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The article explores theoretical-methodological and applied aspects of modeling decarbonization scenarios
for the fuel and energy complex (FEC) of the Russian Federation, considering climate constraints and
transformations within the global energy architecture. It substantiates the critical role of the energy sector in
implementing climate policy, including achieving carbon neutrality, and analyzes the challenges associated
with reducing anthropogenic greenhouse gas emissions. The structure of a comprehensive forecasting system
is presented, integrating modules for global and national economies, as well as for the world and Russian
energy sectors. The article details algorithms for the formation of FEC development scenarios, encompassing
assessments of energy demand, technological transformation of industries, regional consumption breakdown,
energy system balancing, and evaluation of the financial and economic consequences of decarbonization
strategies. Special attention is paid to the adaptation of the SCANER model, developed by institutions of the
Russian Academy of Sciences, and to the coordination of macroeconomic and energy forecasts within the
framework of intersectoral planning.

1 INTRODUCTION

Within the macroeconomic framework of the Russian
Federation, the energy sector stands as an
indispensable cornerstone. It executes pivotal
functions by securing a continuous energy supply for
domestic  consumption, catalyzing economic
advancement through export-derived fiscal surpluses
from fuel and energy commodities, and substantially
reinforcing state revenues. This industry is
instrumental in sustaining and generating millions of
employment opportunities, thereby molding the
nation’s  socio-economic  structure. Moreover,
strategic investments directed at the technological
modernization of the energy complex engender
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multiplier effects that invigorate both industrial
production and construction endeavors, thus
expediting the diffusion of advanced technologies
and innovative paradigms.

In the twenty-first century, the climate paradigm
has progressively dictated the strategic vectors of
global and national economic evolution, inclusive of
the Russian Federation's developmental schema.
Within the operational framework of the Kyoto
Protocol, advanced economies for the first time
concurrently inaugurated the adoption of precisely
delineated obligations to explicitly regulate
anthropogenic greenhouse gas efflux. Within the
operative ambit of the Paris Agreement, a parallel
constellation of commitments—conveyed in
variegated formulations—was re-affirmed by the


mailto:razumnova2003@yandex.ru

preponderance of nations globally. Moreover, an
expanding cadre of states has instituted audacious
benchmarks to attain carbon neutrality between 2050
and 2070, a pursuit entailing a considerable
abatement in the corporeal quantum of greenhouse
gas efflux.

The cardinal significance of the energy sector in
realizing the aforementioned strategic imperatives is
indisputable, given that in the Russian Federation—
as is characteristic of most nations—the predominant
fraction of anthropogenic greenhouse gas emissions
derives from the exploitation of assorted fossil energy
vectors. This encompasses their transmutation into
electrical and thermal energy, alongside inadvertent
emissions inherent to the extraction and conveyance
phases of these resources.

Mitigation of greenhouse gas emissions in the
energy domain is accomplished through the synthesis
of the following technical proficiencies:
Enhancement of energy efficiency
(attenuation of specific energy inputs and systemic
dissipation) throughout the extraction, conversion,
transmission, and terminal utilization phases of
conventional energy substrates;

Replacement of carbonaceous fossil fuels
with decarbonized primary energy vectors (including
nuclear, hydropower, and other renewable modalities)
as well as with advanced energy derivatives
(electricity, hydrogen, ammonia, methanol);

Execution of carbon dioxide sequestration
protocols concurrent with fossil fuel combustion,
followed by its secure containment or catalytic
transmutation into value-added compounds.

Decarbonization trajectories within the energy
domain are rapidly evolving, particularly in
technologically advanced nations, where a consistent
diminution of aggregate CO: emissions is
documented as a consequence of the systematic
curtailment of hydrocarbon fuel utilization. In the
electrical power sector of these states, this abatement
manifests with even greater dynamism.

Strategic formulation oriented toward the
decarbonization of the national economic milieu
necessitates an enhanced synthesis between
macroeconomic prognostication frameworks and
energy projection models. The inexorable
progression toward a de-carbonized economic
paradigm engenders augmented capital allocation to
energy infrastructures. In this context, a pivotal
dimension of energy strategy lies in discerning the
most efficacious methodologies for resource
distribution across the principal technological vectors
of decarbonization within both the fuel-energy
complex and the end-user sectors.
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The systematic incorporation of decarbonization
into both national and global economic frameworks
presages substantive modifications in the dynamics of
domestic and international demand for conventional
energy resources—including fossil fuels and
electrical power—as well as for emergent alternative
energy vectors. This transformation necessitates a
profound reconfiguration in the evolution of discrete
segments of the fuel and energy complex (FEC). The
inherent dynamics of this process are contingent upon
the selected technological trajectories—such as
advanced electrification,  strategic  hydrogen
integration, bioenergy exploitation, and sophisticated
carbon sequestration methodologies—which, in turn,
modulate generation metrics in the electric power
sector and the developmental cadence of industries
employing emergent energy vectors.

Consequently, the contribution of the fuel-energy
nexus to a nation’s socio-economic advancement—
evaluated through capital outlays, aggregate energy
procurement costs, fiscal revenues, essential state
financial interventions, and net value addition—will
undergo a radical metamorphosis, encompassing
alterations in its industrial stratification.

Within this contextual paradigm, devising
prognostic blueprints for economic and energy
initiatives mandates not only preliminary congruence
with specified socio-economic performance metrics,
but also ensuing harmonization throughout the
execution stage. This entails a comprehensive
analysis of the ramifications of projected
developmental trajectories of the FEC and its integral
segments on the tempo and fiscal underpinnings of
economic expansion. The synergistic integration of
energy strategizing with macroeconomic
prognostication chiefly facilitates the empirical
validation of scenario postulates concerning the
objectives, dynamics, and methodologies for
attaining carbon neutrality through the attenuation of
greenhouse gas emissions. Moreover, it permits a
rigorous evaluation of the practicability of
decarbonization blueprints within the FEC, duly
incorporating the nation’s prevailing economic and
sociocultural conditions.

Secondly, this paradigm enables an exhaustive
examination of the systemic repercussions of
integrating diverse technological methodologies
within the energy sphere, spanning from energy
efficiency initiatives to the incorporation of hydrogen
innovations. It thereby permits the determination of
the most efficacious decarbonization strategy for
energy generation and utilization, aligned with
national economic imperatives.



Thirdly, this synthesis substantially reinforces the
epistemological underpinnings for delineating
enduring pricing paradigms in the energy domain,
concurrently reconciling stakeholder imperatives to
safeguard industrial competitiveness and elevate
living standards while satisfying the exigencies of
fiscal equilibrium amid adaptation to emergent
climatic contingencies.

Evidence from nations that have long
implemented climate-centric paradigms in their
energy policy frameworks substantiates that a catalyst
for engendering reciprocal feedback dynamics is the
formulation of avant-garde strategic instruments.
These documents amalgamate prognostic models
delineating the evolution of the economic and energy
sectors with the imperatives of the climate agenda. A
paradigmatic instance is the National Energy and
Climate Plans (NECP), methodically devised by the
European Union's constituent states. These strategic
mechanisms function to validate national quantitative
commitments (Nationally Determined Contributions,
NDCs) under the Paris Agreement, harmonize each
state's contributions with overarching European
climate objectives, and facilitate the appraisal of the
fiscal resources requisite for operationalizing
climate-adaptive national energy policies.

In 2022, the Russian Federation ratified the
Strategic Framework for Greenhouse Gas Emission
Mitigation until 2050 (SNER-2050). The efficacious
execution of this framework mandates the integrative
harmonization of performance metrics across a
constellation of federal strategic directives. This
paradigm encompasses extended prognostications of
socio-economic metamorphosis, anticipatory models
of scientific-technological evolution—especially
within the fuel-energy nexus—and the overarching
national energy doctrine. This synchronization must
be predicated on empirically substantiated, cross-
disciplinary blueprints for decarbonizing the national
economic framework and its energy matrix. It is
imperative to secure profound sector-specific
delineation while integrating enduring trajectories in
global energy paradigms alongside ancillary raw
material and commodity sectors.

Establishing an analytical apparatus functionally
analogous to the enduring strategic planning
instruments of the globe’s foremost economies is
defined as a principal aim within the ambit of the
seminal innovative state initiative “Unified National
System for Monitoring Climate-Active Agents.” This
initiative was inaugurated pursuant to a decree issued
by the Government of the Russian Federation in 2022.
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The architectonic configuration of the prognostic
apparatus employed for deriving decarbonization
paradigms within the economic and energy sectors is
delineated into four synergistically interrelated
modules: the global economy, the economic
framework of the Russian Federation, global energy,
and the Russian energy sector.

The underpinning of this prognostic apparatus
derives from rigorous empirical investigations and
advanced computational modeling assets developed
within the institutes of the Russian Academy of
Sciences. A novel methodological framework for
predicting the evolution of the fuel and energy
sector—meticulously calibrated for the scrutiny of
both Russian and global energy dynamics—has been
advanced. This framework is fundamentally anchored
in the SCANER model-information complex. Over
the past decade, this apparatus has been rigorously
exploited in scholarly inquiries into the ramifications
of scientific and technological advancements on the
modernization of the energy sector and the facilitation
of economic acceleration. Moreover, it is deployed to
dissect the ramifications of anticipatory greenhouse
gas abatement strategies, including carbon
remuneration mechanisms, as well as to evaluate the
influence of domestic energy pricing frameworks on
macroeconomic evolution.

Amidst the formulation of prognostic models for
the decarbonization of Russian and global energy
systems, it becomes imperative to recalibrate extant
forecasting methodologies across the following
pivotal domains:

a) Synergizing the epistemological and
methodological  architectures  of  simulation
instruments for scrutinizing energy sector evolution
with the macroeconomic models embedded within
the emergent forecasting paradigm;

b) Revamping the simulation and data
frameworks for intersectoral optimization of the
energy sector to achieve decarbonization imperatives,
considering the augmented technological prowess in
inter-fuel competition, the antagonistic interplay
between low-carbon energy modalities and carbon
capture systems, along with the impact of regulatory
constraints on greenhouse gas emissions and the
implementation of carbon levies;

¢) Augmenting and codifying the operational
capacities  of  simulation  instruments  for
prognosticating fiscal indices in the energy sector,
thereby ensuring their integrative confluence with
macroeconomic prognostication methodologies;

d) Institutionalizing a bifurcated coordination
mechanism within the economy—energy interface.
The primary stratum will engender the harmonization



of energy indices and intersectoral equilibrium
parameters at the national echelon, enabling
instantaneous evaluation of the ramifications of
decarbonization  trajectories or technological
paradigm shifts in the energy domain. At the
subordinate echelon, comprehensive schematics for
production and capital deployment will be devised
across distinct segments of the energy sphere,
incorporating technological pluralism, regional
nuances, calibrated ratios of modernization versus
technical retrofitting of extant capacities, as well as
the enhancement of transportation infrastructure.

The systematic formulation of prognostic
frameworks for advancing a nation's energy sector, as
an indispensable constituent of strategies aimed at
economic decarbonization, is advocated for execution
in accordance with the ensuing algorithm (see
Figure):

The modeling procedure is architected as an
intricate network of interrelated analytical and
auxiliary tasks, partitioned into discrete categories:

a) Analytical modules: prognostication of fuel and
energy resource demand; strategic recalibration and
optimization of the technological blueprint of the fuel
and energy complex (FEC) and its constituent
segments; systematic appraisal of economic metrics
reflective of the FEC's evolutionary trajectory.

b) Subsidiary modules: prognostication of the
national economic trajectory; projection of global
energy dynamics; assimilation of technological
datasets; orchestration and harmonization of
analytical computation outcomes.

At the nascent phase, pivotal macroeconomic and
demographic determinants—such as GDP and
population magnitude—are integrated into the
coordination computational framework. During this
phase, historical datasets on energy consumption,
export flows, and the temporal evolution of primary
energy resource utilization in the electricity, heat
supply, and end-use sectors are extrapolated to
delineate  baseline  parameters for ensuing
computational algorithms, which are designed to
optimize the demand and developmental metrics of
the FEC sectors.

The  preliminary  datasets efficaciously
encapsulate the evolutionary trajectory of the fuel and
energy sector as delineated by the entrenched
"business as usual" paradigm. The designated indices
of domestic energy consumption function as the
foundational parameters for simulation within the
global energy prognostication framework, delineating
a pivotal threshold for executing comprehensive
analytical computations pertinent to fuel and energy
demand forecasting. Recurrent data updates, derived

291

DOI: 10.63550/ICEIP.2025.87.30.038

from intersectoral reports within the coordination
module, facilitate an ongoing appraisal of
methodological coherence across diverse forecasting
paradigms and expedite the prompt delivery of
distilled intelligence through summative sectoral
reviews. These analyses amalgamate metrics on
energy equilibrium, capital infusion magnitudes, and
detailed evaluations of both the volume and structural
composition of greenhouse gas emissions within the
energy domain.

The ensuing (secondary) phase comprises the
construction of a foundational dynamic projection,
stratified by economic activity classifications,
pertaining to the domestic requisition of delineated
fuel and energy resources (FER) within the ultimate
consumption segment at the national echelon.

For each discrete fuel and energy resource (FER)
within every classification of economic activity
(TEA), the projected demand is derived via the
multiplicative  integration of macroeconomic
performance metrics (predominantly gross outputs)
and energy-specific coefficients (quantitative indices
such as electrical, thermal, gaseous, and coal
intensities) that encapsulate the utilization rate of the
FER. Alterations in energy parameters are construed
as emergent phenomena stemming from the
aggregated capital infusion within the corresponding
TEA, thereby rendering them susceptible to
macroeconomic determinants delineated in the
economic forecast. Consequently, the formulation of
an FER consumption projection necessitates a sector-
specific disaggregation of the economic forecast, with
a pronounced emphasis on production outputs and
investment allocations by types of economic activity
(TEA).

Stage three encompasses an exhaustive analysis
of optimal paradigms for the evolutionary
progression and technological metamorphosis of the
national fuel and energy complex, integrating
decarbonization imperatives. This endeavor entails
the optimization of trajectories for annual production
and consumption indices of discrete energy
commodities across strategic temporal intervals (in
five- or ten-year segments) up to 2060, while
accounting for the projected dynamics of both
domestic utilization and export demand for Russian
energy resources. Within the ambit of the energy
sector's technological metamorphosis driven by
decarbonization imperatives, heightened emphasis is
ascribed to the expansive simulation of technological
contributions in bolstering energy efficiency,
facilitating resource substitution, and effectuating
greenhouse gas sequestration—spanning  both
production and consumption phases. This compels



the systematic orchestration of data aggregation,
methodical classification, and periodic recalibration
of the corresponding techno-economic metrics.

At this phase, the technological architecture of the
energy sector is recalibrated, concurrently refining
the modalities of production, transformation, and
ultimate consumption of fuel and energy resources at
the national echelon. This recalibration necessitates
incorporating the pronounced disparities in energy
provisioning conditions among diverse consumer
segments in high-density (urban) and heterogeneous
(rural) load regions, thereby mandating an augmented
precision in the energy balance model and demand
forecasting algorithm established in the preceding
phase.

The fourth phase mandates the construction of a
holistic appraisal of domestic demand segmented by
fuel and energy typologies. This appraisal, while
delineating intrinsic consumption trajectories within
terminal sectors, concurrently subsumes the
optimization outcomes of resource utilization
achieved in the antecedent energy production stage.
Moreover, it assimilates the impact of energy
conservation and substitutional technologies within
the consumption framework. To further optimize
production capacities and the logistics of energy
commodities within the fuel-energy complex, a
spatial segmentation of demand across federal
districts is requisite, thereby mandating the
recalibration of economic indicators (gross output by
economic activity type) at the federal district echelon.

During the fifth phase, transformations in the
technological and geographical configuration of
specific energy sectors are simulated, integrating the
refined development criteria and the technological
reorganization of the fuel and energy complex
established in the third phase. Concurrently, a
systematic evaluation of production and investment
strategy parameters is undertaken along the complete
value  chain—spanning  extraction/production,
transportation, and conversion—accounting for both
domestic and export market imperatives as well as the
techno-economic attributes of prevailing and
emergent sector-specific technologies.

Considering the profound integration of Russia’s
hydrocarbon complex within the global energy
paradigm, it becomes imperative to concurrently
scrutinize impending shifts in the technological and
geographical architecture of the nation’s oil and gas
sectors, including refining processes, while
forecasting enduring trends in international
petroleum markets. In this analytical framework,
modeling necessitates the formulation of a unified
system of balances that encapsulates the production
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and consumption parameters of natural gas, crude oil,
and refined petroleum products across Russia and the
principal global regions. As preliminary input for this
analysis, comprehensive prognostications regarding
the demand for gas and petroleum derivatives in
terminal consumption sectors, alongside optimized
gas utilization metrics in the domains of electricity
and thermal energy supply, are employed.

At the sixth stage of the analytical process, an
exhaustive  examination of the anticipated
technological framework for synthesizing designated
energy carriers is  executed, meticulously
incorporating constraints derived from the intra-
annual operational protocols of distinct technologies.
This evaluation is particularly pivotal within the
power sector, where the precise harmonization
between electricity generation and consumption is
indispensable:

e  The pronounced heterogeneity of hourly
electricity consumption throughout the diurnal cycle,
as well as over extended monthly and seasonal
intervals, wherein the accelerated trajectory of
economic electrification might radically reconfigure
conventional load profiles through the advent of
emergent consumer paradigms, such as electric
vehicles;

e  Operational constraints inherent to the
utilization protocols of carbon-neutral power
installations—encompassing meteorologically
contingent generation modalities in wind and solar
facilities, seasonal oscillations in electrical output,
and annual production volume ceilings characteristic
of hydropower systems;

e Inherent constraints on the operational
adaptability of thermal and nuclear power generation
installations.

This analytical endeavor facilitates potential
enhancements in the technological configuration of
the power sector, for instance, by augmenting the
proportion of adaptable generation capacities or
advancing the infrastructure for electrical energy
storage. Within the framework of centralized thermal
supply and natural gas (considering that power and
thermal plants represent the majority of domestic
consumption), this phase additionally permits the
examination of seasonal variances in the production
and utilization of these resources.

In the ultimate, seventh phase of the sequence, a
comprehensive review of the financial and economic
dimensions of decarbonization within the sectors of
the fuel and energy complex (FEC) is undertaken.
Contextually, this analysis employs optimized data
regarding the production and investment operations
across each FEC sector, facilitating intricate financial



and economic modeling. This modeling entails a
thorough examination of factors including production
expenses, profit margins, cash flow trajectories, and
the accessibility of both internal and external capital
resources. The ensuing projection of comprehensive
economic metrics is leveraged to evaluate the
repercussions of enacting decarbonization tactics
within the ambit of cross-sectoral macroeconomic
projections of the national energy infrastructure.

As previously observed, to facilitate the
efficacious synchronization of forecasted metrics
within the framework of the national fuel and energy
balance and intersectoral equilibrium, a streamlined
forecasting methodology may be instituted.

2 CONCLUSION

Consequently, the simulation of decarbonization
scenarios for the Russian Federation's fuel and energy
complex, amid escalating climatic regulations and
shifts in global energy paradigms, necessitates a
systematic and empirically substantiated
methodology. The scenario analysis approach
delineated herein facilitates the development of a
dynamic, responsive framework for strategic
planning, predicated on the amalgamation of
macroeconomic and energy projections, Cross-
sectoral synchronization, and detailed technological
insights.

Amidst the global shift towards a low-carbon
paradigm, Russia's energy sector, as a pivotal element
of the national economic framework, must not only
navigate emergent challenges but also preserve its
resilience, competitive edge, and its ability to bolster
socio-economic  progression. The envisioned
architecture of the forecasting framework, predicated
on a tiered methodology and harnessing the scientific
and technological advancements from the Russian
Academy of Sciences, lays the groundwork for
enlightened  decision-making concerning the
modernization of the fuel and energy complex. This
includes the identification of ideal pathways for
technological transformation and the attainment of
equitable decarbonization, while considering national
imperatives and international obligations.

Hence, the integrated model of scenario-driven
decarbonization strategy for the fuel and energy
complex serves as a critical strategic management
instrument, facilitating the attainment of Russia’s
climatic goals while safeguarding economic
expansion, energy stability, and societal well-being.
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