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Given mounting concerns surrounding the escalating greenhouse gas emissions (GHG)
associated with fossil fuel extraction, production, and utilization by both Russian and
global oil and gas corporations, devising novel strategies to mitigate the impacts of climate
change is imperative. This study is underpinned by a comprehensive review and analysis
of global trends in greenhouse gas emissions, diverse decarbonization methods applicable
to the oil and gas industry, and established approaches to assess decarbonization initiatives
in this sector. These insights underscore the need to advance conceptual frameworks to
refine the analysis of decarbonization efforts undertaken by Russian oil and gas enterprises.
This study makes a valuable scientific and methodological contribution toward fostering
sustainable low-carbon development within the oil and gas industry. This goal is achieved
through the implementation of a comprehensive model that passes the ecological and
economic impacts of decarbonization initiatives at Russian oil and gas companies. The
model proposes an approach to evaluate the effects of these initiatives on the
competitiveness of the oil and gas sector using a Balanced Scorecard (BSC) approach
supplemented with a range of ecologic metrics. Additionally, the model introduces an
integral indicator to quantify the influence of the Balanced Scorecard on key operations of
an oil and gas company during decarbonization efforts.

1. INTRODUCTION

of participating nations have committed themselves at the
national level to measures known as Intended Nationally

Over the past decade, the issue of global climate change
stemming from a surge in human-made greenhouse gas
emissions (GHG) has emerged as a pivotal issue for the 21st
century. According to assessment by scientists and specialists,
if this trend persists, then the increase in greenhouse gas
emissions (GHG) may result in substantial global warming by
2050. This warming, in turn, poses a grave threat, potentially
culminating in the extinction of as much as 30% of earth’s
diverse plant and animal species [1].

In response to the global climate crisis and the urgent need
to mitigate greenhouse gas emissions (GHQG), the vast majority
of United Nations (UN) member states have embraced the UN
Framework Convention on Climate Change and signed the
Paris Agreement. At present, this groundbreaking agreement
has received participation from 196 countries, including
Russia [2].

Under the framework of the Paris Agreement, governments
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Determined Contributions (INDCs). These commitments
encompass a range of measures, including the establishment
of carbon emission trading systems, the implementation of
state incentives to encourage decarbonization, plans to phase
out internal combustion engines, and comprehensive strategies
for reducing greenhouse gas emissions (GHG).

For instance, outlined in the Strategy for Socio-Economic
Development of the Russian Federation, there is a specific
plan aimed at significantly reducing net greenhouse gas
emissions (GHG) by 2050, with the target of cutting emissions
by 2.5 times compared to the 2019 baseline. Ultimately, the
goal is to reach zero emissions, equivalent to 0.6 billion tons
of carbon dioxide. This demonstrates the country’s
commitment to robust climate action at the national level [3].

Climate change has a direct and profound impact on
industries and the potential to reshape entire value chains. This
transformation is poised to cause significant shifts in how
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individual industrial enterprises and entire sectors are
managed, ultimately influencing the nature of work and
people’s quality of life.

Today, the carbon footprint of a product is the paramount
indicator of its quality. Companies with commitments to
decarbonizing and sustainable development strategies are
thriving, outpacing competitors who have not embraced new
approaches to adapting to and mitigating the consequences of
climate change. The success of these forward-thinking
enterprises is reflected in their rapid growth and enhanced
business performance.

The need for transformation is particularly pertinent to the
oil and gas industry, given its status as a primary source of
carbon emissions in Russia and worldwide. Addressing these
challenges is crucial for both industry and society at large.

2. LITERATURE REVIEW

It is worth highlighting that recent research has increasingly
focused on the influence of climate change on business
performance and sustainability [4-13]. Notably, a significant
body of work has been dedicated to assessing the effectiveness
of decarbonization in the oil and gas industry [6, 14-25].
Additionally, several studies [26-28] have emphasized the
importance of balancing the facial, environmental, and
economic aspects of development, with a focus on
sustainability and climate change problem-solving [1, 29].

Minimizing the carbon footprint is a challenging, long-term,
and costly process that requires a phased approach seamlessly
integrated within the operations of oil and gas companies,
taking into account their financial capacities and starting
positions [30]. Consequently, we scrutinized statistical and
predictive data sourced from industry analytical bodies [31-
33], in addition to the development plans of oil and gas
enterprises [16, 34-36]. The pursuit of decarbonization and
reduction of carbon footprints compelling oil and gas
businesses to explore and develop new plans, strategies, and
business models [37, 38]. Furthermore, some researchers are
examining the investments made by oil and gas companies in
renewable energy sources as a means to diminish the carbon
footprint of their operations [39, 40].

In light of the foregoing, it is evident that an urgent need
exists to develop an approach for the evaluation of a
company’s decarbonization efforts and the resulting
outcomes. Consequently, we have conducted an analysis of
studies [4, 41], methodological approaches, and techniques
that can be applied and customized for the appraisal and
examination of a firm’s activities and expenditures concerning
the mitigation of COj-equivalents emissions [42-49]. A
thorough review and analysis of the relevant literature
revealed a notable scarcity of attention directed toward the
development and analysis of the efficacy of decarbonization
measures for Russia’s oil and gas industry. Although the
aforementioned sources suggest investing in renewable energy
sources, afforestation, and measures to enhance energy and
resource conservation as primary measures for decarbonizing
oil and gas firms, the subject of devising a model for analyzing
the effectiveness of decarbonization measures in Russian oil
and gas enterprises has not been addressed in the works of both
domestic and foreign researchers. This deficiency poses a
scientific problem that requires resolution within the scope of
this research article.
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3. METHODOLOGY
3.1 Theoretical foundation

The methodological foundation of this study rests upon
research conducted by foreign and domestic scholars in the
area of decarbonizing the oil and gas sector, as well as on the
concept of low-carbon development and strategic planning.
During the course of these investigations, a variety of
scientific and specialized methods of inquiry were employed,
including the principles of dialectical analysis, synthesis,
generalization, comparison, classification, and grouping.
Additionally, several empirical approaches were utilized.

This article examines the escalating trends of greenhouse
gas emissions resulting from the global operations of the gas
and oil industry, underscoring the imperative to develop
strategies aimed at curbing the industry’s carbon footprint.
This section provides an overview of decarbonization methods
applied in the gas and oil sectors across various scopes.
Additionally, the article compiles and analyzes the principal
initiatives undertaken by Russian oil and gas companies to
mitigate greenhouse gas emissions. Notably, the assessment
and analysis of the efficacy of decarbonization measures
within this sector necessitate increased financial investments
and costs for these enterprises.

3.2 Assessment of existing decarbonization evaluation
methods

Unfortunately, in many studies [22-24, 30, 33, 44] analyzed
while writing this paper, the methods used to assess
decarbonization efforts in the oil and gas industry are rather
descriptive and suggestive in nature. They do not provide
formulas or detailed metrics for more in-depth calculations
and conclusions or for decision-making in implementing
decarbonization strategies for oil and gas companies. The main
message of these approaches and methodologies is to list
measures such as:

* Implementing a carbon price through mechanisms like
carbon taxes or cap-and-trade schemes, which incentivize
companies to reduce their emissions by making
environmentally friendly technology investments more cost
effective.

* Taking initiatives and measures to improve energy
efficiency and reduce energy consumption per unit of
production.

* Carbon capture and storage to reduce emissions from the
oil and gas industry. The assessments examine the feasibility,
cost and effectiveness of CO, capture and storage.

* Increasing the proportion of electricity generated from
renewable sources used by oil and gas companies. These
indicators and methods are presented in the papers
descriptively and in abstract form, without further interaction
with them for additional calculations or analyses.

3.3 Proposed framework for evaluating decarbonization
measures

The methodology and indicators are most closely aligned
with the objectives of this study [17]. This paper proposes a
framework for evaluating the effectiveness of measures to
decarbonize the oil and gas industry, consisting of a three-part
process. The first part assesses the scope of decarbonization
efforts in the industry. The second part involves a risk



assessment of priority activities within the context of objective
3. The final step involves an evaluation of event 1 success
considering any associated risks. In order to measure success,
we use NPV (net present value), DPP (discounted payback
period), and DPI (discounted internal rate of return) as
performance indicators.

A method based on expert opinion was used to determine
the most significant activities within the three areas of focus,
considering risks. The ranking of the measures and risks in
question is determined through expert analysis based on their
relevance. The maximum possible score for Block I is 100
points, while for Block II, it is 50 points (which has a negative
value as it reduces the efficacy of measures). The final score
is then reflected in Block II. The event with the highest number
of points is then economically evaluated in Block III.

This approach has interested the authors of this study, and
the idea of incorporating financial indicators into efficiency
evaluation is reflected in the numerator of Eq. (1). Financing
volumes are divided into two components due to the necessity
of considering the time lag in the return-on investment period.

Forms of financial support

Indirect
support

Direct
support

Of course, this indicator ( /Ey ) cannot entirely replace
traditional economic efficiency metrics and can be used to
rank decarbonization proposals that require additional funding
from diverse sources.

3.4 Comprehensive effectiveness evaluation model

The methods and approaches discussed above for assessing
the effectiveness of decarbonization measures in oil and gas
companies underscore the importance of developing a
methodology for evaluating the outcomes of decisions made
and their implementation by these enterprises. Furthermore, it
is crucial to consider how the execution of decarbonization
measures impacts not only the enterprise’s cost dynamics and
capital investments but also its competitiveness. With this
foundation, we move on to discuss the author’s comprehensive
model for evaluating the ecological and economic
effectiveness of decarbonization measures for Russian oil and
gas enterprises (see Figure 1).

Funds from the consolidated budget of the
Russian Federation, trust funds, and credit
organizations
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Figure 1. A comprehensive model for evaluating the ecological and economic effectiveness of decarbonization measures for
Russian oil and gas enterprises
Source: Compiled by the authors

The presented model enables oil and gas industry
companies to analyze decarbonization efforts in three aspects:

1) Effectiveness analysis of each measure to reduce GHG
emissions by changing the system of energy efficiency
indicators for decarbonization to select the most effective
measures (which would achieve the greatest impact).

Assessment of the efficacy of each measure for reducing
greenhouse gas emissions uses both quantitative and
qualitative methodologies. Quantitative techniques include
measuring actual emissions reductions, cost savings, and
improvements in energy efficiency. Qualitative evaluations
involve expert assessments and stakeholder consultations to
assess the perceived efficacy and practical challenges
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associated with implementing each measure.

2) Assessing the impact of decarbonization on the
competitive position of the oil and gas industry using a
Balanced Scorecard.

3) Implement proactive management measures for
decarbonizing companies, including identifying and analyzing
potential risks and opportunities related to climate change.
These measures would allow companies to develop strategies
to reduce risks and utilize identified opportunities for growth.

3.5 Data sources and selection criteria

The data for this study were obtained from various reliable



databases, including annual company reports, sustainability
reports, industry publications, and government databases. In
particular, data collection focused on Russian oil and gas
companies because of their significant impact on both the
national economy and global energy markets.

The selection criteria for the sample of analyzed companies
included:

- Companies that occupy a significant market share in the
Russian oil and gas sector.

- Companies with accessible and comprehensive data on
carbon dioxide emissions, financial indicators, and sustainable
development initiatives.

- Inclusion of companies in various fields of activity,
including mining, transportation and processing.

This approach allowed us to obtain a representative sample
that reflected various activities and environmental impacts in
the Russian oil and gas industry.

The sample size and scope of oil and gas companies
included in this study encompassed large oil and gas
corporations. In particular, emphasis is placed on publicly
traded joint-stock companies listed on the Moscow Exchange
that publish transparent financial statements, including reports
on sustainable development. Nevertheless, the methodology
employed in this study can be applied to other oil and gas
enterprises, including smaller and independent companies.
This will depend on the list and framework of the Balanced
Scorecards proposed in this research. Consequently, it will
become possible to use a reduced set of indicators for smaller
companies in the future. These methods can serve as a
foundation for future research.

In the context of the aforementioned model and to assess the
effectiveness of decarbonization measures, the authors
advocate the use of a comprehensive set of indicators. The
proposed system facilitates the evaluation of the impact of
such measures across various domains, including the
following:

* Enhancing energy efficiency in oil and gas production;

* Improvement in energy efficiency in oil refining and
petrochemicals;

» Advances in energy efficiency through renewable energy
adoption.

Further, in this article, we explore several approaches for
assessing the effectiveness of decarbonization measures. One
such example is the cost-benefit analysis (CBA) [41]. The
essence of this approach lies in comparing the costs of
implementing decarbonization measures with the benefits they
provide in terms of reducing enterprise greenhouse gas
emissions.

The cost analysis method employed to assess the efficacy of
decarbonization strategies involves the following stages:

1. Identification of all pertinent costs associated with the
implementation of each decarbonization initiative.

2. Estimation of potential savings and benefits from reduced
(GHG) emissions.

3. Calculation of net present value (NPV) and payback
period for each initiative. 4. Comparison of these metrics to
determine the cost efficiency of various initiatives. The
benefits of this approach include its ability to provide a clear
financial rationale for decarbonization endeavors and its
versatility across diverse contexts.

Another approach is Life Cycle Assessment (LCA) [4],
which evaluates the environmental impact of a product or
process throughout its life cycle, from raw material extraction
to disposal after use. Applying this method helps identify areas
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in an organization’s operations where CO, emissions can be
reduced, enabling informed decisions about decarbonization
measures.

Decarbonization efforts encompass various aspects,
including avoiding climate change-related damage, improving
public health, and providing other benefits. However, these
measures also incur costs, such as investment expenditures and
operational expenses.

The LCA method, which is used to measure the carbon
footprint of a product or process over its entire life, includes
all stages from raw material extraction and processing to
disposal after use.

The CBA and LCA have some limitations when compared
to their application. For example, it is difficult to estimate non-
market benefits, and there are uncertainties in cost and benefit
estimates. That’s why it’s a good idea to use other analytical
tools when assessing the effectiveness of decarbonization
measures for oil and gas companies.

In this article, we propose the use of a balanced system of
indicators that is modified and adapted for the assessment of
decarbonization measures undertaken by oil and gas industry
companies. This evaluation is grounded in the principles of the
Balanced Scorecard (BSC) [50], which encompasses key
perspectives such as “Finance”, “Internal Business Processes”,
“Customer Feedback”, and “Learning and Development”.
Furthermore, given the heightened environmental risks linked
to the operations of oil and gas business structures, an
additional component termed the “Ecology” perspective has
been introduced specifically for oil and gas industry
enterprises.

The integration of ecological metrics into the BSC system
complements traditional environmental impact assessment
methods, such as LCA, by providing a more comprehensive
and practical approach to managing environmental
performance. While LCA provides a thorough and holistic
overview of the environmental effects associated with the
complete life cycle of a product or process, from raw material
extraction to production, use, and disposal, the BSC, with
integrated ecological metrics, offers a strategic management
instrument that translates these in-depth assessments into
strategic objectives and performance indicators that are
actionable. The results of LCA can be complex and technical
and frequently require specialized knowledge to comprehend
and take action. The BSC transforms these findings into clear,
comprehensible metrics that can be more easily communicated
to and understood by managers and other stakeholders.

LCA covers a wide range of environmental impacts,
including greenhouse gas emissions, resource depletion, and
toxicity. The ecological metrics in BSC focus specifically on
key areas of environmental performance relevant to strategic
goals, such as emission reduction, energy efficiency, and
resource optimization. This targeted approach allows for
prioritization of actions that align with environmental
sustainability and business objectives. Traditional BSC
dimensions, such as Financial, Customer, Internal Business
Processes, and Learning & Growth, do not explicitly address
environmental sustainability. By adding an “Ecology”
dimension to the BSC, organizations can ensure that
environmental performance is aligned with their strategic
management framework. This explicitly focuses on
environmental sustainability as a core strategic objective
rather than a secondary consideration.

An additional “Ecology” dimension enhances the visibility
of environmental objectives and metrics, ensuring that they



receive adequate attention and resources. This also enhances
accountability by clearly defining and tracking specific
environmental goals and performance indicators within the
BSC framework. The “Ecology” dimension allows integration
of specific environmental metrics that synergize with other
BSC aspects. For instance, improvements in energy efficiency
(ecology metric) can result in cost savings (financial
dimension), enhanced operational efficiency (internal business
processes dimension), and improved corporate reputation
(customer dimension). This holistic approach helps identify
synergies between environmental sustainability and overall
business success.

The inclusion of an “Ecology” dimension in the BSC
provides flexibility for the model to adapt to industry-specific
challenges and opportunities related to environmental issues.
In the oil and gas sector, which has significant environmental
impacts, a dedicated environmental dimension ensures that
strategic initiatives are tailored to the unique challenges and
requirements of this industry. By incorporating an ecological
dimension into the BSC, this approach not only enhances the
strategic management tool but also ensures a balanced
consideration of economic and environmental performance.
This integrated approach promotes sustainable business
practices development and supports long-term strategic
planning for the industry.

3.6 Indicator selection and weighing

To assess the effectiveness of measures to reduce carbon
emissions, a method based on analyzing the impact of
decarbonization indicators and the outcomes obtained from
their implementation in a system of indicators for each
management level is proposed. This approach can be applied
to individual enterprises, for example, through a Balanced
Scorecard tailored to their industry. Traditionally, balanced
indicator systems for industrial enterprises consist of
indicators grouped into four categories: “Finance”, “Internal
Business Process”, “Customer Opinion”, and “Training &
Development”. Given the significant environmental risks
associated with oil and gas companies, it is recommended to
add an additional category, “Ecology”, to their Balanced
Scorecards.

The modified and adjusted Balanced Scorecard (BSC)
system was developed based on an extensive literature review
and consultation with industry experts. This modification
involves the addition of a dedicated “Ecology” perspective to
the traditional dimensions of the BSC, reflecting the specific
environmental challenges faced by the oil and gas industry.
This adjustment ensures that economic and environmental
factors are adequately represented in the performance
evaluation.

The proposed changes include specific metrics for
environmental impact, such as greenhouse gas (GHG)
emissions, energy consumption, and the use of renewable
energy resources. The analyzed data sample includes
information from major Russian oil and gas corporations,
including Gazprom, Gazpromneft, Lukoil, Novatek, Rosneft,
Surgutneftegas, and Tatneft. These organizations were chosen
based on their relevance to the industry and their commitment
to sustainability.

A system of balanced indicators is proposed for evaluating
changes in oil and gas businesses that consider the
implementation of measures to reduce carbon emissions. The
proposed system is presented in detail in Table 1.
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Table 1. The proposed system of balanced indicators for
assessing the position of oil and gas enterprises

No. Indicator Unit of
Measurement
Finance
1 Revenue Rub.
The company’s profit before
2 interest on loans, income tax and Rub
depreciation on fixed intangible '
assets
The company’s profit margin
3 before interest, income tax, and %
depreciation on fixed intangible
assets
Total debt to company profits
4 before interest on loans, income %
tax, and depreciation of fixed
intangible assets
5 Net profit Rub.
6 Profit growth rate %
7 Capital expenditures Rub.
8 Free cash flow Rub.
Costs of scientific and technical
9 Rub.
work
10 Number of patents received St.
11 Labor productivity Rub./person
12 The debt-to-equity ratio %
13 Return on assets %
14 Return on investment %
15 The cost of producing one unit of Rub./tons
finished products production
Internal Business Process
Million Barr. oil
1  Oil and gas condensate production equivalent or
beyond tons
2 Gas production Million Cube. m
3 Production of pe_trolgum products Thousand tons
at refineries
4 Oil production Thousand tons
5 Production of petrochemical Thousand tons
products for sale
6 Volume of balance oil reserves Million. Barr.
7 Primary oil refining Thousand tons
8 Oil refining depth Thousand tons
The share of deep processing
9 products in the total volume of %
production
Customer Opinion
1 Total domestic market sales Thousand tons
2 Total sales in export markets Thousand tons
Share of exported products in total
3 . %
volume of shipped goods
4 Percentage of sales of new product %
and service
5 Percentage of sales to regular %
customers
6 The company’s market share %
Training and Development
1 Frame refresh rate %
2 Staff turnover rate %
Average number of hours
3 allocated to additional vocational Hours
education during a certain period
Percentage of employees who
have completed advanced training
4 %
programs compared to the average
number of employees per year
5 Employee satisfaction assessment %
6 Labor productivity coefficient %

Ecology




Environmental fines paid (in

1 Rub.
monetary terms)
2 Energy consumption during Million gigajoules
production
Gigajoules / tons of
3 Energy intensity of oil refining manufactured
products

Gigajoules / tons of

4 Energy intensity of petrochemicals  processed basic raw

materials
5 Installed capacn_y of rer)ewable Megawatt
energy-generating equipment
6  Total renewable energy production Million kWh

Percentage of electricity
generation from renewable energy
sources in terms of the total
volume of electricity generation
Volume of investments in
8 Rub.

renewable energy development

Share of capital investments in

%

9 - %
renewable energy projects

10 Volume of the assoc_lated Million Cube. m

petroleum gas flaring
11 APG usage level %
12 Volume of methane emissions Million Fons of CO-
equivalents

13 Performing technical measures to Yes or no
prevent methane emissions

14 Greenhouse gas emissions Million tons of CO2-
(Coverage 1+Coverage 2) equivalents

15 Financing environmental safety Million Rub.

programs
16 Pollutant emissions into the Thousand tons
atmosphere

17  Discharge of polluted wastewater Million. Cube. m

1s. Water consumtﬁ)stéon for internal Million. Cube. m

19 Restoration of polluted lands Hectare

20 Water intake and reception Million. Cube. m

21 Volume of waste generated during Thousand tons

the reporting year
29 Volume of oil spilled during Tons

accidents
Source: Compiled by the authors

Selecting and weighing indicators within the framework of
the BSC approach.

The BSC approach was used to assess the effectiveness of
decarbonization measures. The selection of indicators may
include the following steps:

- Analysis of annual reports of oil and gas companies.

- Consulting with industry experts and academic researchers.

- Taking into account data from environmental
organizations and regulatory authorities to ensure that
indicators are consistent with broader sustainable development
goals.

- Analysis of retrospective production data from oil and gas
companies and industry standards to identify indicators that

significantly affect sustainability and emission reduction goals.

Oil and gas companies can achieve a comprehensive
understanding of their operations through the use of a
Balanced Scorecard that considers the impact of CO;
emissions on various aspects of their business.

3.7 Efficiency indicator formula

To evaluate the effectiveness of decarbonization measures
implemented by oil and gas industry companies, the authors
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suggest employing a comprehensive efficiency indicator /EY.
This indicator is recommended for use within the framework
of the model outlined in Figure 1 and mirrors the impact of
decarbonization on the core operational processes of an oil and
gas enterprise. Then, it can be calculated using Eq. (1):

1 = o Bl NowMa)
> (€ +CA

(1)

where,

* Ny, is the change in the value of the s-th indicator of the
w-th group of the BSC (/E=1...A);

* My, is the weighting factor of the significance of the s-th
indicator in the w-th group;

* (; is the amount of investment in decarbonization during
a specified time period,

* C, is the current decarbonization cost during the specified
time interval;

*4 is the total number of indicators considered.

N, represents the observed change in the value of the s-th
indicator within the w-th group of the BSC. This change is
measured by comparing the indicator’s value before and after
the implementation of decarbonization measures. For instance,
if an indicator measures the amount of CO- emissions reduced,
N, would be the difference in CO- emission levels pre- and
post-intervention.

In Eq. (1), the weighting factor M,, for the significance of
each indicator is determined based on the following factors:

1. Expert judgment from industry professionals and
academic researchers.

2. Stakeholder input, including feedback
environmental organizations and regulatory bodies.

3. Historical performance data and industry standards.

Indicators that significantly contribute to achieving
sustainable development and emission reduction goals can be
assigned higher weights.

C; represents the total financial investment allocated to
decarbonization projects within the specified time frame. This
can be quantified in monetary terms by considering all capital
expenditures related to decarbonization efforts, such as
equipment upgrades, the implementation of new technologies,
research and development funding.

C; refers to the ongoing operational costs associated with
the implementation of decarbonization measures are included
in this calculation. This includes costs associated with the
maintenance, monitoring, and management of decarbonization
projects, expressed in monetary terms over a specified period.

A denotes the total number of indicators included in the
comprehensive efficiency assessment. This list includes all
indicators considered in the evaluation process, providing a
comprehensive analysis covering various dimensions of
decarbonization initiatives.

The integral indicator proposed by the authors of this article
within the framework of the model for analyzing the
effectiveness of decarbonization measures at enterprises in the
Russian oil and gas industry can serve various purposes,
including:

« Justifying additional funding for decarbonization projects
from various sources;

« Evaluating the effectiveness and continuous monitoring of
carbon reduction initiatives;

« Tracking projects targeting carbon footprint reduction;

from



* Enhancing the rationality of decision-making regarding
the economic aspects of decarbonization at the enterprise
level,

* Identifying, mitigating, and monitoring economic risks
associated with measures to reduce the carbon footprint;

* Prioritizing and ranking actions to reduce carbon dioxide
emissions.

Limitations and assumptions in the development of the
integrated performance indicator /Ey.

Several limitations and assumptions were considered when
developing the Integrated Performance Indicator /Ey:

- The accuracy of the indicator largely depends on the
availability and quality of data from the selected companies.
Any gaps or inconsistencies in the data may affect the results.

- The values assigned to each indicator are static and may
not fully reflect the dynamic nature of the industry and the
external factors influencing decarbonization efforts.

- The model is adapted for the Russian oil and gas sector,
which may limit its applicability to other sectors or
geographical regions with different regulatory frameworks
and market dynamics.

- The model simplifies the calculation of decarbonization
investment and operating costs, which may not account for all
possible economic variables.

- The model assumes a linear relationship between
indicators and overall efficiency, which does not always
correspond to reality in real scenarios.

By defining and quantifying each component in the
comprehensive efficiency indicator, this study provides a clear
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and structured approach to assessing the effectiveness of
measures to reduce carbon emissions in the oil and gas sector.
This indicator establishes a robust framework that integrates
both environmental and economic factors, facilitating more
informed and strategic decision-making processes.

In summary, this article highlights the importance of
developing effective strategies to reduce emissions from the
oil and gas industry.

4. RESULTS

4.1 Global emissions and production trends in the oil and
gas sector

The oil and gas sector accounted for approximately 52.8%
of total global emissions at the end of 2022. Due to the
continued reliance on hydrocarbons for the production of
finished goods, additional carbon dioxide emissions were
generated [51]. Furthermore, in recent years, despite the
challenges posed by the COVID-19 pandemic, there has been
a significant increase in the actual volume of oil and gas
production. Between 2012 and 2022, for example, global oil
production rose by 6.9% and natural gas output increased by
21.5% (see Figure 2) [52].

As a result, greenhouse gases in the oil and gas industries
have increased. Emissions from oil production increased by
2.6% during the same period, whereas carbon dioxide
emissions from natural gas production increased by 19.2%
(refer to Figure 3).

Increase in oil
production from
2012 to 2022 by

6.9%

44792
41755
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Figure 2. Dynamics of oil and gas production in the world for the period 2012-2022
Source: Compiled by the authors using [52]
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Figure 3. Dynamics of CO: emissions from oil and gas production for the period 2012-2022
Source: Compiled by the authors using [51]

Simultaneously, it’s crucial to highlight the dispersion of
greenhouse gas emissions throughout the value chain within
the oil and gas sector. In contemporary circumstances, this
aspect has become a pivotal factor in formulating business
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strategies for oil and gas enterprises and crafting measures to
curtail their carbon footprint.

The primary contributors to greenhouse gas emissions
within the oil and gas sector supply chain are the production



processes, particularly methane leaks, venting, fugitive
emissions, and gas flaring. These emissions are classified
under Scope 1 and 2, which are direct emissions from oil and
gas activities, including production, transport, and processing.
In 2022, these emissions accounted for approximately 15% of
the total energy-related greenhouse gas emissions globally,
equivalent to 5.1 billion tons of COz-equivalent [53].

Methane emissions alone constitute over half of these
emissions for Scopes 1 and 2. In addition to direct emissions,
Scope 3 emissions, which occur up- and down the value chain
but are not produced directly by oil and gas companies, present
a significant challenge. The majority of Scope 3 emissions
originate from customers’ use of oil and gas products,
accounting for another 40% of emissions [54, 55].

Energy consumption across the value chain, including
refining, natural gas processing, and midstream operations,
contributes to approximately 15% of emissions. Furthermore,
emissions from refining and other oil and gas processes also
add to the overall greenhouse gas emissions.

4.2 Strategies for reducing emissions

Considering the facts, Russian oil and gas enterprises must
incorporate climate change considerations into their business
strategies and disclose their plans to mitigate their carbon
footprint. This includes addressing methane emissions and

adopting comprehensive measures to reduce overall emissions.

To align with the International Energy Agency’s Net Zero
Emissions by 2050 Scenario, the emissions intensity of oil and
gas operations needs to decrease by 50% by the end of the
decade. Achieving this reduction requires the implementation
of several key measures:

* Tackling methane emissions through better detection and
repair of leaks.

+ Eliminating non-emergency flaring practices.

* Electrifying upstream facilities using low-emissions
electricity.

* Equipping oil and gas processes using carbon capture,
utilization, and storage (CCUS) technologies.

* Expanding the use of hydrogen from low-emissions
electrolysis in refineries.

By integrating these strategies, Russian oil and gas
enterprises can effectively reduce their greenhouse gas
emissions, contribute to global climate goals, and enhance
their competitiveness in an increasingly carbon-conscious
market.

The table below provides a concise overview of these
strategies and their impact on three key areas of GHG
emissions: Scope 1 (direct emissions from owned or operated
sources), Scope 2 (indirect emissions from purchased
electricity, heat, or steam), and Scope 3 (other indirect
emissions throughout the value chain, including product
transportation) (Table 2).

Table 2. The scope of decarbonization methods used in the oil and gas industry

Scope 1

Scope 2

Scope 3

1. Cooperation with electricity and heat
suppliers to reduce carbon dioxide
emissions

1. Improving operational efficiency

1. Optimization of asset portfolios
(diversification into the gas business, renewable
energy sources, hydrogen, etc.)

2. Improving the energy efficiency of

2. Energy-efficient production equipment

buildings, as well as production

2. Trading in carbon permits or loans

facilities and workshops

3. Recycling, reuse, and use of secondary
energy resources

4. Cooperation with suppliers of equipment
and services for production to reduce carbon
dioxide emissions
5. Reduction in the associated petroleum gas
combustion

6. Reducing methane leaks

7. Steam recovery plants and reducing
methane leaks from large tanks
8. Monitoring of uncontrolled emissions into
the atmosphere at idle wells

3. Use of renewable energy sources

4. The use of energy storage and storage
methods

5. Use of hydrogen for their own needs

6. Use of hydrogen for their own needs

3. Reduction of carbon dioxide emissions
through investments in land use based on
regenerative technologies

4. Carbon capture, storage, and use (burial)

5. Direct capture of carbon dioxide from the air

6. CO2-EOR (method of injection of carbon
dioxide under pressure into the reservoir)
7. Use of bioenergy generated with carbon
capture and storage technology (CCS)
8. Carbon capture and hydrogen usage in the
value chain
9. Other innovative decarburization technologies

Source: Compiled by the authors using [33]

4.3 Decarbonization methods and their scopes

Some of these methods include improving operational
efficiency, reducing methane leaks, and producing and selling
hydrogen. Companies can also optimize their asset portfolios,
trade carbon permits or credits, or invest in land use based on
renewable technologies to reduce their carbon footprint.

The oil and gas industry has significantly contributed to
Russia’s total carbon emissions. In 2022, the industry’s
emissions reached 1197.16 million tons of CO;-equivalents,
accounting for approximately 38.6% of the country’s total
greenhouse gas emissions [51]. This substantial emissions
level in the oil and gas sector can be attributed to various
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factors, including the extraction and processing of fossil fuels,
the transportation of oil and gas via pipelines, and the
combustion of associated gases in flares. Therefore, reducing
greenhouse gas emissions within the oil and gas industry is of
paramount importance for achieving Russia’s climate
objectives. It necessitates collaborative efforts between
businesses and the government to mitigate the impact of
climate change.

4.4 Emissions reduction efforts of Russian oil and gas
companies

Oil and gas enterprises, both international and Russian, are



at the forefront of adopting decarbonization strategies and
sharing information willingly. Frequently, they go beyond
governmental requirements by actively embracing
decarbonization strategies or blueprints, as well as employing
internal methodologies to assess the cost of CO,-equivalents
in their investment ventures.

Some of Russia’s largest oil and gas companies, such as
PJSC Gazprom, PJSC Rosneft, Lukoil, Tatneft, and Novatek,
have taken significant steps toward making their operations
more environmentally friendly and reducing greenhouse gas
emissions. These companies have implemented some
measures, including improvements to energy efficiency,
optimization of the use of associated petroleum gas,
diversification of business activities, investments in renewable

incorporated into their corporate planning and reporting
processes, with a focus on establishing systems to account for
greenhouse gas emissions and reduce the overall carbon
footprint of their operations.

The key measures for minimizing greenhouse gas emissions
by oil and gas industry companies in Russia are presented in
Table 3.

The main measures to reduce greenhouse gas emissions
from oil and gas operations in Russia are summarized in Table
3. These measures form an integral part of our research
framework, providing practical data for evaluating the impact
of decarbonization efforts. These measures are designed to
reduce carbon dioxide (CO,) emissions, develop strategies for
the use of renewable energy resources, and mitigate emissions

energy, and reforestation initiatives. These efforts are throughout the supply chain of these businesses.
Table 3. Key measures to lower greenhouse gas emissions by oil and gas sector companies in Russia by 2022

Company Measure
« PISC » Reduction of specific carbon dioxide emissions by 11.2% by 2030.

Gazprom

The company has implemented some carbon management initiatives to reduce greenhouse gas emissions by 11% compared
PJSC “NK with the 2020 baseline. The company’s subsidiaries use cutting-edge technology, including unmanned aerial vehicles and
“Rosneft” portable equipment, for surface inspections to detect methane emissions. Rosneft is continuing its progress toward
achieving the 2035 targets and exploring ways to further reduce emissions by leveraging new low-carbon technologies.
‘TI;{rSleCft” Reduce carbon intensity by 14% by 2025 and by 30% by 2030 (based on 2022).
279 million rubles: volume of investments in renewable energy in 2022.
PJSC . ) Lo oo
“Novatek” 625 thousand tons of CO2-equivalents: reduction in direct greenhouse gas emissions.

23,206 thousand: kWh energy consumption from renewable energy sources in 2022 (209 thousand kWh in 2021).

Source: Compiled by the authors using [33, 56-59]

Table 3 presents the key measures for minimizing
greenhouse gas emissions in the Russian oil and gas industry.
Each measure has been interpreted in the context of the
research framework by comparing it to specific indicators
within the BSC. For instance, measures aimed at monitoring
and reducing carbon dioxide and methane emissions, as well
as investing in renewable energy sources, are associated with
the “Ecology” dimension.

In addition to the primary measures mentioned above aimed
at reducing greenhouse pollutant emissions in the Russian oil
and gas sector, these companies also evaluate the effectiveness
of their climate change mitigation efforts using the Global
Reporting Initiative (GRI). GRI is a standardized set of
recommendations for reporting in the realm of sustainable
development. The latest version (G4) covers categories related
to corporate adaptation and climate change responses.
Employing these approaches in corporate reporting enhances
the reliability of information on climate and environmental
policies implemented by management. Furthermore, it allows
for the consideration of additional financial costs required to
enhance the effectiveness of decarbonization measures for oil
and gas enterprises.

5. DISCUSSION

5.1 Practical examples and implications of decarbonization
strategies for the oil and gas industry

Table 4 presents exemplar decarbonization indicators
pertinent to oil and gas industry enterprises and the effects to
be evaluated during the implementation of a decarbonization
measure. By leveraging these proposed indicators, the extent
of change in each decarbonization effect can be computed, and
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their cumulative value enables the ranking of decarbonization
measures based on their effectiveness. Subsequently,
considering the available financial resources, the company
determines specific measures to be implemented to reduce
CO»-equivalents emissions.

The examples given above are generally common among
listed enterprises because they reflect the efforts of these
companies to minimize their carbon footprint, adhere to
sustainable development principles and take care of the
environment.

Table 4 presents data from various oil and gas companies,
representing a more diverse sample of industry practices.
These data reflect the varied strategies and performance of
different companies, providing a holistic view of
decarbonization initiatives.

The carbon emission indicators above, along with their
related effects, can be used to predict how an oil and gas
company will develop. They assist in identifying areas of
operation that require enhancement within the framework of a
sustainable development strategy and the reduction of the
enterprise’s carbon footprint.

As previously noted, decarbonization measures
implemented by oil and gas companies entail increased costs
and capital investments. These factors can exert a detrimental
influence on the enterprise’s competitiveness both currently
and in the future. Therefore, it is advisable to enhance the
assessment of decarbonization measures by incorporating an
approach that considers alterations in the competitive position
of oil and gas enterprises. This evaluation was based on a
Balanced Scorecard system. For instance, a project that targets
the reduction of CO,-equivalents emissions may yield positive
environmental outcomes but may also result in short-term cost
escalation, negatively affecting the company’s financial
outlook. Consequently, it is essential to analyze the



comprehensive impact of the project on all facets of the
Balanced Scorecard system to gauge its overall effectiveness.

While an environmental perspective is inherent in the
assessment of decarbonization, this study emphasizes the
integration of ecological and economic factors. This dual
approach ensures a more thorough evaluation of
decarbonization measures by addressing both the immediate
impact on the environment and long-term economic viability.

This research makes a significant contribution by
developing a novel model that integrates environmental and
economic considerations into the evaluation of measures to
reduce carbon emissions. Unlike traditional methods, which
often treat these factors separately, our approach provides a
comprehensive framework that can be tailored to different
contexts within the oil and gas sector.

Table 4. Examples of decarbonization indicators for oil and gas industry enterprises

Decarbonization Spheres Decarbonization Indicators

Decarbonization Effects

Useful use of APG
Drilling optimization
Saving fuel and energy resources

Energy efficiency of oil and
gas production

Modernization of equipment and
optimization of technological
processes
Saving fuel and energy resources

Energy efficiency of oil
refining and petrochemistry

Exclusion of liquid fuel consumption

Energy efficiency of

renewable energy sources
renewable energy use 9y

Saving fuel and energy resources

Construction of energy facilities using

Reduce direct greenhouse gas emissions from stationary combustion
of fuel for personal needs and flaring, and from purchased
electricity. (Scope 1)

Preventing greenhouse gas emissions by reducing consumption of
purchased electricity. (Scope 2)

Reduce direct CO2 emissions. (Scope 1)
Prevent GHG emissions by reducing consumption of purchased
electricity. (Scope 2)

Prevent CO2 emissions using renewable energy sources and by
reducing consumption of purchased electricity. (Scope 2)
Bioenergy with carbon capture and storage technology (BECCS).
(Scope 3)

Optimize asset portfolios by diversifying gas, renewable energy
sources, hydrogen, etc. (Scope 3)

Source: Compiled by the authors using [35, 56-61]

The primary advantage of this research methodology lies in
its capacity to conduct a multidimensional analysis of
decarbonization initiatives. By using a modified BSC
framework, this study captures a broad spectrum of
performance indicators, providing a balanced perspective on
environmental and financial outcomes. This method
outperforms other approaches that focus solely on financial
metrics or environmental impacts.

5.2 Comparison with previous research

A comparison of the findings of this study with those of
previous studies reveals similarities and advances in the
following areas:

* Integrating environmental ethics into the performance
evaluation framework aligns with the trends in sustainable
development research. Previous studies have emphasized the
significance of incorporating ecological factors into business
strategies.

* This study advances the methodological approach by
specifically adapting the Balanced Scorecard for use in the oil
and gas industry and introducing a comprehensive indicator of
efficiency that considers both environmental and economic
aspects.

This dual-focus approach provides a more comprehensive
assessment than traditional methods that often prioritize one
aspect over the other.

5.3 Limitations of the model

Although the comprehensive efficiency indicator [Ey
proposed in this study provides a robust framework for
assessing decarbonization initiatives in the Russian oil and gas
industry, several limitations must be recognized. First and
foremost, the applicability of the model may be restricted
beyond the Russian context due to regional variations in
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regulatory frameworks, technological developments, and
market dynamics. Specifically, the weighting factors used in
the Balanced Scorecard approach are tailored to the unique
circumstances and priorities of Russian companies and may
require adaptation for use in other jurisdictions. Secondly, the
model relies on expert judgment and stakeholder input to
determine the significance of various indicators, which
introduces a certain degree of subjectivity. Although efforts
were made to minimize this by engaging with a diverse range
of stakeholders, inherent biases cannot be entirely eliminated.
Additionally, the model assumes that all businesses have equal
access to decarbonization technologies and financial resources,
which may not always be the case, particularly for smaller and
independent companies. The findings of this research have
significant implications for policymakers and industry
professionals. For policymakers, the comprehensive
efficiency indicator could serve as a useful tool for evaluating
the effectiveness of existing regulations and identifying
potential areas for additional support or incentives. For
industry professionals, the model offers a structured approach
for prioritizing and assessing decarbonization efforts, helping
corporate strategies to align with wider environmental goals.

5.4 Future research opportunities

Further research could explore various aspects of the
proposed model, including its potential applications in
different industries and regions, as well as its impact on
broader economic and environmental outcomes. Additionally,
studies could examine the feasibility of implementing the
model on a larger scale and its potential for integration with
other policy tools. Future research should focus on improving
the comprehensive efficiency indicator to increase its
applicability in various regions and sectors. This involves
developing region-specific weighting factors and including
additional variables that consider local market conditions and



regulatory frameworks. Additionally, longitudinal studies are
necessary to assess the long-term effects of decarbonization
efforts and validate the effectiveness of the proposed model.
Comparisons between countries and industries can also
provide valuable insights into the transferability of findings
and identify best practices that can be applied globally.

6. CONCLUSIONS
6.1 Advantages

The main strength of this study is its integrated approach,
which considers both environmental and economic factors
when assessing decarbonization strategies. This integrated
focus ensures that the analysis considers the full range of
implications of these measures.

Using a custom-designed BSC specifically designed for the
oil and gas industry provides a robust and structured approach
to evaluating decarbonization initiatives. The BSC
incorporates an “Ecology” dimension, addressing sector-
specific environmental concerns and offering a comprehensive
assessment tool aligned with corporate sustainability goals and
regulatory requirements.

Introducing the comprehensive efficiency indicator IEy,
this tool facilitates a quantitative assessment of
decarbonization efforts. Allows for a quantitative assessment
of decarbonization efforts and provides a clear measure to
evaluate the effectiveness of various measures. This metric
helps justify additional funding, monitoring ongoing projects,
and improving decision-making processes.

By assessing the impact of decarbonization initiatives on
competitive positioning, the model helps oil and gas
companies align their sustainability efforts with broader
business strategies. This integration fosters a more
comprehensive approach to corporate governance and
strategic planning.

6.2 Limitations

The reliability of the model results depends heavily on the
quality and consistency of the data provided by the companies.
Variations in data reporting standards and measurement
methods can lead to inconsistencies and affect the accuracy of
results.

Although the model was developed with the Russian oil and
gas sector in mind, specific economic and regulatory
circumstances may limit its applicability to other regions or
sectors. Differences in market conditions, regulatory
frameworks, and technological developments can influence
the suitability of the model to other contexts.

Given that the sample size and range of enterprises
examined in this study may not fully represent the diversity
within the oil and gas industry, smaller or independent
companies may encounter different challenges and
opportunities than larger, integrated corporations. This could
affect the validity of the findings.

6.3 Theoretical implications

The integration of environmental and economic
considerations into the model’s development may be relevant
to other sectors in which similar considerations are important.
However, it is essential to acknowledge that the specific
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circumstances of each industry may require a tailored
approach. This research contributes to the theoretical
understanding of decarbonization in the oil and gas industry
by incorporating environmental considerations into traditional
economic analysis frameworks. The modified Balanced
Scorecard, augmented with an “Ecology” dimension, bridges
the gap between environmental accountability and economic
performance, providing a more holistic perspective on a
company’s operations. This integration facilitates a more
comprehensive evaluation of sustainability efforts.

The creation and implementation of the integrated
efficiency measure /Ey allow for a more informed decision-
making process.

By quantifying the impact of decarbonization measures, this
indicator provides a practical tool for decision makers and
enhances the rationale and transparency of sustainability-
related decisions. This approach is in line with the increasing
demand for evidence-based decision making in corporate
sustainability.

The emphasis on competitive positioning and strategic
alignment in the model highlights the significance of
integrating sustainability into business strategies. This
viewpoint enriches the literature on strategic management by
demonstrating how environmental initiatives influence
competitive dynamics and long-term business viability. This
study underscores the strategic significance of decarbonization,
establishing it as a crucial component of corporate strategy
instead of a peripheral concern.

The theoretical framework and methodologies presented in
this study form a basis for future research into sustainable
development and carbon reduction. Subsequent studies can
build on this model to investigate its suitability in different
settings, industries, and locations. Furthermore, this research
provides an opportunity to examine the interaction between
various sustainability indicators and their collective impact on
corporate performance.

As a result of this investigation, a model was proposed to
assess the effectiveness of decarbonization initiatives at
Russian oil and gas companies. The analysis considered the
broader context of oil and gas production worldwide and
revealed that the economic recovery following the 2020 global
pandemic led to an increase in oil and gas consumption, which
in turn contributed to higher CO: emissions. Additionally, by
examining the distribution of CO: emissions along the value
chain in the oil and gas sector, we found that most CO:
emissions originate from methane emissions generated during
production at oil and gas facilities.

This study also examines the approaches adopted by
international oil and gas companies for reducing CO»-
equivalents emissions, categorized by scope. Upon analyzing
the measures taken by Russian oil and gas companies to reduce
their carbon footprint, it was observed that these enterprises
encounter challenges in assessing and analyzing the
effectiveness of their decarbonization efforts, mainly due to
increased costs and capital investments associated with such
measures. To address this issue, CBA and LCA approaches
were considered and evaluated. The analysis revealed that they
have limitations, primarily related to the complexity of
assessing and analyzing the effectiveness of decarbonization
measures for oil and gas enterprises. Therefore, it is
recommended that these approaches be used in conjunction
with other assessment tools and methods.

To analyze the effectiveness of decarbonization measures
for Russian oil and gas industry enterprises, a model is



proposed that includes a set of decarbonization indicators for
these enterprises to determine the areas of decarbonization and
the effects of such measures. A set of indicators is suggested
based on a modified version of the Balanced Scorecard, with
the addition of an “Ecology” section for evaluating
decarbonization efforts in the Russian oil and gas industry.
Within the framework of this model for analyzing the
effectiveness of decarbonization measures at oil and gas
industry enterprises, a quantitative assessment tool is proposed
in the form of an integral indicator reflecting the impact of
these measures on their core processes. The proposed model
for analyzing the effectiveness of decarbonization measures
for Russian oil and gas industry enterprises can enhance
decision-making efficiency in implementing decarbonization
and carbon footprint reduction strategies.

The article, with its content, approaches, methods,
suggestions, recommendations, and conclusions, makes a
significant scientific contribution to the sustainability of oil
and gas businesses in Russia. It provides both a theoretical
foundation and practical guidance for enhancing
competitiveness while adapting to the challenges of climate
change and transitioning to a low-carbon economy.

The model introduced in this article, along with the
modified Balanced Scorecard system and the integral indicator
designed to assess the effectiveness of decarbonization
measures for oil and gas industry firms, make noteworthy
contributions to the field of climate change adaptation
management. These contributions offer a systematic approach
that allows companies to evaluate their competitiveness and
efficiency in terms of efforts to reduce their carbon footprint.

The findings of this research, while specifically focusing on
Russian oil and gas firms, have wider implications for the
international industry. The comprehensive model can be
adapted to evaluate decarbonization measures in various
geographical and regulatory settings, providing valuable
information for oil and gas organizations worldwide.
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