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The article addresses the issue of modeling electricity consumption volumes. In the context of full-scale war
in Ukraine, electricity has become one of the most significant consumption products in the country, constituting
a substantial portion of the costs across nearly all sectors of the economy. As a result, forecasting, modeling,
and constructing long-term estimates of electricity consumption dynamics have gained particular relevance for the
country. This is a critical element in the plans for the balanced development and growth of national economic
sectors in the post-war period. The energy situation presents new demands on the quality of mathematical forecasts,
especially regarding integrated long-term predictions. Existing methods for long-term electricity consumption
forecasting and the models developed based on them are often not used comprehensively enough, which frequently
leads to significant errors in the forecasts. In the field of systems research, there have been significant changes
in the understanding of the hierarchy of energy systems and approaches to forecasting. Mathematical models of
energy systems have become an integral tool in the development of government forecasts and business plans
for companies, and the requirements for these models have grown considerably. Forecasts and plans now need
to be directly linked to the financial indicators of companies, which determine their ability to accumulate internal
funds and attract external investments. This has greatly complicated the process of modeling the interrelationships
between energy and the economy. This paper attempts to comprehensively assess the degree to which existing
methods and models meet the new requirements and challenges in Ukraine, as well as to identify directions for
their improvement. The primary goal is to develop approaches that will effectively address key issues related to the
study and consideration of the interconnections between energy and the economy. Particular attention is given to
the issues arising in long-term forecasting and the formation of state energy policy, which requires modernization of
the analytical and modeling tools currently in use.
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B ymoBax noBHoOMacLUTabHO! BiliHW B YKpaiHi e/1EKTPOEHEpris cTana O4HUM i3 HaNBaXMBILLMX PECYpPCiB, AKUl
Biflirpae KA4oBy posib Y (PYHKLIOHYBaHHI HallioHa/IbHOI €KOHOMIKM. CNOXMBaHHS eNeKTPOEHEeprii 3Ha4HO 3pOocso,
1|0 3yMOB/IEHO SIK BiiCbKOBUMW [isiMW, TaK i HEOOXiAHICTIO MiATPUMKMA KPUTUYHOT iHGPaCTPYKTYpW, MPOMMUCIIOBMX
MiANPUEMCTB Ta XWT/IOBOrO cektopa. EHepreTnyHa 6e3neka Ta CTabinbHICTL eHepronoctavyaHHa Habynu cTpare-
FMYHOTO 3HAYEHHS, WO POBGUTHL NUTAHHS MPOrHO3yBaHHSA Ta MOLENIOBAHHS CMOXUBaHHS efleKTpoeHeprii 0cobmBo
aKTyasibHMW. BU3HaueHHs Ta aHani3 OBroCTPOKOBMX TPEHAIB Ta 3aKOHOMIPHOCTEN y AVHaMIL eHeprocrnoXnBaHHs
€ BaX/IMBMM IHCTPYMEHTOM /18 PO3PO6KM AEPXaBHOI NONITUKM, ONTUMI3aLil eHEPreTMYHOro 6anaHcy Ta 3abesne-
YEHHS CTIKOrO PO3BMTKY EKOHOMIKM MiCNsi 3aBepLUEHHS BiliHN. OfHaK Cy4YacHi METOAM MPOrHO3yBaHHS 4acTo BU-
ABNAOTLCSA HEAOCTATHLO TOUHVUMM Yepes CknafHy i HecTabinbHy eKOHOMIYHY cuTyalito. barato icHytounx mogeneii
OpiEHTOBAHI Ha CTabifbHI YyMOBU (hYHKLIOHYBaHHS EHEPrOCUCTEMU 11 HE BPaxXOBYHOTb CeLludliuHi BUKNKMA, CPUYn-
HEHi BIiliHO0, BK/THOYHO 3 PyiiHYBaHHAM iHPACTPYKTYPU, HECTABIMLHICTIO PUHKIB, KONIMBAHHSAMMW Y (hiHAHCYBaHHI Ta
3MiHaMu B CTPYKTYPI CNoxuBaHHsA. CyyacHi Nigxoam [0 NPOrHO3yBaHHSA eNeKTPOCNOXMBAHHSA NOTPeOYHOTh YA0CKOHa-
JIEHHSA, OCKI/TbKUN KNAacuyHi eKOHOMETPUYHI MoZeni Ta CTaTUCTUYHI METOAM He BPaxXOBYHOTb KOMM/IEKCHOIO BMN/INBY CO-
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Lia/IbHO-eKOHOMIYHWX, reonoiTUYHNX Ta eKoJIorvyHUX (dakTopiB. KpiMm TOro, BaX/IMBMM 3aBAaHHAM CTa€ iHTerpauis
MPOrHO3IB i3 (DiIHAHCOBMMY NOKA3HMKaMK, L0 BM/IMBAKOTbL Ha IHBECTULIIHY NPMBAGNMBICTL EHEPreTUYHNX NPOEKTIB.
Y 3B’3Ky 3 LM HEe0oObXigHe BUKOPUCTaHHSA HOBITHIX MiAxoaiB, 30Kpema MeTOAiB MaLUMHHOTO HaBYaHHS, baratodak-
TOPHOro aHasi3y Ta CLeHapHOro MOAENtOBaHHS. Y Liiil cTaTTi NpoBeAeHO aHasli3 OCHOBHMX NiAX0AiB 40 NPOrHO3YyBaH-
HA CMOXMBAHHA e/TeKTPOEHeprii B yMoBax HecTabiflbHOCTi Ta BU3HAYEHO OCHOBHI NPO6/eMU, 3 AKUMU CTUKAOTLCA
aHaniTVK1 Ta focnigHukn. O6rpyHTOBaHO HEeOOXIAHICTb IHTErpoBaHOro MiAxody A0 NMPOrHO3yBaHHSA, LLO BpaxoBye
MakKpOEKOHOMIYHI, TEXHO/IOTIYHI Ta coLiasibHi acnekTu. BU3HaYeHO K/IK040BI HanpsiMu MoZepHisaLlii MeTO40/10r4HOro
IHCTPYMeHTapito 415 3abe3neveHHs 6ibl TOYHOI Ta eheKTUBHOI OLHKM MaiibyTHIX noTpeb eHeprocncTeMu Ykpai-
HW. OTpVMaHi pe3y/bTaTyi MatoTb 3HAYEHHS SK 4151 HAYKOBOT CMiSIbHOTK, Tak | 418 YPAL0BUX CTPYKTYP, EHEPTETUHHNX
KOMMaHiil Ta MiXXHapOAHWX NapTHEpPIB, SKi 6epyTb yyacTb Y BiAHOBMNEHHI €HEepPreTUUHOT iIHPPaCTPYKTypn YKpaiHu.
Po3po6neHi pekoMeHgaLii MoXyTb 6yTV BUKOPUCTaHi 419 pOpMyBaHHS NONITUKN B rasly3i eHepreTukm, CrpsiMoBaHo|l
Ha CTBOPEHHS CTiliKoT Ta ed)eKTMBHOI MoAesi ynpaBiHHA eHEeProcnoXMBaHHSAM Yy NICIABOEHHWI Nepios,.
KniouoBi cnoBa: nporHo3yBaHHs, eNeKTPUYHNA PUHOK, MaTeMaTUYHi MoZesi, EKOHOMETPUYHI MOAEN.

Problem statement. In the current conditions,
Ukraine's energy sector faces a complex set of
important and serious challenges caused by
full-scale war. The destruction of infrastructure,
instability in energy supply, and reduced
availability of resources create unprecedented
challenges for the country's energy system. One
of the key aspects of effective energy resource
management is the improvement of models and
forecasting of electricity consumption. In these
conditions, mathematical and econometric
models serve as crucial tools for analyzing
the current situation and formulating strategic
decisions. A special role is played by the
adaptation of models to the new conditions of
uncertainty and risk associated with full-scale
military operations. The use of such models
allows for taking into account not only economic
and technological factors but also the influence
of socio-political instability.

The development of reliable forecasting tools
for electricity consumption helps in forming a
sustainable energy policy. This is crucial not
only for maintaining the current operation of the
energy system but also for planning its recovery
in the future. Researching existing approaches
and creating new models is a necessary step
toward ensuring Ukraine's energy security.
Therefore, there is an urgent need for a deep
analysis and the development of strategies to
address these issues and improve the country’s
energy infrastructure.

Analysis of resent achivement and
publications. Theoretical aspects of modeling
in the energy sector have been the focus of
attention of both Ukrainian and international
researchers. The problem of electricity
consumption forecasting lies in the necessity
of considering a wide range of factors that
influence changes in energy consumption.
To date, a significant number of studies have
been conducted in this field, leading to the

development of various forecasting models.
However, despite the progress made, work on
improving these models continues, with a focus
on minimizing forecasting errors and increasing
their accuracy. As a result, multi-criteria models
have emerged, taking into account an increasing
number of factors.

The issue of electricity consumption
forecasting using so-called grey models has
been discussed by the author in [1]. In [2], the
authors used the classical autoregressive model
SARIMA for their forecasts, which allowed
them to determine seasonal fluctuations in
electricity consumption in Assam, India, from
April 2013 to February 2023. The results of
the modeling showed that "by applying the
Augmented Dickey Fuller test, it is observed that
the data series becomes stationary at first order
difference, and the result of the Canova Hansen
test reveals that no seasonal differencing is
required for our considering time period." In
[3], the authors applied Machine Learning
models with Metaheuristic Optimization to
forecast electricity consumption in educational
institutions and noted that this model requires
further refinement.

In [4], it is stated that “forecasting of
electricity consumption is, in particular, useful
for minimizing problems of overproduction
and oversupply of electricity,” and forecasting
models based on artificial intelligence methods
are analyzed. Machine learning-based models
have also been used by the authors in [5].
In [6], the authors explored forecasting methods
for the electricity load of industrial facilities and
developed a generalized model for adaptive
energy consumption forecasting. According to
the authors, adaptive models, particularly the
exponential smoothing method, are the most
feasible due to their accuracy and simplicity.

This body of research highlights the continued
evolution of forecasting models in the energy
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sector, with an increasing focus on improving
accuracy and adapting to new technological and
methodological challenges.

Formulating the goals and objectives of
the article. For a long time, research on the
interconnections between energy development
and the economy focused primarily on meeting
the needs of short- and medium-term forecasting
of electricity and fuel demand. The emphasis
was placed on constructing simple econometric
models that linked energy consumption
dynamics to  macroeconomic indicators.
However, the reverse effects of factors such as
production structure and energy resource costs
on economic indicators — and, through them, on
energy consumption — were largely overlooked.

As energy challenges become increasingly
complex, it is evident that analyzing energy and
economic modelsinisolation providesincomplete
and sometimes incorrect assessments of their
interrelations. Therefore, evaluating existing
models and identifying their strengths and
weaknesses is a critical and relevant issue,
particularly in the context of present-day Ukraine.

Main content of the study. The energy
sector of Ukraine’s economy plays a crucial
role in ensuring the functioning of all economic
spheres, particularly during wartime, and
significantly impacts the country’s economic
and social indicators. Ukraine’s natural fuel and
energy resources, along with the professional
and scientific-technical potential of its energy
sector, constitute a vital strategic asset.

As mentioned by the authors [6] modern
economic consumption models emphasizing
energy efficiency, renewable energy sources,
and reduced reliance on fossil fuels are
becoming essential tools for adapting Ukraine’s
economy to wartime challenges. Implementing
such models enables the optimization of
limited energy resources while accelerating
the transition to a sustainable economy — a
critical goal for a country striving to maintain
energy independence and rebuild infrastructure.
Rational utilization of energy potential and the
adoption of innovative approaches to energy
consumption lay the groundwork for economic
strengthening, improved living standards, and
long-term sustainable development, even under
challenging wartime conditions.

Overthe pastdecade, Ukraine has managed to
preserve key elements of energy independence,
ensuring the country’'s electricity needs are
met. The downward trends in the energy sector
were reversed, paving the way for gradual
recovery and increased electricity production.

The production structures within the sector
adapted to market conditions, bolstering
resilience and preparing for emerging challenges.
The energy market has undergone significant
structural transformations, including reforms
in the electricity sector and housing and utilities
sector, as well as partial privatization and
liberalization. In the pre-war period, essential
regulatory frameworks for economic relations in
the energy sector were established, and taxation
and pricing mechanisms were optimized.
However, the war has introduced substantial
challenges, requiring the sector to address new
priorities: restoring damaged infrastructure,
ensuring stable energy supplies to the population
and strategic facilities, and accelerating the
shift to decentralization and renewable energy
sources to strengthen energy security and
independence.

The reliability of energy consumption
forecasts in Ukraine directly depends on the
use of modern methodologies and modeling
techniques. Currently, numerous approaches
to electricity consumption forecasting exist, with
approximately 15-20 primary methods actively
employed in practice.

Different approaches are used for short- and
long-term forecasting, tailored to specific tasks
and objectives. Short-term forecasts focus
on operational energy system management
and consumption balancing, while long-term
forecasts serve as the foundation for strategic
planning and the development of national energy
policy.

Based on the analysis of sources [1-3], it
can be concluded, that there are numerous
methods for modeling energy consumption, with
the most common being statistical, econometric,
optimization, and hybrid models. In recent years,
machine learning and artificial intelligence
methods have gained particular popularity,
as they allow for the consideration of complex
nonlinear dependencies and adaptation to
changing energy consumption conditions.

Effective utilization of these methods
requires access to specialized databases
containing historical and current energy
consumption indicators, as well as consideration
of Ukraine’s unique conditions, including the
war’s consequences, changes in economic
structure, and the need for energy infrastructure
restoration. Ukraine actively employs both
classical and innovative methods, adapting them
to current challenges. Hybrid models — combining
statistical, artificial intelligence, and scenario-
based approaches — are particularly promising.
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Table 1

Trends in Modeling and Research on the Interconnections
Between Energy and the Economy in the Ukrainian Context

Trend Description

Relevance for Ukraine
(Considering the War)

Required Actions
and Measures

Assessment of the
Dependency of
Fuel and Energy

Focus on the impact
of price changes on

Sharp fluctuations in
energy prices caused
by military actions,

It is necessary to
develop pricing
models that account
for volatility and

; demand and energy sanctions : :
Needs on Their - ’ incorporate scenario
Prices resource needs. gggt:ﬂgﬁgaructure analysis for economic

) recovery.
Expanding the Analysis of intersectoral |The restoration of industry '(I)'Pﬁeo\lﬁ\r/glc?g?a?nt
Range of External |linkages and the impact |and regional infrastructure ener sug |
Connections of energy strategies requires the integration stratgyi es%%%si derin
in the Energy on national and regional |of energy into economic depengdency on 9
Sector economies. recovery strategies. external sources.
- Military actions Integration of

Synthesis L%edgéetgfa@é%%ﬁt?gr necessitate coordination |economic-energy
of Economic the interdependence of between economic models to forecast
and Energy macroecon%mic and energy strategies, the impact of recovery
Models especially under limited |measures on the

and energy processes.

resource conditions.

economy.

The development of
advanced computer
systems for modeling
development
strategies and energy
management.

Development of
Model-Computer
Complexes

Adapting existing
systems to the
conditions of recovery
and reconstruction of
infrastructure during
wartime is required.

Engaging international
assistance to
implement modern
computer systems
and forecasting

methods.

Source: compiled by the author

Table 2

Features of Energy Resource Market Modeling in Ukraine

Advantages

Limitations

Forecasting and Planning: Models
enable the prediction of energy production,
consumption, and imports based on various
development scenarios. This is crucial for

planning and decision-making in energy policy.

Data Insufficiency: Ukraine may face limitations
in accessing complete and up-to-date data

on the energy sector, which complicates the
development of accurate models.

Resource Optimization: Optimization models
help identify the optimal allocation

of resources, including fuel and infrastructure,
to maximize energy production and minimize
Ccosts.

Modeling Complexity: Energy sector models
can be highly complex and require significant
computational resources and expertise for their
development and implementation.

Strategy and Scenario Analysis: Models
assist in developing various strategies and
scenarios for energy sector development and
analyzing their potential outcomes.

Forecast Uncertainty: Forecasts and modeling
outcomes are always associated with a certain
degree of uncertainty, particularly in the context
of risks and fluctuations in global markets.

Risk and Variation Assessment: Models
enable the analysis of various risks and
variations associated with the energy sector,
aiding in the development of risk mitigation
strategies and informed decision-making.

Governance and Policy Issues: Even when

a model provides optimal solutions, their
implementation may depend on political and
economic factors, which can be difficult to predict.
Economic Constraints: Developing and using
complex models can be a costly process,
requiring investments in computational

infrastructure and expert support.

Source: compiled by the author
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This study examines the features and key trends
in modeling and analyzing the interconnections
between the energy sector and the economy,
considering the realities of Ukraine.

Ukraine is currently facing unprecedented
challenges in the energy sector, including the
destruction of infrastructure, shortages of energy
resources, and rising import costs. Under these
conditions, the use of comprehensive models
has become critically important for developing
effective strategies. Below are key aspects
requiring particular attention.

The ongoing military conflict has deepened
the energy sector's dependence on fluctuations
in fuel prices and imported goods. In this context,
analyzing price dependencies has taken on

strategic importance. Models that assess the
impact of resource costs on consumption,
investment, and foreign trade can aid in crafting
short- and medium-term plans to minimize risks
to the economy and social welfare.

The recovery of industrial capacity and export
potential demands stronger integration with
international partners, particularly the European
Union. Energy models that analyze interactions
with external markets, especially in the context
of electricity exports, will enable more efficient
resource use and strengthen Ukraine’s position
within the European energy system. Below
is an analysis of the main advantages and
disadvantages of their application in the context
of Ukraine's current situation.

Key Models and Their Characteristics

Table 3

Model Description Formula Application | Advantages | Disadvantages
1 2 3 4 5 6
Does not
account for
. E=Pxt - changes
A static E _ Total Used to Simplicity of in consumption
model to electricit estimate calculation in wartime
calculate Y energy for stable and under
Base ; ener consumption consumption |conditions conditions
“Cn%résetljmptlon cons%)r/nption I(:lfKth)wer of the in stablepor Forecastin'g of destruction.
based congumer (KW) well-known |consumption Limited
on known f — operating time | consumer under stable applicability
power. P 9 conditions.  |circumstances. |in extreme
(hours) situations (e.g.,
infrastructure
destruction)
n Applied for
Estimates E(T) - ZP’ (t) analyzing - - -
ener i=1 energy Dynamic Requires high-
9 |E(t)-energy consumption |forecasting quality historical
Load Model ggz:%rgﬁgon consumption at | throughout |based on data. Errors in
(Dynamic) changes 9 |time ttt the day, historical data. |conditions of
over fime P.(t) —power |month, Suitable for war
(daily consumed per or year, long-term and extreme
weekiy) hour considering |planning changes
' t — operating time | peaks and
(hours) lows.
S=f(E,P,T o
the demand analyze how | o iiiance in the context
interaction | E — level of external followin of large-scale
Supply and between economic activity |factors (e.g., damageg destrgction
Demand supply P — electricity war - |and attacks Restoration
Model and demand | prices Or 8CONOMIC | Aqqists in the | forecasting ma
based on T — weather situation) prioritized be inaccurgate g
various conditions affect energy | ostoration in wartime
factors. (temperature, demand. of infrastructure | conditions
seasonality)
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(End of Table 3)

1 2 3 4 5 6
The model
; has limited
\c/:;mafg%v'de applicability
E, = o +B,T, +B,H,|+¢, insights into 'Sr?tﬁggggge
E, — electricity Used for energy demand such as dhring
consumption at  |dynamic trends and help ;5 00 scale
Forecasts |timet forecasting  |optimize energy destruction
Consumption (t:)onsumptlon T, —temperature of energy - distribution or war. It may
- ased on . consumption, |in stable .
Forecasting g attime t PR - be inaccurate
Model historical .__|considering |conditions. It in forecastin
data and H, — consumption |seasonal supports long- | o 9
factors. history based on  |fjyctuations  |term planning cons%¥n tion
historical data  |and other  |by utilizing durin wpartime
a,B,,B, —Model |factors. historical data | a tg sudden
parameters to predict changes in
g,— random error consumption |40 ahd and
patterns. disruptions in
infrastructure.
Helps assess
the stability
of the energy  |Its applicability
Sl network after  |is limited in
U= s damage the context
damaged Applied or attacks, of large-scale
Estimates U-—system g assess aiding in the destruction, and
_ = stability coefficient |energy identification of |it may provide
Grid ?esilience S, — total restoration  |vulnerabilities. |inaccurate
Resilience ilabl and the It supports the |restoration
after avallable energy |: L
Model d before d impact of prioritization of |forecasts
amages (before damage) |4, o o infrastructure  |under wartime
and attacks. | S - 9 . T
damaged on the restoration, conditions due
damaged energy |system. ensuring the to unpredictable
volume (after most critical changes and
destruction) systems are widespread
restored first damage.
in the event of
disruptions.
The model's
Can help applicability
optimize (;:-jnergy may be limited
lrjesgggeavr\;ast e in situations
E leadi ' |with large-scale
_ “output eading t.o disruptions
= costsavings |, o ireme
input Used to and improved conditions. such
oc— energy assess sustainability. as wartime
Energy ASSESSES efficiency energy It provides where ener’gy
Efficiency energy E puipue — USEfU efficiency valuable consumption
e . i [ insights for P
Model efficiency. electricit I various INSIg atterns
y g p
i sectors, such |long-term mav change
consumption as industry or [energy y chang
E  _total unpredictably. Its
input household. |management dicti Id
d can predictions cou
energy and ¢ also be less
consumption contribute to 100 rate in the
blgttn?]rir? NET9Y  face of significant
p 9 infrastructure
in stable damaae or
conditions. instab%ity

Source: compiled by the author
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A comprehensive approach that integrates
economic and energy models is becoming
increasingly relevant. Such a synthesis enables
the evaluation of the impact of energy initiatives,
including the restoration of networks and the
transition to renewable energy sources, on key
macroeconomic indicators such as employment,
gross domestic product (GDP), and investment
inflows.

To manage the energy sector amidst
damaged infrastructure and high uncertainty,
Ukraine can adopt advanced digital solutions.
The application of artificial intelligence (Al) and
machine learning (ML) methods will support the
optimization of energy supply and the forecasting
of demand. These systems must be tailored to
operate under volatile conditions and resource
constraints, ensuring resilience and adaptability.

Given the above, we will analyze the main
electricity consumption models in the context
of the full-scale war in Ukraine, considering
stochastic factors and potential scenarios. This
analysis aims to provide actionable insights for
energy management and policy-making during
periods of crisis and recovery.

Conclusions from this study and future
perspectives in this direction. Flexibility in
planning will allow for more effective responses
to unpredictable challenges, including external
threats, and enable the adaptation of strategies

in line with changing conditions. The integration
of artificial intelligence and big data technologies
into the energy sector can significantly enhance
forecasting accuracy and energy consumption
management. These technologies will also
help strengthen the resilience of the energy
system, reduce losses, and optimize resource
distribution.

Akey element of the sustainable development
of the energy system is the upskilling of
professionals in the field of energy system
modeling and analysis. Expanding educational
programs, specialized courses, and international
internships will help prepare personnel to
implement innovative solutions and effectively
manage the energy sector. This will create a
foundation for modernizing the energy system,
increasing its resilience, and integrating it into
the global energy space. Thus, Ukraine should
actively seek international support to integrate
into European energy models, which will allow
the use of advanced experience and modeling
tools to improve the resilience of the national
energy system. Such cooperation will contribute
to better management of energy processes and
ensure access to modern technologies and
investments. The development of economic
and energy sector recovery scenarios should
take into account both optimistic and pessimistic
forecasts.
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