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Preface
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that policy decisions are based on unbiased and accurate information.
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summary

The intersection of fossil fuel industry funding and climate change research is a contentious area, raising
significant ethical and practical concerns. Fossil fuel companies have historically played a substantial
role in funding research, which has sparked debates about potential biases in climate research due to
financial ties. Understanding the extent and impact of this funding is crucial for ensuring unbiased and
accurate information that forms the basis of climate policies.

This thesis investigates the terminology and methodology in climate research funded by the fossil fuel
industry through a comprehensive scientometric analysis, as compared to general research and a pool
of research from universities with ties to fossil fuel industry. The study aims to identify patterns of
industry influence on scientific outcomes and the dissemination of climate-related information. Data is
collected by extracting research paper abstracts and other relevant information from Scopus database
over the period of 2014-2024, divided by subject areas and funding sources, leading to over a 100,000
papers analysed with 80% relevance score word maps produced in VOSViewer. Thus, employing
methodologies such as keyword-based data collection, Natural Language Processing (NLP), and topic
modeling, the research identifies significant patterns in studies funded by fossil fuel companies, such as
lack of focus on ESG terms, increased focus on carbon capture and hydrogen technologies, and more
technical analysis methods. To ensure the robustness of these findings, the study employs validation
techniques, including cross-referencing with independent literature and applying advanced statistical
methods to control for potential confounding factors via topic modelling. This multifaceted approach
enhances the credibility of the results and provides a clearer understanding of the extent and nature of
industry-induced biases in climate research.

The analysis spans multiple disciplines, including energy, environmental science, earth and planetary
science, and engineering, revealing that industry funded research outcomes are often tied directly to
fossil fuel sector sphere of interests, while finding no significant influence patterns in university research.
The findings of lack of ESG terms and increased focus on specific climate-mitigation technologies
underscore the need for increased ESG interest and diversity in the industry funding of climate research
to ensure its integrity and objectivity.

The thesis concludes with a discussion of the implications of these findings for policy and practice.
It emphasizes the need for greater transparency in the disclosure of research funding sources and
calls for the implementation of stricter guidelines to mitigate bias in scientific research, or for fossil fuel
industry to ensure a larger diversity in the research funding. Additionally, it offers recommendations
for future research, highlighting the importance of independent funding to preserve the objectivity and
integrity of climate science.

By shedding light on the intersection of industry interests and scientific research, this thesis contributes
to the ongoing debate about the ethical implications of industry-funded research. It underscores the
critical importance of unbiased, evidence-based decision-making in addressing global climate change
and supports the development of policies that ensure the reliability of scientific knowledge.
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Nomenclature

List of common abbreviations and symbols occurring in the report further or common across the results.

HO0000ID0DDUU 000 DOObolo

Abbreviation

Definition

NLP
RCP
LDA
ESG
LNG
CCs
CCA
COP
CPA
GHG
SCI
COo2
N20
CH4
CNz
SSP
.CSV

Natural Language Processing
Representative Concentration Pathway
Latent Dirichlet Allocation

Environmental Social Governance

Liquified Natural Gas

Carbon Capture & Storage

Climate Change Agreement

Conference of Parties (referring to climate summits)
Carbon Pricing Act

Greenhouse Gas

Science Citation Index

Carbon Dioxide

Nitrous Oxide

Methane

Carbon Net Zero

Shared Socioeconomic Pathway
comma-spaced value (reffering to file format)



Introduction

If there is one problem that unites every country in the world, every stakeholder and every person on the
planet, it is global warming, and the associated climate change - the grand challenge of our day. This
well-known, talked about and alarming phenomenon represents one of the most pressing challenges
facing our world today, manifesting through rising global temperatures, increasing frequency of extreme
weather events, and severe disruptions to ecosystems and human livelihoods [39] [1]. The scientific
consensus is clear: human activities, particularly the burning of fossil fuels, are the primary drivers
of this phenomenon [10]. As the impacts of climate change become more pronounced, the urgency
to mitigate its effects and adapt to new environmental realities intensifies. This necessitates robust,
evidence-based policies and innovative solutions grounded in rigorous scientific research. However,
the integrity of such research is crucial, as it forms the foundation for global and national strategies
aimed at combating climate change.

When integrity of climate research is mentioned, one of the main issues arising is the question of
influence by industries with interest in research results, namely the fossil fuel industry, which has been
allocating funds towards research in many universities worldwide [33]. The intersection of fossil fuel
industry funding and climate change research is a contentious area, raising significant ethical and
practical concerns. Fossil fuel companies, which have a vested interest in the continuation of fossil
fuel extraction and consumption, have historically played a substantial role in funding research, either
directly by funding specific studies, or indirectly by funding universities [7]. While the exact reasoning
behind such funding is speculative, it remains straightforward that industries tend to fund research in
fields that affect their business operations. This relationship has sparked a debate about the potential
biases introduced into climate research due to financial ties to the fossil fuel industry.

Critics of this relationship, both activists and those in research community, argue that such funding
could lead to skewed research outcomes that downplay the severity of climate change or promote
solutions favorable to the fossil fuel industry. Instances of these concerns include documented cases
of misinformation campaigns, lobbying against climate policies, and attempts to influence public and
scientific discourse [38]. The need to scrutinize the extent and impact of fossil fuel industry involvement
in climate change research is vital, as it holds significant implications for the integrity of the scientific
endeavor and the effectiveness of policy responses to climate change [20]. This thesis seeks to delve
into this complex issue, examining whether research funded by fossil fuel interests diverges in its topics,
findings and recommendations from independently funded studies, thus shedding light on the broader
debate about the role of industry in shaping scientific knowledge and public policy.

While funding of research by fossil fuel industry may raise questions, it is a more nuanced and complex
issue than a simple éno fundingo or ¢lots of fundingd. There exists a significant dispute in regards to
the relationship between academia and the fossil fuel companies, which often fund the research [25],
as various sides disagree on whether the phenomenon of such funding benefits the wider scientific
community or not. Critics argue that it is an obvious case of lobbying to preserve the interests of
those who fund the research, while the proponents welcome any funding towards research and hail
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it as a communication tool to link academia and the industry decision-makers[24]. Despite that, fossil
fuel industry funding is present in academia, often for valid reasons, ranging from industryis interest in
scientific development linked to their field, to lack of alternate funding sources for some researchers.
Cases diverge from funding for specific researchers, to less transparent funding of universities, where
largest fossil fuel industry companies spend millions in donations to universities around the globe [34].
Whether such funding goes to addressing the issue of climate change, via research into its causes
and effects, or is merely used to research technical questions related to fossil fuel extraction, or other
industry-related problems, remains unanswered.

While this debate continues, multiple higher education institutions, including the ones in the Nether-
lands, have already distanced themselves from the fossil fuel industry in conducting said research [45]
[44], although it is not yet clear that any wrongdoing has been going on. This decision stems from
the proven unethical practices of the industry, which have included misleading information, lobbying
efforts in order to influence the decision-making processes, watering down or derailing of climate initia-
tives, unethical business practices for PR purposes, as well as outright concealment of vital information
[30]. Despite this, little is known about whether funding of research by fossil fuel companies leads to
shifted conclusions, and what effect this may have on policy decision-making. This propels an evidence-
lacking debate of whether fossil fuel company involvement in research is beneficial, or hindering the
process [24]. A great latest example of it is the media attention to COP28 summit in Dubai, headed
by the president of a local oil extracting corporation, with significant efforts to prevent the phase-out
of oil from happening. Similar choice of presiding bodies is due to happen at COP29 in Baku [26]. A
lot of media attention focused on whether there are any malicious intentions behind such diplomacy,
with little evidence to suggest how exactly does lobbying affect policy-making [19]. Such examples do
however show a struggle of fossil-fuel lobby hindering the UN Sustainability Goals, and the problem of
faulty research that can be used as a basis for policy decision-making process.

The following thesis aims to contribute to this debate by taking a look at research funded by the fossil
fuel industry, comparing its differences, if any, to independently funded literature. Inspired by research
on road safety differences in different countries [23], this paper aims to similarly uncover whether papers
funded by specific agents differ in terminology or outright ignore a certain aspect of the problem. The
methodology employed involves scientometrics and textual data analysis of records within academic
databases, as well as an investigation into whether research is affected not only via direct funding, but
also via indirect funding, for instance, to universities. The primary focus of the analysis is to identify
embedded values, thematic elements, connections to sustainable development goals, and potential
societal impact. Data for the analysis is sourced from keywords found in the acknowledgments of
published manuscripts. The project utilizes a sociotechnical perspective on risk management as a
framework for assessing the breadth of the literature funded by the fossil fuel industry.

The outcomes of this project have the potential to contribute to the debate on research funding from
parties with potential conflict of interest, by finding out whether such funding produces different results
from independent research, thus establishing a risk of bias. While a lot of research has been done
to prove that industry does try to affect research by funding [47], little understanding is present about
what methods and terminology are used in research funded by such corporations. Current research
mostly states that corporate funding does affect the research, but contrary to explaining how exactly,
it simply mentions suppressing unfavorable research. [36]. Moreover, most of that research focuses
on biomedical industry influence, with little to no investigations performed on research funded by fossil
fuel industry.

0000 000diuouit ooUioooo

It sounds very logical to claim that fossil fuel industry funding, like any industry funding research will
produce biases that are positive for the entity paying for the studies. While scientific evidence seems
to confirm it, studies relate mostly to areas different than fossil fuel industry. Over the last decade,
various forms of research were performed to assess industry effects on research in their respective
related fields, ranging from tobacco [8] or medical to energy related fields [17]. Analysis of the studies
related to company funding on research in a diverse field of industries, ultimately has shown that such
funding leads to either focusing on commercial applications or, in many cases, research that supports
the sponsorts policy and/or efforts. The idea that research funded by fossil fuel companies will produce
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bias is thus well founded, though no specific study focused on fossil-fuel related bias.

While there were no specific studies on effects of fossil fuel funding on research, industry ties with
academia are well-known and studied. Sharmina [40] analyzes the academiais ties to the energy
sector, finding that academia is more likely to have financial ties to the fossil fuel industry than to the
renewable energy sector. She also identifies that studies on the effect of such industry funding on
research have so far focused on medicine and lifeis sciences, rather than on energy or climate related
science fields. While circumstantial, the risks stemming from such fossil fuel industry involvement have
also been assessed from various perspectives. Bonds [6] has analyzed the perspective of climate-
related violence growth, and that fossil fuel industryis involvement in research of this field tends to
ignore sociotechnical aspects, such as risk of violence as a consequence of climate change, though
he established that no consensus is reached on how such involvement relates to the risks. Most
research, however, analyzes the incentives of fossil-fuel industry to lobby any climate-related research
and decision-making, analyzing, for instance, the stock price volatility of the industry, which results
in increased payoffs of lobbying in recent years [30]. Such effort shows that fossil fuel industry has a
monetary incentive in funding research, which does not relate directly to technical improvements of their
processes, but rather of political decision-making. Nevertheless, once again it is clear that research on
fossil-fuel ties with academia does not address the results of such ties on the academiais research, but
rather focuses on incentives and risks that are posed by such involvement. Studies on how exactly this
funding alters the results of academia, and therefore, benefits the industry, have so far been absent,
as such details are elusive in proving.

Analysis of how funding affects the results is difficult, since it involves thousands of research papers,
funded by various companies, in various aspects, and performed by various researchers. Nevertheless,
tools have become available for such analysis in recent years. In 2015, Justin Farrell first used large-
scale textual analysis to look into dynamics of dissemination of false or biased information, finding
that large corporations are more likely to engage in such kinds of activities [16]. While he further
recommended studies into this, in 2019 Farrell expanded his research by using Natural Language
Processing tools to look into misinformation ties with private funding, largely focusing on the political
dynamic in the United States [43]. This research was closely tied to climate change, as the latter
became a hotly contested political topic in the last few years in the context of US elections. This
research did not specifically address fossil fuel industry or academia, yet it was the first using NLP
tools to gain insights into the dynamics of information spread in the field of climate research.

The idea of using NLP and scientometric analysis has shown remarkable results in other fields, such
as road safety [23]. Similar to this thesis, scientometric analysis employed so called tword-mapso
and looked into differences between research in high- and low-income countries related to road safety,
finding significant differences in a variety of terms, problems that are discussed and the related solutions.
For instance, low-income countries tended to have more road accidents tied to terms like fialcoholo, and
in general seemed to put more emphasis on user behavior, rather than quality of infrastructure and
related incentives. This method has not been used on climate-related research before, as shown by
Li et. al., compiling an overview of topics the method was employed on before [31]. For this reason,
scientometric analysis was deemed an interesting approach to employ in this study, with sufficient
knowledge gap present.

As such, literature synthesis shows a lack of focus on the results of fossil fuel ties with academia, and
provides a potential way to look at the problem, using tools that have been used to analyze problems in
other fields, but also in a closely related climate change misinformation problem. The papers mentioned
thus far, and many more, thus serve as a basis for the further investigation as part of the proposed
research.

00! DODOooood boo

The knowledge gap in effects of climate research funding by the fossil fuel industry lies in the need
for a comprehensive understanding of the specific shortcomings or potential distortions of research
narrative that may arise from such funding. While there is growing awareness of the ethical concerns
associated with industry-funded research, that in many other industries has lead to bias and skewed
results [40], there is still a lack of in-depth exploration into the nuances of biases within this body
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of literature, especially within the climate industry [17]. Moreover, this lack of understanding leads
to backlash, arguing that fossil-fuel funding is beneficial to the academia, rather than an issue, due
to increased dialogue between industry and academia, as well as increased availability of funds for
research [24]. Existing discussions emphasize the general need to distance academia from the fossil
fuel sector to ensure research impartiality [42]. However, there is limited systematic analysis of the
actual reasons to distance the academia from industry finding, be it potential biases embedded in
climate research, the ways in which funding sources may shape research outcomes, and the extent
to which these biases may impact policy decisions and public perception. There exists a risk of a
systematic problem with certain aspects of research or consequences being omitted or overstated, as
happened in pharmaceutical industry research [40]. Not only does this pose a risk of flawed policy-
making, but it also leaves the dilemma of accepting fossil fuel funds unanswered, leaving a lack of
clarity on whether to reject or adversely, encourage industry funding for research in this field. Any idea
of establishing clear rules of funding, with redistribution and overseeing panels, would also require
rigorous research and proof of any systematic errors occurring.

As such, the following report aims to address the knowledge gap of effects of industry funding on
climate-related research, by looking into keywords and methodology employed in papers funded by
such research, as well as taking a look into indirect funding via universities, attempting to see whether
any differences are discernible on that level as well. The exact reasoning and methodology are pre-
sented further in Chapters 1.4 and 2.

000 00o0boUoo oo 0o booooog

The topic of this paper aims to provide evidence towards a societal problem related to the grand chal-
lenge of climate change tackling decision-making. As mentioned in the introduction, there exists a
debate on whether or not funding by the fossil fuel industry is harmful to research and decision-making
related to climate change, yet there is a significant knowledge gap in understanding how exactly that
funding affects research, if at all. Consequently, it is not known whether such funding should be encour-
aged, or discarded completely, which in turn has significant implications on interpretation and monetary
funding of research in this vital field. The research involves technical analysis using Natural Language
Processing (NLP) tools and scientometric analysis, and is intended to provide a large audience with
evidence-based input to an ethical dilemma of fossil fuel industry involvement in any global warming
mitigation decision-making, arguably one of the grand challenges of modern society. Research objec-
tives are to contribute to this debate by establishing what differences exist, if any, in research funded
by fossil fuel companies, as opposed to simply claiming that the funding itself is problematic. Conse-
qguently, the findings of this research can be used as policy advice on whether to discard, or encourage
fossil fuel industry, or energy industry in general, to contribute to climate change related research. As
such, the project is tied to the programis goal of using technology to address various socio-technical
issues and the grand challenges of our day.

007 000t 0ooooga

This research aims to shed light on the various dynamics between fossil fuel industry funding and
research methodologies and results in the realm of energy and environmental studies. The central
research question seeks to identify whether significant patterns and differences introduced by such
funding exist, prompting an exploration into the nuanced ways in which financial support from the fossil
fuel industry may influence the choices made in conducting research. Using scientometric analysis,
networks of key words and methods can be constructed, indicating possible differences between inde-
pendent and funded data, which could be further analyzed to find any potential patterns occurring from
such differences. For instance, gaps in a sense of missing terms can be identified, or the opposite,
terms that occur in funded research much more frequently, whether it relates to purely technical terms,
or sociotechnical ones (such as terms related to policy or economics). Following the example of [23],
such word maps will be able to show if significant differences in different clusters of data exist, and as
such, possibly reveal the missing or overrepresented data, indicating whether funded research aligns
with non-funded counterpart. Initially, the analysis focuses on direct funding, which includes papers
that have sponsor affiliation from one of the fossil fuel industry companies, followed by an analysis in
indirect funding, via research from universities with ties to such industry.
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Subsequently, the sub-questions delve deeper into the impact of direct industry funding on the selection
of research methods and whether discernible differences exist in terminology between studies funded
by the fossil fuel industry and independent research endeavors. For that, a large pool of paper abstracts
will be analyzed with VOSviewer to construct clusters of key terms, revealing both methodology used
and key problem identifications. Such knowledge structures are able to point out whether a certain
group of papers omit certain nuances of a problem, or look into a problem from only a certain perspec-
tive. By addressing these questions, this study aims to contribute valuable insights into the complex
interplay between funding sources and research practices in the critical domains of energy and the
environment.

Having established differences in research funded by fossil fuel industry, an attempt is made to identify
research differences in fiindirect fundingé as well, by creating a pile of research that is not directly funded
by fossil fuel companies, but comes from institutions that have links to such funding, as established via
previously mentioned whistle-blowing organizations such as OpenSecrets, as well as other journalistic
investigations listed in Chapter 2. This third pile of data is then analyzed similarly to the previous two,
with key term networks established to explain whether significant differences occur. This allows for
comparison between direct and indirect funding, and any differences between them can be identified.

Finally, having analyzed differences in methodology and terminology of all pools of data, an attempt is
made to identify any patterns occurring within differences, if those are proven to exist. In such case,
patterns are presented via data and analysis as mentioned above, followed by a discussion on potential
reasons for such differences, and suggestions for further studies and insights in order to identify those
reasons with clarity.

It is important to note, that while this thesis is exploring potential patterns and differences occurring
between various pools of research, it assumes no causality and no patterns existing unless proven
otherwise. As such, reader should not perceive this research as means to attack or defame an industry,
but rather an investigation into what subjects are of interest to those who decide where the research
funding goes.

The main research question:

A What are the potential differences between fossil fuel industry funded university research on
climate-change, and research without such funding, over the last decade?

The sub-questions:

A 2.1 Does funding from the fossil fuel industry impact the choice of research methods employed
in studies related to energy and climate-related research, and how?

A 2.2 To what extent does the terminology used in studies funded by the fossil fuel industry differ
from independent research?

A 2.3 To what extent does research with indirect funding via donations to universities differ com-
pared to research with direct funding?

A 2.4 Can any patterns be identified, if they exist, occurring from potential differences in research
methods and terminology?



Methodology

The following Chapter outlines the methods, tools and strategies used to perform research and analysis
of the topic of this paper. First, choices of research pools to address research questions are discussed,
followed by tools utilised to analyse the research pools.

In recent years, the intersection of scientific research and industry funding has garnered significant
attention, particularly within the realm of climate change and environmental studies. The fossil fuel
industry, a major contributor to greenhouse gas emissions and global warming, has been scrutinized
for its influence on scientific research [25]. This influence raises important questions about potential
discrepancies and the integrity of research funded by such companies. The overarching goal of this
research is to delve into how fossil fuel industry-funded research compares to other pools of research,
particularly in the areas related to climate science.

By comparing the research outputs funded by the fossil fuel industry with those from general academic
sources and leading universities, this study aims to uncover any discernible differences or patterns that
may exist. Such comparisons are essential to understand whether industry funding skews the focus,
outcomes, or interpretations of scientific studies in ways that could impact public policy, regulatory
decisions, and public perception of climate change.

To achieve this, a comprehensive methodology has been devised, encompassing the selection of data
pools, specific research questions, and analytical tools. This includes identifying the most prominent
fossil fuel companies and their funding patterns, selecting top universities known for their receipt of
fossil fuel funding, and utilizing advanced tools like VOSViewer for scientometric mapping and analysis.
The study also incorporates a temporal analysis to observe changes over time and employs validation
strategies to ensure the robustness of the findings.

Figure 2.1 below presents a flowchart relating to the pools of data that were analysed as part of this
research. At first, all papers that were funded by selected largest fossil fuel industry companies are
analysed, in order to see most popular terms and topics, and to provide a general overview. Then,
in order to compare fossil fuel industry funded research with other pools, research from specific four
most popular among industry funding subject areas is selected: Energy, Engineering, Earth & Planetary
Sciences and Environmental Sciences. Finally, in order to double check that research is indeed related
to same topics, these pools have extra key terms added, in order to filter out any irrelevant research.
These terms are: 0Climate changed, 0Greenhouse Gaseso and 0Carbon Dioxideo.

Exact choices of companies, universities, terms and other nuances are presented in this chapter in
sections below. It is important to note, that many of such selections are limiting the scope of research,
and inclusion of dozens of other companies, universities and terms may result in more accurate results.
However, most limitations are discussed in Chapter 5.
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Figure 2.1: Flowchart of Research Pools Analysed as Part of this research. Note that all presented pools were in 2014-2024
time interval, and were further divided by two for temporal analysis.
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Due to availability of 0Funding Affiliationd information, research papers were retrieved from Scopus
database, as such information was much more difficult to extract from Dimensions or any similar
databases. As such, it was a straightforward process to single out research that had funding affiliation
to specific companies or their affiliates, and it was possible to check which companies have sponsored
the largest amount of papers.

The data, with keywords specified in sections below, was then extracted from Scopus with abstract
and key information about authors, citations and paper name into a .csv file, which was then used
in VOSViewer software to produce word maps, temporal analysis and density visualization maps, as
expanded upon in chapter 3. Due to a very large amount of various words present, only those with 10+
occurrences were selected, and further filtered to have at least an 80 % relevance score in connection
to other keywords. This way, the map had reduced the number of outliers visible and reduced the time
needed to produce each map from almost two hours per map to around 30 minutes.

000 O00oo0 booo ioboooot bodoooog

The first important choice in research was the pool of fossil fuel industry companies that would be
analysed in this research. The choice came down to research on latest news on the topic [11] [37]
[12], as well as the amount of papers sponsored according to research database used. This combined
effort has helped identifying the companies that sponsored largest amount of research papers, both as
seen in Scopus, as well as companies most mentioned in media. Since oFunding Affiliationo category
in Scopus produces thousands of results, not only companies but also governmental and non-profit
institutions, filtering out all fossil fuel industry companies became impossible, as database would simply
not provide names of smallest institutions. Therefore, having identified what are the largest fossil fuel
industry research sponsors, the available list in Scopus was checked, and largest companies were
selected for the subsequent query of 0 0Shello OR 0ENI) OR ... etc.0 among funding sponsor. In total, as
attempting to capture all of research by all of companies and their foundations was deemed too complex
and fruitless, 8 companies were identified as by far the most frequently appearing funding sponsors.
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In order to check this claim, various terms, namely 6oild, oclimated, ¢fossil fueld, ocoalo, onatural gaso,
0lngd and ocarbond were checked in the Scopus database, for each of these looking at the list of funding
sponsors. Due to large amount of papers, only fundings sponsors that were mentioned in more than 50
papers were displayed, as Scopus was not displaying any institutions with a smaller number of papers
funded, and the inclusion of those smaller institutions was deemed unnecessary to receive results.
Therefore, 8 fossil fuel companies, primarily in oil industry, were identified, and included in this list.

As mentioned, it was noted that most research is funded by oil industry, as opposed to coal industry or
natural gas. While potential explanations, such as research in English language that favours Western
companies, which operate in many fields or shift away from coal, are possible, reader is invited to
read about this in Chapter 4. For now, 8 largest companies were chosen: Shell, ENI, TotalEnergies,
British Petroleum, Chevron, ExxonMobil, Saudi Aramco and Chinese National Petroleum Company
(further shortened to CNPC). This list largely corresponds to largest fossil fuel (oil and gas) companies
by revenue. as seen in the Figure 2.2 [48], though further research could well extend it to include
many other companies, such as Equinor, SOCAR, Valero Energy, Gazprom, Sinopec or Petrobras (all
companies with a 100 billion USD revenue per year). For the purpose of this research, the amount
of papers sponsored by these companies was deemed too little (0-20 papers) to add significant value
to the pool of papers funded by the companies included in the list. Furthermore, ENI is added to the
list of fossil fuel lobby despite not being among the largest companies, due to large amount of papers
available as well as reports on this company being involved in research funding. [27]

Figure 2.2: List of largest oil companies in the world according to revenue in 2021, Wikipedia

Revenue in USS$ billion

Country ¢ Company Name ¢ 2017 ¢ 2018 & 2019 & 2020 ¢ 2021 ~ 2022 &
Bl China gz;i::!ina‘ PeIrOIeUm | a6 a7ainal | 4146275100 | 3g5,0P7I0 | 302 62791 | 435 4127610

B Sinopec (China 278IhI 280l 2801 e 283D 286
il china Petrochernical) 34932781 | 437 712801NM] | 429 5I2801MN] | 305 212831M0] | 424 gl283INPI | 478 5l2861NA]
Bl Saudi Arabia | Saudi Aramco 264.11561) 359.20562] 329.8l687 22986541 400.41584] 60430561
== United States | ExxonMobil 244,3(848) 290.2184%1 264.9164% 18158501 285.618%1] 41361852
= United 5 0 o . . o
;"ﬁ'gdom Shell 211.8l604] 396.5(504] 352.11609] 183.1160] 272,680 386.21806]
B I France TotalEnergies SE 171.4134) 209.36347] 200313471 140.61%481 205.8(34%1 285.82%0
== United States | Chevron Corporation 141,7(520] 166.3(820) 139.9[620) 94.41821] 162.41822] 24621523
f’idus:;ed BP 244 57881 303717881 28261758 10597891l | 457 707891 2488711
mm Russia Gazprom 11250628V | 434 5[6300M | 44g7I530l0 | 87 8l630IM] | 13871634l | gp,l66Hsal
mm Russia Lukoil 102.116%7M0] | 128 5[638lsc] | 421.5638lisd] | 78 3(6390e] | 428 3(639Is1]
mm Russia Rosneft 84.1(8480S1 | 431, gl64%lsm] | 134 415490 | g3 q[650lsA] | 429,91650] 12491592
== United States | Marathon Petroleum 74.718681 96.510561 123.91669 69.718701 11996711 179.918721
== United States | Phillips 66 104.6(689 111416891 109.5[6%01 65.418901 11486911 17571892
= United States | Valero Energy 93.0°09] 117.0190€6] 108.32081 64.91°07] 113.91908] 176.31909

It needs to be noted that the scope of this research avoids any foundations that could potentially have
indirect ties to fossil fuel industry, or political institutions (such as US Department of Energy), that may
also have lobbying effects present. These, however, are incredibly difficult to establish and are thus
not included.

000 0000doioo 0o ibdbibd 00oboooiooto

For the pool of data to investigate the lobbying effort of fossil fuel industry, whistle-blowing data and
news are used to compile top universities accused of taking largest amount of donations from fos-
sil fuel industry [11]. From these, looking at the number of research papers available in Scopus, 10
largest universities by amount of research papers available were singled out: University of California at
Berkeley, Stanford University, Massachusetts Institute of Technology (MIT), George Mason University
[41] [42] [29], University of Cambridge, Oxford University, The Norwegian University of Science and
Technology (NTNU), ETH Z¢rich, Complutense University of Madrid and Imperial College London [33]
[14]. It needs to be noted, that these may not necessarily be universities with largest total funding re-
ceived, as such data is difficult to compile and was deemed out of scope of this research. While various
research singles out other universities, the 10 chosen were mentioned multiple times, and have a suf-
ficient amount of research papers available in order to answer the research sub-question 3. Moreover,
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in many instances these universities have produced significantly more research in any given time than
fossil fuel industry sponsored pool, requiring random sampling or normalizing to achieve the results
already. Research from these universities is thus singled out and compared to fossil fuel and general
pools of research based on identical criteria, to establish whether any differences or patterns exist.

Ol0l boUiod Dottoobd

With oclimate changed being a broad topic, results have a high risk of being unclear due to research
pools being compared against something completely unrelated to them. For instance, simply comparing
any papers funded by fossil fuel industry against any papers in general makes no sense, as taking
absolutely random papers would include research areas absolutely unrelated to fields interesting for
fossil fuel industry, let alone climate studies that are of interest for this research.

For this reason, various pools of data were extracted and tested before coming to the Flowchart 2.1
that we see at the beginning of this chapter. As an example, fossil fuel industry funded research was
first analysed without any keywords, in order to record what kind of topics does the industry involve
itself in. This way, research funded by fossil fuel industry itself consisted of 10,153 papers over the last
decade. While some papers existed from the years before it, the numbers of available papers were
much smaller compared to general research (total amount of papers funded by fossil fuel industry of
all times was 13,192), therefore they were excluded as less representative of current research and
its trends. After that, this research pool was further broken down to include terms such as dclimate,
ocarbong, éemissionsé and many others. However, it was noted that such simple comparison produces
a very small amount of papers, and is also difficult to compare to general research pool with vastly
more papers involved. For this reason, break-down by subject areas was introduced.

Further research, likewise in general, lobbied university and fossil fuel pools, focused on top four distinct
areas of research, together accounting for roughly half of all fossil fuel funded research: Environmental
Science, Engineering, Energy and Earth & Planetary Sciences pools. In cases when further narrowing
is needed, search terms are added that are related to climate research, such as: ¢Climateo, 0Green-
house gasesi, ocarbon dioxided etc. These serve as complimentary searches in order to identify and
pinpoint patters, or include papers from other subject areas, with most analysis performed on broader
searches in order to have a sufficient pool of fossil fuel funded data. All searches were performed in
a span of a week, from April 29th to May the 3rd in 2024, and described further along with search
numbers and results in chapter ??, in chronological order.

Search queries would start with fossil fuel industry, putting a query 06Shello OR ¢ENI0 OR ¢TotalEnergieso
OR 0British Petroleumd OR 0Chevrono OR 0ExxonMobilo OR 6Aramcod OR 6CNPCo in Funding Sponsor
section, then filtering it by date, subject areas, and further by terms when needed. For general data,
funding sponsor information would then be cleared and simple overview of subject areas, or terms
would be added. Then, university pool would be checked by entering all universities mentioned above
as query in 0Affiliationo section, followed by aforementioned filters. Due to a large amount of terms
experimented with, those that are included in this analysis, along with their queries and amount of
papers produced, are presented separately in Chapter ?7?.

00 OOob OOoigoit 0o oooog

The analysis of text, network and citation data was performed using VOSViewer [46] software tool,
largely inspired by various scientometric papers [23] [22]. This was deemed sufficient and convenient
as compared to other software tools or scripting, though the latter is done to validate the results of the
research. The papers for VOSViewer were imported using .csv files exported from Scopus database.
This database was chosen as opposed to Dimensions and Web of Science due to a larger amount of
papers available and easily accessible funding information, which could be filtered by and exported
to VOSViewer for further analysis. It needs to be noted that Scopus has a limit of exporting 20,000
papers at once. In cases where the pool of data was too broad, it was either narrowed down, or
random sorting of data was performed to extract papers for analysis. For some of statistical figures, as
well as validation, Python ntlk, gensim, pyLDavis and pandas libraries were used along with a few more
standard ones, coded in Jupyter Notebook. Chat GPT LLM model was used to upload and analyse
this paper for consistency and improvement suggestions.
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Following the searches, each pool is analysed in VOSViewer to find out key topic clusters and most
frequent terms in order to answer research questions about terminology and methodology, their average
publication date in order to see if any patterns emerge over time, and citation relevance scores of their
authors to check for potential patterns arising there, as well as additional Python scripts employed to
compare the pools between each other, by for instance, finding common terms and their appearances
normalised between the pools of data, or by comparing presence of selected terms. The last of these
methods is used to answer all four research questions, since terminology and methodology answer
the first three sub-questions, and pattern identification can also be considered with these results. The
analysis is done starting with fossil fuel industry, then focusing on industryis specific subject areas, and
comparing general and university research in those areas. The results of such analysis, its order and
other important decisions are shown and discussed in Chapter 3.

Additionally, temporal analysis was performed by splitting data into two sections by date: 2014-2019
and 2020-2024 pools. Even within those, VOSViewer allows for analysis of temporal data in order to
check for topic importance within a timespan, which served as additional analysis to gain insights into
changes of patterns of research over time. While it was considered to perform a temporal analysis
split by other dates, or by, for instance, significant events (such as Paris Climate Accords Agreement
in the end of 2015), the amount of research in decades prior was deemed too small, and time frame
considered deemed enough to be able to see any patterns occurring. Therefore, in order to have
comparable sets of data, a split in the middle of the decade was chosen.

000 0Doibooodo thotooog

As seen in road safety research of third-world countries by Haghani et. al. [23] [22] and many others,
the method of scientometric mapping is used in many various sectors, and is already proven to be
successful in establishing key term differences between various pools of data, acting as a validation of
methodology. Validation of results, however, proves difficult due to lack of existing literature to compare
it to.

For validation strategy, results can be compared with existing literature on biases in industry-funded
research, such as those mentioned by Fabbri et. al [17]. While this is not a direct comparison, as
no such literature exists on this specific topic, patterns from other industries may be examined for
similarities and potential ways to improve the analysis, leading to a limited validation of the results.

Another validation strategy involves developing a Python script for topic modelling, which allows for
scanning of pools of research and clustering them into several topic groups as well as its keywords,
thus confirming the findings of VOSViewer software. This may additionally reveal whether patterns
noted during software analysis are visible by other means of analysis, leading to validation of results.



Results

In this Chapter, analysis of research paper pools is presented. First, all of fossil fuel industry funded
papers are analysed. Since it is impossible to compare this pool to a general pool due to its vast
variability of research, pools are then divided into four key subject areas, which are most represented
among fossil fuel industry funded research. These are compared to general and university research
pools. Finally, additional term searches are performed to get a different angle of analysis, without
division by subject areas, followed by explanation of citation and temporal analysis performed on each
of the research pools. The order of research described here corresponds to chronological order of
analysis, following a top-down approach, and then by additional explanation and analysis.

Each research pool is analysed by first producing the word map of all terms occurring in the research
pool, with minimum of 10 occurrences per term, and minimum of 80 % relevance score to reduce
computational cost and ensure relevance of the results. Clusters are then identified by their topics. The
results are then analysed for their relevance score to see which clusters have higher relevance score
or in other words, are most common in research. Finally, these results are analysed for the average
publication time of terms, indicating trends of whether the terms are newly appearing, or otherwise,
less likely to be mentioned with the progression of time. Unfortunately, the software analysis does not
allow for identification of specific research papers among those analysed, but rather sums them up
into a single piece of data. Before comparison to other research pools, top terms by their occurrence
are extracted, and if necessary, pools are compared by the term occurrence or by largest difference
between occurrence of terms. Each score is normalised to ensure that the difference in the amount of
papers is not affecting the results. This way, the first two research sub questions are answered, before
university pool analysis answers the third research subquestion. Final, fourth research subquestion, is
discussed in Chapter 4 having analysed all the results. Finally, citation analysis is performed by taking
a look into network of authors and their citations in VOSViewer, plotting them into a similar relevance
map as displayed in Figure A.3.

This chapter shows the analysis and results, leading to conclusions that fossil fuel industry research
has three main differences: lack of ESG terms, increased focus on some specific technologies, and
less literature-analysis based methodology. University pools show no significant differences compared
to general research. Citation analysis shows no significant patterns, while temporal analysis shows
similar trends in both fossil fuel and general research pools.

Important note is that some terms in VOSViewer analysis may appear as one term in one pool, and bro-
ken into multiple smaller ones in other pools (like terms oclimate changed, dclimate mitigationd, éclimate
risko etc.). In cases when these terms are relevant and analysed, these smaller terms are summed
together before being compared to other research pools. In all cases, software analyses terms that
appear at least 10 times across research. Despite fossil fuel industry papers being significantly less
represented, such cut-off was deemed to be of no significance, since the software simply combines
all mentions of a single word, rather than combinations of words in such case. Therefore, should term
oclimate mitigationo be mentioned 7 times, term oclimate risko 8 times, and orisk mitigationo 5 times, all
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