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Abstract: Energy is the most carbon-intensive industry in Russia. At the same time, the carbon
footprint of electricity generation or produced electricity significantly affects the total carbon
footprint of a wide variety of materials and products, which is especially relevant for products of
energy-intensive industries (aluminum, platinum, carbon fiber reinforced plastics, etc.) and
hydrogen energy. According to various sources, the average carbon footprint of electricity
generated and consumed in Russia ranges from 310 to 634 g CO2-eq./kWh. In addition, it is necessary
to take into account significant differences in the generation structure of individual energy systems
and regions of Russia, which causes huge variance in the values of the carbon footprint of electricity.
Thus, the main type of fuel used at energy facilities in Russia is natural gas, the share of which is
71% of all fossil fuel consumption by generation facilities. There are also differences in the
generation structure between regions within one integrated energy system (IES). The paper
analyzes methodological approaches to determining grid emission factors for Russian electricity. It
has been established that different principles of territorial division of the Russian energy system can
be used to determine grid emission factors (national average grid emission factor, grid emission
factors for the unified energy system, grid emission factors for price and non-price zones of the
wholesale electricity market).

Keywords: carbon footprint; electricity generation; grid emission factor

1. Introduction

Ensuring carbon neutrality while maintaining sustainable economic growth is the main idea of
the Strategy for the socio-economic development of the Russian Federation with low greenhouse gas
emissions until 2050 [1]. In accordance with Decree of the President of the Russian Federation No.
666 of 04.11.2020, by 2030, greenhouse gas emissions must be reduced to 70% relative to the 1990 level
[2].

The Russian Federation accounts for 7% of global carbon dioxide emissions. At the same time,
the energy sector makes the largest contribution to the total greenhouse gas emissions in the Russian
Federation [3,4]. In 1990, the contribution of the energy sector to the total anthropogenic greenhouse
gas emissions (excluding the Land Use, Land-Use Change and Forestry sector), expressed in CO:
equivalent, was 81.5%, and in 2020 it was 77.9% [5].

Data on the carbon intensity of Russian energy is currently published in reports by international
organizations and analytical centers, in addition, such data is contained in various scientific
publications, reviews and reports [6-16]. These data were obtained at different periods of time, based
on different methodological approaches using data from different sources, which should be taken
into account when using certain numerical values when determining the carbon footprint of
electricity.

It is also important to consider that the carbon footprint depends on the method of energy
generation and can vary significantly across regions of the world depending on the prevailing
technologies [17-22]. In Norway, around 90% of all electricity produced comes from hydropower
[23,24], with an average national carbon footprint of 18 g CO2-eq./kWh as of 2023 [25]. The main
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source of electricity production in China is coal-fired thermal power plants (more than 62%) [26], so
on average, electricity in China has a fairly high carbon footprint 582 g COz-eq./kWh in 2023 [27,28].

In countries with a small territory, the generation structure is more homogeneous than in large
ones [29]. For example, in some countries with a relatively small area (Iceland, Costa Rica), the entire
energy system can be taken as a single one with common characteristics [30].

The carbon footprint of electricity produced in countries with large territory usually varies
significantly across regions, which also needs to be taken into account. For example, in the United
States, the carbon footprint of electricity is determined using factors that are calculated at the level of
individual eGRID subregions. eGRID emission factors take into account greenhouse gas emissions
directly prodused by generation facilities, but do not include imports/exports of electricity to a into a
specific state or any other grouping of plants. Also, they do not take into account energy losses during
transmission and distribution between generation points and consumption points, or electricity
purchases. In addition, eGRID does not take into account any pre-combustion emissions associated
with the extraction, processing, and transportation of fuels and other materials used in plants, or any
emissions associated with the construction of plants [31-35].

The Russian energy system also has a complex structure, since individual integrated energy
systems and regions have their own characteristics of electricity generation, which is important to
take into account when determining the carbon footprint of electricity.

The carbon footprint of electricity has a significant impact on the carbon footprint of products
that use electrical energy in their production. In the context of the need to address the problem of
global climate change, tightening environmental legislation, and legislative regulation of greenhouse
gas emissions, determining the carbon footprint of products is an important tool for managing
climate risks. Calculating the carbon footprint allows organizations to report on greenhouse gas
emissions as part of climate regulation, assess their environmental burden, identify activities and
processes in which greenhouse gas emissions can be reduced, and develop measures to reduce the
negative impact on the climate system.

Hydrogen is currently a promising energy resource for industrial decarbonization. However,
most of the hydrogen currently produced is considered as «grey» because its production is
accompanied by significant consumption of electricity obtained from fossil fuels (e.g. steam methane
reforming and coal gasification), and leads to additional CO: emissions [36]. Thus, for the use of
hydrogen in the energy sector to be promising, it is necessary to use low-carbon sources of electricity
for hydrogen production.

Today, mechanisms of economic responsibility for greenhouse gas emissions are being
introduced (quotas for exceeding greenhouse gas emission standards, greenhouse gas emissions
trading). Therefore, assessing the carbon footprint and effectively using mechanisms to reduce it will
allow organizations to mitigate economic risks (fines, reduced sales of products, etc.) along with
reputational risks (image, competitiveness of products).

Accounting for the carbon footprint of electricity is especially important in the production of
energy-intensive materials and goods, such as aluminum, platinum and other metals, carbon fiber
reinforced plastics, etc. [37-41].

For example, in the production of aluminum at the Krasnoyarsk Aluminum Plant RUSAL
(Russia) uses its own generating capacities (hydroelectric power plants) [42], so in this case, assessing
the carbon footprint of products does not present significant methodological difficulties. However,
for most other products manufacturing, external electricity is used, from the general network or from
third-party suppliers. In this regard, there is a need to obtain adequate data on the carbon footprint
of the electricity used. Often in practice, difficulties arise with justifying the carbon footprint of the
electricity used in the products manufacturing due to the lack of data that would be approved or
recommended by government authorities.

The market or regional method can be used to assess the carbon footprint of electricity [43]. The
market method is applicable only in those regions where markets for «green» contractual instruments
have been formed, which allow consumers to choose electricity differentiated by origin.
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Organizations mainly use electricity from public grids. In this case, the carbon footprint should
be calculated using regional grid emission factors calculated by the organization based on statistical
data on fuel consumption and on the volumes of electricity and heat supplied from all external
generating facilities located in the regional energy system of the constituent entity of the Russian
Federation. However, the mechanism for calculating regional grid emission factors is not transparent
enough, and the data presented in open sources have varying degrees of validity and often contradict
each other. This creates difficulties in determining indirect energy emissions for organizations. Thus,
a relevant task is a comparative analysis of greenhouse gas emission factors and approaches to
establishing them in order to justify the use of the most adequate (legitimate) data for calculating the
carbon footprint of consumed electricity.

The article presents an overview of the approaches used to assess the carbon footprint and
available data on the carbon footprint of electricity produced in the Russian Federation, and their
comparative analysis, identifies problems with the quality of data and the calculation of greenhouse
gas emission factors, and provides recommendations for substantiating methodological approaches
to assessing the carbon footprint of electricity in products manufacturing and for the use of certain
data.

Since the energy complex of the Russian Federation is not homogeneous and has a complex
territorial structure, when determining the carbon footprint of electricity, it is important to take into
account the specifics of the electric power industry functioning both at the level of the state (at a level
of Unified Energy System of Russia) and at the level of integrated energy systems or at a level of a
single regions.

2. Materials and Methods

The research involved collecting and systematizing of information on the structure and features
of electric power generation in the Russian Federation at different levels, from the Unified Energy
System (UES) to the integrated energy systems which are part of UES. In addition, the features of
generation in individual regions (using the Perm region as an example) and at enterprises were
analyzed. The considered structure of electric power generation in the Russian Federation is
presented in Figure 1.

Individual generating capacities

Regional energy system
(Perm Region)

Integrated energy system of Urals
Unified energy system of Russia

Figure 1. Structure of electric energy generation in the Russian Federation.

Comparison of the generation structure at the level of the Unified Energy System of Russia, the
Ural Interconnected Energy System, the energy system of Perm region and individual generating
capacities (electricity sources of large enterprises, thermal power plants, small and medium-sized
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generation facilities, etc.) is carried out in order to establish differences in the technologies used in
electricity generation, types of fuel combusted. The generation structure, the amount and type of
fossil fuel consumed to generate electricity ultimately determine its carbon intensity. Therefore, when
determining the electricity carbon footprint, it is important to take into account the generation
features characteristic of different territories of the Russian Federation.

For a comparative analysis of existing methodological approaches to assessing the electricity
carbon footprint, information from open sources publishing grid emission factors for the Russian
Federation was collected and systematized.

The possibility and feasibility of using data on grid emission factors was assessed based on the
requirements of environmental legislation and the specifics of the generation structure in different
territories of Russia.

3. Results and Discussion
3.1. Structure and Features of the Energy System of the Russian Federation

The Unified energy system (UES) operates on the territory of the Russian Federation,
representing one of the largest and unique energy system associations in the world energy sector in
terms of its quantitative and qualitative characteristics. The UES was created through the step-by-
step unification and organization of parallel operation of regional energy systems, and the creation
of interregional integrated energy systems. The UES of Russia consists of 7 integrated energy systems:
the East, Siberia, the Urals, the Middle Volga, the South, the Center and the Northwest, which are
further divided into 75 regional energy systems. In addition to the UES, the Energy Complex of
Russia includes five technologically isolated territorial energy systems (TITES) of the Kamchatka
region, the Magadan and Sakhalin regions, the Chukotka Autonomous okrug, as well as the Norilsk-
Taimyr technologically isolated energy system in the Krasnoyarsk Region [44]. In addition, the UES
of Russia is conditionally divided into two synchronous zones. The first synchronous zone includes
all the unified energy systems, except for the integrated energy system of the East. The second
synchronous zone includes the integrated energy system of the East, which operates in isolation from
the first synchronous zone [45]. Centralized operational dispatch control of the technological regime
of the UES of Russia on the territory of the constituent entities of the Russian Federation is carried
out by JSC «System Operator of the Unified Energy System».

As of January 1, 2024, the total installed capacity of power plants of the UES of Russia amounted
to 248 164.88 MW, of which thermal power plants account for 65.98%, hydroelectric power plants -
20.24%, nuclear power plants - 11.9%, wind power plants - 1.01%), solar power plants - 0.87% [46].
The main fuel used at power facilities in Russia is natural gas. It accounts for about 71% of all fuel
consumption in the electric power industry. At the generation facilities of the second synchronous
zone, coal is predominantly used (up to 60% of consumption), which is due to a lower level of
gasification. A comparative characteristic of the generation structure of the UES of Russia as a whole
and individual IESs at the beginning of 2024 is presented in Table 1 [47].

Table 1. Comparative characteristics of the structure of generation of energy systems of Russia.

Share of actual installed capacity of the generating facility, %

Hydroelectric power

Energy system Nuclear power Thermal Renewable energy
plants and pumped
plant power plant sources
storage power plants
UES of Russia 11.9 20.2 66.0 1.9
IES of North-West 244 11.8* 62.9 0.8
IES of the Center 27.3 3.6 69.1 -
IES of the Middle Volga 14.5 25.2 59.3 0.9
IES of South 14.7 23.3 49.9 12.1
IES of the Urals 2,8 3.6* 92.7 0.9
IES of Siberia - 48.5* 50.8 0.8
IES of the East 41.2 58.8* - -

TITES 2.0 48.7* 49.2 0.04
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* only hydroelectric power station.

As can be seen from the presented data, thermal power plants prevail in the generation structure
of all integrated power system, however, the integrated power system of Siberia, the integrated
power system of the East and the TITES are characterized by a relatively high share of hydroelectric
power plants, since the largest hydroelectric power plants in Russia are located in Siberia (Sayano-
Shushenskaya, Krasnoyarsk, Bratskaya) [48]. The share of hydroelectric power plants in the
generation structure of thermal power plants is high, while the main type of fuel for the production
of electricity in isolated power systems is diesel fuel [49], which is used in low-power diesel units,
which leads to low efficiency rates of electricity supply and high costs of electricity production. TITES
is characterized by complex logistics of fuel delivery with limited timeframes for seasonal delivery
to hard-to-reach areas [50].

There are no nuclear power facilities in the IES of Siberia and the IES of the East, the largest share
of nuclear power plants generation is typical for the IES of the Center (27.3%), the IES of the North-
West (24.4%). Nuclear power plants in Russia are considered as promising sources of generation in
terms of ensuring low-carbon development of the economy, along with hydroelectric power plants.
At the same time, in Europe the question of recognizing nuclear power plants as a «sustainable»
source of energy remains open [51].

The share of renewable energy sources in Russia is quite low, and their territorial distribution is
extremely uneven. Most renewable energy sources are located in the IES of the South, since the South
of Russia and the North Caucasus have a high level of insolation and acceptable wind loads for the
development of wind energy.

According to the forecast presented in the Scheme and program for the development of electric
power systems of Russia for 2024-2029 [52] energy consumption is expected to grow. It is planned to
commission additional power units at the Kursk nuclear power plant, and to build a wind power
plant and a solar power plant.

3.2. Structure and Features of the Energy System of the UES of the Urals

The IES of the Urals is located on the territory of the Ural and Volga Federal Districts, the IES of
the Urals includes 11 regions of the Russian Federation: the Republic of Bashkortostan, the Udmurt
Republic, the Khanty-Mansi and Yamalo-Nenets Autonomous Okrugs, the Perm, the Kirov,
Orenburg, Sverdlovsk, Kurgan, Tyumen and Chelyabinsk Regions.

The total installed capacity of power plants of the IES of the Urals, as of the beginning of 2024,
is 53,318 MW. The IES of the Urals is characterized by the highest energy consumption among other
IES. According to data for 2023, electricity consumption in the IES of the Urals amounted to 260.8
billion kWh (23% of the total electricity consumption in the UES of Russia). The generation structure
of the IES of the Urals includes thermal power plants (92.68%), hydroelectric power stations (3.64%),
nuclear power plants (2.79%), renewable energy sources (0.89%) [53].

The largest generating facilities in the structure of the IES of the Urals are Surgut state district
power plants (SDPP) - 1 and 2, Reftinskaya State District Power Plant (SDPP), Perm SDPP, etc. [54].
The Beloyarsk NPP, located in the city of Zarechny (Sverdlovsk Region), operates as part of IES of
the Urals and its capacity is being expanded [55].

Solar power plants are located in the Orenburg region. Also in 2024, measures were taken to put
the Artinskaya and Chekmashskaya solar power plants into operation. The Artinsky district of the
Sverdlovsk region is characterized by a greater number of sunny days per year than other territories
of the region. With the introduction of two new solar power plants in the Sverdlovsk region, the total
installed capacity of all solar power plants in the Ural IES reached 515 MW. The wind power plant
«Tyupkildy» (Republic of Bashkortostan) operates in the IES of the Urals [56].

3.3. Structure and Features of the Energy System of the Perm Region

The energy system of the Perm region is one of the largest and most developed energy systems of
the constituent entities of the Russian Federation and is part of the IES of the Urals. The total installed
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capacity of the generating equipment of the power plants of the Perm region at the beginning of 2022
was 7797.5 MW. The main energy hubs of the electric power system of the Perm region are: Permsko-
Zakamsky, Bereznikovsko-Solikamsky, Kizelovsko-Chusovskoy, Kungursky, Yuzhny [57].

All thermal power plants in Perm region use natural gas as their main fuel. The growth potential
of large hydropower in the region has been exhausted. Water resources allow only the development
of small hydropower.

The energy system of the Perm region is energy surplus. In 2021, 26,501.3 million kWh of electric
energy were generated in the Perm region, of which 3,214 million kWh (12.1%) were transmitted to
neighboring regions. The energy system of the Perm region is connected to the energy systems of the
Kirov Region, Sverdlovsk Region, Udmurt Republic, and the Republic of Bashkortostan [58].
Electricity consumption in the Perm region in 2021 amounted to 25,745 million kWh [59].

A distinctive feature of the energy sector of the Perm region is a relatively high share of
hydroelectric power plants (21.3 %) [58] and the absence of nuclear power plants. In general, the Perm
region, as well as Russia and the world, is characterized by a high share of thermal power plants in
the generation structure. Compared with the global indicator, generation in Russia is characterized
by a lower level of renewable energy sources [53].

Since 2017, most enterprises in the Perm region have conducted energy audits, developed energy
saving programs, introduced automated energy consumption metering systems, new energy saving
technologies and equipment, and are building their own energy sources.

At the current level of energy prices, in order to reduce the energy intensity of production in the
economy, it is advisable to focus on domestic energy sources [57].

3.3. Generating Capacities Owned by Companies

The creation of their own generating facilities by Russian industrial enterprises is primarily
associated with the need to reduce energy costs. Examples of projects to create their own generating
capacities of companies in the Perm region are presented in Table 2.

Table 2. Own generating capacities of companies in the Perm region.

Object name Commissioning year Power Equipment Source
. 129 MW 4 GTU (Siemens SGT-400), waste-
PJSC «Uralkali», BKPRU-4 2005 . [60]
(1 GTU) heat boilers (JSC Belenergomash)
200 MW, 8 power units GTES-25PA (JSC
2012 40 t/h «UEC-Aviadvigatel»), waste-heat [61]
(steam) boilers MZ (JSC «ZiO-Podolsk»)
GTU-16 (JSC «UEC-

Aviadvigatel»), 4 synchronous

LLC «LUKOIL-
Permnefteorgsintez», GTPP

PJSC LUKOIL, GTPP

. 2020 16 MW turbogenerators of 4 MW each [62,63]
«Chashkino»
(OO0 «Elektrotyazhmash-
Privod»)
. 3 gas-piston units (Wartsila,
JSC «Solikamskbumproms» 2019 55 MW . [64]
Finland)
6 MW
(1 GTPP), 3 GTES «Ural-6000» (JSC "UEC-
JSC «SIBUR-Khimprom» 2014 420 ths Aviadvigatel"), 3 waste-heat [65]

tons/year boilers (JSC «Belenergomash»)
(steam)

Companies in the Perm region are investing in newly created facilities of their own generation
(PJSC «LUKOIL», JSC «SIBUR-Khimprom», PJSC «Uralkali») and purchasing and subsequent
reconstruction of previously created facilities (JSC «Solikamskbumprom»).

The goal of creating our own generating capacities is to ensure the stability and reliability of
technological equipment operation and reduce energy costs. Individual generation facilities often
have a higher efficiency and are located in close proximity to energy-consuming devices, which
eliminates the construction of expensive heating networks and power lines. Thus, the costs of
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transporting energy over long distances are eliminated. Additionally, individual generation facilities
enable companies to reduce the carbon footprint of their products.

3.4.«. Green» Certificates

Purchasing «green» energy from renewable energy sources is possible using the «green»
certificates tool (certificates of energy origin). With the help of such certificates, electricity consumers
acquire rights to positive environmental and social effects from electricity production using
renewable energy sources. Purchasing and redeeming «green» certificates allows energy consumers
to apply green labeling to their products and declare a reduction in the carbon footprint of their
products. By selling green certificates, generating companies can invest in the construction of new
renewable energy production facilities [66,67].

The system of «green» certificates in Russia is at the implementation stage. On February 1, 2024,
Federal Law No. 489 of 04.08.2023 "On Amendments to the Federal Law «On Electric Power Industry
[68]», came into force, aimed at creating a Russian certification system for low-carbon electricity
sources.

Carbon Zero LLC maintains a register of Intergovernmental Panel on Climate Change (IPCC)
certificates, in which it records all transactions, including transfer and redemption, in relation to each
certificate. The register of certificates is maintained electronically [66].

According to the data [69] the subsidiaries of PJSC EL5-Energo, «Azovskaya VES» LLC and
«Kolskaya VES» LLC, have concluded contracts for the sale and purchase of green certificates for the
fact of electricity production at renewable energy sources with «LUKOIL-ENERGOSETI» LLC. The
Azov and Kolsky wind farms of PJSC «EL5-Energo» were registered in February 2024 in the Register
of qualified generating facilities operating on the basis of renewable energy sources.

Thus, the system of «green» contractual instruments in Russia is at the implementation stage. In
connection with the tightening of carbon regulation, an increase in the number of companies
acquiring attributes of low-carbon generation should be expected.

3.5. Existing Approaches to Assessing Greenhouse Gas Emissions of Electricity Production

Greenhouse gas emissions of electricity production are estimated based on the
recommendations of international standards and methodologies. International standards contain
general requirements and approaches to calculating emissions. Methodologies are formed based on
the requirements of the standards and contain a calculation algorithm, necessary formulas and
requirements for the initial data. Table A.1 presents existing approaches to estimating greenhouse
gas emissions from electricity production.

In accordance with the IPCC Guidelines for National Greenhouse Gas Inventories [70,71] the
calculation can be made at three tiers.

Tier 1 approach based on calculations for each source category and fuel. The IPCC emission
factors for carbon dioxide in kg COz-eq./T] reflect the carbon content of the fuel and the assumption
that the carbon oxidation factor is one. These factors depend only on the type of fuel combusted; their
value does not depend on the industry where the combustion takes place. Thus, for crude oil, the
emission factor is 73,300 kg COz-eq./TJ for both crude o0il combustion in the power industry and its
combustion in industrial processes. The factors for methane and nitrous oxide have different
numerical values for different source categories, since they depend on the combustion technology
used at the source.

Tier 2 approach involves estimating emissions based on country-specific emission factors. Tier
3 approach involves splitting the fuel combustion statistics over the different possibilities and using
emission factors that are dependent upon these differences.At this tier, when calculating country-
specific emission factor, the possibility of taking into account emissions of greenhouse gases other
than carbon dioxide is indicated, data on emissions of which can also be obtained through plant-
specific data on emissions. However, these factors can only be used to calculate direct emissions from
fuel combustion at a generation facility and cannot estimate indirect emissions from electricity
consumption.
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Based on the IPCC Guidelines, the National Inventory Report [72]. developed emission factors
for fuel types that reflect the total carbon content minus unoxidized carbon that passes into ash, soot
and particulate matter.

The IPCC Guidelines formed the basis for determining the carbon intensity of the Russian
energy sector in a number of other sources [7-9], for example, data on IPCC factors for types of fuel
were used in the researches of Saneev et al. [7], and Brander et al. [9]. The methodology in force in
Russia for quantitative determination of the volumes of greenhouse gas emissions and greenhouse
gas absorption [73] also contains emission factors for different type of combusted fuel in the electricity
generation from the IPCC Guidelines and the National Inventory [72].

The GHG Protocol [43] and ISO 14064-1:2018 [74] provide requirements for organizations to
determine greenhouse gas emissions from generated electricity that they consumed. Grid emission
factors in accordance with the recommendations of these standards do not take into account the stage
of fuel production and construction of power plants. The GHG Protocol provides for the accounting
of electricity flows across regional boundaries.

The recommendations given in these standards have found their application in the Guidelines
for the quantitative determination of the volume of indirect energy greenhouse gas emissions[75]. In
addition, the principles for accounting for indirect greenhouse gas emissions are contained in GOST
RISO 140641-2021 [76]. In accordance with the Methodological Guidelines, organizations themselves
determine emission factors using a regional or market approach. Regional grid emission factors are
calculated by the organization based on statistical data on fuel consumption and on the quantity of
supplied electric power from all external generating objects located in the regional energy system of
the constituent entity of the Russian Federation in which the organization consuming this electric
power is located. The calculations also take into account the volumes of electric power receipt and
fuel consumption from neighboring regional energy systems for the reporting period.

In the case of an organization consuming electric energy on the basis of bilateral contracts and
sale agreements, a market approach for the quantitative assessment of indirect energy emissions is
provided.

Calculation of grid emission factors for the energy system of the Russian Federation in the
context of individual constituent entities is carried out by HPB Solution LLC. To date, the company
has patented regional emission factors for 85 subjects of the Russian Federation. The database
contains: calculation blocks for determining regional emission factors with the calculation
methodology, an archive of initial data used for calculations, a summary table with the calculation
results for all constituent entities and a list of assumptions. The emission factors are intended for
calculating indirect greenhouse gas emissions at the corporate level, and assessing the life cycle of
products. The database is provided by HPBS LLC on a commercial basis [77].

Regional energy emission factors for the Russian Federation are published by Carbon Footprint
Ltd. [14] taking into account the generation structure and quantitative data on the types of fuel
combusted. Carbon Footprint Ltd data includes information on the GHG emission factor for
electricity generation in the Russian Federation, the emission factor for transmission and distribution
of electricity (emissions that occur when delivering electricity from power plants to end consumers
due to electricity losses in the transmission and distribution network), the factor for the extraction,
refining and transportation of fuel before its use in the power plant.

Emission factors for the Russian Federation are also published by a number of foreign sources.
The International Energy Agency (IEA) develops GHG emission factors from electricity generation
taking into account electricity trade with neighboring countries and taking into account losses during
transmission and distribution of electricity [13]. In accordance with the IEA methodology, factors are
calculated for electricity generation, factors for cogeneration of thermal and electrical energy, factors
taking into account losses during its transportation and distribution, etc. The factors developed by
the IEA are provided to users on a commercial basis.

The United Nations Framework Convention on Climate Change (UNFCCC) methodology is
designed to calculate the reduction in emissions from electricity generation during the
implementation of Clean Development Mechanism (CDM) projects. Based on the methodological
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approaches of UNFCCC methodology, carbon emission factors were determined by Lahmeyer
International in cooperation with the European Bank for Reconstruction and Development. The
carbon emission factors were determined for the period from 2009 to 2020 based on an analysis of
data on electricity generation and transmission in the energy system, and an analysis of electricity
demand. The carbon emission factors were determined for the period up to 2020 based on the creation
of a Power System Simulation Model [15].

A similar approach is used by the IFI Technical Working Group (IFITWG) [5]. The methodology
[78] takes into account electricity generation without the interconnections of the country energy
system with the energy systems of other countries. The methodology involves dividing energy
sources into power plants of the Operating margine and Build margine. The power plants of the
Operating margine include plants with the highest operating costs, operating on fossil energy
sources. Build margin power plants are newly introduced power plants, the construction and
operation of which may be affected by a renewable energy project, based on an assessment of planned
and expected new generating capacities. When determining the Combined Margin Emission Factor
Operating Margin and Build margin was taken into account, the weighting ratios specified in the
relevant industry documents are observed.

The emission factors for 2020 of the European Bank for Reconstruction and Development report
are currently given in PNST 646-2022 Preliminary national standard of the Russian Federation.
«Green» standards. «Green» products and «green» technologies. Methodology for assessing the
reduction of the carbon footprint [79]. The standard was developed due to the need for an effective
and visual tool for assessing the impact of «green» technologies and «green» products on the
reduction of greenhouse gas emissions during their production and use. The methodology takes into
account both direct and indirect greenhouse gas emissions excluding emissions from the combustion
of biogas, biomass and its processed products, loses associated with fuel distribution, emissions in
emergency situations.

Since September 1, 2021, the Association «NP Market Council» together with JSC «TSA»
launched a pilot project to calculate and publish grid emission factors. Within the framework of this
project, the Concept for Calculating and Publicating Emission Factors of the Russian Power System
was developed [80]. When developing the concept, the authors were guided by the requirements of
the GHG Protocol and ISO 14064-1:2018 standards, as well as international methodologies of the IEA,
CDM, AIB. The authors of the Concept defined the boundaries for aggregation into subregions at the
level of price and non-price zones of the wholesale electricity and capacity market, as well as at the
level of isolated systems initially formed based on the principle of the absence or presence of a
minimal flow of electricity between these parts of the power system [8].

The publication of grid emission factors developed on the basis of the Concept [80] is carried out
on the resource of JSC «TSA» for informational purposes [12]. The resource presents the actual grid
emission factors of the energy system. Their calculation is carried out annually on the basis of actual
data on the functioning of electric power facilities for the past year, and the publication is in April of
the year following the reporting year.

Actual values can be used to assess the carbon footprint of organizations and to form non-
financial reports, while planned emission factors can be used for informational and analytical
purposes. The Association «NP Market Council» and JSC «TSA» take into account actual volumes of
electricity export/import, as well as existing electricity flows between price and non-price zones.

The Ecoinvent database contains energy emission factors by generation facility types for the
Russian Federation [81]. The database contains over 20,000 life cycle inventory data sets not only in
the energy sector. The carbon footprint of electricity production in the Ecoinvent database is
determined based on average electricity production conditions in Russia, rather than on data for the
production of a specific company or territory. Data on specific emissions per unit of electricity
generation are differentiated by generation types (coal, oil, natural gas, nuclear power plants,
hydroelectric power plants, renewable energy sources). Average market data are also provided,
taking into account the transmission of electricity between energy systems and the transmission of
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electricity from the distribution station to the consumer, taking into account the additional carbon
footprint of transformation and distribution of electricity through networks.

Most methodological approaches to determining energy system emission factors (with the
exception of Ecoinvent) take into account only emissions from fuel combustion. Thus, the carbon
footprint of renewable energy sources, hydroelectric power plants and nuclear power plants is
assumed to be zero.

There are no unified approved energy emission factors at the level of the entire country or
individual regions in the Russian Federation. In accordance with the Letter published by the Ministry
of Energy of Russia on January 23, 2020 No. MU-644/09, currently not a single federal executive body
is vested with the authority to approve grid emission factors for all regional and integreted energy
systems, as well as greenhouse gas emission factors for all types of thermal coal, fuel oil and natural
gas used in Russia [82].

Independent calculation of grid emission factors is complicated by the lack of necessary data in
the public domain, for example, data on the amount and types of fuel consumed in the energy system.
Therefore, for emission calculations, they resort to using grid emission factors published in the public
domain.

In the case of energy consumption under bilateral contracts and sale agreements (e.g. from small-
scale generation facilities), greenhouse gas emissions are determined using the market approach. In
this case, grid emission factors are contained in contracts and sale agreements or in certificates of
electricity origin («green» certificates). If, along with electricity received under bilateral contracts,
additional electricity is consumed (in excess of the volumes specified in the agreement), then energy
emissions from this amount of electricity are determined using the Residual emission fator. At the
moment, Residual emission fator is not determined for the Russian Federation, probably due to the
fact that the system of «green» certificates is only just emerging. Therefore, a grid emission factor can
be used for the uncertified balance of generation.

Thus, at present there are many sources of data on grid emission factors, the calculation of which
is carried out with varying degrees of detail, using different methodological approaches in
determining the boundaries of the life cycle of electricity generation, different sources of initial data.
Grid emission factors are published on the resources of international organizations, reports of
analytical centers, scientific publications. Determination of factors for conditionally balanced zones
with minimal flows is carried out by NP «Market Council» together with JSC «TSA». Factors are
published in the public domain for information purposes in accordance with the developed Concept,
which has passed validation and at this stage the actual values of the factors can be used to assess the

carbon footprint of electricity and the formation of climate reporting.

3.6. Carbon Footprint of Electricity Genereted in Russia

The data available today on the carbon footprint of electricity in Russia are obtained on the basis
of different methodological approaches to calculation and relate to different time periods. Summary
data on the carbon footprint of electricity generated in the Russian Federation are presented in Table
A2.

Thus, according to Climate Transparency data [11] for 2021, 321.8 g CO,-eq. is emitted for every
kilowatt-hour of electricity in Russia, which is lower than the average for G20 countries, which is
4447 g COz-eq./kWh. This is due to the use of relatively low-carbon natural gas in the electricity
generation at traditional thermal power plants, as well as a significant share of nuclear and
hydroelectric power in Russia.

A report by global energy think tank Ember found that with emissions of 441 g COz-eq./kWh in
2023, Russia's electricity generation is less carbon-intensive than the global average (480 g CO:-
eq./kWh). However, the figure for Russian energy is significantly higher than the European average
(300 g CO2-eq./kWh) [10].

It should be noted that the data from sources on the generation structure in the Russian
Federation for the same period of time differ from each other. Thus, in the Ember report, the share of
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coal in the fuel balance of Russia in 2023 is 17%, according to The Energy Institute Statistical Review
of World Energy™ —12% [83].

Inconsistencies in the initial data of different sources ultimately lead to different numerical
values when calculating grid emission factors. Most factors do not take into account the stages of fuel
production and power plant construction, thus, emissions from low-carbon generation facilities
(hydroelectric power plants and nuclear power plants) and renewable energy sources are assumed
to be zero. An exception is the Ecoinvent database data, which contains specific greenhouse gas
emissions by generation types and types of fuel combusted, taking into account all stages of the
electricity life cycle. In addition, the factors have different intended purposes. For example, emission
factors developed by the IFI Technical Working Group (IFITWG) and Lahmeyer International using
the CDM methodology were intended to calculate emissions from electricity production in Russia to
develop a baseline scenario for activities under Joint Implementation Projects (JIP).

Operating Margin Grid Emission factors take into account emissions from power plants with the
highest variable operating costs (thermal power plants on natural gas, oil and coal) and for Russia
are 476 g COz-eq./kWh. The emission factor for power plants of the operating range for the Unified
Energy System of Russia, determined in the report of the European Bank for Reconstruction and
Development Lahmeyer International in 2010 based on the forecast is 634 g COz-eq./kWh.

Carbon Footprint Ltd. data can be used to determine greenhouse gas emissions associated with
electricity generation in the Russian energy system; the emission factor take into account both
electricity generation and its transmission and distribution. Country-level grid emission factor for the
Russian energy system are also published by Climate Transparency and IRENA. However, they do
not take into account the differences in the generation structure of integrated energy systems and
regions of the country. Using grid emission factors that take into account the generation structure
allows for a more accurate assessment of greenhouse gas emissions, which is especially important for
the complex and multi-level structure of the Russian energy system.

The carbon footprint of generated electricity has a wide range of values and varies depending
on the territory structure, the fuel used, the stages of the electricity life cycle taken into account, etc.
(Figure 2) [7,9-16,79-92].
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Figure 2. Carbon footprint of generated electricity.

Thus, the database of JSC «TSA» is currently the priority source of initial data on emission factors
for the energy system of the Russian Federation, despite the fact that today, at the legislative level,
there is no single source for publishing energy emission factors and the factors of J[SC «TSA» are of
an informational purposes.

It is worth noting that in Russia, the system of «green» certificates is at the implementation stage,
emissions from the generation and consumption of electricity are determined using regional grid
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emission factors. The market approach is not currently used, the residual emission factors are not
published.

4. Discussion

A comparative description of the generation structure and the carbon footprint of generated
electricity in the world, Russia, the IES of the Urals, the Perm region and the individual generating
capacities is presented in Figure 3 [6,10,15,47,93].
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Figure 3. Comparative characteristics of the generation structure and carbon footprint of produced
electricity.

As can be seen from the presented data, the carbon footprint of electricity (generated mainly by
thermal power plants) generated in Russia is lower than average carbon footprint of electricity
generated in the world, while the carbon footprint of electricity produced in different territories of
the Russian Federation may also differ. The carbon footprint of electricity generated in the IES of the
Urals is lower than the Russian average due to the use of natural gas as the predominant fuel at
thermal power plants. In the Perm region, the carbon footprint of electricity is lower than the carbon
footprint of electricity produced in the IES of the Urals due to the higher share of hydroelectric power
plants.

The carbon footprint of electricity produced by individual generating capacities of companies
will depend on the generation technology implemented. According to the research results [93], it was
found that the carbon footprint of electricity generated by a gas turbine unit (using natural gas and
methane-hydrogen fuel) has a higher value than when generating energy at gas turbine power plants,
which is explained by the additional generation of heat, thereby reducing the carbon footprint of the
electricity produced. The use of hydrogen in the fuel mixture in the energy sector will be promising
if low-carbon electricity sources are used to produce hydrogen.

5. Conclusions

The Russian energy system has a complex territorial structure; each territorial zone has its own
generation specifics, which is important to take into account when calculating energy emissions.

The use of a country-level grid emission factor for the entire energy system of the Russian
Federation will not allow obtaining reliable data, since it does not take into account the characteristics
of generating facilities in individual territories; in this regard, it is preferable to use grid emission
factors determined for individual territorial entities within the framework of the unified energy
system.
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Grid emission factors published in open sources were developed using different initial data and
taking into account different boundaries of the life cycle of electricity. At the same time, all of them
are of an informational purpose., since no federal executive body has the authority to approve grid
emission factors for all regional and integrated energy systems, as well as emission factors for all
types of energy coal, fuel oil and natural gas used in Russia. The database of JSC «TSA» is currently
the priority source of initial data on grid emission factors for the energy system of the Russian
Federation, despite the fact that at present, a single source for the publication of energy emission
factors is not established at the legislative level and the factors of JSC «T'SA» are of an informational
purpose.

The carbon footprint of electricity produced in the IES of the Urals is below the average carbon
footprint of Russian electricity, due to the use of natural gas at thermal power plants and the presence
of nuclear power plants in the generation structure. Due to the high share of hydroelectric power
plants in the generation structure, electricity produced in the Perm region has a lower carbon
footprint than electricity produced in the IES of the Urals. The carbon footprint of electricity produced
by individual generating capacities of companies will depend on the generation technology being
implemented. Thus, it is necessary to create a unified system for determining and publishing grid
emission factors and approve unified grid emission factors at the legislative level.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org Table S1: Existing approaches to assessing greenhouse gas emissions from
electricity generation; Table S2: Data on the carbon footprint of electricity generated in the Russian Federation.
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