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1 Introduction

The petroleum products supply is great importance for the country’s economy, since
so far the transport and agricultural machinery of any country consume mainly gaso-
line, diesel fuel, kerosene, liquefied gas (i.e. petroleum products). During the cold
winter season, boilers and thermal power plants (TPPs and CHPs) can use fuel oil or
diesel fuel as back-up fuel in the case of a shortage of natural gas. Fuel oil is also used
as an additional high-calorie fuel at the start-up of coal-fired boilers. The application
area for petroleum products is therefore transport, agriculture, energy and industrial
energy.

In Ukraine, during 2014-2020, the consumption of gasoline (taking into account
sales through petrol-gas stations) decreased from 3.1 to 1.8 million tons and fuel
oil from 0.1 to 0.09 million tons [1]. However, during 2017-2020, the consumption
of diesel fuel (including sales through petrol-gas stations) increased from 5.4 to 6.1
million tons and liquefied gas (including sales through petrol-gas stations) from 0.9
to 1.3 million tons [1]. This is clearly the result of high fuel prices and the availability
of low-cost second-hand diesel cars from Europe.

According to the data of the State Statistics Service of Ukraine, the total consump-
tion of petroleum products in Ukraine has increased, while the consumption of crude
oil for petroleum processing has significantly decreased (Fig. 1) [2].

The export of oil refining products from Ukraine in January—June 2021 increased
to 203 thousand tons (a 1.8-fold increase compared to the same period in 2020),
including 126.1 thousand tons of fuel oil [3]. The share of oil exports of the
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Fig. 1 Total supply of crude oil and petroleum products to Ukraine in 2007-2020 [2]

Kremenchug oil refinery was 114.7 thousand tons, and that of the state-owned corpo-
ration “Ukrgazvydobuvannya” was 11.4 thousand tons. In June 2021, exports of
petroleum refining products from Ukraine amounted to 34.5 thousand tons, which
is three times more than in June 2020. At the same time, as a result of large-scale
military operations, total exports of goods from Ukraine have been reduced by half
[4].

In 2021, 5 million tons of petroleum products were sold at Ukrainian petrol-gas
stations, which is 12% more than in 2020 (4.46 million tons of all types of fuels)
[5]. In 2021, sales of A-95 gasoline saw the greatest growth from 1.76 (2020) to 2.1
million tons (23%). The sale of A-92 gasoline increased by 10% (from 0.60 to 0.66
million tons (data on the sale of A-98 gasoline stopped being published as of the end
of 2019) [3]. The sale of diesel fuel increased significantly by 19% (from 1.76 to 2.1
million tons). However, the sale of liquefied gas decreased for the first time in seven
years: in 2021, its sales were 3% less than in 2020 [3].

According to Ukraine’s product balance sheets [6], the consumption structure of
petroleum products has changed with increasing fuel prices. Higher gasoline prices
have stimulated the import of diesel vehicles into Ukraine and the upgrading of
gasoline engines for the use of liquefied gas.

Taking into account the difficulty of forecasting price changes for certain types of
fuel, this article first analyzes the total consumption of petroleum products in Ukraine
and by types of economic activity. Then the trends of changes in the structure of
consumption of types of petroleum products are determined. The forecast structure
of consumption of petroleum products was evaluated, taking into account the military
actions in Ukraine and the post-war recovery of the country. Expected changes in the
structure of the country’s economy and small amounts of energy savings are taken
into account. Energy saving involves reducing the specific consumption of fuel oil for
the production of electricity at TPPs and CHPs, and the loss of petroleum products
during their transportation and distribution.
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Table 1 Actual and forecast consumptions for petroleum products in Ukraine for 2020 relative to
2015, million toe [6, 7]

Indicators 2020 2020
actual forecast

Ukraine (total) 10.019 11.5-11.7
Agriculture, forestry and fishing 1.016 1.490
Mining and quarrying 0.127 0.305
Manufacturing industry 1.580 1.423
Supply of electricity, gas, steam and air conditioning; water supply; 0.154 0.577
sewerage, waste management

Transport, warehousing, postal and courier activities 6.842 7.652
Other types of economic activity 0.159 1 0.286

The previous forecast of petroleum products was carried out in 2015 and is given
in the publication [7]. A comparison of the accuracy of forecasts with actual data
is considered using the example of 2020 (the latest available statistical data on the
country’s energy balance on the website of the State Statistics Service of Ukraine
[6]). The results of the comparison of the forecast and actual data for 2020 are given
in the Table 1.

As can be seen from the Table 1, the sections “Manufacturing industry” (up to
10%), “Transport” (11.8%), by country (14.8—-16.8%) have a satisfactory forecasting
error. Other sections of the economy have a significant difference. It is clear that the
COVID pandemic has significantly affected economic indicators around the world,
so there is an obvious expediency in reviewing forecasts made more than 5 years
ago.

After February 24, 2022, the war in Ukraine made significant adjustments to the
volumes of consumption of petroleum products according to the directions of their
use, but there is still no state statistical reporting on these issues.

2 The Purpose of the Study and Methods

The aim of the study was to update petroleum product forecast (2015) for further
balance forming, clarification of methodological approaches to obtaining activity
data and projecting petroleum product demand in the energy sector under the
destruction of energy facilities in the wake of Russian economic activity against
Ukraine.

Many scientists have studied the problems of forecasting the consumption of fuel
and energy resources, in particular Kulyk, Piriashvili, Rozen, Kasyanova, Podolets,
Lear, Nechaeva, Leshchenko and others [8-20].

At the global level, research on the oil products market is presented in the analyt-
ical materials of international organizations (for example, the Organization of the



116 O. Maliarenko et al.

Petroleum Exporting Countries (OPEC), the International Monetary Fund (IMF),
the International Energy Agency (IEA), the Organization for Economic Cooperation
and Development (OECD)). At the same time, significant attention of scientists is
given to the problems of evaluating monopolization, consideration of the structure
of the world oil market, issues of pricing on the world oil market, the manifestation
of crisis phenomena in this market and their consequences for Ukraine, analysis of
global trends in energy, opportunities for the development of the oil refining industry
in Ukraine, etc. However, in their research there is no calculation of the volumes
of current consumption of oil and oil products in the sections of the economy of
Ukraine and in the country as a whole, corresponding forecast volumes of consump-
tion that depend on structural and technological changes (structural and technological
potentials of energy saving), since for the formation of the price factor forecasts are
decisive in the economy of Ukraine.

In the General Energy Institute of the National Academy of Sciences of Ukraine,
Kulyk developed a complex method of forecasting energy resource consumption
[8, 21, 22]. This method is also called two-stage, as it involves forecasting energy
consumption by known methods at the same time on two hierarchical levels of the
economy (TOP-level and DOWN-level) with further matching of the obtained fore-
casts by Kulyk’s vector iterative-free method [21]. The two-stage method usually
uses the traditional regulatory method or the direct account method. In this study,
the traditional normative method was used to forecast petroleum products. Fore-
casts obtained at two levels were subsequently agreed using the Kulyk’s method of
forecasting decisions. The need for coordination arises when there is a significant
discrepancy in statistical data by country and by type of economic activity. Since
statistical reporting on types of economic activity in 2020 has not been published
by the State Statistics Service of Ukraine, the initial data for economic sectors was
formed from the Energy Balance of Ukraine in 2020. It should be noted that the
energy balance of the country and the product balance of oil products have differ-
ences in the given data; therefore the initial data for the country and for the sectors of
the economy were obtained from the same source—the Energy Balance of Ukraine
in 2020.

3 Mathematical Model of Forecasting the Petroleum
Products Consumption

In the paper [7], a comprehensive method [21] based on a two-stage method of
forecasting the consumption of energy resources was used to forecast consumption
of petroleum products (base year—2015). According to this method, two forecasts
are made at the DOWN (types of economic activity) and at the TOP (country) levels
of the economy with subsequent reconciliation using Kulyk’s vector method [8, 21].

Two approaches can be used to determine the forecasted consumption of
petroleum products. The first approach: separately determine the consumption of
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each type of petroleum product, and then sum them up in the same units, as in the
energy balance according to the Eurostat format. “The second approach: immediately
determine the consumption of petroleum products together, since the total volume of
consumption of petroleum products is a fairly constant value, and only the structure
of consumption changes, which is mainly affected by the price of fuel. The structure
of petroleum product consumption for the future can be determined by the scenario
method. The second approach is used in this paper.

For each economy section i (according to the classifier of types of economic
activity) with the consumption of petroleum products for transport (in internal
combustion engines) without conversion into other types of energy (electricity, heat),
the forecast of the consumption of the each petroleum product type j is determined
by formula:

Zecvm, Vovai F Z AeGVAzJ VGvai = Z Ae%VAij Vovai £ E;ubtj’
i
(1)

where egv 4;;—the energy intensity of GVA (Gross Value Added) of the energy
resource type j of the economy section i in the base year b, MI/UAH; V{, ,,—
forecasted GVA of the economy section i in year ¢ at constant prices (adjusted to the
prices of the base year b according to [21-23], thousand UAH; . AeGV Aij VEyai—
total decrease or increase in energy consumption of the energy resource type j in
year ¢ due to changes in the structure of the economy and the structure of its sectors
[21-26], MJ/UAH; }; Aegy 4;; Vv ai—decrease in consumption of energy resource
type j in year ¢ due to technological changes, MJ/UAH [21, 26]; E! , .—volumes of
substitution of energy resource of type j in year ¢, GJ [21].

The energy saving potential due to structural changes when determining the fore-
cast consumption for all types of petroleum products was calculated based on the
change in the structure of the economy in the forecast years. The calculation of the
technological potential of energy saving for each consolidated type of economic
activity takes into account the reduction in the consumption of petroleum prod-
ucts due to the reduction of losses during storage, transportation and distribution of
petroleum products.

For the economy section i, which mainly use petroleum products for conver-
sion into other types of energy in power plants: section D “Supply of electricity,
gas, steam and air conditioning”, section C “Manufacturing industry”, partly other
sections, forecast levels of consumption of the petroleum product type j are deter-
mined depending on the forecast structure of electricity and heat generation sources
and the forecast consumption of electricity and heat energy by the economy [7, 21]:

_ _ RN
wnv] Z(Z Bwf/ + Z qu] + Beath]) - kf./ Wfbwj + kml Qm qj

+ ZkOthB(tﬁhj’ (2)

subsj
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where B!, pj—consumption of petroleum products type j (diesel fuel, fuel petroleum)
for electricity generation of type f (thermal power plant, thermal power plant, other
electricity generators on petroleum fuel) in forecast year f; B;m j—consumption of
petroleum products type j for heat generation of type m (CHP, thermal power plants,
other petroleum-fueled heat generators) in forecast year t; B, ,—other needs of
petroleum products type j in sections; ks—share of electricity produced by power
generation facilities using petroleum products type j; W}—the amount of electricity
(gross) produced by power generation capacities of type f in year #; b, j—speciﬁc
consumption of petroleum products type j for the production of electricity in the
power system in year t; k,;,—share of heat energy produced by heat generating
facilities using petroleum products type j; Q! —amount of thermal energy produced
by heat-generating capacities of the type m in year t; bf] ;—specific consumption of
petroleum products type j for the production of thermal energy in the centralized heat
supply system in year f; k,,,—share of petroleum products type j used in sections for
other needs (lubricants, solvents, etc.); B(’), hj—consumption of petroleum products
type j for other needs in sections in year .

Only petroleum products (fuel petroleum, petroleum refinery gas) burned in
heating furnaces of petroleum refineries are taken into account in the production
of “Petroleum Refining”. The volumes of crude oil processing should be taken into
account when determining the need for petroleum. This is a separate forecast.

The total consumption of petroleum products at the DOWN-level (consolidated
sections of the economy) includes the sum of consumption according to Egs. (1) and

2):
E' = Zi Ej ;4 Elpp;- 3)

It is necessary to note about the formation of the forecast of the consumption
of petroleum products for the energy sector. To determine the forecast trend, the
volumes of consumption of petroleum products were analyzed in separate directions
according to the energy balances of Ukraine for 2015-2020 (Table 2).

Table 2 Consumption of petroleum products for conversion in the energy sector for the retrospec-
tive period, thous. toe

Conversion enterprises 2015 2017 2018 2019 2020 Average
over 5 years

TPP 127 64 132 119 27 94

CHP 158 471 156 37 57 176

Boilers 141 46 37 32 34 58

Other conversion 3 120 118 135 10 77

enterprises

Total for 429 701 443 323 128 346.6

conversion
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As can be seen from Table 2, petroleum products were used as a fuel substitute
in the past period, especially this is evident from the dynamics of consumption of
petroleum products at TPPs. Taking into account the uncertainty with the volumes
of imported gas supplies, and we can expect an increase in the consumption of
petroleum products in the energy sector in 2025. In any case, it is desirable to have
a reserve. Therefore, in the forecast of the consumption of petroleum products for
conversion at TPPs, CHPs, boiler rooms and other enterprises, the average value of
the consumption of petroleum products for 5 years with a further decrease in their
consumption to the level of 2020 was adopted for 2025.

The results of calculations by types of economic activity and by DOWN-level
(country) according to the given model are shown in Table 3 [26].

The forecasted consumption of petroleum products for the country level
(DOWN—Ilevel) is calculated according to the forecast indicators of the energy
intensity of the country’s GVA and the volume of the country’s GVA:

I
t _ b t b—t t t t t
ET,- = €Gv AT, VGVAn + AeGVA,-, VGVAn - § AeGVATXj VGVAT,»A + § :Esubj’ “)
i=1

where g%v AT, —the GVA energy intensity of petroleum products type j at the country
level in the base year b Vév AT, —the forecast of GVA volumes of the country, created

with the forecast economy structure s in year t; Ae?{v’ A —change in the country’s
GVA energy intensity of petroleum products type j in the forecast year ¢ under
the structural chancing of the economy relative to the structure of the base year
b; Aely, Ar, —change in the country’s GVA energy intensity of petroleum products

type j in the forecast year ¢ under the technological restructuring of the economys;
E',, ;—Vvolumes of substitution of petroleum products type j with other types of fuel
due to its shortage or high price.

To the Eq. (4) for the selection of the forecast structure, a restriction on the
country’s GVA energy intensity is added ef;,, ar, < e’év AT,

The impact of structural changes on the country’s energy consumption level is
determined by the second component of formula (4), which can have a “+” sign in
the case of overspending of the economy under a certain structure or “—" in the case
of fuel and energy savings. Technological potential (component 3) and replacement
volumes are determined only by individual technologies and are summed up. Table 4
includes forecasted petroleum products consumption (low level) taking into account
structural and technological energy saving potentials.

Forecasts obtained by the normative method at the upper and lower levels have
minor differences of 1.41% in 2020 and 1.13% in 2040. Such minor differences can
be ignored and not reconciled. The reason for the small difference is that since the
State Statistics Service did not provide the form of statistical reporting by types of
economic activity for 2020, the initial data for sectors of the economy were formed
from the Energy Balance of Ukraine for 2020. Therefore, the received forecasts have
a convergence of about 1% and do not need to be reconciled.
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Table 4 Forecast of consumption of petroleum products by types of economic activity until 2040
based on the updated forecast of GDP in 2016 prices and for structural and technological changes,

thousand toe

Indicators

2015% {2020
actually | actually

2025 2030

2035 2040

Agriculture, forestry and
fisheries

1278.0 | 1016.0

1197.5 | 1691.9

22229 | 2490.4

Mining and quarrying 321.0 127.0 156.4 160.2 161.7 134.1
Manufacturing industry 1358.0 | 1570.0 | 1451.0 | 1597.5| 1649.5| 1638.2
Supply of electricity, gas, steam 550.0 164.0 467.3 430.2 317.8 232.2

and air conditioning; water
supply; sewerage, waste
management

Transport, warehousing,
postal and courier activities

6302.0 | 6842.0

10,034.3 | 14,212.0

17,878.1 | 19,661.8

Other types of economic
activity

253.0 159.0

193.9 246.3

296.5 340.6

Together for types of economic
activity
(DOWN-leve)—E7, ..

10,062.0 | 9878.0

13,500.4 | 18,338.1

22,526.4 | 24,497.3

Ukraine—(TOP-level)—E?.

10,062.0 | 10,019.0

13,504.3 | 18,441.7

22,704.7 | 24,777.0

* GVA for 2015 is given in 2015 prices

Table 5 includes the estimation of the emissions of greenhouse gases (GHG) from
the forecasted petroleum products (gasoline, diesel, fuel oil, and propane-butane)
consumption in 2040 of for the perspective of 2040 based on averaged indicators for.
GHG emissions were determined according to the recommendations of the US Envi-
ronmental Protection Agency [27, 28], Directive 2009/28/EC [29] and the method-
ological manual of the International Energy Agency [30] and the WRI/WBCSD

manual [31, 32].

Table S5 Actual and forecasted GHG emissions from petroleum products consumption

Year | Petroleum CO, CH4 emissions, | N;O emissions, | GHG emissions,
products emissions, | thous. t thous. t thous
consumption, | thous. t t CO2eq
thous. toe

2015 | 10,062 30,493 1.3197429 0.277841 30,608.8

2020 |10,019 30,362.7 1.3141029 0.276653 30,478

2025 |13,504.3 40,9249 1.7712387 0.372892 41,080.3

2030 | 18,441.7 55,887.8 2.4188334 0.509228 56,100

2035 | 22,704.7 68,806.8 2.9779732 0.626942 69,068.1

2040 | 24,777 75,087 3.2497783 0.684164 75,372.1
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Determining directions for reducing the consumption of petroleum products and
corresponding greenhouse gas emissions requires further additional research when
forecasting the structure of consumption of petroleum products by individual species.

For forecasting petroleum products consumption by their types, it is necessary to
analyze the consumption structure during the last years (Table 6).

Table 6 Petroleum products consumption by their types in 2015-2020 [33-38]

Petroleum product | 2015 [33] | 2016 [34] | 2017 [35] | 2018 [36] |2019 [37] |2020 [38]
Gasoline, thous. t 2360.8 2229.4 1985.9 1767.2 1711.6 1767.7
thous. toe*** 24552 2318.6 2065.3 1837.9 1780.1 1838.4
Fraction in end 0.26 0.24 0.21 0.17 0.17 0.19
use—f

Diesel fuel, thous. t | 4770.9 4968.6 5148.6 5366.1 5791.7 5173.9
Thous. toe 4866.3 5068.0 5251.6 5473.4 5907.5 5277.4
Fraction in end 0.51 0.53 0.52 0.52 0.56 0.54
use—f,

Heavy fuel oil, 367.3 669.3 584.8 244 .4 86.7 98.2
thous. t

Thous. toe 374.6 682.7 596.5 249.3 88.4 100.2
Fraction in end 0.04 0.07 0.06 0.02 0.008 0.01
use—f3

Liquefied propane 675.8 778.4 896.1 1014.1 1184.9 1384.1
and butane, thous. t

Thous. toe 743.4 856.2 985.7 1115.5 1303.4 1522.5
Fraction in end 0.08 0.09 0.1 0.1 0.12 0.16
use—f4

Total petroleum 8439.6 8925.5 8899.1 8676.1 9079.4 8738.5
products, thous. toe

Fraction in end 0.89 0.93 0.89 0.81 0.858 0.9
use—Xp;

End use* 9455.0 9630.0 10,060.0 |10,599.0 |10,613.0 9695.0
consumption of

petroleum products

according to Energy

Balance—XEy;

Fraction in end use 0.94 - - - - 0.97
**—0(

* End use does not include non-energy consumption, losses and consumption by energy sector for
own

** Consumption is evaluated as the difference between resources (import + domestic production)
and conversion to other fuel and energy types

**% Conversion factors from t to toe are as follows: gasoline—1.04, diesel and heavy oil—1.02,
liquefied propane and butane—1.1 according to [39]
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As can be seen from the Table 6, the final consumption of petroleum products, the
sum of the consumption of the main types of petroleum products and their share of the
final consumption are values that change slowly. Over 5 years, the final consumption
of petroleum products increased by 2.5%. The amount of the main types of petroleum
products increased during the same period by 3.5%, mainly due to the increase in
the consumption of diesel fuel and propane-butane mixture. Most likely, such trends
will persist for the next 5 years and stabilize by 2030. In the future, after the end
of the war and post-war recovery, we can expect a decrease in diesel consumption
and some growth of gas mixture and gasoline. Currently, it is difficult to predict the
replacement of petroleum motor fuel with electricity, since the electric power system
was destroyed during the war, and the term of its restoration can be up to 10 years.

It is possible to consider only forecast scenarios of the final consumption of the
main types of petroleum products. At the same time, it should be noted that during
the war, military equipment consumes diesel, and trucks, which are needed for post-
war revival, mostly also consume diesel. Therefore, according to the basic scenario,
it is assumed that until 2030 the volume of diesel consumption will be maintained
at B, = 0.55, or even increase until 2025. After 2030, with the stabilization of the
country’s economy, the country’s environmental policy will return to compliance
with environmental requirements, i.e. a reduction consumption of heavy motor fuel—
diesel to the volume of B, = 0.44 and stabilization of the final consumption of fuel
oil B3 = 0.01. The volume of gasoline may increase after 2030 to the volume of
2015: By = 0.25. Propane-butane will also increase slightly to the fraction 4 = 0.2.

Forecasted petroleum product consumption by country, except for formula (4),
can be estimated as follows [40]:

EITX = Z Elij + E(t;zhj’ ®)
J

where Zj E‘kj—total final petroleum product consumption; Eglhj—other petroleum

product consumption, non-energy, own consumption and distribution losses.
Accordingly for forecasting petroleum products by fuel type, you the following
dependence can be used:

Y Ej =« Ej,, (6)
j

where oc—end use fraction from total consumption; according to energy balances
x=0.94...0.97.

Therefore, the final consumption of the jth petroleum product will be determined
by the dependence:

Ey;=8; Y Ef. 7
J
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where B;—the fraction of the j-th petroleum product from the final consumption
according to energy balances; j = 1—gasoline, j = 2—diesel, j = 3—heavy oil, j =
4—propane and butane mixture for road transportation. The calculated factors are
given in Table 6.

The forecast of the main types of petroleum product consumption is given in
Table 7.

The forecasted greenhouse gas emissions (GHG) up to were determined in accor-
dance with the recommendations of the Intergovernmental Panel on Climate Change
[41], the US Environmental Protection Agency [28], Directive 2009/28/EC [29] and
the WRI/WBCSD manual [31]. The results of calculations of GHG emissions in
thousand tons of CO, eq./year for the main types of petroleum products are shown
at Figs. 2, 3,4 and 5.

As can be seen from the Figs. 2, 3, 4 and 5, the largest emissions of greenhouse
gases in thousand tons of CO,-eq. provides diesel fuel, the emissions of which are
almost twice as high as the emissions from gasoline consumption and greater than
the total emissions from the consumption of gasoline and liquefied propane-butane
together. To restore the war-damaged industry and infrastructure of Ukraine, diesel
fuel will definitely be needed for transportation, but after the recovery of the economy,
the volume of diesel fuel should be reduced and replaced by more environmentally
friendly fuels.

Table 7 The forecast of the main types of petroleum product consumption in 2030-2040

Petroleum product type 2030 2035 2040
Gasoline, thous. t 3268.1 4658.8 5777.3
Thous. toe 3398.8 4845.2 6008.4
Fraction in end use—@ 0.19 0.22 0.25
Diesel fuel, thous. t 9470.3 |10,579.9 |10,367.5
Thous. toe 9659.7 10,791.5 10,574.8
Fraction in end use—@, 0.54 0.49 0.44
Heavy fuel oil, thous. t 175.4 215.9 235.6
Thous. toe 178.9 220.2 240.3
Fraction in end use—@3 0.01 0.01 0.01
Liquefied propane and butane, thous. t 2602.0 3603.8 4369.7
Thous. toe 2862.2 3964.2 4806.7
Fraction in end use—@4 0.16 0.18 0.2
Total petroleum products, thous. toe 16,099.7 19,821.1 21,630.0
Fraction in end use—X.; 0.9 0.9 0.9
End use consumption of petroleum products according to | 17,888.5 |22,023.5 |24,033.7
Energy Balance, thous. toe—XEy;

Fraction in end use from total—a 0.97 0.97 0.97
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Fig. 2 Propane and butane consumption as well as GHG emissions in 2015-2020 and forecast in
2030-2040
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Fig. 3 Gasoline consumption as well as GHG emissions in 2015-2020 and forecast in 2030-2040

4 Results

The Table 4 contains the results of the calculation of forecasted consumption of
petroleum products until 2040 by consumer groups (country, types of economic
activity), adjusted relative to the actual consumption of petroleum products in 2020
(according to the energy balance).
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Fig. 4 Diesel fuel consumption as well as GHG emissions in 2015-2020 and forecast in 2030-2040
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Fig. 5 Heavy fuel oil consumption as well as GHG emissions in 2015-2020 and forecast in 2030—
2040

The 2019-2020 was marked by the COVID pandemic, which led to a drop in
macroeconomic indicators almost all over the world. In this regard, the Institute
of General Energy of the National Academy of Sciences of Ukraine has adjusted
macroeconomic indicators, presented in the publication [42] on the base of analysis of
the forecasts of the world’s leading financial institutions (the International Monetary
Fund, the World Bank, etc.).
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The peculiarity of the forecast presented in the article is an increase in the
consumption of petroleum products in the future in the energy sector of Ukraine,
since more than 30% of the energy infrastructure facilities in Ukraine have been
destroyed as a result of military operations in Ukraine, and the government must
have a reserve of the necessary fuel. These volumes were estimated according to
petroleum products consumption trends in the transformation sector of the energy
balances of Ukraine transformation sector for 2015-2020 (Table 3). Since the energy
infrastructure is being destroyed by the aggressor every day, the forecasts of the struc-
ture of electricity and heat generating capacities [18] made earlier at the Institute of
General Energy of the National Academy of Sciences of Ukraine are not applicable
now. They should be revised after the end of the war.

In the sections of the economy, a moderate technological potential of energy saving
is assumed, because in wartime it is impossible to invest money in the reconstruction
of enterprises. Based on the results of the forecasted petroleum products consump-
tion, the total emissions of greenhouse gases were determined (Table 5), which are
adjusted with the increase in the consumption of petroleum products. A methodical
approach to determining the forecast structure of consumption of petroleum products
by types of petroleum fuel is presented, and the forecast structure of consumption
of petroleum products by individual types is determined, taking into account trends
in their consumption that have developed in the retrospective period. The task of
replacing oil fuel with other low-carbon fuels and electricity to reduce greenhouse
gas emissions, especially from the consumption of diesel fuel, which produces the
largest amount of these emissions, is also relevant.

5 Conclusions

The forecasted demand for petroleum products at the TOP and DOWN levels were
carried out using the normative method and taking into account a separate algo-
rithm for forecasting the demand for petroleum products in the section “Supply of
electricity, etc.”, in which the need for the conversion to other energy types is calcu-
lated according to the trend of consumption over the last five years. This is due to
the impossibility of using the existing forecasts of structures of energy generating
capacities as a result of military operations, damage and destruction of energy facil-
ities. The forecasts obtained at the two levels have very close values with an error of
about 1%, which can to some extent justify their reliability. Estimated overspending
of oil products as a result of structural changes, which should ensure the development
of key sectors of the economy: agriculture, industry, transport sector, will allow to
restore the economy after the war and increase its energy efficiency. The forecasted
greenhouse gas emissions are determined and the directions for their reduction are
outlined.
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