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The Impact of Profitability on Scope 1, 2 and 3 GHG Emissions in Europe
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Abstract

This thesis examines the effect of corporate profitability on the levels of greenhouse gas (GHG) emissions, specifically analyz-
ing Scope 1, 2, and 3 emissions for European companies listed on the STOXX Europe 600 index from 2017 to 2023. Given
increasing regulatory pressures, inconclusive evidence on whether profitability drives sustainability, and potential bidirectional
causality, researching this relationship is highly relevant. Using a systematic literature review (SLR) and fixed-effects regres-
sions, this thesis investigates this relationship. Results show profitability, measured by return on assets (ROA), negatively
correlates with Scope 3 emissions, suggesting higher profits may promote sustainability. However, no significant correlation
exists for Scope 1 and 2 emissions, except for a positive link with Scope 2 emissions in low-emission sectors. High-emission
industries show stronger model explanatory power, indicating a closer profitability-emissions link. Findings are robust against
outliers but vary with changing profitability metrics. This research contributes to the profitability-sustainability debate, offer-
ing insights for policymakers, scholars, and managers, while emphasizing the need to consider industry and Scope-specific
dynamics to combat climate change.

Keywords: GHG emissions; profitability; sustainability reporting

1. Introduction

In the last decades, the accelerating pace of climate
change has brought the issue of greenhouse gas (GHG) emis-
sions to the forefront of global discussions (Manabe, 2019;
Solomon et al., 2009; van Vuuren & Riahi, 2008). The impact
of corporate activities on the environment, mainly through
GHG emissions, has become a critical area of concern. Com-
panies worldwide are still making substantial profits based
on business practices detrimental to the environment (Tru-
cost, 2013). The United Nations’ (UN) Sustainable Develop-
ment Goals (SDGs) and the Paris Climate Agreement of 2015
underscore the need for a global effort to reduce GHG emis-
sions and combat climate change (United Nations, 2015a).
These international frameworks have set the stage for more
stringent regulations and reporting requirements, particu-
larly in the European Union (EU), which is recognised as a
leader in sustainability reporting (Barbu et al., 2022). The
EU has taken significant steps to integrate sustainability into
corporate reporting, primarily through the Non-Financial
Reporting Directive (NFRD) and its successor, the Corpo-

rate Sustainability Reporting Directive (CSRD) (European
Union, 2022). These directives mandate large companies to
disclose their environmental social, and governance (ESG)
performance, with a specific emphasis on GHG emissions
categorised under Scope 1, Scope 2 and Scope 3 as per the
GHG Protocol (WRI & WBCSD, 2004). Scope 1 encompasses
direct emissions from sources owned or controlled by the
company. Scope 2 refers to indirect emissions resulting from
the production of electricity, steam, heating and cooling that
the company purchases. Scope 3 covers all other indirect
emissions associated with the company’s value chain. (WRI
& WBCSD, 2004)

Amidst the increasing public and regulatory attention
on GHG emissions, both scholars and business professionals
have questioned whether “it pays to be green” (see, e.g.,
Busch and Hoffmann, 2011; Cote, 2021; Hoang et al., 2020;
Lewandowski, 2017). This inquiry suggests that companies
achieving lower GHG emissions may experience enhanced
profitability or increased firm value. This perspective aligns
with Porter’s Hypothesis, which posits a “win-win” scenario
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where stricter regulations foster innovation, improve com-
petitive advantage and ultimately enhance financial perfor-
mance (Porter, 1980; Porter & van der Linde, 1995; Wad-
dock & Graves, 1997). However, existing literature presents
mixed findings on this relationship (Galama & Scholtens,
2021; Iwata & Okada, 2011; J. Wang et al., 2021). Some
studies even suggest that “it pays not to be green”, implying
that higher GHG emissions may be associated with greater
profitability (Rokhmawati et al., 2015; L. Wang et al., 2014).
These conflicting results highlight the complexity of this re-
search area, with some scholars proposing the existence of
reverse causality or bidirectionality between financial per-
formance and GHG emissions, which could significantly in-
fluence the observed outcomes (Endrikat et al., 2014; Testa
& D’Amato, 2017; Waddock & Graves, 1997). Nonetheless,
limited research addresses this potential reverse relation-
ship, encapsulated in the question: “Does profitability drive
sustainability?” (Hassan & Romilly, 2018; Meng et al., 2023;
Shahgholian, 2019). This potential relationship, grounded
in the Slack Resource Theory and aspects of Stakeholder
and Legitimacy Theory, suggests that more profitable compa-
nies may naturally invest more in GHG reduction efforts to
achieve legitimacy and manage stakeholder relations (see,
e.g., Cyert and March, 1963; Dowling and Pfeffer, 1975;
Freeman, 1984; Waddock and Graves, 1997). The impact of
profitability on GHG emissions represents a critical yet un-
derexplored area of study, which could contribute to a deeper
understanding of the profitability-sustainability nexus.

This thesis addresses this research gap by comprehen-
sively analysing Scope 1, 2 and 3 GHG emissions reported
by European companies from 2017 to 2023 and empirically
examining profitability’s impact on these emissions. Given
Europe’s robust reporting framework, high data quality and
availability are anticipated. Consequently, the study will fo-
cus on companies listed on the STOXX Europe 600 index,
including some of the region’s largest firms. The central re-
search questions of this thesis are twofold:

(1) What are the Scope 1, 2 and 3 GHG emissions levels for
European companies from 2017 to 2023?

(2) How does firm profitability impact total and individual
Scope 1, 2 and 3 GHG emissions?

By answering these questions, this thesis aims to con-
tribute to the current literature on corporate sustainability
reporting, CO2-Footprints, and the relation between financial
performance and GHG emissions to provide valuable insights
for policymakers, corporate managers, and other stakehold-
ers. This work will be structured as follows: The second
chapter provides a detailed overview of the fundamentals of
sustainability reporting, including the regulatory landscape
and the specific requirements of the GHG Protocol. The third
chapter presents a systematic literature review (SLR), high-
lighting the academic relevance of the research questions and
identifying gaps in the existing literature. The fourth chap-
ter explains the theoretical framework, drawing on Slack Re-
sources, Legitimacy and Stakeholder Theory, to explain the

potential impact of profitability on GHG emissions. The fifth
chapter develops and discusses the hypotheses for this re-
gression. The sixth chapter outlines the methodology used
to collect and analyse data, followed by a presentation of the
results in the seventh chapter. The concluding chapter dis-
cusses the implications of the findings, their limitations and
provides concluding remarks.

This research is particularly timely as companies prepare
to comply with the new CSRD requirements, which will make
the disclosure of all three Scopes of GHG emissions manda-
tory for approximately 50,000 companies starting in 2024
(European Parliament, 2022; European Union, 2022). The
findings of this thesis will not only shed light on the current
state of GHG emissions reporting in Europe but also guide
future research and policies. Furthermore, by exploring the
relationship between profitability and GHG emissions, this
study aims to inform the ongoing debate on whether and
how economic performance is aligned with environmental
sustainability. Before proceeding with the literature review
and the analysis of GHG emissions, it is essential to under-
stand the basics of sustainability reporting, specifically the
GHG Protocol, which will be discussed in the following chap-
ters.

2. Fundamentals of Sustainability Reporting

Broad publications of GHG emissions by companies oc-
curred relatively recently and has been largely influenced by
recent advancements in non-financial reporting practices. A
basic understanding of the non-financial or sustainability re-
porting landscape is necessary to analyse the countervailing
trends in GHG emissions and understand the factors influ-
encing them. Therefore, this thesis first briefly introduces
sustainability reporting and the sustainability reporting land-
scape.

2.1. Introduction to Sustainability Reporting
The introduction to sustainability reporting begins with

a basic definition of the term and then briefly discusses its
importance, benefits, and challenges.

2.1.1. Definition
At first, the meaning of sustainability reporting might

seem easy to grasp; it focuses primarily on Environmental,
Social, and Governance (ESG) topics and is also described
as non-financial information (NFI). However, according to
Erkens et al. (2015), who analysed 787 articles published
in 53 journals from 1973 to 2013, non-financial information
seems to need a more precise definition. They attribute this
to the ambiguity of the concept of NFI and try to define the
topic on their own.

Before we move on to the definition of NFI, it is helpful
to first define financial reporting to distinguish between the
two topics and highlight the differences. Traditional finan-
cial reporting has become highly standardised and is based
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on generally accepted accounting principles (Ampofo & Sel-
lani, 2005). In Europe, for example, these are published by
international associations such as the International Account-
ing Standards Board (IASB) and form the basis of today’s fi-
nancial reporting (Van Greuning et al., 2011). This type of re-
porting aims to inform investors about a company’s financial
performance. The IFRS Framework states that the objective
is to “provide financial information about the reporting entity
that is useful to existing and potential investors, lenders and
other creditors in making decisions about providing resources to
the entity” (IFRS Foundation, 2018, Conceptual Framework,
§1.2). Per definition, the disclosure of financial information
provides the correct information for investors, lenders, and
other creditors, but in the last decades, calls from investors
and other stakeholders for non-financial reporting on crucial
ESG issues have increased (KPMG, 2022).

According to Erkens et al. (2015, p. 25), NFI can be
defined as a disclosure “on dimensions of performance other
than the traditional assessment of financial performance”, in-
cluding, but not limited to, topics related to ESG. Tarquinio
and Posadas (2020) conducted a literature review on the
term “non-financial information” and found that there is still
no consensus on the exact definition of this term. In ad-
dition to the NFI, the term “sustainability reporting” is em-
ployed almost synonymously, and increased use of it can be
observed (Baumüller & Grbenic, 2021; Eccles et al., 2020).
The change from the Non-Financial Reporting Directive to
the Corporate Sustainability Reporting Directive is an exam-
ple of the shift to the term “sustainability reporting”, which,
as the name suggests, consciously emphasises the importance
of a more integrated way of thinking about global issues and
a tool to fight climate change (Baumüller & Sopp, 2022). The
term “sustainability reporting” has now established itself and,
to some extent, replaces and expands the term “non-financial
information” (Baumüller & Grbenic, 2021). For this thesis,
these definitions are sufficient since we limit ourselves to the
information on GHG emissions included in the sustainability
or annual reports and do not engage with the documents in
their entirety. Having established an understanding of the
definition of sustainability reporting, the next step is to delve
into its relevance and importance for the business landscape.

2.1.2. Importance and Relevance
The topic of sustainability reporting has become om-

nipresent for companies, and an increase in research con-
cerning sustainability reporting can be observed (Erkens et
al., 2015). New regulations primarily drive the trend, as
around 11,700 public-interest entities have been obliged to
report by the EU NFRD starting in 2017, and about 50,000
will be, under the new CSRD (European Broadcasting Union,
2023). This reporting regulation is needed because past ef-
forts to fight climate change have not been enough, and
governments have committed themselves, albeit not legally
binding, to achieving the SDGs (United Nations, 2015b).
Conversely, this means they must encourage the achievement
of the climate goals and monitor progress through national
or international regulation. The reporting of non-financial

information has made significant progress over the last years
and comes with great benefits for various stakeholders (Bual-
lay, 2019; James, 2015), but still has significant challenges
to overcome, particularly concerning its alignment with the
attainment of the UN SDGs (Tsalis et al., 2020). Both ben-
efits and challenges will be discussed in the following two
chapters.

2.1.3. Benefits and Advantages
Various research on the benefits of sustainability report-

ing was published, and the positive effects can be observed
for companies and the common good (Bellantuono et al.,
2016; Ioannou & Serafeim, 2017; Tomar, 2022). Research
conducted by Tomar (2022) analysed the effects of the U.S.
GHG Reporting Program on the GHG amounts emitted by
facilities and found that the disclosure alone led to a 7,9%
reduction of their respective GHG emissions. Benchmark-
ing and reporting GHG emissions alone seem to encourage
reduction and is, therefore, a welcome positive effect of
sustainability reporting (Tomar, 2022). Another benefit is
the increased transparency and disclosures firms make on
sustainability issues (Ioannou & Serafeim, 2017). The stake-
holders are, on the one hand, pushing firms to increase
disclosures and, on the other hand, benefit from it because
mandatory but also voluntary reporting on environmental,
social, and governance matters provides the stakeholders
with insights into companies that would not be common be-
fore this trend (Bellantuono et al., 2016; Fernandez-Feijoo
et al., 2014; Herremans et al., 2016; Manetti & Toccafondi,
2012). In 2015, the Chief Executive Officer of the Global
Reporting Initiative (GRI), a global standard-setter for sus-
tainability reporting, proposed another view of sustainability
reporting during an interview (Kiron & Kruschwitz, 2015).
According to him, the reports can highlight material and
relevant sustainability issues for the companies (Kiron & Kr-
uschwitz, 2015) and, therefore, be used as a strategic tool for
decision-making and risk management, which was already
researched by C. A. Adams and Frost (2008). Furthermore,
sustainability reporting and, therefore, the combination of
higher transparency, better risk assessment and decision-
making seems to have a positive impact on firm valuations
(Kuzey & Uyar, 2017; Loh et al., 2017).

Nevertheless, most research observing the benefits of sus-
tainability reporting was conducted before it became manda-
tory for most major European companies. The current regu-
latory developments, namely the NFRD and upcoming CSRD,
could lead to a situation where it is no longer reporting per
se, which brings advantages for the companies but rather rel-
ative performance towards sustainability goals. After having
reviewed the potential benefits, we will look at the current
challenges sustainability reporting faces.

2.1.4. Challenges and Obstacles
Although the beginnings of sustainability reporting go

back several decades, many challenges can still be observed.
Despite a significant number of companies using the GRI
standards for their reporting, a considerable challenge is the
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lack of comparability between their current reports and past
ones, as well as with the reports of other companies and in-
dustries (Zsóka & Vajkai, 2018). Another study by Cardoni
et al. (2019) analysed the comparability of 41 GRI reports of
listed oil and gas companies and noted the low comparabil-
ity between the reports. Poor comparability is still a prob-
lem that will hopefully improve with more regulation and
requirements on crucial aspects like the key performance in-
dicators and the format of sustainability reports.

Reporting standards such as GRI seem to have increased
the quality of sustainability reports, as Diouf and Boiral
(2017) analysed through stakeholder interviews. However,
the quality of the sustainability reports still lacks behind fi-
nancial reporting and is highly influenced by the specific ap-
plication and interpretation, e.g., the GRI principles (Boiral
et al., 2019; Diouf & Boiral, 2017). Next to quality issues,
the materiality is challenging to assess due to the subjective
nature of specific information (Wu et al., 2018). A solution
would be assurance statements, as we see them for financial
statements and annual reports (Wallage, 2000). However,
a study by O’Dwyer and Owen (2005) and a newer one
by Boiral and Heras-Saizarbitoria (2020) question the use-
fulness of this practice and show the lack of reliability of
assurance statements. A significant issue Boiral and Heras-
Saizarbitoria (2020) criticises in the assurance procedures
is the seeming disconnection “from real sustainability issues
and reporting requirements” (Boiral & Heras-Saizarbitoria,
2020, p. 12). Time will tell how and whether mandatory
audits on sustainability reporting will prevail. As for now, the
new EU CSRD will require limited assurance of sustainabil-
ity information (European Union, 2022). The low quality,
low comparability and lack of transparency of sustainabil-
ity reports contradict their actual goal, namely, providing
transparent information on the sustainability performance
of companies. In a study of 21 GRI reports rated A and A+,
Boiral (2013) found that 90% of the relevant sustainability
events were not correctly presented in the reports. Further-
more, greenwashing is still a problem, making it difficult for
sustainability reports to build credibility in the fight against
climate change (de Freitas Netto et al., 2020). This under-
mines the transparency and credibility of the reports (Boiral,
2013; de Freitas Netto et al., 2020) and raises the question
of whether they are conducive to achieving climate goals.

In summary, despite standards such as the GRI and ef-
forts by companies, sustainability reports remain difficult to
compare and can lack transparency. Regulators and indepen-
dent initiatives have been trying to establish standards for
several years and have already greatly improved reporting,
but a multitude of diverse standards and frameworks have
emerged, leading to complexity and challenges in compre-
hension and implementation.

2.2. The Sustainability Reporting Landscape
Building on the introduction to sustainability reporting,

the following chapter will explore the landscape of regula-
tions, standards, and frameworks around sustainability re-

porting, with a focus on the global goals and principles and
the regulations in Europe.

2.2.1. Introduction to Sustainability Regulations and Frame-
works

Sustainability reports have been an integral part of cor-
porate reporting for several years. In contrast to financial
reporting, the regulatory environment was and still is much
more fragmented (Young, 2023). This section analyses the
landscape around sustainability reports, and the latest de-
velopments in the field are discussed. Inspired by the pub-
lication of Helbing (2022) on the reporting landscape, this
work opted for a pyramid-shaped structure, displayed in Fig-
ure 1, which represents the various sub-areas of sustainabil-
ity reporting effectively. The SDGs of the UN and the Paris
Climate Agreement are the overarching goals for sustainabil-
ity reporting, and the governmental regulations to achieve
them will be examined in the following. The focus is on the
European standards NFRD and CSRD, which have already
been published and cover the companies in our study. Not
to be forgotten are the China ESG Disclosure Standards, the
upcoming SEC Climate Disclosures from the USA, and other
country-specific regulations, which we will not examine fur-
ther in the context of this work. The cornerstones of sus-
tainability reports are the various frameworks and standards
that have been established in recent years. These include the
newly founded International Sustainability Standards Board
(ISSB), which aims to consolidate multiple standards and
frameworks under the IFRS Foundation to establish itself as
a global standard (IFRS Foundation, 2024). In addition, the
GRI, the GHG Protocol, the Task Force on Climate-related Fi-
nancial Disclosures (TCFD), the Science Based Targets Initia-
tive (SBTi), and the Carbon Disclosure Project (CDP), have
also established themselves in the sustainability reporting
landscape.

The two sub-areas, Global Goals & Principles and Gov-
ernmental Regulations, will be covered in more detail be-
low. The GHG Protocol and the three different Scopes are
discussed in a separate chapter due to their importance for
our analysis of corporate GHG emissions.

2.2.2. Global Goals and Principles
The 17 SDGs adopted by the UN in September 2015 mark

a milestone for global goals and have also influenced sustain-
ability reports (United Nations, 2015b). For the first time
in history, the UN shifted to “one sustainable development
agenda”, setting the goals on a global scale (Biermann et al.,
2017, p. 26). The new approach adopted by the UN is “gov-
ernance by goals”, which is not legally binding (Kim, 2016)
but based on shared objectives from the UN Member states
(Biermann et al., 2017). An additional unique characteris-
tic of the SDGs is the focus on all relevant actors, including
companies and social organisations, rather than only focus-
ing on the states (United Nations, 2015b). The 17 SDGs com-
bine 169 defined targets with specific deadlines, but some
remain qualitative, leaving room for interpretation (United
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Figure 1: Sustainability Reporting Landscape Pyramid, based on Helbing (2022)

Nations, 2015b). In recent years, standards setters, institu-
tions, and companies have sought to include SDGs in their
corporate reporting, an essential step towards achieving the
goals (Elalfy et al., 2021; Subramaniam et al., 2023). For
example, GRI links the GRI standards to SDGs, thus allow-
ing companies to firmly establish the SDGs in their reporting
(GRI, 2022). However, the qualitative nature of some SDGs,
together with the challenges of sustainability reporting dis-
cussed in Chapter 2.1.4, lead to shortcomings such as intan-
gibility, low standardisation, omission of negative impacts,
and lack of comparability (Diaz-Sarachaga, 2021). Despite
their voluntary character and some shortcomings in the dis-
closures, the SDGs have found their way into sustainability
reports. They can be seen as the global goals and principles
that businesses, governments and other parts of society aim
to achieve.

Another global goal alongside the SDGs is the limitation
of the global average temperature increase to well below
2◦C, as agreed on by the UN in the Paris Agreement, the
first in time legally binding global climate change agreement
(United Nations, 2015a). This agreement explicitly limits the
rise in temperature and the global emission levels, which is
linked to the GHG emissions in sustainability reports. The
main mitigation objectives are to limit the global average
temperature increase to well below 2◦C above pre-industrial
level and strive to the more ambitious 1,5◦C target. These
targets require global emissions to peak as soon as possible
and subsequently reduced quickly. In addition, it was agreed
in the Paris Agreement to track the progress of the commit-
ments and to rely on a transparent system for this purpose.
(United Nations, 2015a) Subsequently, the limitation of GHG
emissions and transparent measurement of targets requires
countries and companies to clearly disclose and reduce GHG
emissions.

The two UN conventions require, although only the Paris
Agreement is legally binding, governments to incorporate the
goals into their legislation (United Nations, 2015a, 2015b).

To meet these requirements, countries and country unions
such as the EU have published laws and requirements for sus-
tainability reporting, which we will discuss in the following
chapter.

2.2.3. NFRD and CSRD in Europe
Regulations shape today’s financial reporting and have

contributed significantly to the standardisation and compa-
rability of financial reports (Van Greuning et al., 2011). Sim-
ilarly, new regulations on non-financial reporting have de-
veloped in recent years and already characterise a significant
proportion of sustainability reports. Based on global princi-
ples, this text will now focus on the European scope only.

In the European Union, the first relevant regulation on
non-financial reporting was published on 5 December 2014,
under the name NFRD (European Union, 2014). Direc-
tive 2014/95/EU on disclosure of non-financial and diver-
sity information requires large public-interest entities with
more than 500 employees, which amounts to approximately
11’700 companies in the European Union, to disclose rele-
vant non-financial information to investors and other stake-
holder (European Broadcasting Union, 2023). To quote the
official summary of the law:

“Such companies are required to give a review of
their business model, policies, outcomes, princi-
pal risks and key performance indicators, including
on: environmental matters; social and employee
aspects; respect for human rights; anti-corruption
and bribery issues.” (European Union, 2019, p.
1)

The NFRD required companies to comply with the direc-
tive for the first time in the 2017 financial year reports pub-
lished in 2018, raising the sustainability reporting require-
ments in Europe. Although the disclosure of GHG emissions
by Scopes only becomes mandatory with the CSRD, a large
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share of European companies already reporting their Scope
1, 2 and 3 GHG emissions is expected. Therefore, the GHG
emission numbers of FY 2017 mark the ideal starting period
for our analysis period from 2017 to 2023. Nevertheless, the
NFRD gave the reporting companies substantial freedom in
the choice of how to report and did not require a specific
standard or framework, which led to difficulties in compara-
bility, relevance, and reliability of the different non-financial
disclosures (Hahnkamper-Vandenbulcke, 2021).

As part of the European Green Deal, it was decided on 11
December 2019 to review the NFRD and solve the associated
problems and shortcomings (Hahnkamper-Vandenbulcke,
2021). The main issues and needs identified during the
public consultation were the lack of comparability, reliability
and relevance, overlaps with other regulations, the lack of a
mandatory reporting standard, stricter audit requirements, a
digitalisation of non-financial reporting, the disclosure of the
materiality assessment procedures used by companies and
last but not least the extension of mandatory non-financial
reporting to other listed and incorporated companies active
in the EU (Hahnkamper-Vandenbulcke, 2021). The EU’s
solution to these problems was to come into force on Jan-
uary, 5, 2023 under the CSRD (European Union, 2022). The
CSRD applies to companies with two out of the three fol-
lowing characteristics: >500 employees and/or, > €40mio
turnover and/or, > €20mio total assets and for all listed
companies (European Union, 2022), which enlarges the
number of companies required to report under CSRD to ap-
proximately 50,000 (European Parliament, 2022; European
Union, 2022). In addition to the supplementary compa-
nies covered by the new directive, the reporting require-
ments of the NFRD remain in effect, next to the additional
requirements introduced by the CSRD (European Union,
2022). Companies must report in accordance with the CSRD
from the 2024 financial year onwards, following the new
European Sustainability Reporting Standards (ESRS) devel-
oped by the European Financial Reporting Advisory Group
(EFRAG). Since compliance with new standards involves sig-
nificant direct and indirect costs, and organisational effort,
as EFRAG’s cost analysis points out (EFRAG, 2023a), there
will be simplified reporting for small and medium-sized en-
terprises. With the ESRS, the European Union is responding
to the demand of Stakeholders for a uniform standard for
sustainability reports, which should lead to greater compa-
rability (European Commission, 2023).

An essential principle introduced with the CSRD is the
double materiality, which states that companies must first
document the impact of sustainability issues on their com-
pany’s financial and corporate situation and, secondly, the
impact the company has on sustainability issues. In con-
trast to the regulations of the NFRD, this requires compa-
nies to report on topics that impact the environment but not
their economic situation, thus preventing one-sided report-
ing (envoria, 2022). Furthermore, the CSRD requires compa-
nies to report additional information on intangibles, includ-
ing forward-looking targets, and link them to the relevant
targets of the Paris Agreement and UN SDGs.

Another objective of the new directive is a standard-
ised reporting design. Most of the relevant information
from CSRD-compliant reporting will have to be digitised and
machine-readable in the European Single Electronic Format
(ESEF/XHTML), which should facilitate comparability and
information search within the sustainability reports (ESMA,
n.d.). Finally, the new CSRD introduces a mandatory limited
external assurance of the published sustainability informa-
tion (European Commission, n.d.).

It is still too early to observe the effects of the CSRD on
sustainability reporting, but the NFRD has already led to
interesting developments. A study by Cuomo et al. (2022)
analysed the effects of the NFRD on corporate social respon-
sibility and found an increase in performance and trans-
parency. Another study linked the NFRD to better envi-
ronmental and social performance on ESG scores but could
not find a significant effect on the governance dimension
(Aluchna et al., 2023).

In summary, significant developments in the regulatory
environment of the European Union are observed. The new
CSRD addresses many of the problems of the NFRD, which
will hopefully lead to the desired effects, such as increased
transparency, comparability, GHG reduction and usefulness
of sustainability reporting. A single standard standing out
when it comes to the definition and calculation of GHG emis-
sions is the GHG Protocol. Therefore, getting an overview
of this standard and understanding the individual Scope 1, 2
and 3 GHG emission Scopes is worthwhile. Accordingly, the
GHG Protocol will be discussed in the next chapter.

2.3. The GHG Protocol: Scope 1, 2 and 3 GHG Emissions
The GHG emissions of European companies are a key fo-

cus of this study, and the GHG Protocol has established itself
as a standard for their definition and calculations. Therefore,
this chapter will provide a brief introduction to the GHG Pro-
tocol and the individual Scope 1, 2 and 3 emissions.

2.3.1. Introduction and Relevance of the GHG Protocol
The GHG Protocol Initiative was launched in 1998 by

a partnership of NGOs, governments, businesses and insti-
tutions. The first edition of the GHG Protocol Corporate
Standards was published in 2001, with a revised edition in
2004, and was well received by the stakeholders (Green,
2010). The protocol provides a standard and recommenda-
tions for companies, as well as other organisations, to quan-
tify their GHG emissions, and includes accounting and re-
porting guidelines for the seven GHG defined by the Kyoto
Protocol: carbon dioxide (CO2), methane (CH4), nitrous
oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), sulphur hexafluoride (SF6), and Nitrogen trifluoride
(NF3). (WRI & WBCSD, 2004) After its introduction, the
GHG Protocol has gained acceptance as a standard in recent
years and is explicitly recommended or required by the GRI,
CDP, SBTi, and ESRS, among others, to calculate GHG emis-
sions (CDP, 2023; EFRAG, 2023b; Green, 2010; GRI, 2024;
SBTi, 2024).
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An introduction to the GHG protocol is essential for this
work, as the GHG Protocol has become the standard in re-
porting and accordingly, most of the calculation of GHG emis-
sions by companies are calculated with the GHG Protocol
Corporate Standard (Green, 2010). The GHG Protocol pro-
vides a comprehensive framework consisting of five steps to
identify and quantify GHG emissions. These emissions are
categorised into three distinct Scopes—Scope 1, Scope 2,
and Scope 3—each of which has unique implications and
methodologies for calculation. Consequently, a short insight
into the three different Scopes, explained by the example of
Thyssenkrupp AG, will be given. The first step is to identify
the sources of GHG emissions, which typically occur from sta-
tionary combustion, mobile combustion, process emissions,
and fugitive emissions. After the identification comes the
selection of a calculation approach; the most accurate way
would be to measure the emissions directly at the point of
origin, which can hardly be guaranteed in reality and would
often cause too high costs. Therefore, emission factors for
specific processes or fuel quantities are often used, allowing
a cost-effective and relatively accurate measurement. How-
ever, companies are always encouraged to use the most ac-
curate and appropriate method. Next comes the collection of
data across the three Scopes and the application of calcula-
tion tools, like the GHG Protocol Initiative publishes on their
website. The calculation tools can be divided into two cat-
egories: the cross-sector tools for GHG emissions that apply
to multiple sectors equally, like stationary combustion and
mobile combustion, and the sector-specific tools for specific
sectors like cement, steel, aluminium, or offices. Finally, the
collected information must be aggregated at the corporate
level. This can be done with the centralised and decentralised
approaches; a centralised approach requests activity or fuel
use data from the reporting units, and the emissions are cal-
culated by the central based on this information; a decen-
tralised approach requires reporting units to calculate GHG
emission themselves, which leads to additional work for the
strategic business units but creates more understanding for
the emissions. (WRI & WBCSD, 2004, p. 41–46) Next fol-
lows a short description of Scope 1 to 3 and examples of the
respective emissions.

2.3.2. The Three Emission Scopes
Scope 1 GHG emissions refer to direct emissions of GHG

from sources owned or controlled by an organisation. These
emissions result from activities or processes that occur within
an organisation’s operational boundaries. Common sources
of Scope 1 emissions include on-site combustion of fossil
fuels, such as those used in heating, industrial processes,
and transportation, as well as emissions from chemical re-
actions or other on-site activities. (WRI & WBCSD, 2004)
According to the definition, Scope 1 emissions will be high
for companies burning fossil fuels during their production.
ThyssenKrupp AG (TK) seems to be a good example as they
recorded comparably high emissions for Scope 1 and pro-
vided further information on their methodology in their CDP
Response Report – Climate Change 2023 (Thyssenkrupp,

2024). The company records all its emissions according to
the Corporate GHG Protocol and chose October 1, 2017, to
September 30, 2018, as a base year for all three emission
Scopes. Scope 1 emissions for the base year were 24.2 Mio.
t. of CO2equivalents (CO2e) and 21.4 Mio. t. of CO2e for
the year 2023, which is relatively high due to their direct
emissions from coal and coke usage in their steel business
(Thyssenkrupp, 2024). According to TK, the steel division
is responsible for 95% of their GHG emissions, and blast
furnaces and electric arc furnaces cause the most significant
volume.

Scope 2 GHG emissions encompass indirect emissions as-
sociated with consuming purchased or outsourced energy,
such as electricity, steam, or heat. These emissions occur out-
side an organisation’s operational boundaries but result from
the generation of energy the organisation uses. Common
sources of Scope 2 emissions include electricity purchased
from the grid, district heating or cooling systems. (WRI &
WBCSD, 2004) TK’s Scope 2 GHG emissions are calculated
using a location- and market-based approach. The location-
based approach defines a specific CO2e per kWh number for
everyone using the same power grid. The market-based ap-
proach allows the company to calculate its emissions based
on specific energy purchase agreements, with an energy mix
varying from the grid average (brightest, n.d.). The location-
based Scope 2 emissions of TK for 2023 are 0.8 Mio. t. of
CO2e and 1.1 Mio. t. of CO2e for the market-based approach,
indicating that TK sources energy from specific supply con-
tracts with higher than grid average CO2e emissions per kWh
(Thyssenkrupp, 2024).

Scope 3 GHG emissions encompass all other indirect
emissions that occur due to an organisation’s activities but
are beyond its direct control and operational boundaries.
Typical sources of Scope 3 emissions involve emissions asso-
ciated with the entire supply chain of a product or service,
including the life cycle, purchased goods and services, trans-
portation and distribution, employee commuting, and the
disposal or end-of-life treatment of products and services.
These emissions can be much larger than a company’s Scope
1 and 2 emissions and often account for the most significant
portion of an organisation’s total carbon footprint. (WRI &
WBCSD, 2004) Continuing with the TK example, it becomes
clear that measuring Scope 3 emissions is a major challenge
for companies. The Scope 3 calculation from TK is based
on the Corporate Value Chain Accounting and Reporting
Standard of the GHG Protocol and is distributed across 17
emission categories (WBCSD, 2011). The most important
in the case of TK appears to be Purchased goods and services
with 27.2 Mio. t. of CO2e, Fuel-and-energy-related activities
(not included in Scope 1 or 2) with 4 Mio. t. of CO2e and
Upstream transportation and distribution with 5.3 Mio. t. of
CO2e. Other categories that are of minor relevance to TK
and cause no or only minor emissions are the use of sold
products, employee commuting, business travel, capital goods,
investments, or franchises (Thyssenkrupp, 2024). In total,
the Scope 3 GHG emissions of TK are assumed to be about
37 Mio. t. of CO2e, making Scope 3 emissions the most
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significant part of total emissions (Thyssenkrupp, 2024). As
shown in the TK example, Scope 3 emissions are challenging
to assess as they come from many sources that a company
cannot always directly influence. The accuracy and com-
pleteness have been criticised in current literature (Downie
& Stubbs, 2013; Ducoulombier, 2021), and according to the
research of Hertwich and Wood (2018), the Scope 3 emis-
sions percentage of total emissions is highly variating across
industries.

After this brief introduction to sustainability reporting,
the reporting landscape and, in particular, the GHG Proto-
col, the core question of this thesis will be addressed. In the
forthcoming chapter, a systematic literature review will be
conducted to provide an overview of the existing research,
thus establishing the relevance and validity of the research
questions.

3. Systematic Literature Review and Academic Relevance

It is essential to contextualise the topic within current and
past research to assess the relevance of this thesis. This is
achieved with a systematic literature review examining the
impact of financial performance on GHG emissions. The first
section offers an overview of the systematic literature review
methodology utilised, while the second section discusses the
SLR findings and academic relevance of this thesis.

3.1. Systemic Literature Review
This chapter begins with a brief introduction to SLRs, fol-

lowed by an explanation of the five-step methodological ap-
proach used to perform this SLR by Khan et al. (2003)

3.1.1. SLR Methodology
A systemic literature review is a “clearly formulated ques-

tion, identifies relevant studies, appraises their quality and
summarises the evidence using explicit methodology” (Khan
et al., 2003, p. 118). The SLR’s advantages are the trans-
parency and reproducibility of research findings (Snyder,
2019), and it can help to systematically identify current
studies, research approaches, trends and findings about the
topic of this work: the impact of profitability on GHG emis-
sion levels. A five-step approach by Khan et al. (2003) is
used to conduct the SLR, as it provides a clear structure to
this research.

Step 1: Framing Questions for a Review

The research questions remain the same as presented in
the introduction and are divided into two parts:

(1) What are the Scope 1, 2 and 3 GHG emissions levels for
European companies from 2017-2023?

(2) How does firm profitability impact total and individual
Scope 1, 2 and 3 GHG emissions?

The goal of the SLR is to systematically identify current
research on these or similar topics, find research gaps, and
assess the academic relevance of the research questions.

Step 2: Identifying Relevant Work

Relevant work is identified with a proper research strat-
egy, including carefully selecting databases, defining key
search terms, and systematically documenting the entire re-
search process. Web of Science and Scopus were selected
for the databases due to their wide range of academic arti-
cles and size. The search terms derived from the research
questions above were organised into different blocks, sum-
marising related terms in English to achieve optimal accu-
racy. Only English keywords were utilised in the search
process, as prior analysis indicated that the most pertinent
literature is predominantly available in this language. Al-
beit this thesis focuses on the European scope, the SLR will
look for worldwide studies, to understand the global state
of research. Table 1 provides an overview of the search
terminology across the three identified blocks, effectively
representing the research questions.

Consequently, each database of interest, Web of Science
and Scopus, is subject to a query search, and all matching
results exported to Endnote for a title and abstract screening
in the next step. The exact search query can be found in
Appendix 1.

Step 3: Assessing the Quality of Studies

This step involves critically evaluating the quality and rel-
evance of the studies identified in the previous research step,
using predetermined criteria for including or excluding stud-
ies. The inclusion criteria are outlined as follows:

Availability and Access: The papers must be accessi-
ble and available through the University of St. Gallen
libraries.

Language: Papers must be written in English.

Date of Publication: The studies should be published
between 1997 and 2024, aligning with the Kyoto Proto-
col’s resolution, which marked a significant milestone
in the global effort to combat GHG emissions (United
Nations, 1998).

Relevance: The papers must be relevant to the re-
search questions and align with analysing the relation
between financial performance and GHG emissions, as
determined by reviewing the titles and abstracts.

Publication Status: Only papers that are published
and peer-reviewed in renowned journals will be con-
sidered.

The exclusion criteria automatically apply to papers not
meeting the above inclusion criteria. This approach ensures
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Table 1: SLR Search Term Matrix

Block 1 Block 2 Block 3

Primary Search Terms Financial Performance GHG Emission Firm
Related Terms Profitability, Economic

Performance, Finan-
cial Returns

Greenhouse Gas Emission, Carbon Emis-
sion, Carbon Footprint, Carbon Dioxide
Equivalent (CO2e), CO2 Emissions, Carbon
Dioxide Emission, Carbon Output, Scope 1,
Scope 2, Scope 3

Companies, Com-
pany, Corporation,
Corporate, Organi-
sation, Organization

that only the most pertinent and credible studies are con-
sidered in the research. All studies identified in step 3 are
classified with a four stars scoring system described below,
allowing to classify the studies by direction of analysis (Prof-
itability <–> GHG Emissions)

*= Excluded, if one of the inclusion criteria is not met.

** = Excluded, gives a good overview of the relation
of GHG emissions and financial performance but does
not address the research question thoroughly enough.

*** = Included, addresses the research question indi-
rectly, analysing the link of corporate GHG emissions
on the financial performance or more broadly, the re-
lation between both variables.

**** = Included, addresses the research questions di-
rectly, analysing the impact of corporate financial per-
formance on corporate GHG emissions.

Step 4: Summarising the Evidence & Step 5: Interpreting the
Findings

Upon reviewing the relevant academic literature, a com-
prehensive summary will be presented. This summary will
highlight the topics previously explored by scholars, accom-
panied by a PRISMA Flow Diagram, based on Page et al.
(2021), to illustrate the selection process from identified
studies to those included in this literature review. Addition-
ally, the studies gathered through the SLR will be leveraged
to address the research questions and pinpoint existing gaps
in the current research, thereby justifying the necessity of
this study.

3.2. Findings and Academic Relevance
In the following chapter, the results of the literature re-

view are presented. First, a brief introduction is provided,
followed by an analysis of the number of studies found and
their geographical and industry focus. Additionally, the used
variables and the direction of analysis between the variables
of financial performance and GHG emissions is discussed. Af-
ter examining the theoretical frameworks employed, the find-
ings of the studies are analysed and the chapter concludes
with a summary.

3.2.1. Introduction
The systematic literature review approach ultimately

identified 1,320 records, of which 69 were included in the fi-
nal review sample. Figure 2, a PRISMA-Diagram, represents
the SLR screening process and the number of records ex-
cluded during each step. The 69 studies included in the final
sample were all reviewed in-depth. The following elements
were collected, if applicable, in an Excel table: Geographical
focus, industry focus, indices, research questions, hypothe-
ses, study design, methodology, dependent variables, inde-
pendent variables, moderating variables, control variables,
Scopes of GHG emissions included, relation direction of GHG
emissions to financial performance, findings, published year,
time period of sample, sample size (in firms) and the theories
used in the theoretical background.

3.2.2. Sample Overview
The systematic literature review identified 69 relevant pa-

pers from various industries, regions, and years. This chap-
ter will first provide an overview of the sample of 69 studies
before analysing their geographical and industry focus. As
shown in Figure 3, the first relevant study was published in
2010, although the research was aimed at studies starting
in 1997. The exact reason for this is unknown but probably
attributable to the lack of relevant data before 2010 or the
limited scope of the search of this SLR in terms of Databases
or search terms. Nevertheless, a positive trend in the num-
ber of publications per year can be observed, and there is an
increasing amount of research on the relationship between
GHG emissions and financial performance.

The climate crisis is a global problem for all industries,
and research in this field is expected across various regions
and sectors. Figure 4 shows that most studies analysed sam-
ples of global companies without a specific regional focus.
The studies with a country or regional focus are well diversi-
fied across high- and low-income regions, indicating that the
topic is relevant to a global audience. For the industry focus
of the studies, also shown in Figure 4, we identified the four
categories: Multi-Sector, Manufacturing, CO2 Intensive, and
Others. Most studies did not focus on a specific industry; ten
focused on manufacturing, and five focused on what we clas-
sified as CO2-intensive sectors, which can include energy, oil
and gas, and similar. As CO2-intensive sectors are, per defini-
tion, responsible for the majority of GHG emissions, a focus
on these high-polluting sectors makes sense (Ritchie et al.,
2020).
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Figure 2: PRISMA-Diagram of SLR, based on Page et al. (2021)

Figure 3: Distribution of Identified Studies between 2010-2023

Figure 4: Number of Studies by Geographical and Industry Focus

In the systematic literature review sample comprising 69
studies, 62 are quantitative, while seven are qualitative. Fo-
cusing exclusively on the quantitative studies, the average
sample size includes 523 firms, and the average data collec-
tion period spans 9.2 years. This calculation excludes the 11

studies with a data sample covering only one year. Conclud-
ing the broad overview of the study sample, the next chap-
ter will focus on the most relevant types of variables used to
analyse the relationship between the GHG emissions of com-
panies and their financial performance.
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3.2.3. Variables and Directions of Analysis
This thesis investigates the impact of profitability on GHG

emissions across all Scopes. The primary objective of this SLR
was to identify relevant studies examining this relationship
and the broader correlation between GHG emissions and fi-
nancial performance. Notably, 64 or over 90% of the studies
reviewed focused on the unilateral impact of GHG emissions
on financial performance rather than examining how factors
such as profitability influence emission levels, therefore, clas-
sified as ***, as mentioned in the methodology. Similarly
to our findings, Meng et al. (2023) noted the lack of litera-
ture on the impact of financial performance on carbon per-
formance. Regardless of the direction of variable analysis,
we will initially provide an overview of the metrics used to
measure GHG emissions and financial performance. Addi-
tionally, we will briefly discuss the most commonly employed
control variables in these studies to ensure that our analysis
is grounded in scientifically recognised methodologies.

For most studies, GHG emissions represented the inde-
pendent variable, and a variation of terms was used for sim-
ilar or different metrics of GHG emissions, which can create
some confusion at first glance. The commonly used terms to
describe this variable are GHG emissions, which is used in
this thesis, and environmental or carbon performance. Car-
bon performance is a widely used term, but the exact mean-
ing or calculation can vary extensively, as it can represent
total emissions (Busch et al., 2022) or emission intensity
(Ganda, 2022; Meng et al., 2023). The metrics can be clas-
sified into two categories, mainly GHG emissions in absolute
amounts (Ababneh, 2019; Ganda & Milondzo, 2018) or GHG
emissions in relative amounts in relation to firm size metrics
like sales or assets (Benkraiem et al., 2023; Di Pillo et al.,
2017; Fujii et al., 2013). The absolute amount of GHG is
an essential metric because the Kyoto Protocol and the Paris
Agreement aim to reduce GHG emissions to fight climate
change (United Nations, 2015a). Studies like Busch et al.
(2022), Ganda (2022), and Homroy (2023) have been using
the absolute amount of total GHG emissions or the change
in GHG emissions between years as a variable to assess car-
bon performance. However, the relative amount introduces
a notion of productivity in the metric, which is equally essen-
tial to achieving climate goals. Two different metrics com-
monly used to assess the relative carbon performance of a
company are carbon intensity, defined as the total amount of
GHG emissions divided by net sales or net assets, and carbon
productivity, defined as net sales divided by Total GHG emis-
sions (Benkraiem et al., 2023; Di Pillo et al., 2017; Ghose
et al., 2023; P. Kumar & Firoz, 2018). Furthermore, some
studies used the natural logarithm of the amounts above to
counter the non-normal distribution of GHG emissions across
firms (Busch & Hoffmann, 2011; Delmas et al., 2015; De-
sai et al., 2021; Houqe et al., 2022; Mahapatra et al., 2021;
Raval et al., 2021; L. Wang et al., 2014). Unfortunately, as il-
lustrated in Figure 5, 41 studies, representing approximately
59%, fail to specify what they mean by total GHG emissions,
omitting any reference to the Scopes of GHG emissions con-

sidered in their analysis.
This lack of differentiation represents a significant re-

search gap. Consequently, this study aims to address this
and focus on all three Scopes of GHG emissions, recognising
their distinct real-world implications. Each Scope is critically
essential and necessitates different interventions from man-
agement and policymakers.

Financial performance or profitability is commonly ap-
proximated by two categories of metrics in the analysed
studies: market-based and accounting-based metrics (Busch
& Lewandowski, 2018). The most represented market-based
metric is Tobin’s Q (Busch & Lewandowski, 2018; L. Wang
et al., 2014), a ratio comparing the market value of a firm
to the replacement cost of its assets. This metric reflects a
forward-looking perspective on profitability (Tobin, 1969).
Tobin’s Q incorporates future earnings expectations, making
it a crucial indicator for assessing a firm’s potential financial
performance. However, for the scope of this research, we
want to focus on actual and not expected earnings, which
makes accounting-based profitability metrics better suited.
The most represented accounting-based metric is Return
on Assets (ROA) representing the operating performance of
a firm (H. B. Chen & Manu, 2022; Gallego-Alvarez et al.,
2015), followed by Return on Equity (ROE) representing the
financial performance of a firm, Return on Sales (ROS), Re-
turn on investment (ROI) and similar (Galama & Scholtens,
2021; Velte, 2023; Q. Wang, 2023). However, financial per-
formance is commonly used for all kinds of financial metrics
and does not only refer to ROE.

In order to isolate the effects of the independent variable
on the dependent variable, reduce biases, and improve the
validity, the implementation of control variables is crucial
for viable results in a regression model (Bernerth & Agui-
nis, 2016; Shibata, 1981). An excessive number of control
variables can increase the complexity of the model (Gordon,
1968). Therefore, a focus on the most important ones ob-
served in the SLR sample is taken. The first noteworthy con-
trol variable is related to firm size, usually approximated by
the natural logarithm of total assets or sales (Busch et al.,
2022; Delmas et al., 2015; Hassan & Romilly, 2018). The
second is revenue growth from year to year (Raval et al.,
2021; Rokhmawati & Gunardi, 2017). The third one is lever-
age, calculated in different ways but generally represent-
ing the amount of debt compared to total equity, assets, or
profit measures (Raval et al., 2021; Rokhmawati & Gunardi,
2017). The fourth widely used control variable is capital in-
tensity, calculated as capital expenditures divided by sales
(Rokhmawati et al., 2017; Tarmizi & Brahmana, 2023). Last
but not least, the fifth variable often represents the industry
of a firm (Hassan & Romilly, 2018; Mahapatra et al., 2021;
Shahgholian, 2019). As one of the few studies to incorporate
variables from other domains, Velte (2023) analysed metrics
related to corporate governance and their impact on GHG
emissions. His findings suggest that board diversity may be
an indicator of lower GHG emissions, making board diversity
a potentially valuable control variable for our analysis.
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Figure 5: Number of Studies Distinguishing between the Scope 1, 2 and 3 GHG Emission Levels

3.2.4. Common Theoretical Frameworks in the Studies
This chapter will focus on the most common theories

used to explain the relationship between GHG emissions
and a company’s financial performance. Two theories lead-
ing to potentially contractionary outcomes are the Neo-
Classical Theory or Traditionalist View, and Porter’s Hy-
pothesis (Porter, 1980) or, similarly, the Revisionist View
(Porter & van der Linde, 1995). Porter (1980) laid the
foundation of this theory by stating that stringent environ-
mental regulation can lead to better innovation. Further,
he elaborated on the relationship between environment and
competitiveness in Porter and van der Linde (1995). This
theory argues for a win-win situation where reducing GHG
emissions by regulation requires innovation, improving ef-
ficiency, and financial performance. The Traditionalist or
Neo-Classical Theory argues for a win-lose relationship, as
stringent environmental regulation leads to additional costs
for firms, having a negative impact on profitability and com-
petitiveness (Palmer et al., 1995). To build upon the win-win
perspective, the Resource-Based View (RBV) (Barney, 1991;
Wernerfelt, 1984) and Natural Resource-Based View (NRBV)
(Hart, 1995) are also commonly used in many studies of our
sample. Both theories argue that a company can achieve a
competitive advantage by effectively using its internal re-
sources, and the NRBV by Hart (1995) adds environmental
sustainability to the framework. In this thesis context, this
theory emphasises that focusing on better environmental
sustainability and reducing GHG emissions creates a com-
petitive advantage for a firm, potentially leading to higher
financial performance.

Shifting from the economic-based to social-based theo-
ries, another critical theory to explain this relation is the
Stakeholder Theory introduced by Freeman (1984), argu-
ing for a shift from shareholders profit maximisation to the
needs of a broader scope of stakeholders. In the context of
the analysed relationship, this theory argues, particularly for
firms with strong financial performance, that there is an in-
creased societal expectation to engage all stakeholders. This
encompasses, notably, reducing the environmental footprint
and implementing environmentally beneficial initiatives as-
sociated with fewer GHG emissions. This argument is also
supported by the Legitimacy Theory from Dowling and Pf-
effer (1975), which discusses the relationship between or-
ganisations, stakeholders, and society. The theory posits that

organisations strive to achieve and maintain legitimacy by
aligning with societal norms, values, and expectations, an
effect that is further strengthened by better financial perfor-
mance (Akhter et al., 2023; Kuruppu et al., 2019). Given
that climate change is unequivocally recognised as a global
challenge, Legitimacy Theory suggests that firms are likely to
voluntarily adhere to norms to reduce their GHG emissions
to address this pressing issue.

Lastly, the Slack Resource Theory provides a robust theo-
retical foundation for understanding the anticipated impact
of financial performance on a company’s GHG emissions,
which has been mentioned several times in the studies of
this SLR. This theory, introduced by Cyert and March (1963),
posits that firms with excess resources are better positioned
to enhance performance across various dimensions, includ-
ing environmental responsibility and GHG emission levels.
Empirical research has established a positive association be-
tween slack resources and corporate social performance, sug-
gesting that financial performance can facilitate improved
environmental outcomes through the availability of slack re-
sources (Waddock & Graves, 1997). This linkage underscores
the integral role of resource availability in enabling firms to
meet social and environmental objectives, thereby aligning fi-
nancial success with sustainability goals. Having established
the theoretical framework, the subsequent chapter will be de-
voted to a detailed examination of the study findings, under-
pinning the formulation of the research hypotheses for this
thesis.

3.2.5. Findings of the Studies
The 69 studies were classified into 5 categories, indicat-

ing the main findings. To facilitate the comparability of study
results, the categories were delineated as follows:

Negative: There is a negative correlation between
GHG emissions and financial performance, indicat-
ing that higher emissions are associated with poorer
financial performance.

Positive: There is a positive correlation between GHG
emissions and financial performance, indicating that
higher emissions are associated with better financial
performance.
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Mixed: A relationship between GHG emissions and fi-
nancial performance is observed, but the direction of
this relationship is unclear.

Non-linear: A non-linear relationship exists between
GHG emissions and financial performance.

Not Significant: No relationship is found between
GHG emissions and a company’s financial perfor-
mance.

This categorisation, shown in Figure 6, ensures a system-
atic and consistent approach to analysing and comparing the
findings of various studies.

Out of 69 studies, 38 or 55% indicate a negative relation-
ship between the amount of GHG emissions and the finan-
cial performance of companies. Desai et al. (2021) exam-
ined the impact of GHG emissions on financial performance
utilising emissions data from the Carbon Disclosure Project,
covering the period from 2013 to 2019 in India. Using Scope
1 GHG emissions to approximate the carbon footprint and
both market- and accounting-based metrics for financial per-
formance, the study indicates a significant negative relation-
ship of GHG emissions on both measures. Another study by
Gallego-Alvarez et al. (2015) analysed emission data from
89 companies between 2006 and 2009 and found a positive
impact of GHG emission reduction on financial (defined by
ROE) but not operational performance (defined by ROA).

Five studies associated higher GHG emissions positively
with financial performance, favouring the neo-classical win-
lose view mentioned in Chapter 3.2.4. Busch et al. (2022)
analysed 4873 companies between 2005-2014 and used ROA
as short-term and Tobin’s Q as long-term metrics for financial
performance as the dependent variable and total (direct and
indirect) GHG emissions as the independent variable. The
study found strong evidence of a positive relationship be-
tween GHG emissions and short-term financial performance
(ROA) and long-term financial performance (Tobin’s Q), in-
dicating that higher emissions are associated with better fi-
nancial performance. Similarly, L. Wang et al. (2014) ex-
amined 69 Australian companies and found a positive cor-
relation between GHG emissions and financial performance
across all industry sectors, stating that Australia’s dominant
mining industry could explain this finding. It is also impor-
tant to emphasise that four studies reporting positive findings
utilised data samples from single years. This methodological
approach may compromise the comparability and validity of
the results.

Several studies did not make clear, one-sided conclusions
and found mixed results for the abovementioned relation-
ship. A study from Bouaddi et al. (2023) found a difference
in the effect depending on the size of a company, where the
carbon emissions negatively affected small-size firms. How-
ever, the effect became positive with the increased size of the
company. Another factor that seems to influence this rela-
tionship is a firm’s industry. While a reduction in GHG emis-
sions does lead to higher financial returns for firms in a sam-
ple of privately owned Australian firms, it does not appear to

pay off for firms in environmentally sensitive sectors (Qian
& Xing, 2018). Furthermore, two studies found a difference
in the effect, depending on the metric used for financial per-
formance. Delmas et al. (2015) found a detrimental impact
of environmental performance on the present-time oriented
ROA but a beneficial impact on the long-term oriented To-
bin’s Q, indicating a difference between short- and long-term
effects of GHG emissions on financial performance. In con-
trast, van Emous et al. (2021) found lower GHG emissions to
improve ROA, ROE, and ROS but no significant effect on To-
bin’s Q and a firm’s current ratio. In conclusion, these mixed
results indicate a further need to analyse the relationship be-
tween GHG and financial performance, considering the met-
rics used to approximate the variables, their time horizon,
and the respective industries of the firms.

The last interesting finding not mentioned in previous
studies is the potential non-linear relationship between GHG
emissions and financial performance. Several studies have
observed non-linear relationships both of U-shaped and in-
verted U-shaped form (Fujii et al., 2013; Misani & Pogutz,
2015; Ogunrinde et al., 2022; Tatsuo, 2010). Misani and
Pogutz (2015) approximated financial performance by To-
bin’s Q and found that firms achieve the highest financial
performance with neither too high nor too low carbon per-
formance, indicating an inverted U-shaped relation. Simi-
larly, a study involving Japanese manufacturing firms demon-
strates an inverted U-shaped relationship between environ-
mental and economic performance, signifying economic ben-
efits from GHG reduction only up to a certain trade-off point.
Adding to the mixed results and the influence of the firm in-
dustry discussed above, differences between non-linear re-
lationships can also be observed depending on the industry
emissions levels (Ogunrinde et al., 2022). For firms in the
low-carbon sectors, an inverted U-shaped relationship be-
tween financial performance and carbon intensity seems to
exist, whereas, for firms in high-carbon sectors, a U-shaped
relationship seems to be the case (Ogunrinde et al., 2022).
These studies highlight the complexity of the discussed rela-
tionships and the strong impact of influencing factors like a
firm industry. However, the limited number of studies shows
the necessity for further research on non-linear relationships.

Although the results sometimes appear contradictory,
and many studies have mixed findings, a consensus seems
to emerge, that GHG emissions negatively correlate with fi-
nancial performance. However, the analysis predominantly
focuses on the impact of GHG emissions on financial per-
formance, with insufficient attention given to examining the
potential reverse impact, reverse causality, or bidirectional
relationship — how financial performance affects GHG emis-
sions, or if profitability drives sustainability.

3.2.6. Impact of Financial Performance on GHG Emissions
As previously noted, there is a lack of research examining

the impact of financial performance on GHG emissions. Six
studies have addressed this relationship within the sample.
Therefore, they are classified as ****, and their findings are
outlined subsequently. Hassan and Romilly (2018) analysed
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Figure 6: Relationship Types of Identified Studies

the relationship between corporate economic performance,
environmental disclosure, and GHG emissions in different
directions. Although a highly significant negative impact of
GHG emissions on financial performance was found, the im-
pact on the reverse relationship of financial performance on
GHG emissions does not seem significant. Another study
by Meng et al. (2023) with 352 Chinese companies, found
that higher financial performance is linked to lower GHG
emissions, which is contradictory to the previous study from
Hassan and Romilly (2018). The impact of financial perfor-
mance on the GHG emissions of companies was also anal-
ysed in combination with the R&D expenditures by Vaitieku-
niene et al. (2024), which found a significant negative corre-
lation between ROA and a relative measure of GHG emission.
R&D expenditures were also negatively associated with GHG
emissions (Vaitiekuniene et al., 2024), which is consistent
with the Resource-based View Theory, according to which a
company with more financial flexibility invests more in R&D,
which can also lead to a reduction in GHG emissions (Hart,
1995). These findings indicate a potential effect of financial
performance on GHG emissions. However, given the limited
number of studies examining this specific relation, it is im-
possible to draw definitive conclusions. Albeit not analysed
by many studies, studies analysing the impact of GHG emis-
sion on financial performance also mention this relationship
and possible reverse or two-way causality of these variables
as a limitation that could influence the results (Busch & Hoff-
mann, 2011; Endrikat et al., 2014; Gallego-Álvarez et al.,
2014; Testa & D’Amato, 2017). Waddock and Graves (1997)
have already drawn a bidirectional and reverse connection
between corporate social and financial performance, but fur-
ther research must be conducted. Consequently, additional
research is necessary to provide a more comprehensive un-
derstanding of this potentially reverse relationship, namely
the effect of profitability on sustainability, and this thesis aims
to address this research gap.

3.2.7. Research Gap, Relevance and Conclusion
The systematic literature review identified 69 promising

studies on the relationship between financial performance
and GHG emissions, published between 1997 and 2024. In
recent years, a growing body of research has examined the

relationship between GHG emissions and financial perfor-
mance. The metrics predominantly used to approximate fi-
nancial performance include the accounting-based Return on
Assets (ROA) and the market-based Tobin’s Q, which some-
times yield similar but contradictory results. Studies employ
absolute and relative measures to assess carbon performance,
which are defined primarily by the level of GHG emissions,
which also seem to influence the outcomes. The primary find-
ings suggest a negative correlation, indicating that firms with
higher GHG emissions tend to exhibit poorer financial perfor-
mance. Furthermore, this relationship appears to vary based
on industry, time horizon, and firm size. However, a poten-
tial two-way or reverse causation is mentioned, and a lack of
literature on the opposite directional relation is identified. A
potential reason for this one-sided research could be the in-
terest of companies to understand the factors increasing prof-
itability and simultaneously improving their environmental
footprints, making the win-win argument of Porter’s Hypoth-
esis more intuitive to analyse.

Building on the identified research gaps and the calls
for further research on the relationship direction, namely
the lack of research on how profitability impacts GHG emis-
sions, this study aims to explore whether higher profitability
is linked to lower GHG emissions. A potential relation based
on the Slack Resources, Legitimacy and Stakeholder Theory,
which will be further discussed in the next chapter. Under-
standing the factors influencing GHG reduction, particularly
low GHG emission levels, is crucial for enhancing the imple-
mentation of effective carbon reduction strategies and regu-
lations and achieving the reduction goals of the Paris Agree-
ment. Furthermore, the lack of differentiation between the
three emission Scopes is a significant shortcoming of current
studies, as all three Scopes and the underlying business rea-
son for their emissions differ substantially from each other
(WRI & WBCSD, 2004). Lastly, a higher data quality and
quantity is expected for the most recent years, due to the up-
coming CSRD (European Union, 2022). Consequently, this
thesis will analyse the separate relation of profitability be-
tween all three GHG Scopes and provide an overview of cor-
porate GHG emission levels from 2017 to 2023.

This research is particularly significant due to new Euro-
pean Union regulations, such as the Corporate Sustainabil-
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ity Reporting Directive (CSRD), which mandate GHG emis-
sion disclosure for many firms under the criteria shown in
Chapter 2.2.3. By offering current information on corporate
GHG emissions in Europe and examining the relationship be-
tween firm profitability and emission levels, this study pro-
vides valuable insights for regulators, company management,
and other stakeholders. Nonetheless, the potential limita-
tions of this systematic literature review, such as publication
or reporting biases and the search strategy, might lead to in-
complete or misleading conclusions. For instance, publica-
tion bias could result in overrepresenting studies with signif-
icant findings, while underreporting of non-significant results
might skew the overall understanding of the relationship be-
tween GHG emissions and financial performance. Addition-
ally, the scope and search strategy employed in this review
may have inadvertently excluded relevant studies, thereby
limiting the comprehensiveness and generalisability of the
findings. Such limitations necessitate caution in interpreting
the results and highlight the importance of further research
to validate and expand upon these initial insights.

These findings will be extended with quantitative re-
search explored in the second part of this thesis. Based on
this review and a further discussion on the theoretical back-
ground, the exact research hypotheses will be developed in
the next chapters.

4. Theoretical Background

Individual theories do not seem to do justice to the com-
plex topic of factors influencing companies’ environmental
performance outlined in the literature. Therefore, this chap-
ter introduces the Slack Resources Theory, together with the
Legitimacy and Stakeholder Theory, as theoretical frame-
works to explain this thesis’ research topic.

4.1. Slack Resources Theory
The first theoretical concept this research will be based

on is the Slack Resources Theory, introduced by Cyert and
March (1963). This theory posits that companies with slack
resources have a greater capacity to adapt to change and
invest in opportunities (Bourgeois, 1981). Slack resources
are related to firm performance and, more specifically, prof-
itability, fitting the argument of this thesis (Daniel et al.,
2004; George, 2005). This theory makes a solid founda-
tion for the research questions this thesis aims to answer,
namely, the impact of profitability on companies’ GHG emis-
sions. Within the context of this study, the assumption is that
firms with slack resources, therefore higher profitability, are
likely to invest more in sustainable initiatives, which should
result in lower GHG emissions. Previous research by Oestre-
ich and Tsiakas (2023) has concluded that more profitable
companies tend to emit fewer GHG emissions than less prof-
itable companies. On the other hand, financial constraints
are linked to enhanced carbon emissions (Rehman et al.,
2024). However, it is crucial to differentiate between direct
and indirect emissions, as the extent to which companies can
influence these with their resources varies significantly.

4.2. Legitimacy and Stakeholder Theory
The Legitimacy Theory originates from Dowling and Pf-

effer (1975) and posits that “organizations seek to establish
congruence between the social values associated with or im-
plied by their activities and the norms of acceptable behavior
in the larger social system of which they are a part” (Dowl-
ing & Pfeffer, 1975, p. 122), and has been linked to ex-
plain CSR behaviour of companies in the past and also re-
cent literature (Bachmann & Ingenhoff, 2016; J. C. Chen
et al., 2008; Deegan, 2002; Palazzo & Scherer, 2006; Pat-
ten, 2020). Firms demonstrating higher profitability often
achieve superior CSR scores (Coelho et al., 2023). According
to the Legitimacy Theory, this phenomenon can be attributed
to the ability and inclination of profitable companies to align
with prevailing social values and norms. This is also in line
with the Stakeholder Theory introduced by Freeman (1984).
This framework highlights the evolution of corporate focus
from purely economic concerns to a broader consideration of
various stakeholder needs, including environmental and eth-
ical concerns. Furthermore, with higher profitability comes
greater responsibility, which can be explained by more signif-
icant stakeholder pressure and firms more willing to adhere
to this pressure (Jakhar et al., 2019). Also, the visibility and
resources of profitable firms make them more likely to be tar-
geted by stakeholder demands (Gold et al., 2022). Therefore,
this thesis argues, that under the frameworks of Legitimacy
and Stakeholder Theory, firms with higher profitability face
increased pressure from stakeholders to comply with social
norms, resulting in lower GHG emission levels. However, it
is essential to note that CSR can also improve financial per-
formance reversely, and the relation between GHG emission
and financial performance might go both ways, as discussed
in the findings of the SLR.

Building on the Slack Resources, Legitimacy and Stake-
holder Theory, a company’s profitability is expected to nega-
tively correlate with GHG emissions, meaning that more prof-
itable companies are expected to emit less GHG emissions.
This hypothesis will be formulated and expanded in the next
chapter.

5. Hypothesis Development

This chapter elaborates on the analysis and regression hy-
potheses of this thesis, based on the findings of the literature
review and the theoretical background.

Before the empirical analysis of the relationship between
profitability and GHG emissions, there is a need to under-
stand the distribution and trends of GHG emissions in Eu-
rope, including the differences between each Scope. There-
fore, the first research question is as follows: “What are the
Scope 1, 2 and 3 GHG emissions levels for European companies
from 2017-2023?”. This overview will be the foundation for
the work on the second research question and help under-
stand the dynamics of and between Scope 1, 2 and 3 GHG
emissions. To accomplish this, the initial section will concen-
trate on the emission disclosures, statistics, and distribution,
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highlighting their different implications. Particularly note-
worthy will be the examination of Scope 3 emissions, as their
calculation remains challenging (Fouret et al., 2024). GHG
trends over time and distribution among sample companies
will further complete the analysis. Lastly, a comparative anal-
ysis across sectors and countries will be performed, as differ-
ences across sectors and geographical locations are expected
(Ghose et al., 2023). These insights will help to identify the
trends in sectors, companies and countries.

The SLR analysed studies focusing on the relationship be-
tween financial performance and GHG emissions and found
that studies mostly focus on the relationship direction of
whether it “pays to be green” but revealed a lack of stud-
ies examining the impact of profitability on GHG emissions.
The lack of studies on this reverse relationship, together
with mentions of potential reverse and two-way causation,
was discussed in several papers (Busch & Hoffmann, 2011;
Testa & D’Amato, 2017; Waddock & Graves, 1997), motivat-
ing the following analysis. This thesis argues that financial
performance impacts GHG levels, adding to the research
needs of scholars in this field. Based on the Slack Resources,
Legitimacy, and Stakeholder theories, we hypothesise that
profitability significantly negatively impacts GHG emissions,
especially focusing on this directional relationship. Further-
more, most studies in the SLR do not distinguish between the
three Scopes of GHG emissions. This lack of differentiation
is problematic because the sources and implications of GHG
emissions vary extensively across Scopes 1, 2 and 3, requir-
ing different approaches and policies for effective reduction
(WRI & WBCSD, 2004). This lack of distinction in current
literature limits stakeholder interpretation and relevance.
Motivated by this gap, we aim to differentiate and analyse
the impact of profitability on individual Scopes of GHG emis-
sions. Hence, the second research question is formulated:
“How does firm profitability impact total and Scope 1, 2 and
3 GHG emissions performance?”. To answer this question, we
divided it into four sub-hypotheses to distinguish the effects
on total, Scope 1, Scope 2, and Scope 3 GHG emissions. The
first hypothesis we make is the following.

Hypothesis 1: Firm profitability is negatively asso-
ciated with Total GHG emission levels.

According to Slack Resources Theory, firms with higher
profitability would have more financial resources to invest in
GHG emissions reduction, therefore suggesting lower Total
GHG emissions (Cyert & March, 1963). Hassan and Romilly
(2018) did not find an impact of economic performance on
emissions, but other studies suggest a negative or bidirec-
tional relation (Meng et al., 2023; Testa & D’Amato, 2017;
Waddock & Graves, 1997). This relation will be tested with
GHG emissions numbers from LSEG Eikon and a proxy for
financial performance. The metric choice was ROA, the most
used accounting-based metric in the analysed studies. Fur-
ther methodological choices will be outlined in the next chap-
ter.

A significant research gap identified is the lack of differen-
tiation between the three GHG emissions Scopes. Therefore,

hypotheses 2, 3, and 4 focus on the effect of firm profitability
on specific Scopes. The second hypothesis focuses on Scope
1 emissions and is formulated as follows.

Hypothesis H2: Firm profitability is negatively as-
sociated with Scope 1 GHG emission levels.

Scope 1 GHG emissions refer to direct emissions from
owned or controlled assets (WRI & WBCSD, 2004). As
highlighted in our theoretical background using the Slack Re-
sources Theory by Cyert and March (1963), higher profitabil-
ity can allow firms to invest more in reducing these direct
emissions. Additionally, firms face pressure from stakehold-
ers to maintain legitimacy by reducing their GHG emissions
(Dowling & Pfeffer, 1975; Freeman, 1984). In contrast to
Total GHG emissions, Scope 1 emissions are, per definition,
more related to the specific firm assets (WRI & WBCSD,
2004) and specific industries (Ghasemi et al., 2023), which
might lead to different results for this regression. Scope
1 GHG emissions are emitted mainly by companies with
energy-intensive processes, like in the energy, material, or
manufacturing industry, and the reduction and potential de-
carbonisation strategies include the shift to low-carbon fuels,
Carbon Capture and Storage (CCS), Process Optimisation,
and Innovation (Cavaliere, 2019). All these solutions are
considered resource-intensive (Cavaliere, 2019) and might
require higher profitability. Out of five studies identified
during the SLR approximating carbon performance through
Scope 1 GHG emissions, three have a negative, one a mixed,
and one has no significant correlation to financial perfor-
mance, indicating mixed findings. However, innovation
advantages reducing GHG emissions and improving opera-
tional efficiency, as suggested by Porter’s win-win Hypothesis
(Porter & van der Linde, 1995), could also lead to higher
profitability, creating a potential two-way relationship and
biasing results. Like H1, a negative correlation between firm
profitability and Scope 1 GHG emissions is expected, but
some caveats may influence this relation.

The third hypothesis focuses on Scope 2 GHG emissions
and is the following.

Hypothesis H3: Firm profitability is negatively as-
sociated with Scope 2 GHG emission levels.

Scope 2 GHG emissions refer to indirect emissions from
the consumption of purchased energy (WRI & WBCSD,
2004). Reducing Scope 2 emissions often requires switching
to renewable energy sources, which has become cheaper
than fossil fuel electricity in the last few years (IRENA,
2022). Reducing Scope 2 GHG emissions by buying re-
newable energy can be both cost-saving and a demonstra-
tion of environmental responsibility, making this decision
relatively straightforward for companies. Furthermore, re-
ducing Scope 2 emissions is seemingly easier for a company
to achieve than for Scope 1 emissions, which might lower
the impact of profitability on this relationship (Bricheux et
al., 2024). Another influencing factor of Scope 2 emission
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levels is the market- or location-based calculation methodol-
ogy mentioned in Chapter 2.3.2, which highly influences the
emission numbers (brightest, n.d.; WRI & WBCSD, 2004).
This highlights the problem of energy purchase agreements,
which might reduce the Scope 2 GHG emission with the
market-based approach. However, a local production facil-
ity could be operated exclusively with local CO2-intensive
energy. The location approach calculates Scope 2 emissions
based on the local energy mix and provides a better picture
of the emissions, but it is more resource-intensive to be in-
fluenced by companies (Roston et al., 2024). To conclude, a
negative correlation between firm profitability and Scope 2
GHG emissions is anticipated, as firms with greater financial
resources can readily reduce these emissions. However, the
impact of profitability is expected to be less significant for
Scope 2 emissions than other emission Scopes, as it is influ-
enced by factors such as the company’s sector, energy needs,
and the local energy mix.

The fourth hypothesis focuses on Scope 3 GHG emissions
and is the following:

Hypothesis H4: Firm profitability is negatively as-
sociated with Scope 3 GHG emission levels.

Scope 3 GHG emissions are all other indirect emissions
in a company’s value chain (WBCSD, 2011). While firms
have no direct influence on Scope 3 emissions, they can pres-
sure and innovate along the entire supply chain to reduce
their footprint (Patchell, 2018), which is expected to be more
likely with more resources, thus higher firm profitability (Koh
et al., 2023). However, business choices like outsourcing
heavily affect these emissions, making the calculation po-
tentially complex and small-scale (Mytton, 2020; Radonjič
& Tompa, 2018). Furthermore, due to the complexity and
comparability challenges associated with calculating and de-
termining Scope 3 emissions (Fouret et al., 2024), a high
number variance is expected, which could negatively influ-
ence the regression performance. Scope 3 emissions are also
highly dependent on the industry and the company’s prod-
ucts (Günther et al., 2015). Currently, to the best of the au-
thor’s knowledge, no studies have examined the correlation
between Scope 3 emissions and financial performance, mak-
ing this a novel perspective. The impact of profitability on
Scope 3 emissions is expected to be negative if the data situ-
ation allows for a significant regression model.

Accordingly, the null hypothesis for H1, H2, H3 and H4 is
formulated as follows, and would indicate that profitability is
not or positively associated with the respective GHG emission
category:

Hypothesis H0: Firm profitability is not negatively
associated with Total GHG, Scope 1, Scope 2 or
Scope 3 emission levels.

Having established the hypotheses to be tested in re-
sponse to the second research question, the subsequent chap-
ter will delineate the methodological framework adopted for
this study.

6. Methodology

This chapter outlines the methodological approach for
analysing GHG emissions from European companies, which
are used to address both research questions. It begins with
an overview of the sample companies and the data collec-
tion, followed by a discussion of the selection of dependent,
independent, and control variables. The chapter then details
the model specifications used for regression analysis, focus-
ing specifically on answering the second research question:
How does firm profitability impact total and individual Scope
1, 2 and 3 GHG emissions?

6.1. Sample and Data Collection
In order to provide an overview of Scope 1, 2 and 3 GHG

emissions of European companies and analyse the impact of
profitability on these GHG emissions, we opted for the com-
panies in the STOXX Europe 600 index as our sample. The
STOXX Europe 600 represents the 600 largest companies in
17 European and is well diversified by industries (STOXX,
2024). Furthermore, Europe is still seen as a pioneer in sus-
tainability reporting and environmental responsibility (Barbu
et al., 2022), which makes us expect solid and compara-
ble data. The data will be collected from the LSEG Eikon
database for the financial years 2017 to 2023, as 2017 marks
the first year the NFRD regulation became mandatory in Eu-
ropean Union member states and is a significant milestone for
non-financial reporting (European Union, 2014). The GHG
emission variation during the COVID-19 pandemic years may
pose a challenge (A. Kumar et al., 2022). However, the time
horizon of 7 years will help to get consistent results and is not
far away from the average time horizon of 9.2 years identified
in the SLR. All relevant data points for this research were ini-
tially accessed through the LSEG Eikon platform to minimise
the use of multiple sources and rely on systematically sourced
information. However, GHG emissions data for most firms for
the year 2023 was not available in the LSEG Eikon database.
Consequently, if available, the 2023 GHG emissions data was
manually collected from annual or sustainability reports for
all firms with missing values. The GHG emission figures were
reviewed and updated during data collection to account for
any retroactive changes in previous years. This step was nec-
essary to ensure accuracy, as changes in companies’ calcu-
lation methods sometimes resulted in significant deviations.
The full dataset is available in Appendix 1.

6.2. Dependent Variables
Although there is extensive literature on the impact of

GHG emissions on financial performance, vice versa, it is
not the case. Accordingly, the dependent variables will be
the GHG emissions across all Scopes of sample companies,
collected for the financial years 2017 to 2023. In line with
the four hypotheses, four dependent variables representing
the GHG emissions are used. Scholars have used absolute
and relative measures for GHG, as highlighted in the SLR.
This research will be based on absolute emissions levels, as
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used by Mahapatra et al. (2021) or Porles-Ochoa and Gue-
vara (2023), because, ultimately, only a reduction of absolute
GHG emissions can reduce climate change. The four depen-
dent variables for each hypothesis are, therefore, Total GHG
emissions, representing the sum of Scope 1, 2 and 3 emis-
sions (Total GHG) for Hypothesis 1, Scope 1 GHG emissions
(Scope 1) for Hypothesis 2, Scope 2 GHG emissions (Scope 2)
for Hypothesis 3 and Scope 3 GHG emissions (Scope 3) for
Hypothesis 4.

6.3. Independent Variables
As an analysis of the impact of profitability on the de-

pendent variables is the aim of this study, Profitability is the
independent variable for the regressions. However, there is
no clear consensus on how to approximate profitability in lit-
erature, but Return on Assets (ROA) is seen as a common
metric for an accounting-based, short-term measure of finan-
cial performance (Benkraiem et al., 2023; Busch et al., 2022;
Delmas et al., 2015; Feng et al., 2024), and Tobin’s Q as a
common metric for a market-based measure of long-term fi-
nancial performance (Busch et al., 2022; Hassan & Romilly,
2018; Houqe et al., 2022; K. H. Lee et al., 2015). Consider-
ing profitability as the independent variable, an accounting-
based measure of profitability is more appropriate than a fu-
ture expectation-based market metric like Tobin’s Q, which is
based on expectations rather than actual profits. Therefore,
profitability will be approximated by ROA, calculated as net
income by total assets. Furthermore, to check the robustness
of our regression, we will also test our hypotheses with ROE,
calculated as net income by shareholders’ equity and lastly,
ROS as net income divided by sales.

6.4. Control Variables
Studies investigating the relationship between financial

performance and carbon performance, as identified in the
SLR, have used a common set of control variables (see Chap-
ter 3.2.3) and the ones used for this regression analysis are
outlined subsequently. This study implements four control
variables to account for other effects next to probability, in-
fluencing GHG emissions. First, firm size (SIZE) has been
linked to better socially responsible behaviour (Waddock &
Graves, 1997), and we use the natural logarithm of the firm’s
revenues to define this metric (Alvarez, 2012; França et al.,
2023). Second, as discussed by Velte (2023), board diver-
sity (BOARDDIV) can drive GHG emissions performance. It
will, therefore, be included as a control variable, calculated
as a percentage number of women to total board members.
Third, capital expenditures is found to be an indicator of
GHG emissions (Xia & Cai, 2023), and the relative mea-
sure of capital intensity (CAPINT), calculated as CAPEX di-
vided by total sales, is used in numerous studies (Busch et
al., 2022; Desai et al., 2021; Meng et al., 2023). Addition-
ally, sales growth (GROWTH) is the last control variable that
accounts for the potential increased GHG emissions associ-
ated with output growth. Sales growth is calculated as per-
centual annual changes in sales, in line with similar studies

(Desai et al., 2021; Gallego-Alvarez et al., 2015; Ghose et
al., 2023; Lewandowski, 2017). Furthermore, the industry
type of a company is undeniably a significant determinant of
the amount of GHG emissions (Ritchie et al., 2020), which is
why a classification in Low and High-Emission-Sectors is per-
formed. The 11 sectors from the GICS sector classification
are used and divided into both categories. Consumer discre-
tionary, energy, industrials, materials, and utilities as High-
Emission-Sectors, according to MSCI (2023) and the sector
analysis performed later in Chapter 7.1.2. Financials, infor-
mation technology, consumer staples, real estate, commu-
nication services and health care, as Low-Emission-Sectors.
The method with which these sectors will be accounted for
is discussed in the model specification chapter, as an invari-
ant dummy variable is not suited for the planned fixed-effect
regressions model (Wooldridge, 2012, p. 484-492).

6.5. Model Specifications
To test the hypotheses regarding the impact of firm prof-

itability on GHG emissions, we will employ multiple linear
regression models using an Ordinary Least Squares (OLS)
approach (Greene, 2019). As Shahgholian (2019) notes in
a literature review study, endogeneity between dependent
and independent variables is a significant risk in the anal-
ysed relationship, 48 out of 80 studies of their literature re-
view check for endogeneity. Because panel data from 2017
to 2023 is used, a fixed effects model is chosen to control for
firm heterogeneity and endogeneity of variables that could
bias the results, such as industry-specific effects or inherent
company policies towards sustainability that do not change
over time (Greene, 2019). Furthermore, the Hausman test
will be performed to test the fixed-effects against random-
effects and deduce the proper fit of the model (Hausman,
1978).

This approach allows to test for between-company vari-
ations over the study period and is used by several studies
with similar panel data (Iwata & Okada, 2011; Lewandowski,
2017; J. Wang et al., 2021), providing a more accurate es-
timation of the relationship between profitability and GHG
emissions. Literature and publications agree that industry
is a significant determinant of GHG emissions. However,
a fixed-effect model cannot process such an entity invari-
ant variable separately in the model, only in combination
with all the other potential fixed-effects. Since varying ef-
fects between Low- and High-Emission-Sectors are expected,
the dataset will be split into two parts: entities from Low-
Emission-Sectors and entities from High-Emission-Sectors,
similar to the approach of Ghose et al. (2023). This separa-
tion accounts for the expected differences between these sec-
tors, as noted in the literature (Ghasemi et al., 2023). Each
regression model will be performed separately on the high-
emission and low-emission datasets and compared against
each other’s.

The fixed-effects regression models for each dependent
variable are specified as follows:
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H1: Total GHGi t = β1ROAi t + β2SI Z Ei t + β3BOARDDIVi t

+ β4CAPIN Ti t + β5GROW T Hi t +µi + ϵi t

H2: Scope 1i t = β1ROAi t + β2SI Z Ei t + β3BOARDDIVi t

+ β4CAPIN Ti t + β5GROW T Hi t +µi + ϵi t

H3: Scope 2i t = β1ROAi t + β2SI Z Ei t + β3BOARDDIVi t

+ β4CAPIN Ti t + β5GROW T Hi t +µi + ϵi t

H4: Scope 3i t = β1ROAi t + β2SI Z EEi t + β3BOARDDIVi t

+ β4CAPIN Ti t + β5GROW T Hi t +µi + ϵi t

Where:

• β1, β2, β3, β4 and β5 are the coefficients for the inde-
pendent and control variables.

• µi represents the unobserved company-specific fixed
effects.

• ϵi t is the error term.

The regression results will be interpreted based on the
coefficients’ sign, magnitude, and statistical significance. The
primary focus will be on the coefficient of ROA to understand
its impact on GHG emissions across all Scopes. A negative co-
efficient would support the hypothesis that higher profitabil-
ity is associated with lower GHG emissions. Control variables
will also be interpreted to understand their influence on GHG
emissions. The next chapter will now start with the analysis
of the collected dataset.

7. Analysis and Results

This chapter is divided into two sections representing the
two research questions relevant to this work and will focus
on the quantitative and empirical analysis of the collected
panel data. The first chapter will analyse the Scope 1, 2 and
3 GHG emissions of European companies, and the second
chapter will focus on the impact of profitability on these GHG
emission Scopes.

7.1. Quantitative Analysis: Scope 1, 2 and 3 GHG Emissions
in Europe

Before delving into an in-depth analysis of Scope 1, 2 and
3 emissions, providing a brief introductory overview of the
GHG emissions disclosures across the sample companies is
essential. The following chapters will focus on the distinc-
tion between the individual Scope 1, 2 and 3 GHG emissions
figures within the dataset. Before a detailed analysis of these
figures, an overview of the data’s quality and quantity will be
provided. This overview will be the foundation for a more
detailed examination of the emission numbers.

7.1.1. Overview of the GHG Emission Disclosures
As previously highlighted, the high quality and availabil-

ity of data were anticipated due to stringent European reg-
ulations, Europe’s dominant role in sustainability reporting,
and corresponding research in Europe (Singhania & Chadha,
2023). An initial indicator of this data quality is the num-
ber of data points available for each company and each year,
illustrated in Figure 7.

A clear trend of increasing data availability over the years
is observable, as many companies disclose their GHG emis-
sions across all Scopes. These results complement the find-
ings of Barbu et al. (2022), which analysed the evolution of
non-financial reporting and the impact of the NFRD on dis-
closures of European companies and found a positive influ-
ence over time. The slight decrease in data points for 2023
can likely be attributed to the manual collection of data from
annual and sustainability reports rather than to an actual de-
cline in data point numbers. With a maximum of 600 data
points per Scope, constrained by the number of companies
in the STOXX Europe 600 index, 98% reported their Scope 1
and Scope 2 GHG emissions in 2022, and 89% reported their
Scope 3 emissions. Notably, Scope 3 emissions were signifi-
cantly less frequently published than Scope 1 and Scope 2 in
the initial years, but this disparity has markedly narrowed
recently. The same goes for the other Scopes, where a high
disclosure increase has occurred. A positive trend was ex-
pected since all companies of our sample will be required to
disclose their GHG emissions across the three Scopes when
the CSRD comes into action for the FY2024 disclosures (Eu-
ropean Union, 2022). Having addressed the availability of
the data, we shall now examine the reported figures in depth.

7.1.2. Analysis of the Scope 1, 2 and 3 GHG Emissions
This chapter commences with a descriptive statistical

analysis of the dataset to provide an overarching view of the
data. Subsequently, a trend analysis is conducted to compare
the dynamics of Scope 1, Scope 2 and Scope 3 emissions over
time. Finally, a comparative analysis by sector and country is
performed before the chapters end with a brief conclusion.

Descriptive Statistics

Before delving deeper into the data, it is essential to ex-
amine some basic statistics to better understand the dataset.
Table 2 provides an overview of the most important numbers,
which allows for the first insights.

Based on the mean emission numbers for each Scope over
2017–2023, it is possible to calculate the average share of
total emissions of all Scopes. Figure 8 visualises the aver-
age total reported GHG emissions shares and shows the size
differences between the three Scopes.

Scope 3 emissions have by far the most significant share of
all three scopes, making up 88.5% of average Total GHG emis-
sions, which is in line with expectations and findings in the
literature (Matthews et al., 2008). Scope 1 GHG Emissions,
also called direct emissions are directly emitted by the com-
panies and account for about 9,5%, and Scope 2 represents
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Figure 7: Number of Scope 1, 2 and 3 Data Points per Year

Table 2: Summary of Statistics for Scope 1, 2 and 3 GHG Emissions (in tons CO2e)

Emission Types N Mean SD Min 25% Median 75% Max

Scope 1 3,722 2,611,755 12,406,433 0 4,859 33,833 269,580 179,700,000
Scope 2 3,720 431,302 1,425,410 0 8,513 46,078 225,205 22,057,000
Scope 3 3,113 24,466,782 126,861,683 0 31,500 539,638 6,300,000 2,823,000,000

Figure 8: Average Share of the Three Scopes of Total Reported GHG Emissions

the purchased energy by companies, which represents the
smallest portion of Total GHG emission in the sample, with
about 2,0%. Furthermore, the wide range of values across all
Scopes is notable, for example, with Scope 1 emissions where
values between the 25th and 75th percentiles differ by a fac-
tor of 55. This variability is expected, given the significant
differences in the sizes of the companies within the STOXX
Europe 600 index. However, this extensive range presents
challenges for regression analysis performed in later chap-
ters, as it can lead to heteroscedasticity (Gallego-Alvarez et
al., 2015). To address this issue, we will apply natural loga-
rithms to the emission values in our regressions, as discussed
in Chapter 6.2. This transformation will help normalise the
data and mitigate the impact of extreme values (Wooldridge,
2012). To ensure the comparability and quality of GHG emis-
sion data, the variance within entities is a crucial metric, as
it helps to understand the deviation of these numbers from
the mean. In this context, a high variance would suggest sig-
nificant variability in GHG emissions across a specific Scope

within an entity and over time, potentially undermining the
reliability of the data or indicating significant changes in the
calculation methodology. As mentioned in Chapter 5, we ex-
pect some challenges in the data quality of Scope 3 emissions,
as the calculation is complex and allows for a higher margin
of discretion than Scope 1 and Scope 2 emissions. Figure 9
represents the standard deviation (SD) as a percentage of the
mean within the GHG emission numbers of each entity in the
data set from 2017 to 2023, and a clear difference between
the Scopes can be seen.

The lowest standard deviation is observed for Scope 1
emissions, with an average of 29.63% deviation from the
mean, followed by Scope 2 emissions at 37.41%. In contrast,
Scope 3 emissions exhibit a significantly higher standard devi-
ation of 56.15%, indicating considerable variance among the
Scope 3 values reported within companies over time. During
the manual collection of the latest 2023 values, this high de-
viation became apparent and is likely due to the lack of clear
guidance, incomplete composition, and measurement diver-
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Figure 9: Comparison of the SD of Emissions as Percentage of the Mean by Entity

gence, three main problems cited by Nguyen et al. (2023),
which studied the data quality of Scope 3 emissions. The
graph shows that the standard deviation distribution of Scope
3 emission is less left skewed than for Scope 1 and Scope 2,
indicating more extreme values and underscoring the need
for further standardisation of Scope 3 emission reporting to
enhance comparability in the future. Despite the high fluctu-
ations in Scope 3 emissions, the number of companies pub-
lishing all three scopes is promising at around 89% in 2022,
which should allow us to conduct solid analyses afterward. In
the next section, we will look at striking trends in the dataset.

Emission Trends by Scopes

In this analysis, shown in Figure 10, the trends in Scope
1, Scope 2, and Scope 3 GHG emissions from European com-
panies from 2017 to 2023 are examined. These findings al-
low us to gain insights into the carbon performance of these
companies and will ideally identify a trend of negative GHG
emissions growth. However, before delving into these trends,
it is crucial to highlight certain peculiarities of the unbal-
anced panel data to avoid false interpretations. Specifically,
the number of companies reporting their GHG emissions has
increased over the years, making it impractical to analyse the
trend in total emissions over the entire timeframe, as it would
distort the results. Consequently, variables independent of
the total number of reporting companies each year ensure a
more meaningful analysis. To avoid the problem of outliers,
the median growth rates of all three Scopes over the years
are plotted in Figure 10, which offers interesting insights.

The initial observation is the pronounced decline in
growth rates in 2020, marked by negative growth rates of
-8.89% for Scope 1, -10.45% for Scope 2, and -10.28% for
Scope 3 GHG emissions. This decline was followed by a sub-
sequent recovery beginning in 2021. In 2022 and 2023, the
trends normalised, showing slightly negative growth rates

for Scope 1 and Scope 2 GHG emissions, while Scope 3 emis-
sions exhibited a growth rate of approximately 1%. The
exact growth rates can be found in Table 10 of Appendix 2.
The sharp decline in GHG emission levels in 2020 is in line
with expectations of the effects of the COVID-19 Pandemic.
A. Kumar et al. (2022) analysed the impact of COVID-19 on
GHG emissions and found similar results. These results were
attributed, among other factors, to a decline in energy con-
sumption, mobility, trade, and economic output (A. Kumar
et al., 2022). In conclusion, the analysis reveals that Scope
1 and Scope 2 emissions have negative median growth rates
between 2017 and 2023, registering at -2.02% and -5.44%,
respectively. In contrast, Scope 3 emissions exhibited a me-
dian annual growth rate of 1.37%, which can probably be
attributed to the increasingly comprehensive methodologies
employed in the calculation basis and the other challenges
of Scope 3 GHG emissions mentioned in Chapter 2.3.2 and 5.

Absolute Emission Levels by Companies

As mentioned, the absolute sum of GHG emissions per
year is not a viable metric for unbalanced panel data. How-
ever, some absolute emission data comparison would provide
valuable insights into the biggest GHG emitters of the STOXX
Europe 600 index. To account for unbalanced numbers of en-
tries per company, we opted for the average sum of Scope 1
and Scope 2 GHG emissions and the average revenues over
the timeframe, plotted in Figure 11, helping to visualise sig-
nificant outliers. Scope 1 and 2 emissions are, per definition,
the ones directly attributable to a firm. Therefore, the combi-
nation is an often-used metric to compare GHG emission lev-
els across companies. These emissions are visualised against
the average revenues of each company to provide a firm size
metric as orientation.

Figure 11 illustrates the distribution of Scope 1 and Scope
2 GHG emissions among European companies. The data in-
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Figure 10: Median Growth Rates per Year, per Scope

Figure 11: Average Scope 1 + 2 Emissions vs Revenues (2017-2023)

dicates that most companies generate low to medium GHG
emissions. However, a significant portion of the emissions is
concentrated among a small number of outliers. Specifically,
the top ten companies with the highest emissions have been
identified and labelled in the figure. Among these, seven
companies belong to the energy sector, while the remaining
three are in the materials sector, with two specialising in ce-
ment production and one in steel manufacturing. A report
published by the CDP supports these findings, showing that
100 companies from the fossil fuel sector have been respon-
sible for over 70% of industrial GHG emissions since 1988
(Griffin, 2017). Interestingly, when Total GHG instead of
Scope 1 + 2 emissions is plotted, the top 10 outliers change
substantially. Figure 15 shows this plot and can be found in
Appendix 2. After adding Scope 3 GHG emissions, the energy
sector is still dominant, but the materials sector not anymore.
Firms with high fossil fuel consumption in their product life

cycles predominate the list, including Airbus SE, Volkswagen
AG, Siemens Energy, Siemens AG and Rolls-Royce Holdings
PLC.

This distribution suggests that industry type and asso-
ciated business models play a crucial role in determining a
company’s emission levels. It is also the reason for the deci-
sion to analyse the impact of profitability on GHG emissions
on low- and high-emission companies separately. To further
explore the relationship between industry sectors and emis-
sions, the following chapter will examine the distribution of
GHG emissions across various European sectors in greater de-
tail.

Sector Analysis

Having observed that companies within the energy and
materials sectors exhibit significantly higher GHG emissions
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than those being in other sectors, GHG emissions across dif-
ferent sectors in the sample are examined, because they are
seemingly major determinants of absolute GHG emissions.
Instead of using average figures as in the previous chapter,
this industry analysis will rely on the most recent data from
2023. To facilitate meaningful comparisons without exces-
sive granularity, we have adopted the Global Industry Clas-
sification Standard (GICS), categorising companies into 11
sectors. This classification is widely utilised by financial pro-
fessionals, investors, and researchers due to its consistency
and comprehensiveness (Bhojraj et al., 2003). The GICS 11-
sector framework balances avoiding excessive fragmentation
and capturing essential distinctions among different sectors.
Figure 12 shows the Scope 1, 2 and 3 GHG emissions distri-
bution across all 11 sectors for 2023.

For Scope 1 emissions, displayed in Figure 12, the sectors
materials, utilities, energy, and industrials are responsible for
approximately 94.65% of the total Scope 1 emissions, leaving
the remaining seven industries to account for only 5.35%.
This suggests that these four sectors significantly contribute
to direct emissions through their business models, a fact also
observed by other emissions reports (Polizu et al., 2023). In
contrast, for Scope 2 emissions, the materials sector is the
most significant contributor, responsible for about 45.61% of
the total Scope 2 emissions. This indicates that companies in
this sector purchase substantial amounts of energy for their
business activities. The remaining emissions are more evenly
distributed across the other sectors compared to Scope 1 emis-
sions. Utilities rank second with 13.76%, while all other in-
dustries contribute less than 10% of Scope 2 emissions. Scope
3 emissions, also referred to as value-chain emissions, have
only gained attention in recent years, when the GHG Proto-
col published the Corporate Value Chain (Scope 3) standard
in 2011 (WBCSD, 2011). However, their significance in the
context of global GHG reduction is substantial (Matthews et
al., 2008). As demonstrated in Chapter 7.1.2, Scope 3 GHG
emissions constitute approximately 90% of the Total GHG
emissions for companies within the STOXX 600 Europe in-
dex. Consequently, their reduction is crucial to attain the
goals of the Paris Agreement (United Nations, 2015a) and
the responsibility lies with the companies and their respective
business models. The sectors causing the highest amounts
of Scope 3 GHG emissions are industrials (32.79%), energy
(27.72%), materials (13.68%), and consumer discretionary
(13.22%). The consumer discretionary sector includes ma-
jor automotive firms like Mercedes-Benz, Volvo, BMW, Stel-
lantis, and Volkswagen, which report high Scope 3 emissions
due to the emissions in their value-chain and product life cy-
cles (Wells & Nieuwenhuis, 2012). Similar to the distribution
observed for Scope 1 emissions, a few sectors are responsible
for most GHG emissions.

In addition to examining the distribution of total emis-
sions by sector, analysing GHG emission growth rates per sec-
tor serves as a valuable complement, as it shows the current
trends. Figure 13 presents an overview of the median growth
rates for all three Scopes across the 11 GICS sectors, with the
number of data points per industry depicted in the Scope 1

histogram. Between 133 and 805 data points represent each
sector over the period from 2017 to 2023. This substantial
dataset ensures the robustness of the median against outliers
and provides meaningful insights into the trends of GHG re-
duction performance across different sectors.

The figures reveal that growth rates for Scope 1 and
Scope 2 emissions are negative across all sectors, albeit with
varying magnitudes. Notably, the financial sector exhibits
the highest reduction rates for both types of emissions. For
Scope 1 emissions, the high-emission sectors, as shown in
Figure 13, display relatively modest rates of decline between
0% and -1,5%, with the utilities sector as an outlier in the
group, achieving the third best reduction rate at approxi-
mately 5%. Conversely, Scope 2 emissions show significantly
higher reduction rates across all sectors. This suggests that
companies may find it easier to mitigate Scope 2 emissions
than Scope 1 emissions, particularly in energy-intensive sec-
tors such as materials, energy, and industrials. Improving
Scope 1 emissions often requires enhancing the energy ef-
ficiency of industrial processes, while Scope 2 reductions
can be more easily achieved through green energy purchase
agreements, as highlighted by McKinsey in their report on
the consumer goods industry (Bricheux et al., 2024), or a
lower energy grid GHG footprint. Regarding Scope 3 emis-
sions, the growth rates for most sectors are positive, aligning
with the trends discussed in Chapter 7.1.2. Unexpectedly,
the information technology sector demonstrates the highest
growth rates by a considerable margin. This anomaly may
indicate that some companies have revised their assessment
methodologies, leading to a higher attribution of Scope 3 in
this sector. The shift to cloud services by many IT companies
could also be the reason for this trend, as such emissions
are categorised as Scope 3 under the GHG Protocol (WBCSD,
2011). This phenomenon has been previously examined in
the literature (Mytton, 2020), and the results depicted in
Figure 13 match these findings.

In conclusion, as observed in the previous chapter re-
garding company-specific emissions levels, the sector analy-
sis shows that a limited number of sectors and companies are
responsible for most GHG emissions. From both regulatory
and research perspectives, focusing on these high-emission
sectors is advisable, as they each require tailored solutions
based on their specific business models and types of emis-
sions. This development could also be observed in the SLR
performed in the earlier chapters, where about one-quarter
of the studies focused solely on companies in CO2-intensive
sectors. Furthermore, regulations and policies have been in-
creasingly targeted at these high-emission industries, with
successful emission reductions (Pan et al., 2024; Yin et al.,
2024), which also speaks in favour of our findings and the
willingness to reduce global GHG emissions. In summary, the
negative growth rates observed are encouraging in the con-
text of combating climate change. However, this study does
not assess whether these trends align with the climate targets
outlined in the Paris Agreement. Additionally, the significant
increase in Scope 3 emissions within the IT sector highlights
the potential for companies to shift their Scope 1 or Scope 2
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Figure 12: Distribution of Scope 1, 2 and 3 GHG Emissions across the GICS Sectors

Figure 13: Median Growth Rates per Sector, per Scope

emissions through business practices. This underscores the
importance of accurately accounting for Scope 3 emissions
to obtain a comprehensive picture of a company’s environ-
mental impact. Addressing these issues requires the collab-
oration of policymakers, regulators, and other stakeholders,
who must respond swiftly to emerging trends across various
sectors, making this sector analysis with the latest numbers
from 2023 a valuable source of information.

In the concluding section of this analysis, we will investi-
gate countries’ Scope 1, 2 and 3 GHG emissions.

Country Analysis

In this chapter, we will analyse the growth rates of compa-
nies within the STOXX Europe 600 index by country. Consis-

tent with the methodology employed in the previous chapter,
the median growth rate has been used as the benchmark. The
country-specific analysis in Figure 14 parallels the industry-
specific breakdown across all three Scopes of emissions.

Notably, Scope 1 emission reduction rates are generally
lower than those for Scope 2 emissions, with exceptions
observed in countries such as Poland, Italy, and Belgium.
Acknowledging that the STOXX Europe index encompasses
only a limited selection of companies per country is essen-
tial. Thus, the provided chart offers insights specific to these
companies rather than the national economy. In the case of
Scope 3 emissions, it is noteworthy that Germany exhibits
a negative median growth rate despite having a significant
number of companies represented. This suggests that Ger-
man companies, or the industries prevalent in Germany,
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Figure 14: Median Growth Rates per Country, per Scope

may prioritise the reduction of Scope 3 emissions more than
their counterparts in other countries included in the sample.
While Ireland and Austria also show negative median growth
rates, the limited number of data points for these countries
makes the median growth rate less reliable.

Before proceeding to the second analytical section of this
study, which will examine the impact of profitability on Scope
1, 2 and 3 GHG emissions, a summary of the key findings
from the previous chapters is provided.

7.1.3. Key Findings and Discussion of Scope 1, 2 and 3 GHG
Emissions in Europe

In this chapter, we quantitatively analysed the Scope 1,
2 and 3 GHG emissions of European companies within the
STOXX Europe 600 index. Our investigation into the data
quality and availability from 2017 to 2023 revealed that Eu-
ropean companies demonstrate a high level of compliance
with GHG emissions disclosures, a result of stringent Euro-
pean regulations (Barbu et al., 2022; European Union, 2014,
2022). The consistency in the number of companies report-
ing Scope 1 and Scope 2 emissions was notable, and there
was a significant increase in the reporting of Scope 3 emis-
sions over the years. The descriptive statistical analysis un-
derscored that Scope 3 emissions constitute the largest share
of Total GHG emissions, which aligns with expectations, given
their broader definition and other publications on their re-
spective share (Matthews et al., 2008). However, the data
variability is substantial between and within companies, es-
pecially for Scope 3 GHG emissions, as the standard devia-
tion analysis revealed. This considerable variance in Scope 3
values reported by companies underscores the need for fur-
ther standardisation in Scope 3 emission reporting to enhance
comparability, as discussed by Nguyen et al. (2023).

The trend analysis illustrated a pronounced decline in
growth rates in 2020, which can be attributed to the effects

of the COVID-19 pandemic, as publications from other schol-
ars also indicate (A. Kumar et al., 2022). This decline was
followed by a recovery beginning in 2021. Overall, Scope 1
and Scope 2 emissions have negative median growth rates of
-2.02% and -5.44%, respectively, from 2017 to 2023. Con-
versely, Scope 3 emissions exhibited a median annual growth
rate of 1.37%, which can be partially attributed to the chal-
lenges of Scope 3 emission calculations (Nguyen et al., 2023).
Examining absolute emission levels by companies revealed
that a small number of outliers contribute significantly to the
total emissions. Specifically, the energy and materials sectors
were identified as the primary contributors. This finding was
further substantiated by the sector analysis, which revealed
that the sectors of materials, utilities, energy, and industri-
als are responsible for approximately 94.65% of total Scope 1
emissions. Similarly, Scope 2 emissions were predominantly
from the materials sector, which accounted for about 45.61%
of the total. A few sectors also dominated the distribution of
Scope 3 emissions, and the median growth rate for Scope 3
emissions in the IT sectors was unexpectedly the highest by a
high margin with about 8%. A potential reason could be the
fast shift to cloud application in the whole sector, a trend that
has already been the subject of other scientific work (Mytton,
2020). This analysis underscores the significant impact of
business practices on the distribution of emissions across dif-
ferent Scopes. It highlights the critical importance of mitigat-
ing Scope 3 emissions to meet the climate objectives outlined
in the Paris Agreement. Therefore, it is not just important,
but urgent for policymakers and other stakeholders to con-
tinuously monitor prevailing trends. This will enable them
to respond effectively with appropriate measures when nec-
essary, ensuring we stay on track to meet our climate goals.

Before concluding the chapter, it is essential to address
the limitations of the data. The figures for the emission dis-
tribution across sectors are from a single year, making them
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potentially sensitive to outliers. Scope 3 emissions can vary
significantly within and between companies in the same in-
dustry. Furthermore, the median growth rate was selected
due to extreme outliers, which can significantly distort the
mean average and complicate its interpretation. Conse-
quently, the evolution of Total GHG emissions by Scope may
differ substantially from the patterns suggested by median
growth rates. Given the unbalanced nature of the panel data
set and the high variance observed between and within enti-
ties, the median growth rate remains the most suitable metric
for this analysis. Additionally, the sample comprises compa-
nies represented in the STOXX Europe 600, which includes
the 600 largest companies in Europe. This could result in
an undervaluation of fragmented sectors with many small
companies and an overvaluation of industries dominated by
a few large firms.

In conclusion, this chapter provided a detailed examina-
tion of the Scope 1, 2 and 3 GHG emissions of European com-
panies between 2017 and 2023, answering the first research
question: What are the Scope 1, 2 and 3 GHG emissions levels
for European companies from 2017-2023, highlighting signif-
icant trends and variances across sectors, countries, time and
companies. The findings underscore the importance of con-
tinued efforts to standardise emission reporting and the need
for targeted regulatory measures to address High-Emission-
Sectors. To investigate one of the factors that might deter-
mine the GHG emissions levels, this thesis will analyse the
impact of profitability on GHG emissions starting in the next
chapter. This analysis aims to provide valuable insights for
companies, managers, policymakers, and other stakehold-
ers interested in understanding how a specific factor, such
as profitability, influences GHG emissions.

7.2. Empirical Analysis: Impact of Profitability on GHG
Emissions

This chapter presents the core analysis of this study, focus-
ing on the relationship between profitability and Total, Scope
1, Scope 2 and Scope 3 GHG emissions of European compa-
nies, thereby addressing the second research question of this
thesis. To begin with, the collected data undergoes descrip-
tive analysis, including a summary of statistical measures and
an examination of correlations among all variables. The sub-
sequent section details the fixed-effects regression analysis
and its results, with individual assessments of the four sub-
hypotheses. The chapter concludes with the robustness tests
conducted and the limitations inherent in the regressions, fol-
lowed by a summary of the findings.

7.2.1. Descriptive Statistics
The section on descriptive statistics is divided into two

segments. The first segment, a summary of statistics, involves
the analysis of essential statistical characteristics of the data.
The second segment addresses the analysis of correlations
between the variables, wherein preliminary insights are de-
rived.

Summary of the Statistics

To start the empirical analysis, the summary of statistics
of both datasets is provided in Table 3, displaying basic met-
rics for the variables in the Low-Emission-Sectors and High-
Emission-Sectors.

As stated earlier, the data originates almost entirely from
the LSEG Eikon platform, and missing relevant data was
added manually wherever possible. This included, in par-
ticular, the emission values for 2023, which were not yet
available via Eikon for the most important companies. Al-
though manual additions are prone to error, they enable the
subsequent analysis to be conducted using the latest data.
Further data transformations were conducted using Python,
including removing rows with missing values and preparing
variables for logarithmic transformation. As mentioned in
the previous chapters, the natural logarithm of all emission
variables is used to improve the fit for a regression, similar
to many other studies using GHG emissions in regressions
(Houqe et al., 2022; Mahapatra et al., 2021; Raval et al.,
2021). A small constant with a value of 1e-2 was added
to address zero values. This is why the minimum value of
certain emission variables is below zero when the natural
logarithm of zero plus the small constant is calculated. The
complete Python code can be found in Appendix 1. All num-
bers presented are after the removal of missing values and
thus represent the complete dataset used for the subsequent
regression analyses. As shown in Table 3, the final dataset
has 2,524 observations, representing 538 individual firms,
or about 90% of the initial sample. The Low-Emission-Sectors
dataset has 1,245 observations (N), corresponding to 267 in-
dividual firms, whereas the High-Emission-Sectors dataset has
1,279 observations, corresponding to 271 individual firms.

The difference between high-emission and low-emission
firms also becomes apparent in the data when comparing
mean, median, and max values, which are higher for all emis-
sion Scopes in High-Emission-Sectors. Comparing the ROA
numbers, the mean and median numbers do not differ signif-
icantly, but the SD of 14.6 percentage points in Low-Emission-
Sectors is much higher than 6.3 percentage points in High-
Emission-Sectors. This indicates a higher range of values for
Low-Emission-Sectors and a more constant number for High-
Emission-Sectors. Variables for GHG emissions will not be
analysed in depth again, as the natural logarithm makes the
interpretation challenging, and Chapter 7.1.2 already dis-
cussed this matter. Along with this summary of statistics,
the correlations between all variables help to understand the
dataset and will be analysed using a Pearson correlation ma-
trix in the following chapter.

Correlation Matrix

Pearson (1895) introduced the concept of linear correla-
tion between two variables, which allows us to understand
the relationship between two variables in both directions. A
widely used tool in modern statistics is the Pearson Corre-
lation Matrix, displayed in Table 4. This matrix shows the
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Table 3: Summary of Statistics for the Regression Variables

Low-Emission-Sectors N Mean SD Median Min Max

Total GHG 1,245 12.355 2.834 12.307 4.804 18.808
Scope 1 1,245 9.090 3.090 9.157 -4.605 15.126
Scope 2 1,245 9.890 2.668 10.087 -4.605 15.387
Scope 3 1,245 11.643 3.299 11.710 -4.605 18.807
ROA 1,245 0.066 0.146 0.044 -0.263 2.511
SIZE 1,245 22.171 1.567 22.143 17.809 25.691
BOARDDIV 1,245 0.208 0.149 0.200 0.000 1.000
CAPINT 1,245 0.075 0.138 0.034 -0.059 2.058
GROWTH 1,245 0.068 0.244 0.014 -1.689 5.041

High-Emission-Sectors N Mean SD Median Min Max

Total GHG 1,279 15.212 2.587 15.279 7.271 21.789
Scope 1 1,279 12.231 2.958 11.865 -4.605 19.007
Scope 2 1,279 11.511 2.454 11.493 -4.605 16.909
Scope 3 1,279 14.618 3.024 14.927 2.231 21.761
ROA 1,279 0.070 0.063 0.060 -0.205 0.585
SIZE 1,279 22.816 1.259 22.709 19.260 26.599
BOARDDIV 1,279 0.173 0.138 0.167 0.000 0.714
CAPINT 1,279 0.075 0.142 0.041 0.000 2.208
GROWTH 1,279 0.115 0.364 0.064 -0.869 7.999

correlation between all variables of the data set and thus pro-
vides initial insights into their relationships.

Unsurprisingly, there is a high correlation at the 1% sig-
nificance level between all four variables for GHG emissions.
As discussed in Chapter 7.1.2, Scope 3 emissions consti-
tute the largest share of Total GHG emissions. Therefore,
high correlations of 0.96 and 0.95 between Total GHG and
Scope 3 in both datasets are expected. Additionally, ROA ap-
pears to be negatively correlated with GHG variables in both
datasets, although there are significant differences between
high-emission and low-emission firms. The effect is approx-
imately twice as large for Scope 1 and Scope 3 emissions
in High-Emission-Sectors but does not differ significantly for
Scope 2 emissions. This correlation between financial perfor-
mance, measured by ROA, and the Scopes of GHG emissions
are consistently negative at the 1% significance level, indicat-
ing a strong relationship. Similarly, the SIZE of a company,
measured by the natural logarithm of annual revenues, is
strongly positively correlated with the amount of GHG emit-
ted across all Scopes, consistent with prior research (Hassan
& Romilly, 2018; Wells & Nieuwenhuis, 2012). Moreover,
the high significance of the correlation between all variables
for Scope 1 and Scope 2 in Low-Emissions-Sectors, is in con-
trast with the more nuanced picture for Total GHG and Scope
3.

In summary, no multicollinearity is detectable between
the independent variables. Firm SIZE seems to be highly
correlated with GHG emission levels across all Scopes, and
ROA shows a moderate negative correlation. Most control
variables have a significant correlation with Scope 1 and
Scope 2 emissions. However, apart from firm SIZE, they

do not significantly correlate with Total GHG and Scope 3
emissions. The correlation matrix indicates differences be-
tween the Low- and High-Emission-Sectors, which supports
the distinction between these two groups. Subsequently, to
unilaterally examine the impact of profitability on Scope 1,
2 and 3 GHG emissions, the results of the linear regressions
will be analysed and evaluated in the following chapters.

7.2.2. Multiple Linear Regressions Analysis
This chapter addresses the four sub-hypotheses of the

second research question: How does firm profitability impact
total and individual Scope 1, 2 and 3 GHG emissions perfor-
mance? An overview of the regression results from both Low-
and High-Emission-Sectors is provided, and the implications
of the results will shortly be discussed. For each hypothesis,
fixed-effect panel OLS regressions are performed, and the
null hypothesis (H0) is rejected for p-values < 0.05, indi-
cating a significance at the 5% level. Before the individual
regression results, the basic assumptions for a fixed-effect
Panel OLS regression should be met and tested. The follow-
ing assumptions, as outlined by Wooldridge (2012) in his
book Introductory Econometrics: A Modern Approach (5th

Edition), are tested with specified tests or graphical analysis
on all regression models performed in the subsequent chap-
ters. Linear relationship between the dependent and inde-
pendent variables, normality of residuals, no multicollinear-
ity, exogeneity of independent variables, homoscedasticity of
residuals, no autocorrelation, and specifically for fixed-effect
models, the assumption that entity-fixed effects are constant
over time.
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Table 4: Pearson Correlation Matrix

Low-Emission-Sectors Total GHG Scope 1 Scope 2 Scope 3 ROA SIZE BOARDDIV CAPINT

Total GHG
Scope 1 0.749 ***
Scope 2 0.742 *** 0.810 ***
Scope 3 0.956 *** 0.637 *** 0.615 ***
ROA -0.103 *** -0.080 *** -0.135 *** -0.074 **
SIZE 0.640 *** 0.632 *** 0.612 *** 0.588 *** -0.162 ***
BOARDDIV -0.008 -0.099 *** -0.067 *** 0.009 0.182 *** 0.023
CAPINT 0.036 0.076 ** 0.129 ** -0.019 -0.077 *** -0.126 *** -0.033
GROWTH -0.044 -0.117 *** -0.096 *** -0.016 0.113 *** -0.080 *** 0.019 -0.029

High-Emission-Sectors Total GHG Scope 1 Scope 2 Scope 3 ROA SIZE BOARDDIV CAPINT

Total GHG
Scope 1 0.729 ***
Scope 2 0.600 *** 0.642 ***
Scope 3 0.947 *** 0.585 *** 0.508 ***
ROA -0.251 *** -0.298 *** -0.179 *** -0.185 ***
SIZE 0.688 *** 0.623 *** 0.574 *** 0.610 *** -0.198 ***
BOARDDIV 0.056 ** -0.019 -0.052 * 0.076 *** 0.080 *** -0.016
CAPINT 0.029 0.108 *** 0.086 *** -0.013 -0.128 *** -0.158 *** 0.123 ***
GROWTH 0.042 0.030 -0.061 ** 0.050 * 0.082 *** 0.068 ** 0.012 -0.022 ***

Linearity is assumed between the dependent and inde-
pendent variables, and graphical analysis of the scatter plots
between these variables tests the assumption. Most simi-
lar studies, identified in the previously performed SLR, as-
sume the relationship between financial performance and
GHG emissions as linear, with a few exceptions using non-
linear regression models and finding U-shaped and Inverted
U-shaped relations. The plots in Appendix 3 indicate a strong
linear relationship between GHG emission and firm SIZE, a
weaker linear relation with ROA, and a more nuanced picture
of the other variables.

High or perfect multicollinearity between independent
variables can cause several problems in regression models
(Wooldridge, 2012, pp.94–99). Multicollinearity can highly
influence the estimation of the regression coefficient and is
to be avoided (Wooldridge, 2012, pp. 94–99). No or low
multicollinearity is a basic assumption of the fixed-effect re-
gression model and can easily be tested with the Variance In-
flation Factor (VIF) (Wooldridge, 2012, p. 98). The VIF tests
the variance increase when variables are correlated and is
usually interpreted in the following increments (Wooldridge,
2012, p. 98). VIF = 1, indicating no multicollinearity; 1
< VIF < 5, indicating moderate correlation not requiring
specific measures; VIF> 5, indicating significant and poten-
tially problematic correlation; and VIF >10, considered as
a threshold for serious multicollinearity (Wooldridge, 2012,
p. 98). Since all VIF values for the independent variables
of the performed regressions are between 1.018 and 1.085,
multicollinearity is not seen as a problem and is neglected
in further analysis. The VIF values for each variable can be
found in Appendix 3.

The following basic assumptions of linear regression
models is the homoscedasticity of residuals, which refers
to the constant variation of error terms across the whole
range of the independent variables (Wooldridge, 2012, pp.
93–94) and non-autocorrelation of residuals, which means
no correlation of residuals across time (Wooldridge, 2012,
p. 353). To test for homoscedasticity, or the presence of
the opposite, namely heteroscedasticity, the Breusch-pagan
test by Breusch and Pagan (1980) can be used. Autocorre-
lation or serial correlation in panel data is tested with the
commonly referred Wooldridge test (Wooldridge, 2010, pp.
176–178). After performing both tests, shown in Appendix
3, the results indicate that heteroscedasticity is present in
most regressions, and there is evidence of serial correlation
between the residuals. Violating the homoscedasticity as-
sumption still allows for valid results but requires further
adjustments in the model (Wooldridge, 2012, pp. 268–296).
A commonly used way to account for heteroscedasticity and
autocorrelation is using robust standard errors, which have
no influence on the coefficients but the respective f-statistic
and p-values (Wooldridge, 2012, pp. 268–296). Clustered
standard errors are explicitly suited for panel data and will
be used on all regressions to test the hypotheses (Petersen,
2009).

Another assumption is that the normality of residuals is
expected when performing an OLS regression (Wooldridge,
2012, pp. 118–121). This assumption can be tested with the
Shapiro-Wilk test (Shapiro & Wilk, 1965) and by a graph-
ical analysis of the regression models’ histograms and Q-Q
plots of residuals. The Shapiro-Wilk test tests the hypothesis
that a sample comes from a normally distributed population
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and was developed by Shapiro and Wilk (1965). The results
of this test indicate a non-normal distribution of residuals
for the regressions performed, which motivates the further
graphical analysis of residuals. The plots can be found in Ap-
pendix 3 and show a normal distribution for the major parts
of the data, but outliers seem to influence the regression in
the tails. These outliers are to be expected with GHG emis-
sions data (Griffin, 2017), and are consistent with the find-
ings from the previous analysis of company Scope 1, 2 and 3
GHG emissions in Chapter 7.1.2, which indicates that the ma-
jority of GHG emissions come from a small number of compa-
nies, namely outliers, making these outliers an essential part
of these regressions and hypotheses. Consequently, the as-
sumption for normal distribution of residuals is not entirely
met, but scholars indicate that it is not strictly needed for
consistent results in fixed-effect regressions and emphasise
the use of robust standard errors to address non-normality
issues (Greene, 2019, pp. 987–988; Wooldridge, 2012, p.
490).

The two last assumptions discussed are especially rele-
vant for the work with GHG emissions data and the spe-
cific fixed-effect regression models. Many studies mention
endogeneity, referring to the missing significant influencing
variables in the regression model, as a potential issue for
the relationship between financial and sustainability perfor-
mance (Busch et al., 2022; Delmas et al., 2015; Gallego-
Alvarez et al., 2015; Shahgholian, 2019). The opposite, ex-
ogeneity is a major assumption of every regression, but can
rarely be guaranteed in real-life situations, particularly for
time series data (Wooldridge, 2012, p. 355). As mentioned
earlier, endogeneity is tested with the Hausman test, which
compares fixed-effect regression to random-effect regression
(Hausman, 1978). The presence of endogeneity would make
the fixed-effect regression model more significant than the
random-effect, as all time-invariant fixed entity effects are
accounted for by definition (Wooldridge, 2012, p. 496). The
Hausman tests, shown in Appendix 3, indicate that there
might be endogeneity issues in the regression models, and
the use of a fixed-effect regression should help to diminish
these issues. The last assumption is inherent to fixed-effect
regressions, which assumes that fixed-entity effects are time-
invariant (Wooldridge, 2012, pp. 484–492). This can hardly
be tested but is assumed, since in the context of this work,
company sector and business model seem to be significant
factors influencing GHG emission levels and are both time-
invariant in most cases (IPCC, 2023; WRI & WBCSD, 2004).

The following chapters show, analyse, and discuss the re-
sults of the fixed-effect regression models used to answer the
four sub-hypotheses of the second research question.

Results for Hypothesis H1

The regression results for Hypothesis H1 are displayed in
Table 5. The regression analysed the link of Profitability, mea-
sured by ROA, with Total GHG, measured by the sum of Scope
1, 2 and 3 GHG emissions. To analyse the results correctly,
it is essential to highlight that all dependent variables and

SIZE were transformed as natural logarithms, and the other
variables are in percentages, which requires caution for the
interpretation of the coefficients. Furthermore, some studies
calculate Total GHG emissions as the sum of Scope 1 and Scope
2 (Czerny & Letmathe, 2024; Ghose et al., 2023). Whereas
this study sees Scope 3 emissions as necessary for assessing a
company’s most realistic carbon footprint. An approach men-
tioned in the literature, due to the risk of potential carbon
leakage, the shift of Scope 1 or Scope 2 emissions to Scope
3 by business practices (Wei et al., 2020), or the misleading
or distorting picture from only including Scope 1 and Scope
2 emissions (Radonjič & Tompa, 2018). However, this also
means that the Total GHG emissions are significantly influ-
enced by Scope 3 emissions, as these account for the largest
share, as previously analysed in Chapter 7.1.2. Next to the p-
value, the significance of a variable is indicated by *, ** and
***, respectively standing for a 10%, 5% and 1% significance
level.

The model demonstrates statistical significance in the
Low-Emission-Sectors, as indicated by an F-statistic p-value of
0.000. However, only a few variables exhibit significant im-
pacts on GHG emissions. Specifically, firm SIZE and BOARD-
DIV are statistically significant predictors, with p-values of
0.000 and 0.001, respectively. Firm SIZE, with a coefficient
of 0.744, suggests that larger firms tend to have higher Total
GHG emissions, likely due to a larger scope of operational
activities and energy use, as suggested by J. Lee and Yu
(2019). BOARDDIV shows the most substantial positive im-
pact on emissions, with a coefficient of 1.890, indicating that
increased BOARDDIV correlates with higher emissions. This
suggests that diverse boards may face challenges in align-
ing sustainability goals with business objectives or are in
companies where emissions are more complicated to man-
age. Although this relation seems unintuitive because board
diversity is often associated with better CSR performance
(Hossain et al., 2023), other studies mention challenges of
more diverse boards, which could impact this relationship
(R. B. Adams et al., 2015). ROA exhibits a negative co-
efficient of -0.528, suggesting that profitability potentially
reduces emissions; however, this relationship is not statis-
tically significant, with a p-value of 0.339, indicating that
profitability does not substantially influence Total GHG emis-
sions in Low-Emission-Sectors. Although this study did not
explicitly analyse Low-Emission-Sectors, these findings cor-
responded to the research of Hassan and Romilly (2018),
finding no significant impact of economic performance on
GHG emissions. Other factors, such as capital intensity and
growth, do not significantly affect emissions within these
sectors.

In contrast, the regression model in the High-Emission-
Sectors is robust, as indicated by a higher overall R2 value of
0.562 compared to 0.339 in Low-Emission-Sectors. This sug-
gests that the model explains a more significant portion of
the variability in emissions in High-Emission-Sectors. Notably,
four out of the five independent variables significantly affect
GHG emissions at the 5% level. ROA has the most significant
negative impact on emissions, with a coefficient of -4.046
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Table 5: Regression Results for Hypothesis H1

Dependent variable

Total GHG Low-Emission-Sectors High-Emission-Sectors
Independent Variables Coefficient P-Value Coefficient P-Value

Intercept -4.515 0.317 -19.203 *** 0.001
ROA -0.528 0.339 -4.046 ** 0.019
SIZE 0.744 *** 0.000 1.516 *** 0.000
BOARDDIV 1.890 *** 0.001 0.046 0.943
CAPINT 0.295 0.577 1.751 *** 0.008
GROWTH -0.097 0.434 -0.200 ** 0.028

No. Observations: 1,245 1,279
No. Entities: 267 271
F-statistic (robust): 5.916 9.917
P-Value: 0.000 0.000
R2 (Between): 0.339 0.562

and a p-value of 0.019. This result indicates that more prof-
itable companies tend to have lower Total GHG emissions,
possibly due to investments in cleaner technologies and more
efficient processes or stakeholder pressure in High-Emission-
Sectors to reduce emissions, supporting the theoretical frame-
work outlined in this thesis. This finding also support the re-
sults of Meng et al. (2023), which found that financial perfor-
mance enhances carbon performance, and Oestreich and Tsi-
akas (2023). Firm SIZE and CAPINT have significant positive
impacts on emissions, with coefficients of 1.516 and 1.751
and p-values of 0.000 and 0.008, respectively. This suggests
that larger and more capital-intensive companies in High-
Emission-Sectors have higher emissions, likely due to the na-
ture of their operations, which often involve energy-intensive
processes (Ghasemi et al., 2023; Nishitani & Kokubu, 2012).
The GROWTH variable also shows a small but significant neg-
ative effect on Total GHG emissions, with a coefficient of -
0.200 and a p-value of 0.028, indicating that higher revenue
GROWTH is negatively linked to GHG emissions, supporting
the argument that growing business models are less based on
GHG emissions. Environmental and technological innovation
of companies have been linked to increasing environmental
performance in several studies (Mo, 2022; Muthuswamy &
Sharma, 2023; Wedari et al., 2023) and innovation is linked
to revenue growth (Angus et al., 1996). This supports the
argument that growing companies in High-Emission-Sectors
might be more innovative or efficient and consequently have
lower GHG emissions.

Based on these findings, we fail to reject H0 for Hy-
pothesis H1 in Low-Emission-Sectors, as profitability does
not significantly impact Total GHG emissions. However, for
firms in High-Emission-Sectors, H0 is rejected for Hypothe-
sis H1, as increased profitability correlates with lower Total
GHG emissions. This divergence underscores the need for
sector-specific strategies to manage emissions, recognising
that financial performance and its influence on sustainability
initiatives differ markedly between low- and high-emission
industries. Combining that argument with the findings in

Chapter 7.1.2, that most emissions come from a few com-
panies in High-Emission-Sectors and few from Low-Emission-
Sectors. It could be that the GHG emissions from companies
in Low-Emission-Sectors are not significant enough to estab-
lish a noteworthy relationship between some variables in
the regression analysis. Furthermore, the results align with
findings of a negative relationship between financial per-
formance and GHG emissions from Meng et al. (2023) and
support the Slack Resources Theory. Indicating that compa-
nies in High-Emission-Sectors with higher profitability might
invest more money in sustainable business practices, leading
to lower emission levels. This regression does not analyse the
potential bidirectional relation of both variables mentioned
by Busch and Hoffmann (2011) and Testa and D’Amato
(2017). Still, the results of the SLR and this regression sup-
port the theory that the relationship between environmental
performance and financial performance might go both ways.
This demands caution when analysing only one direction
of this relation in the future and is also a problem in this
research.

Results for Hypothesis H2

Hypothesis H2 focuses on the impact of profitability on di-
rect GHG emissions from owned assets, namely Scope 1 GHG
emissions. The regression results are shown in Table 6.

The regression model is statistically significant for Low-
Emission-Sectors, with an F-statistic p-value of 0.029, but in-
dividual variables exhibit limited impact on Scope 1 emis-
sions. The firm SIZE is the only variable with a statistically
significant (at 5% level ) positive coefficient of 0.254 and a
p-value of 0.038. This indicates that larger companies tend
to have slightly higher Scope 1 emissions, potentially due
to increased operational activities directly emitting GHGs.
BOARDDIV also approaches significance with a coefficient of
-0.572 and a p-value of 0.054, suggesting a potential negative
relationship where more diverse boards may help mitigate
direct emissions through improved governance and strategic
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Table 6: Regression Results for Hypothesis H2

Dependent variable

Scope 1 Low-Emission-Sectors High-Emission-Sectors
Independent Variables Coefficient P-Value Coefficient P-Value

Intercept 3.547 0.185 5.823 ** 0.017
ROA 0.358 0.399 0.627 * 0.084
SIZE 0.254 ** 0.038 0.281 *** 0.009
BOARDDIV -0.572* 0.054 -0.435 0.177
CAPINT 0.186 0.537 0.460 0.128
GROWTH -0.021 0.805 -0.046 0.574

No. Observations: 1,245 1,279
No. Entities: 267 271
F-statistic (robust): 2.502 3.830
P-Value: 0.029 0.002
R2 (Between): 0.143 0.122

decision-making. This adds to similar findings of Hossain et
al. (2023) and Muktadir-Al-Mukit and Bhaiyat (2024), which
found a negative relation between board diversity and GHG
emission levels. The coefficient for ROA is positive but not
significant, with a p-value of 0.399, indicating that profitabil-
ity might not have a meaningful effect on Scope 1 emissions in
Low-Emission-Sectors, which could be due to the same reason
mentioned in Hypothesis H1. Namely, the selected variables
can only minimally explain the level of Scope 1 GHG emis-
sions, or the absolute level of these emissions needs to be
larger to find further significant relation. These findings sug-
gest that companies’ profits in Low-Emission-Sectors are not
or less linked to business practices causing GHG emissions.

The model is statistically significant in the High-Emission-
Sectors with an F-statistic p-value of 0.002. However, sim-
ilarly to the Low-Emission-Sectors, the model’s explanatory
power is limited, as indicated by a lower R2 value of 0.122.
Here, ROA shows a positive coefficient of 0.627, which is sig-
nificant at the 10% level (p-value of 0.084). It is not signif-
icant at the targeted 5% significance but still contrasts with
its negative impact on Total GHG emissions seen in Hypothe-
sis H1. This suggests that high profitability may not translate
into reduced direct emissions in High-Emission-Sectors. Possi-
bly due to the underlying business models, with a continued
reliance on carbon-intensive operations, challenging to de-
carbonise (Cavaliere, 2019). Firm SIZE remains significant,
with a coefficient of 0.281 and a p-value of 0.009, indicating
that larger firms have higher direct emissions. However, the
effect size is smaller than its impact on Total GHG emissions.
This reflects larger companies’ inherent challenges in curb-
ing emissions directly tied to their core operational activities.
Other variables, such as BOARDIV, CAPINT, and GROWTH, do
not significantly impact Scope 1 emissions in High-Emission-
Sectors, indicating that these factors might not directly influ-
ence operational-level emissions.

Overall, the regression results suggest that Scope 1 emis-
sions are less sensitive to the independent variables than To-
tal GHG emissions in H1. The lack of a significant negative

relationship between ROA and Scope 1 emissions in High-
Emission-Sectors indicates that profitability may not be linked
to practices reducing direct emissions. Instead, the results
may suggest that increased profit is not driving more sus-
tainable activities but rather associated with more business
activities that emit more GHG, in line with the research of L.
Wang et al. (2014), which mentioned the strong mining in-
dustry in their sample as a potential reason for this relation-
ship. These findings suggest that we cannot reject H0 for Hy-
pothesis H2 in both Low- and High-Emission-Sectors, as ROA
is not significantly negatively associated with Scope 1 GHG
emissions. These results highlight the mixed findings iden-
tified in the SLR and the importance of analysing the three
Scopes individually, as differences in their relationships with
financial performance were expected.

Results for Hypothesis H3

Scope 2 emissions are indirect emissions from purchased
energy, and Table 7 presents the results for Hypothesis H3,
which examines the link between profitability and these in-
direct emissions. If available, the LSEG Eikon Database uses
location-based Scope 2 emissions, allowing us to focus on
their implications.

The regression analysis for Low-Emission-Sectors reveals
that the model has limited explanatory power, as indicated by
an overall R2 of 0.121. Despite this, ROA is the only statisti-
cally significant variable at the 5% level, with a coefficient of
0.518 and a p-value of 0.016. This positive relationship sug-
gests that more profitable firms in Low-Emission-Sectors have
higher Scope 2 emissions. This finding contradicts the Slack
Resource Theory, which posits that more profitable firms have
additional resources to invest in energy efficiency and emis-
sion reductions, but could also indicate that location-based
Scope 2 emissions are not easily reduced with higher financial
resources due to the challenges of influencing the local grid
energy-mix (Karlsson et al., 2009). Other variables such as
firm SIZE, BOARDDIV, CAPINT, and GROWTH do not signifi-
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Table 7: Regression Results for Hypothesis H3

Dependent Variable

Scope 2 Low-Emission-Sectors High-Emission-Sectors
Independent Variables Coefficient P-Value Coefficient P-Value

Intercept 5.895* 0.056 24.135** 0.027
ROA 0.518** 0.016 2.173 0.114
SIZE 0.186 0.172 -0.560 0.246
BOARDDIV -0.793 0.123 -0.068 0.844
CAPINT 0.219 0.432 0.242 0.498
GROWTH -0.129 0.143 -0.040 0.903

No. Observations: 1,245 1,279
No. Entities: 267 271
F-statistic (robust): 4.185 1.093
P-Value: 0.001 0.362
R2 (Between): 0.121 -0.530

cantly impact Scope 2 emissions, suggesting that these factors
may not directly influence energy consumption and associ-
ated emissions in Low-Emission-Sectors.

The regression model’s explanatory power for High-
Emission-Sectors is notably poor, with a p-value of 0.362,
indicating a weak link between the dependent and the in-
dependent variables. None of the independent variables are
statistically significant at the 5% level, and the model fails
to effectively explain the variability in Scope 2 emissions.
However, ROA displays a positive coefficient of 2.173, which
is marginally non-significant at the 10% level (p-value of
0.114). This suggests a potential trend where increased prof-
itability is associated with higher Scope 2 emissions, although
the relationship lacks statistical significance. The absence of
significant explanatory variables may imply that factors be-
yond the scope of the current model, such as energy-sourcing
strategies or the local energy mix (Chuang et al., 2018; WRI
& WBCSD, 2004), could play a more substantial role in
influencing Scope 2 emissions in High-Emission-Sectors. In-
terestingly, firm SIZE does not significantly impact Scope
2 emissions in either sector, indicating that company SIZE
alone may not determine energy consumption or indirect
emission levels.

Overall, the results indicate that the examined variables
less influence Scope 2 emissions compared to Total GHG or
Scope 1 emissions, which was expected from the elabora-
tion of Hypothesis H3. The positive relationship between
profitability and Scope 2 emissions in Low-Emission-Sectors
suggests that more profitable companies rely more on pur-
chased energy creating GHG emissions. Meanwhile, the lack
of significant predictors in High-Emission-Sectors highlights
the complexity of managing energy-related emissions and
the differences between the Scopes and industries. Conse-
quently, we fail to reject H0 for Hypothesis H3 in Low- and
High-Emission-Sectors. In Low-Emission-Sectors, the positive
impact of ROA contradicts the expectation. In High-Emission-
Sectors, the model lacks significant explanatory variables, in-
dicating a need for further research to uncover additional fac-

tors influencing Scope 2 emissions.

Results for Hypothesis H4

The last hypothesis of this thesis evaluates the impact of
profitability on Scope 3 GHG emissions, and the regression
results are shown in Table 8.

In Low-Emission-Sectors, the regression model is statisti-
cally significant overall, as indicated by an F-statistic p-value
of 0.000, with an R2 of 0.298. The ROA has a negative coeffi-
cient of -1.279 with a p-value of 0.034, the largest coefficient
for ROA in the Low-Emission-Sectors, signifying that higher
profitability is associated with lower Scope 3 emissions. This
negative relationship suggests that profitable firms might be
investing in more sustainable supply chain practices, such
as selecting environmentally conscious suppliers (Fagundes
Alves et al., 2024), eco-friendly and durable product design
(Asif et al., 2022; Booth et al., 2023) or optimising logis-
tics and sourcing (Hertwich & Wood, 2018), reducing Value
Chain emissions. Firm SIZE also significantly impacts Scope 3
emissions, with a coefficient of 0.962 and a p-value of 0.002,
indicating that larger firms tend to have higher Scope 3 emis-
sions. This could be due to larger firms having more exten-
sive supply chains and greater product distribution require-
ments (Bode & Wagner, 2015). Interestingly, BOARDDIV has
a significant positive impact on emissions, with a coefficient
of 2.948 and a p-value of 0.000, suggesting that more diverse
boards might face challenges in aligning sustainability objec-
tives across complex value chains (R. B. Adams et al., 2015)
or it might reflect diverse perspectives that increase report-
ing transparency without immediate reduction efforts (Liao
et al., 2015; Tingbani et al., 2020).

The model also achieves statistical significance for High-
Emission-Sectors, with an R2 of 0.370. The effect of prof-
itability on Scope 3 emissions is more pronounced here,
with an ROA coefficient of −6.234 and a p-value of 0.002.
This stronger negative impact indicates that firms in High-
Emission-Sectors might leverage profitability more effectively
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Table 8: Regression Results for Hypothesis H4

Dependent variable

Scope 3 Low-Emission-Sectors High-Emission-Sectors
Independent Variables Coefficient P-Value Coefficient P-Value

Intercept -10.141 0.137 -33.194*** 0.000
ROA -1.279 ** 0.034 -6.234 *** 0.002
SIZE 0.962 *** 0.002 2.106 *** 0.000
BOARDDIV 2.948 *** 0.000 0.463 0.592
CAPINT -0.974 0.634 1.962 ** 0.030
GROWTH -0.095 0.568 -0.207 0.272

No. Observations: 1,245 1,279
No. Entities: 267 271
F-statistic (robust): 6.232 9.339
P-Value: 0.000 0.000
R2 (Between): 0.298 0.370

to engage in emissions-reduction activities across their value
chains, as mentioned above. Firm SIZE, with a coefficient of
2.106 and a p-value of 0.000, is positively correlated with
Scope 3 emissions, further highlighting the complexity of the
value chain and emissions in High-Emission-Sectors. CAPINT
also exhibits a significant positive relationship with Scope 3
emissions, with a coefficient of 1.962 and a p-value of 0.030,
implying that capital-intensive firms are more likely to have
higher other indirect emissions, possibly due to greater con-
sumption of resources and energy throughout their supply
chains, a finding supported by (Hertwich & Wood, 2018).

The findings support the rejection of H0 for Hypothe-
sis H4, as profitability is negatively associated with Scope 3
GHG emissions for firms in both Low- and High-Emission-
Sectors. The results suggest that financially successful compa-
nies could be potentially better positioned to implement sus-
tainability initiatives that reduce emissions across their entire
value chain. The large negative correlation between ROA and
Scope 3 emissions underscores the importance of integrat-
ing environmental sustainability into the broader strategic
objectives of profitable firms. Overall, the regression anal-
ysis underscores the importance of addressing Scope 3 emis-
sions as part of a comprehensive climate strategy, given their
significant contribution to a firm’s overall carbon footprint
(Matthews et al., 2008). The results also highlight the dif-
ferent relationships between each Scope by showing a sig-
nificant negative relation with ROA for both Low- and High-
Emission-Sectors, contrasting with the findings for Scope 1
and Scope 2. By focusing on value chain emissions, com-
panies can achieve meaningful reductions in their environ-
mental impact, align with global sustainability goals, and en-
hance their reputation and competitive advantage in increas-
ingly environmentally-conscious markets.

7.2.3. Robustness Tests
To ensure the reliability of the results, a series of robust-

ness tests were conducted to examine the impact of profitabil-
ity on GHG emissions. These checks focused on the direction

and significance of the relationship between profitability and
GHG emissions across various dimensions. The results of all
robustness checks can be found in Appendix 4 and are only
briefly discussed.

Different measures of profitability, such as ROE and ROS,
were employed to test the differences and is a common way
for robustness checks in this field (Busch et al., 2022; Hassan
& Romilly, 2018). The analysis revealed that while the rela-
tionship direction remained consistent, the significance was
less pronounced for ROE and non-existent for ROS. Similar
directional results were observed using a GHG metric rel-
ative to firm revenues. However, the relationship between
ROA and all GHG Scopes lacked statistical significance. Fur-
thermore, incorporating the natural logarithm of total assets,
instead of revenues, as a SIZE control variable did not al-
ter the direction of the relationship between ROA and GHG
Scopes but significantly diminished model performance and
the significance of the findings. These mixed results are com-
mon in most studies analysing similar relationships (Busch
& Lewandowski, 2018; Lewandowski, 2017), and indicate
the high dependence of results on specific metrics, making it
challenging to draw definitive conclusions.

Following a procedure similar as Hassan and Romilly
(2018) to assess the influence of extreme outliers, the data
was truncated at the 1st and 99th percentiles and the 5th and
95th percentiles. This results in outcomes comparable to the
primary analysis without outlier removal, albeit with subtle
differences in significance levels. Analysing the entire sam-
ple without distinguishing between Low- and High-Emission-
Sectors produced results that aligned with both dataset’s
expectations. The relationship with Scope 3 emissions was
negative and significant, while the relationship with Scope
2 emissions was positive and significant. In contrast, the
relationship with Scope 1 emissions was positive but not sig-
nificant, and the relationship with Total GHG emissions was
negative but not significant. Lastly, considering the signif-
icant disruption of business activities and GHG emissions
during the COVID-19 pandemic in 2020, the exclusion of
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this year from the analysis did not alter the main findings.
However, it did result in minor changes to the significance
levels.

Overall, the robustness checks confirmed the general re-
liability of the analysis but indicated significant differences
depending on the choice of variables. This finding is also
consistent with current literature and shows the complexity
and difficulties of understanding the relationship between fi-
nancial performance and GHG emissions.

7.2.4. Limitations
In this chapter, we discuss the limitations encountered

during this research, which includes model specification con-
straints, data limitations and broader contextual challenges.
Recognising these limitations is essential for interpreting the
findings accurately and understanding the scope of the study.

A significant theoretical limitation of this study is the
scarcity of comparable research on the directional relation-
ship between profitability and GHG emissions, as identified in
the SLR, which served as the motivation for this thesis. This
scarcity makes it difficult to benchmark the findings and high-
lights the need for further empirical research to validate the
results of this thesis. Another challenge is the potential bidi-
rectional relationship between profitability and GHG emis-
sions, mentioned by several scholars (Busch & Hoffmann,
2011; Testa & D’Amato, 2017; Waddock & Graves, 1997).
While this study focuses on the impact of profitability on GHG
emissions, emissions may also affect profitability, as shown
in the literature identified in the SLR. This introduces endo-
geneity concerns that could bias the results.

The fixed-effects model used in this study assumes
that individual-specific effects are time-invariant and un-
correlated with explanatory variables, which may not al-
ways be accurate, potentially leading to biased estimates
(Wooldridge, 2012, pp. 484–496). Furthermore, the model
does not allow to estimate specific time-invariant variables
like the company sectors, which are supposedly major de-
terminants of GHG emissions (Ghasemi et al., 2023). The
limitations of fixed-effect models or other OLS-based regres-
sions are mentioned in several studies, which support the
use of other models like quantile regressions or the Gaussian
Mixture Model (Meng et al., 2023; Rodríguez-García et al.,
2022). Furthermore, the model assumes linearity, which may
not capture the complex, non-linear relationships or tipping
points between profitability and GHG emissions identified
in the literature (Misani & Pogutz, 2015; Ogunrinde et al.,
2022). Since the regression models identify correlations
rather than causations, we cannot make definitive causal
claims without experimental or quasi-experimental designs.
Exploring alternative methods, such as dynamic models or
machine learning techniques, could better capture complex
interactions and non-linearities, offering richer insights into
these dynamics.

The study presents mixed results across different Scopes
of GHG emissions and varying explanatory variables. These
inconsistencies underscore the complexity of assessing the
impact of profitability on GHG emissions and highlight the

need for further investigation into potential moderating vari-
ables. A fundamental limitation of this study is the risk of
omitted variables, particularly those influencing Scope 1,
2 and 3 emissions. Each Scope appears to have distinct
determinants, as suggested by the significant variance in
model performance across these Scopes. Additionally, clas-
sifying companies into low- and high-emissions sectors may
be overly simplistic and fail to capture sectoral complex-
ity, potentially leading to misinterpretations. Differentiating
effects caused by specific business model characteristics is
challenging without extensive detail. Future research should
use more granular classifications or focus on individual high-
emitting sectors. As discussed in the previous chapter, ro-
bustness tests show significant differences when using var-
ious measures and profitability metrics, like ROE and ROS,
indicating that measurement choice can substantially in-
fluence findings. This requires cautious interpretation and
more comprehensive robustness checks in future studies.
Measurement errors can also result from inconsistencies in
reporting standards and estimation methods of companies,
which is a highlighted problem for Scope 3 emissions (Fouret
et al., 2024; Patchell, 2018), potentially affecting the study’s
findings.

The dataset used in this study is based on the STOXX Eu-
rope 600 index, which includes the largest 600 European
companies. This focus on European companies limits the
findings’ generalisability to other regions with different reg-
ulatory environments, market dynamics, and environmen-
tal practices. Furthermore, small and medium-sized enter-
prises (SMEs) are not included in the sample, limiting the
results’ applicability to large corporations. SMEs may ex-
hibit different dynamics in profitability and GHG emissions,
so future research should include a broader range of compa-
nies. Although data availability has improved, the dataset is
still unbalanced, with missing information that could intro-
duce bias and affect reliability. As discussed in Chapter 2.2.3,
the upcoming CSRD conforming reports are expected to im-
prove data transparency, quality, and availability for both
large and smaller firms, especially regarding GHG emissions
disclosures across all three Scopes.

In summary, this study’s limitations provide critical in-
sights into the constraints and challenges faced during the
research process. Acknowledging these limitations helps con-
textualise the findings and underscores the need for contin-
ued research. Future studies should address these limitations
by incorporating more comprehensive datasets, exploring al-
ternative model specifications, and cautiously examining the
complex interactions between profitability and GHG emis-
sions.

7.2.5. Key Findings and Summary of Results
This chapter aims to synthesise the results of the four

previous hypotheses into key findings and a summary. The
empirical analysis distinguishes between Low- and High-
Emission-Sectors, uncovering a significant variance in the
impact of profitability on GHG emissions depending on the
scope and sector type. Table 9 shows the relationship di-
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Table 9: Key Findings of Regressions H1-H4

Correlation with ROA

Emission Types Low-Emission-Sectors High-Emission-Sectors

H1: Total GHG Negative, not significant Negative, significant
H2: Scope 1 Positive, not significant Positive, not significant
H3: Scope 2 Positive, significant Positive, not significant
H4: Scope 3 Negative, significant Negative, significant

rection from each regression and the significance level at
5%.

Profitability shows a significant negative correlation be-
tween Total GHG and Scope 3 emissions in High-Emission-
Sectors and Scope 3 emissions in Low-Emission-Sectors. This
aligns with the theoretical framework, indicating that more
profitable companies may invest more in reducing GHG emis-
sions to enhance legitimacy or stakeholder satisfaction. How-
ever, this could also indicate that more profitable companies
inherently have more sustainable business models, which
highlights the limitations of these regressions. In order to
isolate the effect of profitability more from other factors, it
would therefore be advisable to compare the performance
of companies that differ as little as possible apart from prof-
itability. This means preferably from the same industry, with
the same business model, and the same geographical focus.
Conversely, profitability is positively linked to Scope 1 and
Scope 2 emissions, but only significant for Scope 2 in Low-
Emission-Sectors, suggesting that these models do not fully
capture the determinants of emissions for these Scopes. Ad-
ditionally, the models for Scope 2 emissions are the least sig-
nificant, implying that factors not included in the regressions,
like local grid energy mix, may play a crucial role. The low
explanatory power of the models for Scope 2 emissions un-
derscores the importance of external factors like local en-
ergy grids, suggesting that future research should incorpo-
rate explanatory variables specific to each Scope to achieve
more conclusive results. Control variables present nuanced
results: firm SIZE positively correlates with Total GHG, Scope
1, and Scope 3 emissions across both Low- and High-Emission-
Sectors, while BOARDDIV and CAPINT show significance only
in specific contexts. Unexpectedly, BOARDDIV positively cor-
relates with Scope 3 emissions in Low-Emission-Sectors, which
may reflect challenges in aligning diverse perspectives with
sustainability goals, or increased transparency. Capital in-
tensity is only significantly related to Total GHG and Scope 3
emissions in High-Emission-Sectors, consistent with its asso-
ciation with GHG-intensive activities.

Overall, the findings show mixed results, significantly dif-
fering between Low- and High-Emission-Sectors as well as
across the specific Scopes of emissions. The results don’t al-
low a definitive conclusion on the impact of profitability on
Total, Scope 1, 2 and 3 GHG emissions and indicate the need
for further, sector and Scope specific research. The next and
last chapter of this thesis is dedicated to the implications of
this work and the final conclusion.

8. Implications and Conclusion

Climate change is increasingly causing severe challenges
worldwide. One of the critical objectives in combating cli-
mate change, as outlined in the Paris Agreement, is the reduc-
tion of GHG emissions. Enhancing companies’ sustainabil-
ity reporting requirements is critical to achieving this goal.
As sustainability reporting evolves rapidly, new regulations
such as the Corporate Sustainability Reporting Directive are
making the disclosure of sustainability-related information
mandatory, including Scope 1, 2 and 3 GHG emissions. This
aligns with the principle of “what gets measured gets man-
aged” (Drucker, 2007), emphasising the importance of trans-
parency and accountability in driving sustainable practices.
One question that scholars have asked themselves frequently
is whether “it pays to be green”. Although findings indicate
that it could pay to be green, studies also find mixed results
and often describe the problem of potentially reverse causal-
ity and bidirectionality of this relation. In line with the Slack
Resource Theory, a more profitable company could be spend-
ing more money on CSR and emission reduction initiatives.
However, only scarce literature exists on the relation whether
“profitability drives sustainability”. This thesis aimed to close
this research gap identified in the systematic literature review
and help scholars, businesses, and politics better understand
the effect of profitability on GHG emissions of companies.
Two research questions were formulated to do the topic jus-
tice.

The first research question, “What are the Scope 1, 2 and
3 GHG emissions levels for European companies from 2017-
2023?”, aimed to provide an overview of GHG emissions in
Europe across all Scopes, for the largest 600 companies in
Europe, based on the STOXX Europe 600 index. The find-
ings indicate a high level of disclosure for all three Scopes,
with steady increases over the years. However, while sig-
nificantly improved, Scope 3 emissions disclosures have not
yet reached the level of Scope 1 and 2 disclosures. There
remains considerable variability in Scope 3 emissions levels
within and between companies, reflecting ongoing calcula-
tion, methodology, and comparability challenges. The data
reveals that median growth trends for companies are nega-
tive for Scope 1 and 2 emissions, while Scope 3 emissions
show a slight growth. This pattern is consistent across sec-
tors, underscoring the importance of Scope 3 emissions in un-
derstanding the full picture of GHG emissions. The COVID-
19 pandemic’s effect is evident, with a notable drop in emis-
sions during the major pandemic year and a subsequent re-
covery in 2021. Additionally, the sector analysis shows that a
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small number of companies from high-emitting sectors, such
as energy, materials, and industrials, are responsible for most
GHG emissions, highlighting the disproportionate impact of
high-emitting industries and companies on global GHG emis-
sions.

The second research question, “How does firm profitabil-
ity impact total and individual Scope 1, 2 and 3 GHG emis-
sions?”, builds on the emissions overview insights and anal-
yses the profitability correlation with all GHG Scopes using
fixed-effect regressions. The relationship between profitabil-
ity and GHG emissions was examined by categorising compa-
nies into low-emission and high-emission sectors to capture
the differences in emissions profiles accurately. The analy-
sis revealed a negative correlation between profitability and
Scope 3 emissions, which was the strongest across all regres-
sions, highlighting the significant impact of profitability on
this Scope. Due to the large contribution of Scope 3 emis-
sions, the regression of Total GHG emissions yielded sim-
ilar but less significant results. Interestingly, the direction
of the relationship between profitability and Scope 1 and 2
emissions was unexpectedly positive for both high and low-
emitting sectors, though these findings lacked statistical sig-
nificance in most cases. Overall, the impact of profitability
on all Scopes of GHG emissions was more pronounced in
high-emitting sectors than low-emitting ones, underscoring
the stronger connection of profits and GHG emission in these
sectors. Conducted robustness tests generally confirm the
reliability of the findings, although using relative measures
of GHG emissions and alternative profitability metrics re-
sulted in nuanced results. While these alternative approaches
largely pointed in the same direction, they often showed less
or no statistical significance. In conclusion to research ques-
tion two, the relationship varies across each Scope, highlight-
ing the need for further research.

The implications of the findings for scholars, businesses,
and policymakers are multifaceted. Scholars must consider
the potential bidirectional and reverse relationship between
financial performance and GHG emissions. Because it may
not only “pay to be green” but “profitability may drive sus-
tainability”, recognising this is important and should be ac-
counted for in future research. Additionally, the mixed re-
sults between the specific Scopes indicate the need to account
for Scope-specific determinants and focus on individual rela-
tionships rather than Total GHG emissions. Since business
practices less influence GHG emissions in low-emission sec-
tors, and a few sectors produce the most emissions, schol-
ars should focus on the sectors where the most GHG reduc-
tion can be achieved first. Businesses must prioritise reducing
Scope 3 emissions, as they constitute the majority of GHGs,
and ensure accurate carbon accounting to manage emissions
effectively. To achieve that, policymakers need to ensure that
all material emissions are included, and that the compara-
bility of Scope 3 emissions is improved, especially because
Scope 1 and Scope 2 emissions can be shifted to Scope 3
by business practices like outsourcing. Similar to the focus
of scholars, GHG reduction policies should focus on reduc-
ing emissions from high-emitting companies and sectors to

achieve the most impact on the fight against climate change.
The findings indicate that the emission of GHG is still part of
many business models since profitability is positively, but for
most, not significantly correlated with Scope 1 and 2 GHG
emissions. This suggests that political measures should be
reinforced to hold companies accountable for the environ-
mental damages they cause, while also implementing stricter
regulations to reduce or eliminate greenhouse gas emissions.
Although carbon taxes and emissions trading are a good start,
policies must go further to ensure companies fully internalize
the environmental costs of their activities, thereby intensify-
ing the urgency to achieve lower emissions.

However, the findings and implications of this study
should be interpreted with caution, and the limitations
must be acknowledged. A major theoretical constraint is the
scarcity of comparable research on this topic, making it chal-
lenging to benchmark findings and emphasising the need for
further empirical validation. Additionally, the potential bidi-
rectional nature of the relationship introduces endogeneity
concerns, as emissions can also affect profitability, complicat-
ing interpretation. Furthermore, the fixed effects model used
in the analysis assumes the time-invariance of fixed effects
and linearity of the relationship, which may not capture the
complex, potentially non-linear relationship between prof-
itability and GHG emissions. Besides, data limitations also
impact the study’s generalisability. The focus on the STOXX
Europe 600 index, comprising the largest European compa-
nies, excludes small and medium-sized enterprises (SMEs)
and limits applicability to other regions with different regu-
latory environments. Additionally, the dataset’s unbalanced
nature and missing information pose challenges to the re-
liability of the findings. Acknowledging these limitations
underscores the importance of future research to validate
and expand upon these findings, incorporating more com-
prehensive datasets and exploring alternative models to un-
derstand the intricate relationship between profitability and
GHG emissions.

Based on the findings and the implications, a suggestion
for future research would be to focus on single high-emission
sectors to compare how the profitability of different firms in
similar contexts influences Scope 1, 2 and 3 GHG emissions.
The results have shown substantial differences between each
Scope, and a clear distinction of these in future research is
advisable. Furthermore, the mandatory disclosure of emis-
sions across all three Scopes for firms falling under the CSRD
is a chance to perform similar research with more and better
data in the coming years. Hopefully allowing for extensive
analyses over time.

Ultimately, this work highlights the complex relationship
between profitability and GHG emissions, underscoring the
challenge of drawing definitive conclusions while emphasis-
ing society’s continued reliance on environmentally harmful
business practices for economic gain. Only the efforts of busi-
nesses, policymakers, and society can mitigate the adverse
effects of climate change and ensure a resilient and sustain-
able world for future generations. Proper carbon accounting
and reporting are essential first steps, but are they enough?
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