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TREND ANALYSIS OF CHANGES IN THE LEVEL OF ENERGY EFFICIENCY
IN THE NATIONAL ECONOMY

The article examines trends in energy policy efficiency changes in Ukraine and EU countries during 2000-
2021. Based on a comparative analysis of actual energy consumption with strategic guidelines for reforming state
energy policy, gaps in energy efficiency in the national economy are assessed. A conclusion about the need to
reform the state energy policy of Ukraine from the point of view of accelerating the transition of economic entities
to alternative energy sources and attracting investments into the country’s energy sector was made. The state
mechanism for evaluating the effectiveness of the state policy of reducing energy consumption on the basis of
comparing actual energy consumption with the declared strategic goals of transition to renewable energy sources
has been improved.
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Introduction. One of the biggest global environmental problems is the problem of excessive
energy consumption, the volume of which is constantly growing and, according to experts' forecasts,
will grow almost 1.5 times by 2050. Realizing this, the EU countries developed strategic guidelines for
reforming the state energy sector in the direction of reducing energy consumption: reducing greenhouse
gas emissions by 40% compared to 1990, an increase in the share of renewable energy consumption to
32%, energy savings of at least 32.5% [3]. In 2021, the Cabinet of Ministers of Ukraine approved the
National Economic Strategy until 2030, in which target indicators for the reform of the state energy
sector were declared. However, the military actions in Ukraine, which were accompanied by the
destruction of a significant number of power plants, only exacerbated the energy crisis and intensified
the problem of finding additional mechanisms for the transition to renewable energy sources and
reducing the total volume of energy consumption in the country and the world.

Literature review. The problem of excessive energy consumption attracts the attention of a
significant number of scientists from different countries of the world. The role of renewable energy in
ensuring regional sustainable development and the dependence between the volumes of renewable
energy consumption and carbon emissions were considered in the work [4]. Based on the study’s results,
the authors proved that a 1% increase in renewable energy consumption in the region leads to a 0.05%
reduction in carbon emissions. The role of atomic energy and natural gas in promoting environmental
sustainability in India is substantiated in the work of T. Adebayo [1]. Based on causality analysis, the
authors confirm that nuclear power, human capital, gas consumption and economic growth can predict
long-term environmental sustainability in India. S. Tsemekidi Tseyranaki and others. studied the
evolution of the development of the energy sector of the European Union (EU) in the context of the
energy and climate goals of the EU for 2020, 2030 and 2050 [5]. Based on econometric modeling and
decomposition analysis, the authors identified indicators that affect the volume of energy consumption
and analyzed the impact of state policy and technology improvement on the speed of achieving EU goals.

At the same time, the issue of analyzing the compliance of the actual performance indicators of
the country’s energy sector with the declared goals and the compliance of the rates of change in the
consumption of individual energy sources with the expected indicators requires a more detailed analysis.

The purpose of the article is to carry out a trend analysis of energy efficiency in the national
economy.

Results and discussion. For comparative analysis of the actual volumes of energy consumption
to the target orientations of the reform of the energy sector of Ukraine and the EU countries, we will
analyze the degree of activation of the transition processes to renewable energy sources in terms of their
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main components. The dynamics of changes in the share of renewable energy sources in the volume of
total final energy consumption shown in Figure 1 shows that over the past 20 years, this indicator has
increased 6.7 times in Ukraine and almost 2.5 times in EU countries.
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Figure ITomunka! ¥V noxymenTi BiacyTHiH TekcT ykazaHoro ctuimo. — The trend of changes in the
share of renewable energy sources in the volume of total final energy consumption in EU
countries and Ukraine

Source: Constructed by the authors based on data [2]

According to the energy strategy of Ukraine for the period until 2035, “Security, energy efficiency,
competitiveness”, by 2020, the share of renewable energy sources in Ukraine should be 7%, by 2025 —
10%, by 2030 — more than 13% and by 2035 — exceed 25%. Achieving the targeted values is possible
only under the continuous implementation of measures to transform the country’s energy market, search
for and implement innovative methods of achieving carbon neutrality, transition to renewable energy
sources, etc. In March 2023, the Cabinet of Ministers of Ukraine approved the “National Economic
Strategy for the period until 2030, the mission of which is to create an opportunity to realize the
country's existing geographical, resource and human potential, including to achieve climate neutrality
of Ukraine no later than 2060 [6]. It involves balancing the volume of greenhouse gases removed from
the atmosphere over the importance of their emissions due to human activity.

In addition, one of the vectors of transformation of the state energy policy is the reduction of CO2
emissions within the framework of decarbonization of the economy. CO2 emissions 2020 should be at
least 60% of the 1990 level, and in 2035 — at least 50%. By 2025, CO2 emissions from final fuel
consumption should be reduced by 10% from the 2010 level, by 15% in 2030, and by 20% in 2035.
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Figure 2 — The trend of changes in the volume of CO2 emissions in EU countries and Ukraine
Source: built by the authors based on data [2]
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At the same time, as shown in Figure 2 results of the trend analysis, during the entire analyzed
period in the EU countries and in Ukraine, there is a constant decrease in CO2 emissions. According to
the results of 2020, the volume of CO2 emissions in Ukraine was almost 3.5 times less than the indicator
of 1990. Thus, it can be said that in the absence of a significant increase in CO2 emissions by 2035, the
targeted indicators will be significantly exceeded.

An equally important indicator characterizing the country’s energy market is the amount of carbon
intensity of electricity, which reflects the amount of CO2 emissions emitted per kilowatt-hour of
electricity. The change trend of this indicator (Figure 3) shows a significant decrease in the carbon
intensity of electricity in all analyzed countries.
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Figure 3 — The trend of changes in the carbon intensity of electricity in EU countries and Ukraine
Source: Constructed by authors based on data [2]

At the same time, the comparative analysis shows the inconsistency of trends in Ukraine and EU
countries. Constant fluctuations characterize the level of carbon intensity of electricity in Ukraine. The
highest values of the carbon intensity of electricity were obtained in 2014 and 2016. Thus, it can be
concluded that there is no stable and effective policy for reducing the carbon intensity of electricity and
the significant dependence of this indicator on external factors (political and economic crisis in the
country, the COVID-19 pandemic, etc.).

Positive dynamics are characterized by the policy of EU countries in the direction of reducing the
share of coal in energy production, which decreased by 6.7% over the period 2000-2021 (Figure 4). In
Ukraine, there are no stable positive dynamics in the direction of reducing the share of coal in energy
production. Since 2013, this indicator has been increasing periodically, and according to the results in
2021, it was 28.6%. At the same time, the energy strategy of Ukraine for the period until 2035 plans to
reduce this indicator to 16.1% by 2025, 14.3% by 2030, and 12.5% by 2035.

Thus, the given data testify to the low effectiveness of the current mechanisms of reforming the
state energy market of Ukraine and their inability to ensure the achievement of targeted values. This
actualizes the need to find additional mechanisms for switching to renewable energy sources and
increasing their share in the country’s energy balance.

An equally important direction of reforming the electricity market in both Ukraine and the EU
countries is the gradual abandonment of gas. These issues became especially relevant during the period
of military operations in Ukraine. In conditions where almost 40% of Ukraine’s energy is imported from
abroad, direct energy dependence on the aggressor country only exacerbates the problems of the
country's economic danger.
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Figure 4 — The trend of changes in the share of coal energy in EU countries and Ukraine
Source: Constructed by authors based on data [2]

As evidenced by the data shown in Figure 5, a gradual decrease in the gas share of energy is
observed in Ukraine. Over the past 20 years, this indicator decreased by 18.6% and at the end of 2021
was 28.18%. At the same time, in the EU countries, the average value of the gas share of energy in 2021
was 23.25%, which is 3.5% more than the figure of 2014 and 3.3% more than the figure of 2000.

50
45
40
35
30
25
20  em—
15 R2=10,7444

IR R VIR TR S S S S BRI TR SR I SR SR
PR FEFTEEEEET NN L DD
P A A A A A AR A A AR ARARARTAR A AR AP AP

y =-0,955x + 48,612
R2=0,9565

EU Ukraine

Figure 5 — The trend of changes in the gas share of energy in EU countries and Ukraine
Source: Constructed by authors based on data [2]

The given data show that in most EU countries, transition to renewable energy sources only allows
partially abandoning gas and compensating for them at the expense of non-renewable energy sources.

The share of low-carbon energy indicates the effectiveness of the country’s energy policy and the
degree of its compliance with the Sustainable Development Goals. This indicator reflects the combined
specific renewable, nuclear and hydropower weight in the country’s overall energy balance. A
comparative analysis of the trend of changes in this indicator in Ukraine and EU countries during 2000-
2021 (Figure 6) shows its significant growth (9.2% in EU countries and 13.5% in Ukraine). By the end
of 2021, Ukraine’s share of low-carbon energy was almost equal to the EU countries (29.47% and
29.58%, respectively).

Thus, during the analyzed period, Ukraine managed to significantly reduce the level of carbon
intensity of energy. One of the reasons for this situation is that the cost of such energy sources is minimal,
while the cost of electricity production from gas-fired power plants in most EU countries exceeds 600
euros per megawatt-hour.
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Figure 6 — The trend of changing the share of low-carbon energy
Source: Constructed by authors based on data [2]

One of the most cost-effective low-carbon energy sources is nuclear power.

According to TAEA estimates, by 2030 the share of nuclear energy in global energy production
will range from 12.4 to 14.4%. In general, in 2021, more than 30 countries of the world produced
electricity with the help of nuclear power plants, with a total volume of more than 15% of electricity
production.

Trends in the share of nuclear energy in Ukraine show its significant growth in 2014-2015 (by
almost 7% compared to last year) and the absence of stable and positive dynamics in the period from
2000 to 2014 and 2016-2021. At the same time, the share of nuclear energy in the EU countries is
constantly decreasing and according to the results of 2021 it was 11% compared to 13.5% in 2000.
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Figure 7 — The trend of changes in the share of nuclear energy
Source: Constructed by authors based on data [2]

The aggravation of energy problems in the world led to a more active search by the international
community for alternative energy sources. One sustainable renewable energy source with a much lower
impact on the environment is wind energy, which has been increasingly used for electricity production
in recent years. It is primarily due to several economic advantages of wind energy compared to
traditional sources: the absence of harmful emissions into the atmosphere, inexhaustibility, and safety.
At the same time, the unpredictable nature of any natural element and the high equipment cost limit the
possibilities for a complete transition to this energy source.
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Analysis of the growth rates of the global wind energy market indicates a decline in the amount of
energy produced in recent years. Thus, according to the results of 2022, the growth rate of the energy
capacity level was 10.5%, which is one of the lowest indicators in the last 40 years. At the same time,
Finland — 74%, Poland — 21%, Brazil — 19% and Sweden — 17% had the highest growth rates in 2022.

The trend of changes in wind energy power in EU countries shown in Figure 8 shows the constant
growth of this indicator. At the same time, in 2014, 2016, 2018 and 2021, there was a reduction in the
level of wind energy capacity.
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Figure 8 — The trend of changes in wind energy capacity in EU countries and Ukraine
Source: Constructed by authors based on data [2]

A comparative analysis of trends in the development of wind energy capacities in Ukraine and EU
countries allows us to conclude that in Ukraine, unlike EU countries, a significant reduction in wind
energy capacity was observed in the period from 2014 to 2018 (in 2016, a 13% decrease compared to
from 2015).

The energy strategy of Ukraine for the period until 2035, “Security, energy efficiency,
competitiveness”, envisages an increase in the share of solar and wind energy to 2.4% by 2025, 5.5% by
2030, and 10.4% by 2035. The data shown in Figure 9 shows that in 2022 the share of wind energy in
Ukraine was 2.864%, which exceeds the planned indicator of 2025.
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Figure 9 — The trend of changes in the share of wind energy in EU countries and Ukraine
Source: Constructed by authors based on data [2]
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Along with wind energy, solar energy is gaining popularity worldwide as one of the safest energy
sources. Every year, more and more households, hospitals and small businesses are focusing on installing
solar collectors that can generate electricity, heat water, and more. It leads to a constant increase in the
share of solar energy in the overall electricity production structure. The indicators shown in Figure 10
show a significant increase in the percentage of solar generation in electricity production in the EU
countries starting from 2010. By the end of 2022, its value was 7.3%. At the same time, in Ukraine, the
intensification of the processes of using solar energy for the production of electricity began only in 2018
and, by the end of 2022, was 3.8%.
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Figure 10 — The trend of changes in the share of solar generation in electricity production
in EU countries and Ukraine
Source: Constructed by authors based on data [2]

An equally important source of energy is hydropower, which in the conditions of the Ukrainian-
Russian war, the seizure of the Zaporizhzhya TPP and the shutdown of its units plays an increasingly
important role in the successful and stable functioning of the country’s energy sector.

Analysis of the dynamics of changes in the share of energy production from hydropower (Figure
11) confirms the absence of positive dynamics regarding the growth of the percentage of hydropower in
the energy balance of Ukraine and EU countries. According to the results of 2021, the share of
hydropower in Ukraine was 2.9% compared to 2.1% in 2000; in EU countries, this indicator decreased
slightly and was 5.4% compared to 6% in 2000. At the same time, the Energy Strategy of Ukraine for
the period until 2035, “Security, energy efficiency, competitiveness”, defines that by 2025 the share of
hydropower should be 1.1%, and by 2035 it should decrease to 1.0%.
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Figure 11 — The trend of changing the share of hydropower in the national energy balance
of EU countries and Ukraine
Source: Constructed by authors based on data [2]
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At the same time, table 1 shows the installed capacity volumes and hydropower plants’ energy
generation in 2021. Ireland, France, Spain and Italy have the largest capacities among the EU countries.
The power of Ukraine’s HPP is at an average level. At the same time, the volume of energy generated in
Ukraine is one of the smallest (2 TWh*) among the analyzed countries of the world.

Table 1 — Installed capacity and energy generation of HPP in 2021

T T e e | produsion )| G
Austria 14,747 5,596 41
Belgium 1,427 1,307 1
Bulgaria 3,129 1,404 5
Greece 3,421 699
Denmark 7 0 <1
Estonia 4 0 <1
Ireland 508 292 1
Spain 20,425 6,117 32
Italy 22,593 7,685 47
Cyprus 0 0 0
Latvia 1,588 0 3
Lithuania 1,028 900 1
Luxembourg 1,330 1,296 1
Malta 0 0 0
Netherlands 38 0 <1
Germany 10,833 6,199 24
Poland 2,385 1,780 3
Portugal 7,199 2,827 13
Romania 6,313 92 17
Slovakia 2,522 1,017
Slovenia 1,301 180 5
Hungary 58 0 <1
Ukraine 6,317 1,887 2
Finland 3,263 0 16
France 25,494 5,837 63
Croatia 2,155 281 7
Czech Republic 2,281 1,172
Sweden 16,478 99 71

Source: [3]

Conclusions. The results of a comparative analysis of the actual and declared energy consumption
indicators proved the presence of deficiencies in specific components of the state energy policy. The
non-compliance of the share of renewable energy sources in the structure of energy consumption with
the target indicators of 2025 and 2030 indicates the need to transform certain areas of implementation
of the state energy policy, increase the level of investment attractiveness of this sector of the economy,
identify and implement the most influential mechanisms for stimulating economic entities to switch to
alternative sources energy.
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KOBAJIEHKO €Bren BoiogumupoBuy
KaHJIUJIaT eKOHOMIYHUX HayK,

CyMChKHH JIepKaBHUN YHIBEPCHUTET,

M. Cymu, Ykpaina

I'ABPHUJIEHKO Ounekciit MukosaiioBuy
KaHAMJAT TeXHIYHUX HAyK, TIOKTOPAHT,
CyMchKHil iep>kaBHUN yHIBEPCHUTET,

M. Cymu, Ykpaina

TPEHIOBUM AHAJII3 3MIHHU PIBHSI EHEPTOE®EKTUBHOCTI B HAIIIOHAJIbHIN
EKOHOMIII

Ilpoonema. Ooniero 3 HaubiILUWUX 2100ATLHUX EeKONO2IUHUX NpobeM € npodiema HAOMIPHO20
Cnodicusants emepeii, obcseu Kol ROCMItHO 3pocmaioms I, 3d NPOSHO3AMU eKCHepmis, 3pOCHymb
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matiee 6 1,5 pasu 0o 2050 poky. Posymitouu ye, xpainu €C pospobunu cmpameziuni opieHmupu
pegopmysants 0eprHcasHoi eHepeemuKku 8 HANPAMI 3MEHUIEeHHS eHEeP2OCNONCUBAHHS: CKOPOUEHHS
sukuoie napuuxosux ecazie na 40% nopisuano 3 1990 pokom; 30inbuieHHsi YACMKU CHONCUBAHMHS
8iOHO6MI08aHOI enepeii 00 32%, exoHomisn enekmpoenepeii He menue 32,5%. V 2021 poyi Kabinem
Minicmpis Ykpainu cxeanue Hayionanvhny ekonomiuny cmpamezito 0o 2030 poky, 6 sKiu 3a0eKi1apo8aHo
YIMbOBI NOKA3HUKU DehOPMYBAHHI 0epiCABHO20 eHepeemuyHo2o cexmopy. Ilpome giticbkosi Oii 6
Vkpaini, sKi cynpoeooxcysanucs 3HuleHHAM 3HAYHOI KIIbKOCMI e1eKmpOoCmanyil, auuie 3a20Cmpuiu
eHepeemuymy Kpu3y i npobiemy nouyky 000amrosux Mexaniamie nepexooy Ha 6i0H061106aHI ddcepena
eHepeii ma 3MeHWeHHsl 3a2aNbHO20 00CA2Y eHepP2OCNONCUBAHHS 8 KPAIHI i caimi.

Memoro cmammi € npoeedenHs MpeHO08020 aHanizy npobiem eHepoeghekmueHocmi
HAYIOHANIbHUX eKOHOMIK.

Pezynomamu. Y cmammi euseieno meHoeHyii 3MiHUu eHepeoedheKmusHoi norimuxku 6 Yxpaini ma
kpainax €C npomsecom 2000-2021 pokis. Ha o0cHO8I NOpPIGHATbHO20 aHANIZY DAKMUYHO2O
EHeP2OCNONCUBAHHS 31 CMPAMESTUHUMU OPIEHMUPAMU  peopmMy8ants 0epHCA6HOI eHepeemuyHol
NOMIMUKYU OYIHEeHO HeQONiKU eHepeoeqheKMUBHOCHI 8 HaYIOHATbHIL eKOHOMIYL. 3p06lieHO BUCHOBOK NPO
HeobXiOHICMb peghopmyBaHHs 0epACABHOT eHepeemuuHoi norimuxku Ykpainu 3 mouxku 30py RpUCKOpenHs.
nepexooy cyb’ckmig 20cnooapio8ants Ha arbmepHamusHi oxcepena enepeii ma 3aaydenns iHeecmuyiil
8 eHepeemuKy Kpaitu.

Haykoea moeuszna. Yoockonaneno mexamizm oOyiHKU egexmuenocmi 0epi#casHoi noaimuxu
3MEHUIEHHS. eHEeP2OCNONCUBAHHS HA OCHOBI NOPIBHAHHA (DAKMUYHO20 eHEeP2OCNONCUBAHHS 13
3A0EKAAPOBAHUMU CMPAMELTUHUMU YLIAMU Nepexo0y HA 8I0HOBNI08AHT Oxcepend eHepeaii.

Bucnosku. Cnocmepicacmocs 3Haune 3pOCMAHHA 4ACMKU COHAYHOI 2ceHepayii y 8upoOHUYymai
enekmpoenepeii 6 kpainax €C, noyunarouu 3 2010 poky. Ha xineyv 2022 poky ii 3HaueHHs Cmanosuio
7,3%. Boonouac 6 Yxpaini akmugizayis npoyecie 6UKOpUCManusa COHAYNOI enepeii 01 eupobHuymea
enekmpoenepeii novanaca auwe y 2018 poyi i na xineyv 2022 poxy cmanosuna 3,8%. Ilopisnanvuuii
amaniz meHoenyil po3eumKy eimpoeHepeemuyHux nomyosicHocmetl Yrkpainu ma xpain €C 0do3eonsie
3pobumu 8UCHOB0K, wo 8 VYkpaiui, na eiominy 6i0 xkpain €C, y nepioo 3 2014 no 2018 pp.
cnocmepieanocs 3HayHe CKOPOYEeHHs gimpoeHepeemudnux nomyxcrnocmeti (v 2016 p. 13% 3nuowcenns
nopisnsino 3 2015 pokom). Cepeo kpain €C natibinbwi nomyscnocmi supoonenus enekmpoenepeii ' EC
v 2021 poyi maroms Ipnanois, @panyis, Icnanis ma Imanis. [lomysxcuicme I'EC Yrpainu 3naxooumuvcs
Ha cepedHbomy pisHi. Ilpu yvomy obcse eupobnenoi enepeii 6 Yxpaini € oOHuM i3 HaumeHwux (2
TBm-200%) ceped ananizo8anux Kpaix ceimy.

Pesynemamu  nopisuanibnoco  ananizy — (akmuunux  ma  300eK1ApO8AHUX — NOKA3HUKIG
eHep2OCNONCUBAHHS 3ACBIOUUNU HASAGHICIb HEOONIKI8 OKpeMUX CKIA008UX 0epICABHOI enepeemuynoi
nonimuxu. Hesionosionicms uacmku 6i0HO6MI08AHUX 0dcepell eHepeii y CMPYKMYpI eHepeoCHONCUBAHHS
yinvosum noxaznuxam 2025 ma 2030 poxkie ceiduums npo HeobXiOHicmb mpancghopmayii oKpemux
Hanpamie peanizayii 0epicasHoi eHepeemuyHoi NONIMUKY, NIOBUWEHHS DIHS IHBeCMUYIUHOL
npusadbIUBOCMI Yb020 CEKMOPY eKOHOMIKU, BUSHAUEHHS A 3aNpO8AO0NCEHH MeXAHIZMI8 CIMUMYTIOBAHHS
CyY0 €Kmis 20Cn00aprOBanHs 00 nepexoody Ha AlbIMEPHAMUBHI 0Jicepena eHepeii.

Kniouosi cnosa: enepeoedhexmuericmos, HAYIOHANbHA EKOHOMIKA, €KOI0CIYHA NOIIMUKA,
BIOHO6I08AHI Odicepena eHepeii.

Ooepoicano peoaxyicro.: 15.04.2023
Iputinamo oo nyénixayii: 18.06.2023
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