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Abstract: Efforts to control climate change with the aim of achieving carbon neutrality by 2050 have
had the most significant impact on businesses operating in the energy sector, which produce large
amounts of greenhouse gas (GHG) emissions. In light of such policies, oil and gas companies have set
goals aimed at reducing GHG emissions and achieving carbon neutrality, but the issue remains open
as to how such activities and progress towards these goals can be evaluated. This study attempts to
assess the activities and progress of oil and gas companies towards carbon neutrality, with a focus on
quantitative evaluation of goal achievement. First, an algorithm was developed for selecting global
oil and gas companies for the analysis that reported their activities in 2022. Using this algorithm,
a list of companies was compiled and their goals with regard to carbon neutrality were analyzed.
Second, an assessment of how information is presented in corporate reports and which activities
aimed at achieving carbon neutrality are reflected there was performed using the proposed checklist.
Third, a method for evaluating the progress of oil and gas companies towards intermediate goals
in the area of carbon neutrality was developed and tested. The method is based on assessing and
comparing trends for oil and gas companies aiming to achieve intermediate goals in reducing carbon
intensity. As a result, companies were classified into three categories: (1) those showing carbon
neutrality achievement rates exceeding the expected average annual rates, (2) those with fixed carbon
neutrality achievement rates below the expected average annual rates, and (3) those demonstrating
no movement towards intermediate goals or a negative trend. The main methods used in this study
included content analysis, checklist development, decomposition, critical and comparative analysis,
and simple statistical methods.

Keywords: decarbonization; carbon neutrality; net-zero emissions; GHG emissions; oil and gas
companies; carbon intensity; progress assessment; content analysis; algorithm; emission scopes

1. Introduction

Global climate change is no longer solely a theoretical and scientific issue for the
distant future; it has become an immediate challenge for industries, a focal point for the
domestic and foreign policies of states, and a concern for businesses, international financial
institutions, and transnational corporations [1,2].

The International Panel on Climate Change has reported that the Earth’s average
surface temperature has already risen by 1 ◦C above pre-industrial levels as of 2017, and it
is predicted to continue to rise, reaching 1.5 ◦C between 2030 and 2052, if nothing changes
in the intensity and format of industrial and economic activities because the concentration
of CO2 in the atmosphere will continue to increase [3]. In 2021, global CO2 emissions
reached 33,884.1 million tons [4].

In 2015, a number of countries signed the Paris Agreement, the primary objective of
which is “holding the increase in the global average temperature to well below 2 ◦C above
pre-industrial levels and pursue efforts to limit the temperature increase to 1.5 ◦C” [5]. At

Energies 2023, 16, 3575. https://doi.org/10.3390/en16083575 https://www.mdpi.com/journal/energies

https://doi.org/10.3390/en16083575
https://doi.org/10.3390/en16083575
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0001-5168-0518
https://orcid.org/0000-0003-1550-0588
https://doi.org/10.3390/en16083575
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en16083575?type=check_update&version=2


Energies 2023, 16, 3575 2 of 19

the time of writing, 194 parties (193 states and the European Union) have joined the Paris
Agreement [6].

Despite the extensive scientific literature on low-carbon development and decarboniza-
tion dating back to at least 1995 [7], some authors have noted a lack of clear terminology in
work related to this area of research [8]. This situation may have been caused by both the
abundance of works on this topic, the number of which has been steadily growing (particu-
larly since the adoption of the Paris Agreement [8]), and by the absence of fundamental
reviews and analyses, especially related to specific industries.

This study defines the achievement of carbon neutrality or zero net emissions as the
result of implementing a range of measures to reduce greenhouse gas emissions across
various methods and approaches to decarbonization.

The climate regulation of the energy sector has primarily affected those companies
with activities generating large amounts of greenhouse gas emissions. With the oil and gas
industry accounting for about 42% of global greenhouse gas emissions [9], the strategic
development of oil and gas companies is inextricably linked to decarbonization. In view
of the above, the future of the energy sector will inevitably involve the development of
renewable energy sources and the implementation of green technologies throughout the
production process [10,11]. Vaclav Smil has provided a detailed analysis of the process
of shifting the focus from fossil fuels to more sustainable alternatives in his work [12,13].
Moreover, many large investors now require specific progress towards carbon neutrality
as a condition for investment in companies [14]. Given these circumstances, global oil
and gas players are obligated to demonstrate their commitment to the goals set out in the
Paris Agreement and to show progress towards carbon neutrality in their operations and
disclosure standards.

In light of the above, it is worth noting that the number of scientific publications on
low-carbon development and decarbonization in the oil and gas sector is increasing. There
are also review articles that document the current state of affairs and the development level
in this field, which are then used to raise specific research questions [15–17].

Some researchers focus on the policies implemented by oil and gas companies to
achieve carbon neutrality across different stages of the production process [18–20]. Others
limit their focus to a specific industry segment, such as oil refining [21], and explore
ways to achieve carbon neutrality in that area. However, it should be noted that such
publications are less common compared to those that analyze low-carbon development and
decarbonization strategies for the oil and gas industry in individual countries and regions.
Studies can be found that analyze the experiences of Italy [22], Canada [23], Russia [24],
Tanzania [25], Egypt [26], Great Britain [27], the European Union [28], and others. A
number of articles reflect the problems and ways of solving environmental problems in
the Arctic [29]. Some of these studies compare the low-carbon development strategies of
different countries. For example, the authors of [30] compare national deep decarbonization
pathways (DDPs) up to 2050 that are consistent with the goals of the Paris Agreement and
development priorities in Argentina, Colombia, Costa Rica, Ecuador, Mexico, and Peru.

In addition, there are publications that focus on low-carbon development and de-
carbonization at the corporate level or compare the strategies of individual oil and gas
companies. These include studies on how and at what stages of the production process
vertically integrated oil and gas companies can reduce their carbon intensity [9] and what
policies can be applied to achieve the result [31]. There are some studies that compare
oil and gas companies with each other in terms of low-carbon development, but they are
relatively few in number. As examples, we can cite studies that compare Russian oil and
gas companies in terms of sustainability reporting (including GHG emissions reports) [32],
compare the low-carbon development goals of a number of oil and gas companies [33],
analyze the decarbonization strategies of large oil and gas companies [34], and analyze
investments in the low-carbon projects of several large oil and gas companies [35].

Currently, there is a lack of studies focused on the assessment, analysis, and com-
parison of the progress made by large oil and gas companies towards achieving carbon
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neutrality. Despite the fact that goals in this field have been set by all major players in the
industry, scientific articles do not evaluate their achievement.

Major oil and gas companies are making efforts to comply with disclosure practices
in the area of low-carbon development, with many presenting quantitative indicators
that signal carbon intensity reduction. This highlights the need for research to establish a
mechanism for assessing the activities of oil and gas companies related to achieving carbon
neutrality and ranking them according to their progress towards this goal.

To initiate the formation of such a mechanism and company ranking approach, this
study aimed to develop a system for evaluating the performance of oil and gas companies
in their pursuit of carbon neutrality. This system primarily focuses on quantifying the
extent to which these companies have achieved their goals. Furthermore, this system
enables the evaluation of individual companies and allows for comparisons to be made
between them.

The article is structured as follows. Section 3.1 presents the algorithm developed for
selecting the global oil and gas companies to be studied and analyzes their goals in relation
to achieving carbon neutrality. Section 3.2 analyzes the reports published on the compa-
nies’ official websites and presents a content analysis of a selection of reports based on
parameters important for assessing goals, reports, and activities related to achieving carbon
neutrality and progress towards it. In Section 3.3, the authors propose their methodology
for quantifying companies’ progress in the aforementioned area, which enables the assess-
ment of progress for a single company and facilitates comparison with other companies.
Comparing companies with each other is a separate research problem.

2. Materials and Methods

The authors used the oil and gas report published by the Carbon Disclosure Project
(CDP) in November 2018 to compile a list of companies to be analyzed [36]. The CDP is a
not-for-profit charity that positions itself as the gold standard of environmental reporting,
with the richest and most comprehensive dataset on corporate and city action [37]. It
ranks 24 of the largest and highest-impact publicly listed oil and gas companies in terms
of business readiness for a low-carbon transition. Section 3.1 substantiates the choice
of this report. To create the final list of companies for the analysis, the authors applied
additional selection criteria to the companies represented in the CDP report, such as having
a vertically integrated business model, conducting business activities in 2022, and stating
goals of reducing GHG emissions in all three scopes (scopes one, two, and three). Section 3.1
provides a detailed explanation of the algorithm for choosing companies for analysis. The
selected companies were studied based on their emission reduction goals, including the
types and numbers of intermediate goals and measurement approaches. The results of this
analysis are presented in Table 1.

The main methods used in this study to assess information disclosure and business
activities in relation to carbon neutrality (Section 3.2) were content analysis and a checklist
method. The deduction method was employed to develop an analysis pipeline. The
analysis proceeded from general management issues, such as the availability of reports
and the formulation of strategies, to more specific issues regarding processes, projects,
and blocks of information, such as carbon accounting, an indication of specific low-carbon
projects, and decarbonization methods. Section 3.2 outlines and justifies the stages of the
analysis used to evaluate information disclosure and business activities in relation to carbon
neutrality. Additionally, it presents a checklist that was developed by the authors and
serves as a methodological foundation for assessments.

In Section 3.3, the authors propose a methodology for quantifying companies’ activ-
ities aimed at carbon neutrality using carbon intensity. The analysis takes into account
parameters such as the period required to achieve intermediate goals and the quantitative
indicator of carbon intensity reduction in relative terms. Based on these parameters, the
expected average annual rate of achievement of intermediate carbon neutrality goals was
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identified, and a comparison with the actual rate of achievement as of 2021 was conducted.
The authors used statistical analysis and comparative analysis to obtain the results.

At almost all stages of the study, similar methods were utilized, including content
analysis, decomposition, grouping, analysis and synthesis, and critical and comparative
analysis, as well as compiling of analytical tables to systematize the source data and present
the results of the analysis. Additionally, the graphical method was employed.

The study used the same materials at almost all stages of the research, which included
CDP and GHG protocol data and the official websites and reports of the ten oil and gas
companies selected for analysis; namely, Equinor, Total, Eni, Repsol, BP, OMV, Chevron,
Petrobras, ExxonMobile, and Occidental. The content analysis focused on major reports,
such as annual and sustainability reports, which are published by almost all the companies
mentioned, as well as specialized reports, such as energy transition and climate risk
resilience reports.

The study was conducted using publicly available data and aimed to address a com-
plex question; namely, how to assess the activities and progress of oil and gas companies in
relation to achieving carbon neutrality.

3. Results
3.1. Compiling a List of Companies and Analyzing Their Goals in Relation to Carbon Neutrality

The initial list of companies selected for this study included the 24 largest and highest-
impact oil and gas companies according to the CDP report, which is “designed to serve
as a proxy for business readiness in an industry towards the implementation of the Paris
Agreement” [36]. The higher a company’s ranking, the more prepared it is for a low-
carbon transition. According to the CDP report, these companies were responsible for
approximately 31% of global oil and gas production and around 11% of proven reserves as
of 2017 [36].

The focus on the 2017 oil and gas company ranking was due to several reasons:

1. Many oil and gas companies set 2015 (Petrobras [38]) or 2016 (Repsol [39], Chevron [40])
as their baseline years when establishing their emission reduction targets. It can
be assumed that, by 2017, a pool of companies with emission reduction goals had
already formed;

2. The 2017 ranking allowed for the selection of companies that could potentially achieve
intermediate results in the field of carbon neutrality for the period 2017–2021 and
document this in their reporting;

3. Rankings from more recent years would not provide a comprehensive assessment of
the progress of oil and gas companies towards carbon neutrality due to the limited
time available for implementing initiatives and reporting.

To ensure completeness and uniformity in the analysis of oil and gas companies’ emis-
sions reductions, additional selection criteria were established. Firstly, the companies had to
be active in 2022 for us to obtain the most up-to-date information for the research. Secondly,
they had to belong to the group of vertically integrated oil and gas companies that conduct
production activities in all sectors—namely, upstream, midstream, and downstream—to
ensure equal conditions for the scale and business models of the companies.

After eliminating ConocoPhillips, Hess, Anadarko, INPEX, Noble Energy, Apache,
Marathon Oil, and CNOOC due to the two criteria presented above, Equinor, Total, Shell,
Eni, Repsol, Woodside, BP, Gazprom, OMV, Chevron, Petrobras, ExxonMobil, Occidental,
Petrochina, Sinopec, and Rosneft were included in the final list.

Operating an oil and gas company involves not only direct emissions from operations
(scope one) but also indirect greenhouse gas emissions (scope two and scope three) [41–43].
It is now widely recognized and a common practice for oil and gas companies to detail their
goals for scope one and two emissions. However, companies less frequently set targets for
scope three emissions and often only focus on certain emission categories rather than on
the entire list.



Energies 2023, 16, 3575 5 of 19

In view of the above, a third selection criterion was established. This criterion re-
quired that companies set emission reduction goals for at least one category of scope three
emissions in addition to scopes one and two. This was interpreted as recognition of the
companies’ extended responsibility for greenhouse gas emissions. Consequently, four
companies—namely, Petrochina, Sinopec, Gazprom, and Rosneft—were eliminated from
the list.

The selection algorithm described above is illustrated in Figure 1.

Figure 1. An algorithm for selecting oil and gas companies for the analysis. Source: compiled by
the authors.

The final list consisted of ten oil and gas companies: Equinor, Total, Eni, Repsol, BP,
OMV, Chevron, Petrobras, ExxonMobil, and Occidental. An analysis was conducted to
determine their main (up to 2050) and intermediate (up to 2025–2030) carbon neutrality
goals. Additionally, an analysis of the number of intermediate goals and their level of detail
was undertaken (Table 1).

Table 1. Oil and gas companies under study and their main and intermediate goals in relation to
carbon neutrality (as of 2021).
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goal before
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through
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and
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emissions intensity to
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intensity to less than 0.25%
of marketed gas

Climate Report;
“Net Zero Goals”
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Source: compiled by the authors based on corporate websites and reports [38–40,44–50].

Table 1 shows that oil and gas companies set quite ambitious goals to achieve carbon
neutrality by 2050 and detailed them for the medium term in absolute or relative values. In
their main goals, some companies indicated the achievement of carbon neutrality across all
three scopes (for example, BP and Occidental).

The oil and gas companies under study differed in their approaches to formulating
their main and intermediate goals in different ways. While some companies have a single
overarching goal, such as Chevron, Petrobras, and Repsol, others, such as Total and BP,
have set GHG reduction targets for specific scopes. The year 2050 is the target year for
most companies to achieve carbon neutrality, but some companies plan to achieve it earlier.
For example, Occidental has the following goals: net-zero emissions for scopes one and
two before 2040 (with an ambition to achieve this before 2035); and net-zero emissions for
scopes one, two, and three, with an ambition to achieve this before 2050.

The formulation of intermediate goals is a way for oil and gas companies to break
down their main goals. Businesses follow different approaches in decomposing their
main goals and detailing their intermediate goals. Equinor has the highest number of
intermediate goals (20), while Chevron has the lowest (5). This being said, it is important
to note that the number of intermediate goals cannot serve as a benchmark for evaluating a
company’s performance in achieving carbon neutrality.

When analyzing corporate goals, it was found that carbon intensity is used as a
key indicator reflecting the level of achievement of carbon neutrality. Carbon intensity
relates to a company’s physical carbon performance and describes the extent to which
its business activities are based on carbon usage for a defined scope and fiscal year [51].
The quantitative value is the ratio of the amount of greenhouse gas (GHG) emissions of
a particular company to one of its key business metrics [52]. In the case of oil and gas
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companies, the key business metric used is typically the amount of oil or gas produced,
which is measured in energy units.

In the next stage of the study, we analyzed information disclosure and performed
content analysis for the selected corporate reports. We also developed an approach to
assess the quality of information disclosure and the activities undertaken by oil and gas
companies to achieve carbon neutrality.

3.2. Information Disclosure and Business Activities Aimed at Achieving Carbon Neutrality:
A Content Analysis

For the assessment of the quality of information disclosure and carbon neutrality ac-
tivities in the oil and gas sector, this study analyzed the contents of corporate reports based
on the main principles of information disclosure presented in several standards [53–55].
These principles include completeness, accuracy, transparency, and comparability.

To ensure clarity and consistency in the comparison of the information on achieving
carbon neutrality presented in the reports, a checklist consisting of 11 criteria was developed.
It is presented in Table 2, and a detailed explanation is given below.

To evaluate the level of transparency of oil and gas companies in the domain of carbon
neutrality, we examined the types of reports available on their official websites. Information
on greenhouse gas emissions and measures to reduce them can be found in various reports
(annual reports, sustainability reports, energy transition reports, climate risk resilience
reports, climate reports, and others). As a rule, special reports provide more detailed infor-
mation about the activities of oil and gas companies related to decarbonization compared
to annual or sustainability reports. Therefore, the first point on the checklist was whether
the company issues such special reports (Table 2). For example, Equinor has released
an Energy Transition Plan [55]. According to the company, “this plan demonstrates that
Equinor has the right strategy, ambition level, capabilities and track record to be a leading
company in the energy transition while ensuring long-term shareholder value creation
and competitiveness”. ExxonMobil has published a document titled “Advancing Climate
Solutions” [49], outlining ExxonMobil’s commitment to driving emission reductions in
support of a net-zero future.

The CDP Climate Change Questionnaire, which is a commonly used tool for analyzing
GHG emitters [56,57], was also significant for the assessment of the activities of companies
in this study. This was one of the criteria on the checklist. Companies such as Equinor, Total,
Eni, Repsol, BP, and Occidental have published their CDP Climate Change Questionnaires
on their official websites. Some companies complete the questionnaire but do not post the
results on their official websites, such as Chevron [58] and ExxonMobil [59] (although there
is information about the Climate Change Report 2017).

If a company’s strategic goals include addressing climate change and striving for
decarbonization, they can be considered focus areas for the company [60]. For example,
Equinor states that “Equinor’s strategy continues to be guided by the three strategic pillars:
Always safe, High value, Low carbon” [61]. Total’s strategy is as follows: “To get to net zero
by 2050, together with society, TotalEnergies is transforming into a multi-energy company
and deploying specific action plans to reduce its emissions and achieve its short- and
medium-term objectives” [45]. This criterion was also included as an item in the checklist.

We assume that, in order to effectively manage any parameter, a quantitative as-
sessment of its current state and relevant information on its variation are necessary [62].
Therefore, it was proposed to include an evaluation of companies’ annual reporting on
greenhouse gas emissions in the checklist.

The level of detail with which companies describe their goals related to achieving
carbon neutrality, such as the classification of emissions by scope (scopes one, two, and 3),
can provide insights into the boundaries on climate responsibility that they set themselves.
Emissions classification shows that companies are assuming broader responsibility for
greenhouse gas emissions, including not only their own operations but also interactions
with third parties, and that they make assessments of the climate consequences from the
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utilization of their products by end users [47,63–65]. Therefore, the checklist included a
criterion concerning whether the company analyzes its greenhouse gas emissions by scope.

The analysis of the reports aimed to identify whether they contained any information
about specific decarbonization measures [66]. For instance, Equinor has reported measures
including several electrification initiatives, reducing all flaring and eliminating routine
flaring, curbing methane emissions, investing in renewables and low-carbon solutions,
and others [61]. Furthermore, the company’s Energy Transition Plan 2022 includes key
indicators for segments such as Oil and Gas, Renewables, and Low Carbon Solutions
for 2021, defining specific short-term actions and medium-term ambitions [55]. Similarly,
ExxonMobil has indicated its decarbonization areas, which include expanding and acceler-
ating methane mitigation and industry-leading detection technology, eliminating routine
flaring, upgrading equipment, and employing emission offsets.

Reports that detail specific measures and directions for decarbonization, along with
actual and target indicators for these efforts, can enable timely analysis of progress towards
achieving carbon neutrality. This information can help in identifying any discrepancies,
evaluating the pace of progress, and analyzing trends in achieving the goals. Therefore,
the checklist included questions on the availability of such details in company reports,
including specific decarbonization measures or directions and actual or target indicators
for their measurement.

An essential factor in evaluating a company’s progress towards carbon neutrality is the
information disclosure on ongoing decarbonization projects, including their start and end
dates and targets and the greenhouse gas emission reductions resulting from these projects.
This information provides a more accurate assessment of a company’s progress in reducing
emissions. Equinor provides an overview of its low-carbon-solution projects, including
specific project titles, types (such as CO2 infrastructure, power + CCS, blue/green hydrogen,
etc.), locations, and decarbonization segments (heat, industry, power, and transport). Total
also lists specific decarbonization projects in its report, such as solar power and offshore
wind projects, with information on project titles, locations, and capacities, as well as CCS
projects in Europe and other individual decarbonization projects in various contexts [67].

A dedicated assessment section in the checklist addressed whether there was any
information available on GHG emissions over time from the company’s base year (or
earlier) to the current reporting year. The findings of this analysis can help in calculating
the pace of progress in achieving carbon neutrality goals.

Comparing the indicators of the reporting year and the previous year is also a crucial
factor in evaluating the progress towards achieving carbon neutrality goals. In this study,
we considered the availability of data for both 2020 and 2021.

As companies use different indicators and set different carbon neutrality goals, it is
necessary to standardize the indicators used in their reports and conduct a detailed analysis
of the methods used to obtain such data in order to make valid comparisons.

Carbon neutrality reporting and targets often use absolute numbers, but specific
indicators can provide a more accurate reflection of a company’s progress towards carbon
neutrality as they are not dependent on the production scale. For example, the closure
or sale of a large production unit may reduce the absolute emission rate, but it is the
specific indicator that can demonstrate progress in the qualitative reduction in emissions.
Carbon intensity (GHG intensity) is commonly used as a basis for assessing companies’
efforts towards reducing greenhouse gas emissions and their progress in achieving carbon
neutrality goals, as confirmed by several scientific papers [68–70]. Through the use of
the proposed checklist and content analysis, it was found that the companies meeting
the established selection criteria published information on the specific carbon intensity
indicator in some form.

Based on the foregoing, a list of criteria was compiled to evaluate the potential per-
formances of oil and gas companies in achieving carbon neutrality. This list served as the
foundation for the analysis, and the outcomes are presented in Table 2.
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In the next stage of the study, a quantitative analysis was conducted to evaluate the
progress of the companies towards carbon neutrality over time. This involved analyzing
the carbon intensity indicator for each individual company and comparing them with
each other.

Table 2. A checklist for assessing information disclosure and the activities of oil and gas companies
in the carbon neutrality domain.

Question
Equinor Total Eni Repsol BP Chevron OMV Petrobras ExxonMobil Occidental

Y
ES N
O

Y
ES N
O

Y
ES N
O

Y
ES N
O

Y
ES N
O

Y
ES N
O

Y
ES N
O

Y
ES N
O

Y
ES N
O

Y
ES N
O

1. Does the company
publish any special
low-carbon activity
reports/materials
on its website? (not
including the CDP
Climate Change
Questionnaire)

V V V V V V V V V V

2. Does the company
publish the CDP
Climate Change
Questionnaire on
its website?

V V V V V V V V V V

3. Does the company’s
strategy explicitly
mention its plans to
reduce emissions or
carbon intensity?

V V V V V V V V V V

4. Does the company
keep records of its
greenhouse
gas emissions?

V V V V V V V V V V

5. Does the company
keep records of its
greenhouse gas
emissions by scope?

V V V V V V V V V V

6. Are specific
decarbonization
measures/
directions
indicated?

V V V V V V V V V V

7. Are specific actual
and target
indicators indicated
for individual
decarbonization
measures/areas?

V V V V V V V V V V

8. Does the company
report on specific
decarbonization
projects with the
name and type of
the project, its
location, and other
parameters?

V V V V V V V V V V

9. Is a summary of the
company’s GHG
emission trends
provided?

V V V V V V V V V V

10. Does the company
report progress in
2021/2020?

V V V V V V V V V V

11. Does the company
report on its carbon
intensity? (in
any format)

V V V V V V V V V V

Source: compiled by the authors based on corporate reports [39,40,44,45,47,49,55,64,71–74].
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3.3. Assessing the Progress of Oil and Gas Companies towards Carbon Neutrality:
A Quantitative Analysis

To assess the progress of oil and gas companies towards carbon neutrality, we con-
ducted a quantitative analysis based on a comparison of the GHG emission indicators given
in corporate annual reports [41,75]. This comparison revealed the companies’ progress
in achieving their goals from the base year to the target year (see Table 3). As discussed
earlier, specific indicators are more indicative of progress than absolute indicators, as they
reflect qualitative changes in a company’s internal processes related to reducing GHG
emissions [76].

To quantify the progress towards carbon neutrality, the specific index of carbon inten-
sity (GHG intensity) was used across scopes one and two, as well as, in some cases, scope
three, taking into account all divisions of a particular company. It was used because inter-
mediate goals are connected with it. As demonstrated by the previous analysis, all of the
ten companies under consideration included this parameter in their reports, but they used
different units of measurement (gCO2e/MJ, kgCO2e/BOE, T CO2e/BOE, T CO2e/100 T),
which prevents direct comparison of the results without recalculation and in-depth analysis
of calculation methods. However, all the dimensions of the indicator reflect essentially
the same relationship between greenhouse gas emissions and the volume of oil and gas
products produced by companies.

One of the study’s research objectives was to compare companies’ progress in achiev-
ing intermediate goals on the road to carbon neutrality. In this study, we used the units of
measurement adopted by the companies, and if the company declared its goal as a range of
values instead of a specific percentage of the base year value, the lower limit of the declared
range was used in the calculations. For instance, ExxonMobil Corporation has set a goal
of reducing GHG emissions intensity (scope one + scope two) by 20 to 30% to the value
from 2016 by 2030 [49]. In the calculations, the target value of 20% of the base year was
used since reaching the minimum value indicated the achievement of the stated goal on the
path to carbon neutrality. To solve the scientific problem mentioned above, we developed a
methodology for the analysis, which is presented in the following paragraphs.

The algorithm for assessing a company’s progress towards carbon neutrality involves
calculating the difference (Equation (1)) between the actual (Equation (2)) and expected
(Equation (3)) progress using the indicator of the average annual expected reduction in
carbon intensity (Equation (4)). The results of this analysis are presented in Table 3.

PNZ = ER f i − ERexi (1)

where:

PNZ is the difference between the actual and expected progress in achieving the intermedi-
ate goal of carbon neutrality as of the reporting (analyzed) year i (%);
ER f i is the factual progress in achieving the intermediate goal of carbon neutrality (reduc-
tion in greenhouse gas emissions) as of the analyzed year i (%);
ERexi is the expected progress in achieving the intermediate goal of carbon neutrality as of
the reporting (analyzed) year i (%).

ER f i =

(
1 − CIRY

CIBY

)
· 100, (2)

where:

ER f i is the factual progress in achieving the intermediate goal of carbon neutrality (reduc-
tion in greenhouse gas emissions) as of the analyzed year i (%);
CIRY is the carbon intensity in the reporting (analyzed) year i (gCO2e/MJ, kgCO2e/BOE,
T CO2e/BOE, or T CO2e/100 T);
CIRY is the carbon intensity in the base year (gCO2e/MJ, kgCO2e/BOE, T CO2e/BOE, or
T CO2e/100 T);
RY is the reporting (analyzed) year i for the intermediate goal of carbon neutrality;
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BY is the base year for the intermediate goal of carbon neutrality.

ERexi = (RY − BY)· ERAVG, (3)

where:

ERexi is the expected progress in achieving the intermediate goal of carbon neutrality as of
the reporting (analyzed) year i (%);
ERAVG is the expected average annual rate of progress towards the intermediate goal of
carbon neutrality (%).

ERAVG =

(
1 − CITY

CIBY

)
·100

TY − BY
, (4)

where:

ERAVG is the expected average annual rate of progress towards the intermediate goal of
carbon neutrality (Table 3, column eight) (%);
CITY is the carbon intensity in the target year in relation to the intermediate goal of carbon
neutrality (Table 3, column nine) (gCO2e/MJ, kgCO2e/BOE, T CO2e/BOE, or T CO2e/100 T);
CIBY is the carbon intensity in the base year (Table 3, column six) (gCO2e/MJ, kgCO2e/BOE,
T CO2e/BOE, or T CO2e/100 T);
TY is the target year for achieving the intermediate goal of carbon neutrality (Table 3,
column four);
BY is the base year for the intermediate goal of carbon neutrality (Table 3, column three).

Table 3. A comparative analysis of carbon intensity indicators and an assessment of trends related to
achieving the intermediate goals of oil and gas companies on the way to carbon neutrality.
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1 2 3 4 5 6 7 8 9 10 11 12

1 Equinor 2019 2030 11 68.0 gCO2e/MJ 20 1.818 54 gCO2e/MJ 67.0
gCO2e/MJ 3.6 1.5

2 Total 2015 2030 15 71.0 gCO2e/MJ 20 1.333 56.8 gCO2e/MJ 63.9 gCO2e/MJ 8.0 1.9

3 Eni 2018 2030 12 68.0 gCO2e/MJ 15 1.250 57.8 gCO2e/MJ 67 gCO2e/MJ 3.8 1.5

4 Repsol 2016 2030 14 77.7 gCO2e/MJ 25 1.786 58.3 gCO2e/MJ 74.0 gCO2e/MJ 8.9 4.8

5 BP 2019 2030 11 79.0 gCO2e/MJ 15 1.364 67.2 gCO2e/MJ 79.0 gCO2e/MJ 2.7 0.0

6 OMV 2019 2030 11 68.5 gCO2e/MJ 20 1.818 54.8 gCO2e/MJ 66.4 gCO2e/MJ 3.6 3.1

7 Chevron 2016 2028 12 74.9 gCO2e/MJ 5 0.434 71.0 gCO2e/MJ 71.3 gCO2e/MJ 2.1 4.8

8 Petrobras 2015 2030 15 22.0 kgCO2e/BOE 31 2.121 15.0 kgCO2e/BOE 15.7 kgCO2e/BOE 12.4 28.6

9 ExxonMobil 2016 2030 14 26.5 CO2e/100 T 20 1.428 21.2 CO2e/100 T 24.0 CO2e/100 T 7.1 9.4

10 Occidental 2019 2025 6 0.0335 T
CO2e/BOE 40 6.7 0.020 T

CO2e/BOE
0.0342 T

CO2e/BOE 13.4 -2.0

Source: compiled by the authors based on corporate reports [38–40,44–50,71,72,77].

The analysis of the oil and gas companies’ progress in achieving carbon neutral-
ity in the reporting year 2021 revealed that only Petrobras, Chevron, and ExxonMobil
exceeded the expected annual average in terms of achieving their intermediate carbon
neutrality goals.

Eni, Equinor, Total, OMV, and Repsol recorded carbon neutrality rates that were below
the expected annual average in 2021.
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It is worth highlighting that Occidental and BP did not show any progress towards
their intermediate goals or, worse, demonstrated a negative trend.

Taking into account the actual results for the companies for the base year (2021)
presented in Table 3, we compared the companies based on their goals for reducing carbon
intensity. The results are shown in Figure 2.

Figure 2. Companies ranked according to the average annual rate of carbon intensity reduction (%
per year) (according to their declared intermediate goals). Source: compiled by the authors based on
corporate reports [38–40,44–50,71,72,77].

The study presents a straightforward and indicative approach that can be used to
evaluate and compare the progress of oil and gas companies in achieving their intermediate
goals in the carbon neutrality domain. The methodology used in the study provided a
quantitative analysis of the goals set by ten companies and their intermediate results. It
enables the assessment of a company’s progress over a period and a comparison of progress
between different companies.

The study demonstrates how corporate goals can be compared even when the com-
panies differ in their use of indicators, units of measurement, and base and target years
(Figure 2). As noted earlier, the methodology makes it possible to track the progress that
companies have made in achieving their respective carbon neutrality goals.

The proposed methodology has the potential to substantially enhance the quality of
evaluations of corporate progress in achieving carbon neutrality. Additionally, owing to its
simplicity, versatility, and comprehensiveness, it can be used to rank oil and gas companies
from an environmental point of view.
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4. Discussion

The process of achieving carbon neutrality in the oil and gas industry is complex and
requires long-term effort. Low-carbon development is addressed by various levels of man-
agement, from strategic to operational, and covers a range of activities related to emission
management strategies, decarbonization measures, management systems, and assessment
and control mechanisms. The strategic nature of setting goals for carbon neutrality requires
that companies employ a comprehensive approach to reducing greenhouse gas emissions
and achieving their targets. It is important to assess the progress of companies along this
path, including their approach to setting goals, their degree of transparency, and the extent
to which actual results align with their targets.

The multitude of strategic behavior options, planning approaches, and organizational
methods employed by companies in the pursuit of carbon neutrality, as well as variations
in the level of information disclosure, pose a significant challenge when analyzing their
activities and assessing their progress in this field. As such, it can be difficult to draw
definitive conclusions about the actual progress made by companies.

The analysis of the oil and gas companies performed in this study utilized both
qualitative and quantitative approaches in order to identify the main content of their
reports and disclosure approaches and their actual progress in reducing greenhouse gas
emissions. This allowed for a comprehensive evaluation of the degree to which their goals
have been achieved.

Although the checklist included a comprehensive set of qualitative criteria that were
met by most of the companies analyzed, they were found to be insufficient for assessing
actual progress, as the publication of reports and disclosure of information alone do not
necessarily reflect the actions taken by a company. However, the criteria presented in the
checklist can be considered as minimum information-disclosure requirements in the area
of carbon neutrality and can serve as a guideline for oil and gas companies, including
those in Russia. The criteria provide a means of confirming information disclosure and
specific actions towards achieving carbon neutrality but cannot be used as a benchmark for
assessing progress.

Focusing on carbon intensity allowed for a simplified yet effective assessment of the
progress made by oil and gas companies in achieving carbon neutrality. This approach was
used to assess the progress of the companies analyzed in this study.

It is important to acknowledge that relying solely on a single indicator has limitations
and may not provide a comprehensive assessment of a company’s progress towards carbon
neutrality. While carbon intensity allows for comparison within the same industry, it
is limited by the need for a standardized calculation method and unit of measurement.
Therefore, it is recommended to use the proposed methodology to evaluate a company’s
progress towards its carbon neutrality goals. This approach allows for a more comprehen-
sive evaluation of a company’s efforts towards its intermediate goals and provides insight
into the effectiveness of the management system in place.

Proximity indicators that can signal significant progress include the scope of the stated
targets and the speed at which they are achieved, such as a claimed reduction in emissions
of more than 20% or a short period between the base and target years. However, it should
be noted that the calculated average annual rate of change in carbon intensity implies
certain assumptions, as reductions in GHG emissions may fluctuate. Nevertheless, for a
general assessment of progress, this parameter is sufficient as presented in the study.

When comparing the declared carbon intensity based on the average annual value
with the actual carbon intensity achieved as of the analyzed year (2021), we found no clear
relationship between the length of the period between the base and target years and the
declared emission reduction value.

Thus, comparing the predicted carbon intensity with the actual level provides the
most accurate basis for assessing progress in reducing greenhouse gas emissions, both
within a company and when comparing multiple companies.
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For instance, in Table 3, it can be observed that BP did not demonstrate any progress in
reducing carbon intensity from the base year 2019, despite having an intermediate goal of
reducing carbon intensity by 15% by 2030. In contrast, Chevron, Petrobras, and ExxonMobil
have made progress towards achieving carbon neutrality earlier than anticipated. The
decarbonization strategies, directions, and measures chosen by these companies can be
used as a benchmark by companies that have shown more moderate performance and by
other oil and gas companies, including those in Russia.

Furthermore, the ranking in Figure 2 provides a clear picture of the extent of the carbon
intensity reductions achieved by the leading companies in the oil and gas industry. Taking
into account the selection algorithm used in this study, we can say that the list consists of
the companies that are most actively involved in the movement towards carbon neutrality.
Russian oil and gas companies have also established targets for achieving carbon neutrality,
developed strategies to accomplish these targets, and started planning and implementing
decarbonization projects. Their targets differ in terms of the indicators measured, the
boundaries set (scopes one and two, gas flaring, upstream activities, etc.), and the level
of information disclosure. Currently, it is not possible to conduct a similar analysis for
most Russian companies due to the lack of relevant information on their official websites.
Nevertheless, the results of this study indicate that the mere presence of such information
on corporate websites does not necessarily reflect progress in achieving carbon neutrality.

5. Conclusions

The presented analysis and research findings indicate that, while the largest global
oil and gas companies declare highly ambitious goals in relation to carbon neutrality, their
actual progress does not always match their bold statements. Using the proposed algorithm
for selecting oil and gas companies (Figure 2), this study analyzed the largest oil and gas
companies that are not only global leaders in their main activities but also declare best
practices in reducing carbon intensity. Content analysis of the companies under study
(Table 2) showed that they all demonstrated best practices in information disclosure and
activities related to carbon neutrality.

However, the results of the quantitative analysis of the progress towards the companies’
goals for 2021, which was conducted using a specially developed methodology (Table 3),
showed that only three out of ten companies demonstrate progress in achieving their
carbon neutrality goals that exceeds the set targets. Five out of ten are moving towards their
goals more slowly than planned, and two out of ten show no progress or even demonstrate
negative results. In addition, the quantitative comparison of the goals of the companies
studied (Figure 2) showed a significant difference in both the goals and the timelines
for achieving them. These findings lead to the conclusion that, even taking into account
all the limitations of the methodology used, as indicated in the previous sections, new
scientific approaches are needed to assess the achievement of carbon neutrality by oil and
gas companies.

The next step of this study is to enhance the approach for evaluating the progress of
oil and gas companies in achieving carbon neutrality. As per the plan, this will be carried
out by developing an innovative methodology to rank these companies based on their
advancements in reducing carbon intensity. Another focus area will be analyzing the efforts
of Russian companies in relation to carbon neutrality and customizing the methods for
evaluating their endeavors.
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