and management task more achievable. While the best-case
scenario is, ideally, to cover all suppliers, many organizations find this approach to be
overwhelming and daunting given the large scale and complexity of their supply chains
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since the higher the number of suppliers gets, the harder it gets to make informed
decisions for carbon reductions (Royo, 2020.). In order to address this, it is practical
to set the Scope 3 boundary by focusing on direct suppliers as an initial first step. Tier
1 suppliers are the ones the organization directly does business with, making the next
steps of the framework more viable. For instance, a telecommunications company can
decide to get started by focusing on critical suppliers that supply critical components,
such as network infrastructure and computer and IT equipment.

Additionally, filtering out direct suppliers with minimal spending can significantly en-
hance the efficiency of the value chain emissions tracking process. By concentrating
on suppliers with the highest spending, companies can prioritize the major contributors
to their overall emissions. For instance, if a company estimates that a substantial ma-
jority of its expenses come from just 20% of its suppliers, it can focus on collaborating
with these key suppliers first to implement emissions reduction measures.

Furthermore, the targeted approach allows companies to establish better relations with
their critical suppliers, which helps in better collaboration and more effective imple-
mentation of the sustainability initiatives agreed upon. In fact, this narrowing of scope
not only makes the tracking process feasible but also allows for greater and quicker
collaboration in reducing the overall carbon footprint of the organization. By starting
with a manageable subset of suppliers, firms can then expand incrementally the cover-
age as they improve further the systems and processes, with the objective of completely
covering the value chain with its different stakeholders and collaborators.

• Data Collection: The second main step of the framework is data collection, which
is crucial as it serves as the foundation for the subsequent steps. Providing various
methods for collecting data increases the likelihood of obtaining comprehensive in-
formation from suppliers over the long term. Therefore, it is essential to support the
manual import of files containing emission data. For example, suppliers can send or
upload spreadsheets or CSV files. However, manual import can be error-prone, slow,
and inefficient. To address these issues, API integration presents a more effective alter-
native. Integrating suppliers with the customer via an API for submitting value chain
emissions data reduces human intervention, automates data processing and cleaning,
enhances scalability, and provides more detailed insights into the value chain.

After collecting the available data, the subsequent task is to select the relevant data
required for calculating emissions, such as direct emissions and emission factors. This
step is crucial to ensure that the data used for emissions calculations is accurate, com-
prehensive, and up-to-date.
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First, it is important to identify and extract data that directly relates to the organiza-
tion’s Scope 3 emissions. This includes data on activities and processes that contribute
to indirect emissions throughout the value chain. Next, the selection process should
also involve reviewing the emission factors used in the calculations. These factors are
essential for converting activity data into estimated emissions. It is also important to
ensure that the emission factors are the most recent and accurate, as they can signif-
icantly influence positively or negatively the final emissions calculations. Organiza-
tions can obtain updated emission factors from reputable sources such as government
agencies, industry associations, or scientific literature.

If there are any gaps in the data or if the emission factors used are not accurate, ad-
dressing these issues becomes necessary at this phase. Data gaps can occur for various
reasons, such as incomplete reporting from suppliers, missing historical data, or new
activities that have not yet been measured. In order to fill these gaps, organizations can
use several techniques and approaches such as data estimation and extrapolation using
industry-specific averages from trusted and certified databases or engage further with
the suppliers to collect additional information.

• Calculate Emissions: Calculating value chain emissions follows the data collection
phase. The primary objective of this step is to estimate Scope 3 emissions as accu-
rately as possible using the GHG Protocol calculation methods. Initially, it is crucial
to dynamically identify the relevant Scope 3 categories from the 15 available ones.
Next, the appropriate calculation formula is applied depending on the quality and type
of the collected data. For example, for the first category of the value chain emissions,
which is the purchased goods and services, there are four different calculation meth-
ods: supplier-specific method, hybrid, method, average data method, and spend-based
method. Additionally, allocation might be needed in cases where suppliers don’t pro-
vide product-specific data or when emissions need to be distributed among different
services or products. By going through the decision tree illustrated in Figure 6, the
correct calculation formula can be utilized.

Furthermore, emissions can be detailed per supplier and, if data permits, per product.
This level of granularity is important for understanding the emissions profile of indi-
vidual suppliers and products, providing deeper insights into the overall performance
of the value chain. This detailed breakdown not only facilitates targeted emissions
reduction strategies but also enhances the overall comprehension of the value chain’s
environmental impact, enabling more informed decision-making in subsequent steps.

• Climate Transition Goals: The final step in this initial version of the framework is to
establish and adjust climate transition goals. Once key suppliers have been identified,
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data has been collected, and emissions have been calculated, the organization can pro-
ceed to set or refine these goals in alignment with its overall business objectives and
strategies. For example, a company might aim for a net zero goal by 2040, using 2021
as the base year. With the data gathered from the earlier steps, the organization can
explore different scenarios, such as expansion and reduction scenarios, to gain deeper
insights into setting and adjusting climate transition goals.

An expansion scenario could occur when the current year’s emissions are higher than
those in the base year. In this scenario, the growth rate of emissions can be calculated
and projected into future years up to the target year for the climate transition goal. This
analysis helps the organization determine whether its climate goals are feasible under
current trends and, if not, how much deviation could occur. However, this scenario can
be complex because it must account for various influencing factors, such as increased
demand for certain goods or services, changes in operational scope, or market expan-
sion, which can all affect the overall emissions. Moreover, a reduction scenario could
be applied when the current year’s emissions are lower than those of previous years
since the base year. By calculating the reduction rate and projecting this trend into
future years, the organization can evaluate whether they are on the right track to meet
their climate transition goal. This scenario is more straightforward but still requires
careful consideration of ongoing and future reduction initiatives, potential efficiency
improvements, and changes in the operational environment that might impact emis-
sions. Both scenarios should be compared to the yearly required emission reduction
needed to achieve the climate transition goal. If the analysis indicates that the goal
is not achievable under current conditions, the organization can explore alternative
measures. These might include implementing additional reduction initiatives such as
adopting bio-fuels, switching to recycled materials, or enhancing energy efficiency.

Another crucial aspect is assessing the impact of individual suppliers on the climate
transition goal over time. By evaluating each supplier’s contribution to overall Scope
3 emissions, the organization can pinpoint which suppliers have the most significant
impact. This detailed analysis enhances clarity and granularity within the value chain,
enabling informed decision-making and more effective emission reductions. Under-
standing individual suppliers’ impact offers several key benefits. Firstly, it enables
more targeted and effective engagement strategies. Knowing which suppliers con-
tribute most to overall emissions allows the organization to focus its efforts on high-
impact suppliers. By working collaboratively, they can develop and implement com-
mon targeted emissions reduction initiatives.
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4.3 Relevance Cycle 3: Supplier Engagement

After two cycles, a significant need emerged hindering the applicability of the framework,
particularly in the data collection phase and the subsequent steps. Both interviewees stated
that supplier engagement is key for having more replies to the CDP questionnaires. The con-
versations between the partner telecommunication company and its suppliers are conducted
by vendor managers who hold annual meetings with suppliers to drive conversations about
sustainability and data sharing. Not having supplier engagement reflected in the framework
hinders the applicability of the framework and highlighted the urgent need to incorporate sup-
plier engagement as an additional major step in the framework since data collection efforts
might fail if suppliers are not committed and engaged to share such data. According to the
study Dahlmann & Roehrich (2019), organizations must engage with their suppliers to effec-
tively address climate change and reduce carbon emissions. This need was validated through
meetings with field experts in sustainability, who unanimously emphasized the importance
of enhancing supplier engagement. They highlighted that fostering deeper conversations and
more information sharing with suppliers is crucial for addressing sustainability concerns,
such as Scope 3 emission reduction, through collaborative efforts and having common cli-
mate transition goals. These experts also pointed out that successful supplier engagement
could lead to innovative solutions, increased transparency, and stronger partnerships, ulti-
mately driving more significant and collaborative sustainable environmental impacts.

4.4 Rigor and Design Cycle 4: Framework Refinement

State-of-the-art: The work of Stenzel & Waichman, 2023 highlighted that supplier engage-
ment is still a major challenge for Scope 3 reporting organizations. Moreover, the study of
Tidy, Wang & Hall, 2016 emphasized the use of supplier engagement programs as a way to
achieve common goal setting and assessment of operations against standards and also help
in achieving the GHG emissions targets. Additionally, many researchers have used the CDP
as a source of data for their study. For Dahlmann & Roehrich, 2019, the usage of the CDP
was ideal as it provided a more comprehensive and structured database. In the same context,
the sustainability field experts from the industry partner have been using the CDP as one of
the main ways to collect relevant sustainability data from suppliers using questionnaires.

Designed Artifact: The aim of this cycle is to design a new version of the framework, in-
corporating supplier engagement as a foundational pillar, as illustrated in Figure 12. The
engagement step, positioned as the second step of the framework immediately after iden-
tifying key suppliers, encompasses several processes. Primarily, it involves fostering di-
rect communication between customers and suppliers through meetings, presentations, and
questionnaires. This cross-communication is essential for gaining a deeper understanding of
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mutual goals, challenges, and areas for improvement. Such interactions provide a platform
for detailed discussions on emission reduction strategies, thereby enhancing the collabora-
tive efforts towards sustainability. This iterative process of dialogue and feedback not only
strengthens relationships but also drives continuous improvement and innovation in sustain-
ability practices. Moreover, to drive more impact from these conversations, benchmarking
suppliers based on their engagement in the last few years can offer great value before starting
the data collection step. To do so, different KPIs can be used such as the CDP scores and the
Supplier Engagement Ratings (SER). The aim is to compare suppliers that are from the same
sector in order to create a sense of urgency and competition within the supplier network. The
framework is not limited to using CDP KPIs. In fact, companies can also incorporate their
own customized processes and metrics for supplier engagement.

Figure 12: Framework Final Version

4.5 Relevance Cycle 5: Dashboard Requirements

This cycle identified a critical need for a software tool to implement the framework in an
industrial context while automating processes such as data collection, supplier engagement
benchmarking, and visualizing the journey toward the climate goals. The existing literature,
as discussed in the first and second sections of this study, highlights the significant challenges
that companies face in terms of improving supplier engagement, collecting and analyzing
Scope 3 data, and setting or adjusting climate transition goals. As a consequence, we observe
a clear necessity to develop a dashboard tool as a PoC for the framework, leveraging data
provided by the industry partner organization.

To validate the observed need, multiple meetings were conducted with field experts from
the sustainability sector. These discussions confirmed the pressing and urgent requirement
for an internal tool to automate these tasks. Centralizing emission data and automating the
generation of supplier engagement KPIs not only facilitates operations but also provides im-



43

portant business value. Experts emphasized that the current process of using engagement
KPIs during supplier interactions is tedious, manual, and in some cases error-prone. An au-
tomated tool would simplify this process, enhance data accuracy, and foster a more effective
and efficient engagement with suppliers while providing insightful visualizations to under-
stand the value chain network even further and assess the journey to achieving the climate
transition goals. By incorporating these functionalities, the proposed software tool would
significantly advance the organization’s sustainability efforts and contribute to more robust
climate transition strategies.

Furthermore, the field experts from the industry partner provided additional details by giving
the desired functional requirements. The functional requirements for the software tool are
the following:

• FR 1: The system shall be able to process CDP data and store it in a local database.

• FR 2: The system shall be able to visually represent different CDP scores based on a
chosen supplier from the value chain.

• FR 3:: The system shall be able to generate insights on the engagement of the suppliers
by analyzing those who replied to the questionnaires and those who did not.

• FR 4: The system shall be able to input emission data related to the purchased goods
and services Scope 3 category and process that data.

• FR 5: The system shall be able to use the GHG Protocol calculation methods to com-
pute the total emissions and a relative emission goal based on the provided data.

• FR 6: The system shall be able to visualize scenarios such as reduction, expansion,
and meeting climate transition goals scenarios.

• FR 7: The system shall be able to authenticate users and manage their roles by having
vendor managers and admin roles.

Additionally, it is important to mention that the inputs to the system are the CDP records,
purchased goods and, Scope 3 emission data, and the user credentials such as email and
password. Understanding and clearly defining these inputs is crucial as it ensures that the
system is designed to handle and process the necessary data efficiently. In fact, by specifying
these inputs, the software can be established to answer the functional requirements defined
previously. More specifically, the CDP data can look like data spreadsheet files with different
answers to the CDP questionnaires. While the purchased goods and services emission data
can consist of emission factors, number of units, and quantity in kilograms for example.
Furthermore, the available and provided data by the partner telecommunication organization
covered the last two years since 2023 using 2021 as the base year.
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4.6 Rigor and Design Cycle 6: Dashboard Development

State-of-the-art: Before diving deeper into designing the artifact, research has been to con-
ducted to get inspired from existing sustainability reporting software tools namely the ones
that focus on the value chain and the Scope 3 emission reporting. More specifically, Water-
shed 1, Greenly 2, and ImpactOS 3 are software platforms that were studied to get inspiration
for designing and developing the PoC dashboard tool. In fact, these platforms aim to assist
companies in measuring, managing, and reducing their carbon footprint while automating
different processes for better productivity, accuracy, and granularity. Moreover, the SELIS
cloud computing project, as described in the study of Royo, 2020 because it provided a de-
tailed high-level architecture of a Scope 3 emission management system in the sector of lo-
gistics and transportation., was a great inspiration for designing such software. Furthermore,
Chehrehgosha Kenari, 2024, conducted a study evaluating the importance and significance
of the usage of digital tools and their impact on Scope 3 emissions reporting. In fact, the
author claimed that using digital tools, automation, and Business Intelligence (BI) processes
can provide great potential for achieving sustainability goals and leveraging more granular
and detailed insights into the supply chain.

Designed artifact: Based on the studied literature, sustainability reporting tools, feedback
of field experts, and the functional requirements, a software tool was designed as a PoC of
the framework and to be used internally by the telecommunication industrial partner.

Figure 13: Technical Overview of PoC

4.6.1 PoC: Technical Overview

A general architecture overview of the PoC software tool was designed as illustrated in Fig-
ure 13. The input of the system is mostly coming from the suppliers in the value chain

1https://watershed.com/
2https://greenly.earth/en-gb
3https://www.impactos.ai/
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and their CDP questionnaires. For the scope of this PoC, only four suppliers were taken
into consideration due to the limitation of data availability by the partner telecommunication
company. Handling the CDP and Scope 3 emission data is initially executed on the first API
layer. The latter implements an Extract, Transform, Load (ETL) pipeline to access the rele-
vant data, process the input data, prepare it for further analysis, and store it in a centralized
database. The latter was a NoSQL type of database since the processed data was expected to
be sparse as not all the questions of the CDP questionnaires are answered by every supplier.
Using a NoSQL database ensures that the system does not store null values thus optimiz-
ing storage capabilities. More specifically, the ETL pipeline was designed to execute the
following processes:

• Extract: The extract part of the ETL pipeline involved reading the uploaded CDP
files and extracting relevant data points. For each of the 165 suppliers, approximately
122 data points were extracted. These data points included various important pieces of
information such as the supplier name, priority level, revenue, response status, submis-
sion date, previous year status, activity group, Scope 3 purchased goods and services,
emission direction, current year supplier engagement year, previous year supplier en-
gagement year, and more. Moreover, this part of the pipeline was also responsible for
extracting Scope 3 emission data such as the purchased goods and services. This phase
was important in gathering all the necessary information to understand each supplier’s
impact on Scope 3 emissions and their engagement over the last two years.

• Transform: Once the data was successfully extracted, the transformation phase pre-
pared the data for persistence involving several key steps. First, it was essential to
handle cases where data fields were empty, as some suppliers did not complete the
CDP questionnaires. This required filling in missing data where possible, marking it
appropriately, or leaving it empty to not store it later on. Second, since most of the data
fields were in string format, it was necessary to convert these strings into the correct
data types. For example, date fields need to be transformed into proper date formats to
ensure accurate and meaningful analysis later on.

• Load: After extraction and transformation, the final step consisted of loading the data
into the NoSQL database for persistence purposes. Each supplier’s information was
stored in a centralized database, ensuring that all their relevant CDP data was easily ac-
cessible. Moreover, the emission data of the purchased goods and services was linked
to their corresponding supplier using unique identifiers. Moreover, the overall pro-
cess consisted of loading all the transformed and cleaned data points into the NoSQL
database, leveraging a comprehensive repository of information ready to be queried
for data analysis purposes. In addition, by storing the data in a NoSQL database, we
ensured centralizing data, allowing for efficient data retrieval and management as the
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number of suppliers and the volume of data could potentially grow over the upcoming
years.

Additionally, to serve the dashboard with the needed data, a server hosting an API was
established as a layer between the database and the dashboard client application. Using
HTTP and JSON, the server and API were designed to serve the dashboard with the required
data through the implementation of different API endpoints utilizing various HTTP verbs as
illustrated in Figure 14.

Figure 14: API and Dashboard

Furthermore, registration and authentication are crucial steps in the proof of concept (PoC)
as they are necessary for accessing all functionalities in the dashboard while ensuring that
some data chunks are accessible only by specific users. For the established PoC, the authenti-
cation and registration processes involve only a username and password. Upon receiving the
password, the server hashes and salts it to enhance security practices. Once a user account is
created, a role can be assigned to that account, either as a vendor manager or an admin role.
A vendor manager account has limited access to the implemented functionalities and cannot
alter data in the system. On the other hand, an admin has full access to the system features,
including detailed CDP supplier information and their KPIs, and can add purchased goods
and services along with their emission factors.

4.6.2 PoC: Engagement

Vendor managers play a critical role in engaging with suppliers as they are the ones responsi-
ble for having conversations with the suppliers, and the illustrated dashboard in Figure 15 is
designed to support them in those interactions. By utilizing various KPIs, vendor managers
can benchmark supplier performance and guide conversations toward more comprehensive
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data sharing and enhanced accuracy in emissions reporting. The aim is to strengthen supplier
engagement by using specific scores and metrics tailored to each supplier and their respec-
tive sector, as illustrated in Figure 15. This approach aligns with the principles of the GHG
Protocol, which emphasizes the importance of accurate and transparent Scope 3 emissions
data. By benchmarking suppliers using sector-specific KPIs, vendor managers can identify
areas for improvement and foster collaboration to reduce greenhouse gas emissions more ef-
fectively. This method not only promotes better data accuracy but also encourages suppliers
to adopt more sustainable practices and reduction initiatives, ultimately contributing to the
organization’s overall sustainability objectives. The following bullet points describe each
KPI used in this section of the dashboard in detail and use the Carbon Disclosure Project,
2023 scoring methodology as a reference for the utilized metrics.

Figure 15: Supplier Specific CDP Scores

• Supplier Engagement Rating: The first metric used in this section of the dashboard
is the SER of a specific supplier for the current year. This KPI evaluates how effec-
tively an organization is engaging with its customers to address climate-related issues.
A higher score is awarded when the questionnaire responses are comprehensive and
qualitative, as verified by the responsible CDP teams. For example, as illustrated in
Figure 15, the current year SER for Apple Incorporation is A-, maintaining the same
rating as last year. This data was effectively gathered from CDP records and answers
to the questionnaires of the partner telecommunications organization as explained in
the previous technical overview section.

• Climate Targets: The climate target KPI refers to how well the supplier is disclosing,
aligning with the climate transition targets, and progressing towards those targets using
transparent and coherent reporting. For the example of this supplier, the climate target
rating is B meaning that they are at the Management level and not yet at the leadership
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level according to the Carbon Disclosure Project, 2023 scoring methodology. In other
words, this company is doing well in pursuing its climate targets but there is still room
for improvement in the upcoming years.

• Emission reduction & initiatives: This KPI assesses the organization’s initiatives to
reduce GHG emissions. To do so, the level of disclosure of these initiatives is assessed
as well as their impact and effectiveness. For the supplier in Figure 15, the supplier
has a score of A which is the best score achievable.

• Scope 1 & 2 emissions: Similarly, the Scope 1 & 2 emissions KPI is generated based
on the completeness and transparency of the company’s reporting on Scope 1 and 2
carbon footprint. Additional points are awarded for the accuracy and independent ver-
ification of the emission data, as well as for demonstrating improvements in emissions
reduction over the years.

• Scope 3 emissions: The final KPI utilized in this part of the designed dashboard is the
Scope 3 emissions rating. Unlike the Scope 1 & 2 KPI, this rating focuses exclusively
on value chain emissions, examining the fifteen different groups of value chain emis-
sions, such as the purchased goods and services. For the selected supplier in Figure
15, the supplier has a score of A-, indicating that while they are performing well, there
is still potential for potential enhancements to achieve an A grade.

To further incentivize suppliers to engage with reporting organizations, benchmarking their
performance against competitors within the same industry can be highly effective. As il-
lustrated in Figure 15, 27% more companies in the same industry have achieved a higher
SER of A. Such visualizations are crucial for vendor and supplier managers, as they pro-
vide clear, comparative insights that can drive strategic discussions and initiatives aimed at
improving scores in the upcoming year. This competitive benchmarking not only highlights
areas for improvement but also fosters a sense of urgency and motivation among suppliers to
adopt best practices and enhance their sustainability efforts. Additionally, this visualization
replaced manual interventions that vendor managers were doing every time they had to con-
duct conversations with the suppliers. With the established dashboard, the vendor manager
is only asked to choose the concerned supplier from the list of suppliers, and the rest of the
visualizations and KPIs are automatically generated.

4.6.3 PoC: Data Collection

Following the supplier engagement phase, the next steps are data collection and emission
calculation. For the scope of this PoC, the industry telecommunication organization provided
data from four different suppliers. Moreover, this PoC specifically targets the first category
of the value chain emissions which is the purchased goods and services. In fact, this category
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accounts for over 54% of the overall Scope 3 emissions for the telecommunication company
in 2023, making it a significant focus area for emission reduction efforts. Table 5 shows
the different utilized purchased goods and services in this study such as mobile network
equipment, routers, phones, and transportation due to network construction along with their
emission factors, quantities, and units.

Table 5: Purchased Goods and Services

Supplier Product Emission
Factor

Quantity Units Period

Supplier #1 Mobile network
equipment

23
kgCO2/kg

24000 kg 9000 Yearly

Supplier #2 Router 23
kgCO2/kg

300 kg 100 Yearly

Supplier #3 Phone 65
kgCO2/kg

NA 30000 Yearly

Supplier #4 Network Con-
struction

2.68
kgCO2/l

2000 liters NA Monthly

The emission factors were provided by the telecommunication industry partner and were
used by the company for the last years since the base year and were verified and validated by
sustainability consultants. However, for the scope of this study and for privacy, the number
of units and quantities were not the actual figures used by the company but rather estimations
that are close to reality as affirmed by the sustainability field experts. The first supplier is
a provider of mobile network equipment and the provided data concerns the manufacturing
stage only. The second supplier provides specific internet router categories for customer
solutions and the emission factor only concerns the manufacturing stage. The third supplier
is a large mobile phone vendor providing different types and models of phones. The used
emission factor describes a group of different phone models rather than a specific one and the
emission factor covers the manufacturing stage solely. Finally, The fourth supplier provides
network building services and maintenance. For that supplier, the provided emission factor
covers the diesel fuel consumed by trucks and excavators in liters for establishing network
poles and related facilities.

The given data was ingested into the system via an API by sending a POST request with
the necessary JSON object that includes the product or service information. This approach
allows for automated data integration from various sources while handling use cases where
important and required data points are missing. Alternatively, users have the option to manu-
ally enter data through the dashboard interface, as illustrated in Figure 16. This manual entry
method provides flexibility and accessibility for users who may need to input data directly or
make adjustments to it. The dual methods of data ingestion enhance the system’s versatility,
making it suitable for different operational needs and ensuring comprehensive data capture
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for emissions reporting and analysis.

Figure 16: Purchased Goods and Services

4.6.4 PoC: Emission Calculation

Once the emission data is collected, the procedure is then followed by the calculation of
the total emissions generated by the given purchased goods and services using the GHG
Protocol calculation methods. Drawing from the decision tree illustrated in Figure 6, the
average-data method was utilized as it best matches the available data. After converting all
the provided data to a yearly basis and applying the average-data method, the total emissions
summed up to 2573.22 tCO2 for the year 2023. That number constitutes around 0.96% of
the total Scope 3 emissions of the 2023 year of the partner telecommunication organization
as the total number amounted to 268,879 tCO2. The overall climate transition goal of the
telecommunication company was to reduce the total Scope 3 emission to 138,598 tCO2
by 2030 which translates to a 42% reduction since the base year as noted in the annual
sustainability report. However, since the data used for this PoC is limited to four products
and services from only four specific suppliers, a relative goal had to be computed. The
relative goal is computed by taking 0.96% of the 2030 overall target. In other words, for the
chosen products and services, the total emissions in 2023 which was 2573.22 tCO2 needs
to be reduced to 1326.41 tCO2 by 2030 to adhere to the already set climate transition goal.
More specifically, this transition constitutes a 48.45% reduction between 2023 and 2030
which represents a 6.45% difference compared to the previously established reduction rate.
Thanks to the established emission calculation process, the gap was identified and reported
to the field sustainability experts.

Furthermore, these calculations are automatically triggered and the metrics are updated
whenever a new good or service is processed by the system. The results of the emission
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calculation phase are illustrated in Figure 17. The automated aspect of the tool allows the
different stakeholders and users, to gain granular insights on the available data immediately.

Figure 17: Climate Targets

4.6.5 PoC: Climate Transition Goals

After calculating the total emissions of the available purchased goods and services, analyz-
ing the climate transition goals comes next. This section of the PoC consists of computing
different scenarios which are the expansion, reduction, and custom scenarios using a linear
change model. As illustrated in Figure 17, the green line represents the needed reduction be-
tween the years 2021 and 2030 required to achieve the climate transition goal established by
the telecommunication industry partner in their annual sustainability report. In other words,
the green line represents the 48.45% reduction until 2030. On the other hand, the expan-
sion scenario is represented by the red line and it describes the growth of the emissions in
the next years until 2030. The growth is generated by calculating the increase rate of the
overall Scope 3 emissions of the telecommunication industrial partner between the base year
and 2023. The expansion scenario sheds light on the possibility that Scope 3 emissions of
the selected goods and services might increase if reduction initiatives and strategies are not
implemented on time. By establishing the expansion scenario, we can compare the gap be-
tween reaching climate transition goals and the expansion scenario. In 2030, the total Scope
3 emissions would reach 3881 tCO2. This means a gap of 2555.55 tCO2 if no reduction
initiative is taken and if the growth continues between 2021 and 2023.

The custom scenario is made for users who want to establish different reduction percentages
and see their impact by visually assessing if the already set climate transition goals can be
achieved or not. For instance, in Figure 17, a custom reduction scenario was set to 25% by
2030 and is represented by the yellow line on the graph. Such a scenario can give immediate
insights to field sustainability experts by assessing the relationship between the reduction
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rate and the climate transition goal. The dynamic visualization of the line of the custom
scenario describes in detail the potential yearly Scope 3 emissions of the available products
and services in the system.

4.6.6 PoC: Authentication and Resource Access

To ensure the dashboard is accessible and functional for various users, a registration and
authentication mechanism was established. For this PoC, the authentication mechanism re-
lied on a combination of a username and password, transmitted securely to the server using
HTTP. The registration process required each username to be unique. Passwords were se-
curely hashed and salted before being stored in the database. Moreover, the assignment of
roles and user permissions were a critical feature within the system, as they forbid some
users without the required permissions to access resources. As such, vendor managers are
granted access to specific user interfaces and datasets related to their responsibilities, en-
suring they can perform their duties without unnecessary exposure to broader system data.
More specifically, the vendor managers can access functionalities related to the CDP records
and are not able to edit purchased goods and services. In contrast, administrators possess
a holistic view of the system, with full access to all supplier data and various KPIs and the
right to edit and manage all the resources including user roles. In fact, a super user account
was made for the system and was given the right to create accounts and upgrade users from
vendor managers to admins roles or vice versa as a means to make the dashboard usable for
the telecommunication company.

In Figure 18, the UML sequence diagram illustrates the process of authenticating a user
within the system. This process is initiated when the user inputs their credentials. The client
application forwards this data via an HTTP POST request to the server. Upon receiving the
request, the server queries the database to fetch a user object associated with the provided
email. The server then compares the input credentials with the stored credentials for the
located user object with the aim of verifying it. The user is authenticated if the credentials
match, in which case the server creates an access token and returns it to the client application.
If the credentials do not match, the system responds with an error message, indicating that
authentication has failed. This sequence ensures secure verification of user credentials and
appropriate handling of authentication outcomes. Moreover, the access token is then stored
in the client application of the user for a limited time and is attached to the headers of the
upcoming HTTP requests.

Furthermore, the developed software provided different resources for use such as the CDP
records, supplier information, and Scope 3 emission data. It was mandatory to design a
mechanism to allow users to efficiently access those resources from the database and be able
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Figure 18: Authentication UML Sequence Diagram

to ensure security. The process is, illustrated on the UML sequence diagram in Figure 19,
initiated with the client application requesting access to a specific resource through the use
of HTTP requests such as a GET request. The server is then responsible for verifying the
access token by decoding the JSON Web Token (JWT) found in the headers of the request
and verifying if the role of the user matches with the requested resource. In case of a valid
access token, the database is fetched for the requested resource and then forwarded back
to the client if the object is found in the database. Otherwise, an error is sent to the client
application specifying that the resource could not be found.
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Figure 19: Resource Access UML Sequence Diagram
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5 Discussion

This section discusses the results of the conducted study by going through the research ques-
tions and how they were answered. Moreover, the key findings of the study are also discussed
and evaluated based on the already set study objectives. This section also tackles the differ-
ent threats to validity and the adopted mitigation strategies. The threats to validity discussed
in the section include external, construct, and conclusion validity.

5.1 Findings Interpretation

This study aimed to explore avenues concerning collecting, analyzing, and tracking over
time value chain emissions and to improve the Scope 3 emission reporting and accounting in
an industrial context. To do so, the study focuses on answering two main research questions
which are “How to track and analyze Scope 3 emissions” and “What are the impacts of
Scope 3 emissions on the climate transition goals of a telecommunication company?”. The
following subsections discuss the research and industry gaps and how the study mitigates
them by answering the research questions.

5.1.1 Discussion RQ1: How to collect, track, and analyze Scope 3 emissions

For the first research question, the aim was to explore already available frameworks and
models to provide a generic step-by-step process for organizations that are in the journey
of reporting and accounting for value chain emissions, especially beginners. The WRI &
WBCSD, 2011 was found to be one of the main available standards for companies that are on
such a mission. However, that standard failed to tackle important aspects that organizations
are struggling with. For instance, supplier engagement was not a focus of such a standard.
Moreover, the standard offered excessive flexibility leaving room for interpretation and un-
certainty as discussed in the literature by Talbot & Boiral, 2013. Thus, to mitigate this gap
and to answer the first research question of the study, a generic framework was established
to guide companies on how to collect, track, and analyze Scope 3 emissions. In collab-
oration with an industrial partner in the field of telecommunication and using the DSRM
throughout the span of the study, the framework was established and consisted of five main
steps as discussed in Section 4. The five-step generic framework consists of identifying key
suppliers, engaging with suppliers, collecting data, calculating the Scope 3 emissions, and
finally setting or adjusting the climate transition goals. More specifically, the supplier en-
gagement step consisted of collaborating with the value chain supplier through bi-directional
conversations about emissions and climate transition goals but also through using KPIs and
data-driven approaches to benchmark suppliers and create a sense of urgency and competi-
tion to increase engagement. Furthermore, the iterative nature of the proposed framework
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provides great value for reporting companies by enforcing the repetition of the different steps
to increase the chances of improvement. The need for such a framework is very much exist-
ing within reporting organizations as there is a lack of guidance and knowledge concerning
Scope 3 emissions (Juurikka, 2023.). The designed framework serves as a bird’s-eye view
for companies that are discovering how to collect, track, and analyze value chain emissions
and reporting on them and for organizations that are struggling to engage their value chain
suppliers. Additionally, to answer the first research question, more specifically, on how to
collect value chain emissions, the study sheds light on API integration between reporting
organizations and suppliers. Such an integration can offer great potential for automating
calculation processes and removing the human from the loop while having more granular
insights.

5.1.2 Discussion RQ2: What are the impacts of Scope 3 emissions on the climate transition
goals of a telecommunication company?

For the second research question, the objective was to examine how Scope 3 emissions im-
pact the climate transition goals of the telecommunications company using real-world data
from the industry partner. To achieve this, the study applied the previously designed frame-
work to the available data from the telecommunication organization and their suppliers. The
implementation process involved several DSRM cycles, which were guided by the expertise
of sustainability field experts from the industrial partner. Throughout these cycles, the need
for automation became obvious. Consequently, an ETL pipeline was developed to clean,
process, and prepare the data for further analysis. This pipeline ensured that the data was
correct and readily available for use in various scenarios. Additionally, a dashboard was
created to leverage the processed data effectively. This dashboard allowed for the establish-
ment of expansion, reduction, and custom scenarios to assess their impact on the company’s
climate transition goals. However, the provided emission factors by the partner telecommu-
nication company were averages and not product-specific emission factors LCA data for the
chosen products and services was not available for this study.

The second research question was addressed by establishing these scenarios and determin-
ing the necessary reductions to meet the climate goals. For instance, one of the findings
indicated that a 48.45% reduction in emissions was required to align with the company’s ob-
jectives. This analysis provided valuable insights into the specific actions needed to achieve
significant emissions reductions. Furthermore, the PoC of the software tool demonstrated the
practical application of the designed framework within an industrial context. The designed
and developed software enabled the use of data to validate the framework’s effectiveness,
highlighting its potential to support telecommunications companies in their efforts to meet
climate transition goals. This practical implementation not only answered the research ques-



57

tion but also showed the utility of the framework and data-driven approaches in achieving
meaningful sustainability objectives concerning Scope 3 emissions management.

5.2 Threats to Validity

In this section, different threats to validity concerning this thesis are discussed such as the ex-
ternal, construct, and conclusion threats to validity along with established mitigation strate-
gies for such threats.

5.2.1 External Validity

The findings of the thesis, especially the framework artifact, are intended to be generaliz-
able to other companies even in different sectors beyond telecommunications. In fact, the
framework was designed to be generic enough to provide a comprehensive understanding
for companies new to Scope 3 emissions reporting. It aims to guide them on how to col-
lect, track, and analyze Scope 3 emissions while effectively collaborating and engaging with
suppliers using simple and available data sources such as the CDP and its different metrics.

However, one potential external threat to validity lies in the fact the PoC software tool was
developed and tailored for a specific organization. Using the available data and functional
requirements from one organization can potentially limit the generalizability of the results of
the study. To mitigate this issue, the designed dashboard was developed modularly, enabling
minimal modifications for adding new features such as covering other Scope 3 emission
categories. Yet, another limitation of the study was the unavailability of product-level data
for purchased goods and services, which could impact the generalizability of the results. To
address this limitation, the study included data from four different types of suppliers, typical
to telecommunications organizations such as network construction companies, mobile phone
vendors, and router providers. This approach enhances the likelihood that the results can be
generalized to other companies within the same sector as they might also have the same or
similar kinds of suppliers in their value chain.

5.2.2 Construct Validity

To ensure construct validity and avoid ambiguous definitions, inconsistent measurement
tools, and subjective interpretations, this study clearly defined important concepts such as
Scope 3 emissions, supplier engagement, climate transition goals, and the CDP. To mitigate
such issues even further, the research questions were clearly defined including a rationale for
each one to ensure the alignment with the objective of the study. Furthermore, standardized
tools and protocols were used such as the Scope 3 standard byWRI & WBCSD, 2011 which
was referenced and used throughout this work. Additionally, the usage of the Carbon Dis-
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closure Project, 2024 further reinforces the construct validity of the study through the usage
of reliable frameworks and initiatives.

5.2.3 Conclusion Validity

Concerning the conclusion validity of the study, a threat was identified related to a key find-
ing. While using data-driven KPIs for benchmarking suppliers is effective for driving more
conversations and extracting valuable data, the validity of this approach is highly dependent
on the quality and relevance of the data used for benchmarking. Poor quality or availability
can lead to irrelevant comparisons of suppliers and thus incorrect decision-making.

To mitigate this issue, we utilized the official and published scoring methodology from the
Carbon Disclosure Project, 2023, incorporating scores such as the SER of the current year
and the previous one, and KPIs related to climate targets and Scope 3 emissions reduction
initiatives. Moreover, the same types of scores were consistently used to systematically
benchmark all the suppliers in the value chain of the telecommunication company. By ad-
hering to these standardized processes, potential bias was minimized.
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6 Conclusions

This study explores avenues to improve the overall Scope 3 accounting and reporting by
tackling challenges such as lack of guidance concerning how to collect, and track value chain
emissions and how to assess their impact on climate transition goals set by organizations. The
results of the thesis were twofold. First, a generic framework was established consisting of
five main steps which are identifying key suppliers, engaging with suppliers, collecting data,
and adjusting or setting climate transition goals. Second, a PoC software tool was developed
to assess the impact of the Scope 3 emissions of a telecommunication company partner. The
tool also puts the framework into practice by using data provided by the organization. The
first designed artifact, the iterative framework, directly answered the first research question
of the study by providing a step-by-step workflow on how to collect, track, and assess Scope
3 emissions. Moreover, the designed software aimed to answer both the first and second
research questions by using the purchased goods and service provided data to calculate the
overall Scope 3 emissions and compare it to the previous set climate transition goal while
establishing different scenarios such as expansion and reduction. Moreover, CDP data of all
the tier 1 suppliers was used to benchmark suppliers and provide valuable insights to drive
meaningful conversations and help the organization set common goals and get more accurate
from its suppliers.

Furthermore, this study has both theoretical and practical contributions aiming to tackle the
challenges faced by organizations concerning value chain emissions and future work can
tackle the limitations of the study to further improve it and explore other avenues. On the
theoretical side, future work can explore other sources of data to use for benchmarking sup-
pliers apart from the CDP and assess which one offers better performance. Such an addition
to the framework can be valuable to expand the range of usage and explore other alternatives
to the CDP. Additionally, integrating the reduction actions and initiatives and their impact
on financial aspects such as cost could offer potential improvement in the applicability of
the proposed framework and software system. On the practical side, future work can be fo-
cused on improving technical and data-related limitations such as increasing the number of
purchased goods and services used in the PoC and also covering other main categories of the
value chain emissions such as capital goods and waste generated in operations.
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