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Abstract. The purpose of the research is the develop methods and tools for long-term forecasting of
electricity consumption based on the improved comprehensive method of demand for energy resources,
taking into account the peculiarities of electricity use in the regions of Ukraine and their impact on the
country's electricity consumption. The scientific novelty of the obtained results is the consideration of the
technological potential of regional electricity conservation by means of electricity conservation measures
typical for the regions. Thus, a complex method, a mathematical model, and a methodology for determining
the forecast demand for electricity for three hierarchical levels of the economy were further developed. In
these levels, the following groups of indicators are distinguished for forecasting electricity consumption:
country, region, local level, or types of economic activity in the region. The formed three-level model (level
I, level I1, level 111) takes into account both the general potential of electricity conservation (from structural
and technological changes) in the country as a whole, and peculiarities at the regional level (region, city,
village, settlement, territorial community) in certain (selected) types of economic activity in production
(service provision). In the course of the work, material was collected on energy-saving measures in energy-
intensive industries and forecasts of the development of certain types of production and service provision.
These estimates determined the technological potential of energy saving in the regions. The 12 regions with
the largest electricity consumption are highlighted, and the other regions are combined. In the region, the
potential of electricity saving was distributed according to the structure of electricity consumption
according to the types of economic activity inherent in this region. The technological potential of electricity
conservation in the country will reach 10.35 billion kWh.

Keywords: region, electricity-saving, electricity-saving potential, forecasting, energy efficiency,
electricity.

1. Introduction

Nowadays providing the economy with high-value, exhaustive, time and volume-limited fuel and energy
resources (FER) on a timely and sufficient basis has become a critical factor in the survival of the country,
regions, and its population. First of all, it concerns electrical energy. The constant increase in the cost of
electricity, its insufficiency due to the armed aggression of Russia, and its destruction of generating and
transmission devices cause drastic changes in the structure of electricity consumption, which is important in
determining the need for electrical energy at all hierarchical levels of the economy.

The issue of forecasting the demand for FER (including electricity) in the regions in the event of
structural shifts and technological changes in the medium and long-term perspective becomes one of the factors
of sustainable development of the entire country and its regions, the existence of them and population since
reasonable forecasts are an effective tool for long-term planning and management of the economy. Recently,
the economy of the regions of Ukraine has been characterized by vigorous dynamics of changes in the volume
and structure of consumption of energy resources, including electricity. It should be noted that energy-saving
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measures of general and locally-driven nature at the regional level have a significant impact on the overall
electricity demand.

Many papers by domestic and foreign scientists are dedicated to energy consumption forecasting [1—
16]. Most scientific papers are devoted to short-term forecasting in certain sectors of the economy [5-6, 8, 10—
14]. For a long-term perspective, forecasts for energy resource consumption are developed by sectors of the
world economy and individual regions of the world [7, 9, 15-18].

The comprehensive method of forecasting the demand for energy resources [17], which was developed
at the General Energy Institute of the National Academy of Sciences of Ukraine, allows to development of the
consensus forecast of the consumption of energy resources (including electricity) at two hierarchical levels of
the economy: country and types of economic activity (TEA). There is sometimes a problem with assessing
regional levels of energy consumption in view of the peculiarities of their economic development, since each
region has its land, natural, energy resources, and peculiarities of the structure of electricity and heat supply,
energy-saving programs are developed at the regional level. Considering the development of state-local
government policy in the country and the greater financial independence of the regions, modification of the
comprehensive method with the inclusion of the regional level becomes especially urgent. The assessment of
electricity consumption forecasts for regional levels becomes necessary for the assessment of greenhouse gas
emissions from burned fuel not only by the country and sectors of the economy (types of economic activity)
but also in the regions of the country to develop measures to reduce them. In this assessment, accounting of
total electricity saving potential consisting of the structural and technological parts (structural potential of
electricity saving and technological potential of electricity saving in the economy in general and in TEA of the
country) plays a significant role. When calculating relevant forecasts of electricity consumption volumes for
regions, the total electricity saving potential in the region is also divided into structural and technological, at
the same time total energy saving potential of the country is the sum of the electricity saving potentials of each
region.

2. The main part

The purpose of the study is to develop methods and tools for long-term forecasting of electricity
consumption based on an improved advanced method, taking into account the peculiarities of energy use in
the regions of Ukraine and their impact on electricity consumption in the country.

Study methods: system analysis, economic and mathematical modeling, analytical and statistical
method, scenario method, normative method, comprehensive method, and direct counting method.

The scientific novelty of the obtained results is the development of a comprehensive method, a
mathematical model, and a methodology for determining the forecast demand for electricity for three
hierarchical levels of the economy, which take into account the technological potential of regional electricity
saving based on typical electricity saving measures for the regions.

3. Findings of the study

Methodical approaches to forecasting electricity consumption at different hierarchical levels of
the economy

The choice of methodological approaches for forecasting electricity consumption begins primarily with
the study of the system of national accounts (SNA) as a system that includes interdependent indicators and is
used to describe and analyze the economic processes at the macro level.

In general terms, the SNA confines the calculation of generalized indicators at the level of the country
— gross domestic product (GDP), at the level of regions — gross regional product (GRP). Currently, GRP is
calculated using the production method.

Calculations of regional indicators following international standards are based on the following
methods: a) the ‘down-top’ method; b) the ‘top-down’ method; c¢) the mixed method.
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The following groups of indicators are distinguished for forecasting electricity consumption at the
levels: country, regions, local level or TEA in the region:

1% level: macro-level — country: GDP power intensity (or gross value added — total (total GVA)), power
intensity of the product release at the country level;

2" level: meso-level — regional level: sectors (integrated sections), GRP power intensity according to
TEA in the region, power intensity of the product release at the level of TEA in the region;

3 level: micro level — local or regional level, products (types of works, services) according to the State
Classifier of Goods and Services DK 016-2010 on energy-consuming types of products, goods, and services,
or sections, groups, classes in TEA at the regional level (regional structure of the economy), power intensity
of certain TEA in the region, power intensity of the product release at the level of TEA in the region.

At the regional level, the generalized indicator that characterizes the level of economic development in
the region is the gross regional product (GRP).

The existing forecasting methods (regression analysis, direct count, normative method) for application
in forecasting tasks at the TOP and DOWN levels use various indicators of energy efficiency: at the country
level — indicators of GDP power intensity and their types (GDP power intensity, GDP gas intensity, etc.), at
lower levels — indicators of electricity capacity of gross value added (GVA) in regions by types of economic
activity (TEA), and product release (service provision) at lower levels — local level.

The development of a general forecast for FER and determination of energy efficiency indicators at
different levels of the economy consists of several parts; the stages of the forecast at the country level are taken
into account. The first stage is the development of a nominal GRP forecast for the region for a period of 15—
20 years (medium-term perspective). The study of the nominal GRP takes into account the trends of the
economy, its rates, and proportions and includes data from the leading scientific institutions at the country
level, forecast estimates for the development of regions, and budgetary and non-budgetary programs for
financing activities in the regions. Materials are used to calculate the country's macroeconomic indicators in
relation to their possible application in the region.

Further, to determine one of the main indicators of energy efficiency — GRP power intensity (for the
region) using a normative method, taking into account the potential for electricity saving from structural

changes in the economy Z:AESI"t , Torecast levels of electricity consumption (TOP level) are determined

based on the indicators of GRP power intensity of the base year (total GVA of the region) and calculated
potentials for electricity saving/excessive consumption of electricity from structural changes by stages of the
forecast period with forecast GRP volumes. GRP power intensity in the forecast year, taking into account
structural changes, is determined by the volume of electricity consumption (j-type of TEA) in the forecast year
and the volume of GRP created for the forecast year.

Forecast levels of electricity consumption at the level of aggregate TEA by sections (DOWN level) are
determined by the indicators of GVA power intensity in the region of the base year and forecast volumes of
GVA of the region, taking into account the potential of electricity saving from structural changes in the
economy by sections under TEA, until the end of the forecast period.

GVA power intensity of the region (etGVAsij) (GRP power intensity) in the forecast year t, taking into

account structural changes, is determined by the formula (1):

. _E& 1
eevASij _V GtVAS , ( )
i

where Efj means volumes of electricity consumption in the forecast (t-th) year j-th type of FER (electricity)

in the i-sector of the region's economy, VG‘V%_ means forecast of the gross value added (GVA) of the country

(total for TEA) in the t-th year for s-th structure of the economy j-th type of FER (electricity) in the i-sector of
the region's economy.
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The methodical approach, which is based on the improved normative method proposed for forecasting
the levels of electricity consumption in the region, is based on energy efficiency indicators both by the types
of primary fuel — gas intensity, oil intensity, coal intensity of GDP, as well as power intensity and heat capacity.

The forecast stages include the following components of the calculation: determination of the forecast
consumption of a j-th type of FER (electricity) at the level of energy efficiency of the base year; change in the
forecast level of consumption of a j-th type of FER (electricity) from the change in the forecast structure of the
region economy. This component can both increase and decrease the consumption of fuel resources in the
production of electricity due to the change in the share of GVA in the economic structure of the region. The
next stage corresponds to the technological potential of energy saving of the j-th type of FER (electricity) in
the i-th sector of the economy in the region. The forecast consumption of a j-th type of FER (electricity) by
the population in a t-th year is also calculated, taking into account the energy saving. The final stage calculates
the forecast volumes of substitution of the j-th type of FER for scarce types (for example, imported ones) for
electricity. The last component balances the consumption of electricity, reducing scarce types of fuel for its
production while increasing the consumption of available types of fuel and energy.

Electricity consumption at all hierarchical levels is forecasted using an improved normative method. It
creates the forecast of electricity consumption at the relevant level as the sum of forecasts at the level of regions
or types of economic activity in the region and the forecast of electricity consumption for the population,
respectively, at the level of the country or region.

The created three-tier model (tier I, tier Il, tier 111) takes into account both the total potential energy
saving (from structural and technological changes) in the country as a whole, and peculiarities at the regional
level (region, city, village, settlement, territorial community) in certain (selected) TEA in the provision of
services (production).

For tier | — countries, the forecast level of electricity consumption is determined by the formula (2):

P' =62, Vaya —AEL + P, 2)

S

where egVAS means GVA power intensity in the country in the t-th year for s-th structure of the economy;

V. Means forecast of the gross value added of the country (total for TEA) in the t-th year for s-th structure

of the economy; AEQ means volumes of electricity reduction due to structural and technological changes

(energy saving potential) in the t-th year for s-th structure of the economy; P; means forecast of electricity

consumption by the population, which is determined according to a certain methodology.
The GV A power intensity of the country is determined from the formula (3):
Pb
egVAs = Vb—S' 3)

GVAs

where PSb means electricity consumption by country for the base year for s-th structure of the economy; Vé’VAS
means gross value added of the country (total for TEA) in the base year for the s-structure of the economy.

The gross value added was forecasted at the General Energy Institute of the National Academy of
Sciences of Ukraine.

For tier II — regions of the country, the general equation (4) is used: (4):
Pi=> P/ +P;, 4)
f

where Pft mean forecast demand for electricity in the t-th year for the f-th region of Ukraine.

Forecast demand for electricity in the regions is determined from the formula (5):

Z F)ft = Z egVAfVCEVAf - Z AE; , (5)
f f f
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where e2,,, means GVA power intensity of the base year for the f-th region of Ukraine; V3, means GVA

forecast in t-th year for f-the region of Ukraine; it is determined by the rate of change of the indicator at

retrospect and estimates of international economic organizations; ZAEtf means forecast the total potential
f

of energy saving in t-th year for all f-th regions in the forecast year for all economies, which is determined
from the formula (6):

> AE}, =Y AFE; + Y E},, 6)
f f fa

where ZAEtf means forecast energy saving potential in the t-th year in each region, which includes
f

electricity saving measures common to all settlements and types of economic activity (reduction of losses in
networks, in production, in the provision of services, reduction in the electricity used to maintain administrative

and industrial premises, street lighting, etc.) for the f-th region; ZE‘fa means forecast energy saving potential
fa

in t-th year, which is taken into account at the lower stages of the construction of the administrative structure
of the country of f-th region (measures for energy saving, which are typical for the production of the region).
For tier 1, the electricity consumption forecast for the regions is determined by the general formula (7):

Pi=> Py, (7)
f

where in addition to the above designations; g means the type of economic activity of the regions according to
the applicable Classifier of Economic Activities (CEA) KVED-2010.

Forecast total electricity consumption by types of economic activity (TEA) in the region is determined
by the formula (8):

b
Pqtf = ZeGVAquéVAqf _ZAEctlf ' (8)
q q
where egVAqf means GVA power intensity of i-th type of economic activity in the f-th region; VéVAqf means

GVA volume in the f-th region in the forecast year determined by the forecast structure of GVA,; AE:1f means

total forecast potential of energy saving in the t-th year for all g-th types of economic activity in the forecast
year for the economy of the f-th region.

It should be noted that the GDP of the country and the gross regional product (GRP), calculated at the
country level, are the same value, and according to the energy consumption levels, the consumption volumes
for the regions are not identical to the amount in the country.

In the region f, for the g-th sections of the economy, forecast electricity consumption can be determined
by the lower components of TEA: sections, classes, and groups of types of economic activity (9):

Py =3, ®
-
where r means section, class, or group in the type of economic activity in the region, included in a certain

section g in the country, according to the applicable Classifier of Economic Activities KVED-2010; Z Prﬁ
r

means total electricity consumption in the region f by regional classes, groups included in types of economic
activity (TEA) r, and is determined from the formula (10):

Zprtf = ZeéVAerGt-VArf _ZAEt ) (10)
r r r
where eéVArf means GV A power intensity of r-th section, class, or group in the type of economic activity in

the base year, which is included in a certain region f; V. means GVA volume in the forecast year for

section, class, or group in the type of economic activity (section) r, which is determined by the forecast GVA
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structure in the region; ZAE:f means total forecast potential of energy saving in t-th year in region f for all
r

r-th sections, classes, and groups in the types of economic activity (sections).

At a lower hierarchical level, the forecast of electricity consumption can be determined by energy-
consuming types of k-th product, which is produced by the r-th division in the g-th section according to TEA,
which develops in the f-th region in t-th year according to formula (11):

t _ t oyt
Pquf _bjkv

krgf (11)

where b}k means specific costs of the j-th type of energy resource (electricity) in the production of a k-th type

of products in a t-th year for the r-th type of economic activity of g-th section in TEA in the economy of the f-
th region; thrqf means forecast yield of the products of k-th type in r-th class, a group in the type of economic
activity of g-th section in TEA in the tth year of the economy of the
f-th region.

For a three-tier system of the economy, the energy-saving potential (ESP) is determined according to
the following algorithm:

at the level of r-th TEA of f-th region by j-th type of energy resource (electricity), ESP as a decrease in
the consumption of j-th energy resource in t-th year relative to the base year is determined from the formula
(12):

AEngArjf = (egVArjf _Aeg;/;rjf )VéVArjf , (12)
where AEg\fArjf means electricity saving potential of the j-th type of energy resource in r-th TEA of f-th region
in t-th year; egVArjf means GV A power intensity of j-th type of energy resource in r-th TEA of f-th region in
the base year; Aeg;t,w means a reduction of the power intensity of TEA of j-th type of energy resource in r-

th TEA of f-th region in a t-th year relative to the base year through the energy saving measures; VéVArjf means

forecast GVA volume in r-th TEA of f-th region in t-th year.
At the level of the f-th region for j-th type of energy resource in a t-th year relative to the base year
(formula 13):

AE b-t

b b-t t
GVArjf — (eGVArjf _AeGVArjf )VGVArjf ' (13)
where AEG'“QtAjf means energy saving potential of the j-th type of energy resource in f-th region in t-th year;

egVA,jf means GV A power intensity of j-th type of energy resource of the f-th region in the base year; Aeg(,tArjf
means a reduction in GVA power intensity of j-th type of energy resource in the f-th region in a t-th year
relative to the base year through the energy saving measures by types of economic activity of the regions and
regional-wide measures; VéVArjf means forecast GVA volume of the f-th region in the t-th year.

At the level of the country (formula 14):

AEY =(€B — Aely Vauy (14)

where AE;”t means energy saving potential of the j-th type of energy resource in the country in t-th year;

b

€cvaj Means GVA power intensity of the country of j-th type of energy resource in the base year; Aeg\’,tAj

means a reduction in GVA power intensity of j-th type of energy resource in a t-th year relative to the base
year through the energy saving measures by types of economic activity of the regions and regional-wide

measures; VéVAj means forecast GVA volume of the country in t-th year.
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As for the general economic situation in Ukraine, as a result of Russia's full-scale invasion, Ukraine's
GDP fell by — 29.1 % in 2022 (according to the latest data from the Ministry of Economy, although this figure
will change over time). The nine most affected regions account for 30 % of the national GDP. Subject to the
NBU report, the economy will gradually return to sustainable growth: in 2023, real GDP is expected to grow
by 2.0 %, then to 4.3 % in 2024 and 6.3 % in 2025 (April-May 2023). According to the Ministry of Economy,
the majority of essential economic activities showed positive results in 2023. This is due to the low statistical
base of last year's comparison and the high ability of businesses to adapt to new challenges during the war, as
well as assistance from the government and international partners. Separately, the Ministry of Economy noted
that economic activity is recovering in many sectors of the manufacturing industry, which was crucial during
the war. In general, the manufacturing sector, which suffered damage and destruction during the war, is
gradually recovering. GDP growth in September 2023 was about 9.1 % compared to September 2022. As a
result, in January-September 2023, growth is estimated at 5.3 % compared to the same period last year. In
September, the security situation, the production facilities destruction at some enterprises (mainly in the east
of the country), and logistical constraints for exporters remained the biggest deterrents to economic growth
[22-25].

Ukraine's GDP growth in 2024 is forecast at 4 % by the Ministry of Economy, and this forecast is
included in the draft state budget for 2024. The World Bank forecasts Ukraine's GDP to grow by 3.5 % in 2023
and 4.0 % in 2024. Dragon Capital Investment Company’s analysts expect Ukraine's GDP growth to be around
2-3 %, but no more than 5 % instead of 8 % due to the longer duration of the hot phase of the war with Russia
[26-28]. In June 2023, the IMF forecasted that Ukraine's gross domestic product growth in 2023 would be
between 1 % and 3 %. The growth is now expected to be closer to 3 %, according to the IMF [29].

Stable summer electricity supply, increased government spending, large foreign aid, a better-than-
expected harvest, and rising consumer and business confidence contributed to a gradual pick-up in activity in
the first to third quarter of this year following a sharp decline a year ago. Modest growth in Ukraine resumed
in the second quarter of 2023 for the first time since the Russian invasion, reinforced by a rise in public
consumption and some recovery in sectors benefiting from military spending and improved electricity supply.
In agriculture, higher-than-expected growth was supported by favorable weather conditions. A shift to
alternative export routes bypassing Black Sea ports eased some logistical burdens; however, the suspension of
the Black Sea Grain Initiative in July affected exports. Wage pressures have intensified amid widespread
growth in labour demand and tight labour supply, according to the World Bank's (WB) updated economic
forecast. According to the forecast, Ukraine's economic growth is expected to reach 6.5 % in 2026. WB experts
believe that the forecasts depend on the availability of foreign financial support and the expected duration of
the Russian invasion. Economic policy is expected to remain tight to contain inflation and widening external
imbalances, while private consumption is expected to make only a modest contribution to economic growth
over the forecast horizon.

It is noted that economic conditions in Ukraine remain in an extremely difficult state amid escalating
security risks, additional damage to infrastructure, renewed pressure on energy prices, and restrictions on the
capacity of grain transportation routes to international markets.

Two structures of the post-war economy were developed at the Institute of Economics and Forecasting
of the National Academy of Sciences of Ukraine [30]. In the paper [31], the authors present their vision of
economic processes that will be more moderate by 2030 with a slower recovery rate (conservative scenario),
this forecast is based on the cessation of hostilities by the end of 2025.

According to Ukrenergo's preliminary data, electricity consumption by the Ukrainian economy and
population is estimated at 106.2 billion kWh in 2022 (to be specified later by Ukrenergo), and production —
119.5 billion kWh.

Ukrainian agriculture is a direct victim of Russian aggression, as fighting often takes place in Ukrainian
fields and farms. About 13 % of Ukraine's territory is mined by Russians. There is a risk of a protracted war
in Luhansk, Donetsk, Zaporizhzhia, and Kherson regions, which account for 23 % of wheat production, 3 %
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of corn, 21 % of barley and 20 % of sunflower seeds. Currently, the decline in production in monetary terms
is estimated at 10 % in 2023 compared to 2022.

Industry. The damage to industrial assets is at least $ 6.7 billion (about a hundred industrial enterprises
were reported damaged or destroyed). The metallurgy industry has lost at least 50 % of its assets. There are
estimates of up to 65 %. Among the largest losses: were “Azovstal” and “Ilyich Iron and Steel Works of
Mariupol”, Ukraine's second and third largest steel plants, respectively. Other steel mills are operating
intermittently due to the unstable electricity and water supply situation. In 2022, Ukrainian enterprises
produced 6.3 million tonnes of steel, just 30 % of the 2021 figure. In the first two months of 2023, Ukrainian
ferrous metals producers reduced production by almost 80 % on average compared to January—February of the
previous year. At the end of 2021, the industry accounted for 23 % of electricity consumption in the country.
The rest of the industry accounted for 18.6 % of consumption. Production will drop to 5 % by the end of 2023
without a sharp deterioration in the situation. Only machine building is growing by 10 % compared to 2022.

Energy sector. It suffered significant damage over the period from autumn 2022 to spring 2023. The
amount of damage is being clarified, the economy section is operating, providing the necessary amount of
electricity supply for spring 2023, emergency shutdowns have been stopped, several NPP and TPP units are
undergoing current and medium repairs, Zaporizhzhia NPP is occupied, 5 units are in a cold shutdown state,
Energoatom is eager to put 1 unit in this mode, however, the occupation administration prevents this. The fate
of the cooling pond at this NPP and the NPP itself after the Kakhovka HPP explosion is unknown. The overall
forecast for electricity supply before the heating season is stable, after the start of this season it is uncertain,
depending on the state of hostilities.

Transport. Freight and passenger traffic is growing. By the end of 2023, the forecast is favorable, with
grain, ore (export) resumption, and coal transportation. The section’s GVA is expected to grow by 7-8 % in
2023 compared to 2022.

The sector of Other foreign economic activity. The sector is gradually resuming operations, which is
responsible for stabilizing the economy, halting its decline, and increasing employment and salaries. The
forecast is favorable until the end of the year.

Exports. In 2022, Ukraine exported 99.8 million tonnes of goods worth $44.1 billion, while the value
of exports fell by 35 % and physical volumes decreased by 38.4 % compared to 2021.

The author has developed a forecast of Ukraine's GDP until 2030, which is presented in Table 1.

Table 1. Forecast of Ukraine's GDP by 2030 in 2016 prices

Indicators

2020
(actual)

2021
(actual)

2022
(actual)

2023

2024

2025

2030

GDP forecast at 2016
prices, UAH bn

2,509.8 2,596.3 1,841.9 1,878.7 1,959.5 2,083.0 2,827.2

Paper [31] provides a forecast of the structure of gross value added to be created in the country's
economy by 2030. The materials used were those of the Institute for Economics and Forecasting of the National
Academy of Sciences of Ukraine, the Ministry of Economy, the World Bank, the IMF, the National Bank of
Ukraine, and Dragon Capital Investment Company [32]. Given the forecasted structure of gross value added,
the forecast of electricity consumption at the state level in Ukraine until 2030 is presented (Tables 2, and 3).
Table 2 shows the forecast of electricity demand in terms of energy intensity of GDP and energy intensity of
GVA, where 2022 is chosen as the base year, and the forecast of GDP and GVA at the state level in constant
prices of 2016 until 2030. Gross electricity consumption is given in a range since the energy intensity of GDP
and GVA differ. The corresponding forecast was also calculated in the economic sections for the same forecast
period (Table 3). However, in the absence of the necessary statistical data for the country's economic sectors
for 2022, the base year in this table is 2020, which is the latest available with the required information. This
explains the significant difference in the calculated values of these tables. It is possible to calculate such a
forecast for the long term, and if the necessary statistical data are available, it can be presented for the regions
using modified methods [34].
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Table 2. Forecast of electricity demand at the country level in Ukraine until 2030 at the TOP level,
calculated according to Ukrenergo's operational data

2020

2021

2022

Indicators (actual) (actual) (actual) 2023 2025 2030
GDP forecast at 2016 prices, UAH bn 2,509.8 2,596.3 1,841.9 1,878.7 2,083.0 2,827.2
GVA forecast in total at 2016 prices, UAH bn 1,618.8 1,653.3 1,853.8 2,516.2
Gross electricity consumption by electricity -
intensity of GDP in 2022, million kWh ) 106,200.0 108,307.0 | 120,085.0 | 162,990.0
Gross electricity consumption by electricity -
intensity of GVA in total 2022, million kwh ) 106,200.0 108,457.0 | 121,609.0 | 165063.0
Actual consumption, million kWh 120,324.6 | 125,654.8

129,968.0 | 144,102.0 | 192,328.0
Total gross electricity consumption (gross) 147,801.4 | 156,601.0 127,440.0

130,148.0 | 145,931.0 | 194,774.0

*Ukrenergo's operational data, calculated based on monthly consumption

Table 3. Forecast of electricity demand in Ukraine until 2030 (2020 — baseline) at the TOP and DOWN levels

in Ukraine*
. 2020 2021 2022 2023 ‘ 2025 2030
Indicators - -
actual estimated estimated forecast

GDP forecast in 2016 prices, UAH bn 2,509.8 2,596.3 1,841.9 1,878.7 2,083 2,827.2
Gross electricity consumption in the country,
taking into account structural - and | 54940 6 | 1284804 | 1055000 | 107,6100 | 1135260 | 1415121
technological energy saving at the TOP level,
million kWh

Forecast of gross electricity consumption by types of economic activity according to the electricity capacity of the GVA in 2020,

million kWh

Agriculture, hunting, forestry; fisheries 2,111.4 2,246.3 1,198.9 1,342.2 1,570.7 2,244.1
Industry 65,655.8 72,456.4 49,063.9 50,528.1 56,777.4 78,531.9
including
mining 12,299.5 16,946.3 10,707.3 10,535.1 11,684.0 15,281.7
processing 35,137 32,079.9 16,792.7 20,285.4 22,739.0 32,219.6
production and distribution of electricity, gas,
heat, and water; water supply, sewerage, 18,219.7 23,430.3 21,563.9 19,707.5 22,354.4 31,030.6
waste management
Transport 5,432.0 5,292.3 2,711.6 3,189.7 3,774.2 8,004.2
Other types of economic activity 14,506.7 14,821.4 12,391.6 12,051.9 12,711.2 16,074.0
Population 36,435.7 36,263.0 35,140.6 33,672.8 33,586.5 33,500.1
Total gross electricity consumption by types
of economic activity and population, taking

into account structural and technological | 124,141.6 | 131,079.5 100,506.7 100,784.7 | 108,420.0 138,354.4
energy saving at the DOWN level, million
kWh

* — calculation based on the structure of Ukraine's economy in 2020 and electricity intensity in 2020
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Table 4. The technological potential of electricity saving in the economy of Ukraine until 2040 relative to

2017,bIn kwWh
Indicators 2020 2025 2030 2035 2040
The technological
potential of electricity 2,418.6 7,021.2 10,993 15,175.7 18,548.0
saving

listed taking in

Table 5. The technological potential of electricity saving
to account the situation after 2022, bin kWh

in the economy of

Ukraine until 2040 relative to 2020,

Indicators 2020 2025 2030 2035 2040
The technological

potential of electricity - 1,000.0 2,800.0 6,900.0 10,350.0
saving

Estimates obtained as a whole for the country were distributed among the regions of Ukraine in
proportion to the amount of energy resource (electricity) consumption.

Twelve regions with the largest electricity consumption are highlighted; the other regions are combined.
In the region, the electricity saving potential was distributed according to the structure of electricity
consumption in terms of TEA in the regions (Table 6). In the table.4 shows the potential of electric saving in
these very regions, but without taking into account the relocation of enterprises, since such statistics are not
available at the moment. Calculations are given for 2020.

Table 6. Forecast potential of electricity saving in Ukraine until 2040 relative to 2017, bin kwWh

Regions Forecast potential of electricity saving relative to 2017

2020 2025 2030 2035 2040
Ukraine 2,418.6 7,021.2 11,162.9 15,175.7 20,547.8
Vinnytsia 51.5 149.5 237.7 323.1 4375
Dnipropetrovsk 622.4 1,806.9 2,872.8 3,905.5 5,288.1
Donetsk 251.6 730.3 1,161.1 1,578.6 2,137.4
Zaporizhzhia 240.7 698.8 1,110.9 1,510.3 2,044.9
Ivano-Frankivsk 67.2 195.2 310.3 421.8 571.1
Kyiv (region) 80.3 233.0 3705 503.6 681.9
Lviv 73.3 212.8 338.1 459.7 622.4
Odesa 74.9 217.3 345.5 469.8 636.1
Poltava 109.8 318.7 506.7 688.8 932.6
Kharkiv 110.4 320.5 509.6 692.8 938.1
Cherkasy 52.3 151.8 2414 328.1 444.3
Kyiv (city) 137.4 399.0 634.4 862.4 1,167.7
Other regions (total) 546.8 1,587.4 2,523.9 3,431.2 4,645.7

Table 7. Forecast potential of electricity saving in Ukraine until 2040 relative to 2020, recalculated taking into
account the situation after 2022, bln kwh*

Regions Forecast potential of electricity saving relative to 2020

2025 2030 2035 2040
Ukraine 1,000.0 2,800.0 6,900.0 10,350.0
Vinnytsia 21.3 59.4 147.0 220.4
Dnipropetrovsk 257.3 720.2 1,775.7 2,663.6
Donetsk 104.0 291.2 717.7 1,076.6
Zaporizhzhia 995 278.6 686.7 1,029.8
Ivano-Frankivsk 27.8 775 421.8 3435
Kyiv (region) 33.2 93.0 229.0 3435
Lviv 30.3 84.6 209.0 313.5
Odesa 31.0 86.5 213.6 319.8
Poltava 45.3 127.1 313.2 470.0
Kharkiv 45.6 127.8 315.0 472.5
Cherkasy 21.6 60.6 149.2 223.8
Kyiv (city) 56.8 159.1 392.1 588.2
Other regions (total) 226.3 634.4 1,330.0 2,598.3

* — the data are provided subject to de-occupation of the territory of the regions until 2025

The list of technological measures aimed at reducing the electricity consumption in the regions in the
sections of the economy for the forecast period of 2040 includes as follows: introduction of energy-efficient
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process equipment and household appliances instead of existing energy-consuming ones; introduction of
energy-saving pumps with automatic control systems based on frequency regulation (energy saving is possible
in the amount of 30-50 % of the consumption of pumping units using throttling and changing the number of
working units); use of automatic systems for regulating equipment operation modes, recording and controlling
the use of electricity; application of energy-saving lighting configurations using LED lamps (such replacement
of lighting systems is primarily necessary in budget institutions, as well as for the population. When
introducing energy-saving lamps to replace the existing ones in the amount of 326.5 bln units, it is possible to
save annually 40 billion kWh of electricity); and replacement of existing computer equipment with low-power
“green” computers.

Advanced energy-saving technologies in the housing and utilities sector of the regions include thermal
modernization of residential and household buildings, which involves modernization of engineering equipment
(including pumps) of heating, ventilation, air conditioning, and hot water supply systems; introduction of
highly efficient energy-saving technologies that completely replace the use of natural gas and coal in heat-
generating sources with technologies with direct use of electricity (electric boilers, electric heaters and other
equipment), which can be used as independent heat-generating sources for individual use.

4. Conclusion

As a result of the study, an improved comprehensive method of demand for energy resources was
developed in terms of peculiarities of the energy use in the regions of Ukraine and their impact on the electricity
consumption in the country. This method, unlike the existing one, harmonized the forecasts obtained by the
normative method at two levels of the economy: the upper (country) and the lower (types of economic activity)
taking into account the structural and technological potential of energy saving in the types of economic activity,
considers an improved normative method of forecasting consumption of the fuel and energy resources (FER),
including electricity, on three hierarchical levels: country, regions, types of economic activity in the regions.

For the relevant hierarchical levels, a three-tier economic and mathematical model and a methodology
for forecasting electricity consumption, taking into account the regional features of the economy, a system of
energy efficiency indicators has been developed. The calculation of energy-saving potentials at the regional
level made it possible to more accurately take into account the scope of implementation of energy-saving
measures since energy-saving programs (including electricity saving) are developed precisely at the regional
level. Energy-saving measures typical for most regions are taken into account for the technological potential
of energy-saving at all hierarchical levels. For the regions of Ukraine, the technological potential of electricity
saving was distributed in proportion to the energy consumption and according to their structure in line with
the list of the main energy-saving measures according to TEA in the regions. The technological potential of
electricity saving in the country will reach 10.35 bin kWh per year.
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AHoTaWisg. Memoro ybo2o 00CriOHCeHHs € PO3BUMOK MeMOOI8 i 3ac00i8 00820CMPOKOBO20 NPOSHO3YBAHHS
eeKMPOCNONCUBAHHSL HA OCHOBI YOOCKOHANEHO20 KOMNIEKCHO20 Memo0dy NPOSHO3VEAHHA NONUMY HA
eHepaopecypcu 3 Ypaxy8aHHsIM 0COOIUBOCMEN eleKMPOSUKOPUCMAHHS pelioHie YKpainu i ix eniusy Ha
eeKMpOoCnodCcU8anns  Kpainu. Haykoeow HOBU3HOW OMPUMAHUX —pe3Vibmamié € 8pPaXy8aHHs
MEXHONIO2IYHO20 NOMEHYIATY Pe2iOHANbHO20 eleKMPO30epedCeH s 3a MUno8UMU O pe2iOHi6 3aX00amu 3
enexkmpo3zbepedicenns. Cghopmosana mpupisnesa mooenv (pieenv I, pigenw I, pigens IIl) epaxogye sk
3a2anbHUll NOMeHYian eieKmpo30epexceHts (8i0 CMpyKmypHUX i MexHONIO02IUHUX 3pYuieHb) 8 KpaiHi 6
yinomy, maxk i 0cooOIUBOCMI HA pecioHaATbHOMY piHI (0baacmb, micmo, ceno, ceauwje, mepumopiaibha
2pomMaoa) y neeuux (8uOpanux) euoax eKoHoMiuHoi disibrocmi y eupoonuymei (naoanui nocnye). Ipu
suKonauni pobomu 6Oyro 3iopano mamepian wooo 3axo0ieé 3 eNeKmpo30epPedlcents 6 eHePeOEMHUX
BUPOOHUYMBAX MA NPOSHO3AX PO3BUMKY OKpeMux 8uodieé eupobHuymea ma Hadawusa nocaye. Lli oyinku
BUKOPUCMAHO NPU BUBHAYEHHI MEXHON02INHO20 NOMEeHYIANy eHepeo3bepedicenHs @ pecionax. Budineno 12
HAUOIIbWUX 3a CHOJICUBAHHAM eleKmpoeHepeii pe2ionie, iHull pecionu 06 €OHani pasom. Texwonoeiunuil
nomenyian erekmposoepedicents no Kpaiui docsene 10,35 mapo kBm-2o0.

KarouoBi cioBa: perioH, enekTpo30epexeHHs, IOTeHILIal eJIeKTPO30epeKeHHs, IPOTHO3YBaHHS,
eHepreTnyHa e()eKTHBHICTB, €IEKTPOCHEPTis.

Haoittwna 0o peoxoneeii: 18.10.2023

CuctemHi gocniayKeHHs B eHepreTuui. 2024. 1(76) 16


https://biz.nv.ua/ukr/economics/svitoviy-bank-polipshiv-prognoz-zrostannya-ukrajinskoji-ekonomiki-50358442.html
https://biz.nv.ua/ukr/economics/svitoviy-bank-polipshiv-prognoz-zrostannya-ukrajinskoji-ekonomiki-50358442.html
https://thepage.ua/ua/news/ukrayinska-ekonomika-prodovzhit-zrostati-v-2024-roci-zastupnik-golovi-misiyi-mvf

