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This paper summarizes the arguments and counterarguments within the scientific discussion on
developing national economic energy efficiency under optimizing renewable energy generations. This
study aims to forecast renewable energy generation until 2035 under the current Ukrainian conditions.
The relevance of this scientific issue is the urgency to combat the climate change consequences under
economic development. A bibliometric analysis was conducted in the study frameworks to systemize the
scientific treatises and indicate main research directions in energy investigation. The source of
publications was the Scopus database. The VOSviewer software tools were applied to visualize the
obtained results. In turn, to gain the research goal, the authors forecasted the primary energy generations
from renewable sources using Autoregressive Integrated Moving Average (ARIMA) model. The study
sample was the shares of primary energy from renewable sources in Ukraine. The data covers 1985-
2019. The results of bibliometric analysis allowed identifying main directions in investigating the energy
policy such as renewable energy development under climate change; bioenergy; reducing carbon
emissions towards economic growth; energy security and policy; management in the energy sector;
satisfaction of the energy demand and improving the energy conditions for consumers. In the empirical
part of this study, the forecast findings showed the growing tendency in primary energy generation from
renewable sources. However, the share of primary energy from renewable sources would increase by
1.16 times (3,62 %). Therefore, the authors concluded that the target of the Energy Strategy of Ukraine
of 25 % the share of primary energy from renewable sources would not be gained until 2035. This study
highlights the necessity to develop renewable energy in Ukraine. The obtained results could be the base
for further investigations devoted to elaborating the energy policy towards developing energy efficiency
and green development.
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Abbreviation:
ARIMA — Autoregressive Integrated Moving Average.
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Introduction. The current Ukrainian economy is considered to be low energy-efficient,
while the energy-intensive sectors are dominant in the energy structure. Therefore, the energy
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policy of Ukraine showed its inefficiency since the business sector and society isn't motivated
to use energy sources rationally. Besides, the government is expected to cover the part of
energy cost by subsidies or reduce them. Notably, recently, society tried to keep itself aloof
from implementing energy-efficient projects due to the existing stereotype of its inefficiency
and energy resources surplus.

In turn, this situation destroys the balance on the energy market. The energy policy
mentioned above prevents the national economic energy-efficiency improvement that results
in the low-competitive advantages of Ukrainian producers on the international market.
Indeed, the nuclear power energy industry covers most of the national economic energy
demand. It still is dominant in the Ukrainian energy complex since it ensures sustainability.
However, it is worth highlighting the existing urgent problems in the Ukrainian nuclear power
industry compromising energy security. Undoubtedly, the current electricity tariff doesn't
cover the maintenance expenditure in the nuclear power energy industry. On the other hand,
Ukrainian society struggles with a high burden to pay the energy costs. On the other hand, the
national economy faces more challenges, such as joining the initiatives in combating and
mitigating climate change while reducing CO2 emissions. In 2009, the UN Framework
Convention on Climate Change highlighted the necessity to prevent a temperature rise of more
than 2°C. Thus, it has obligated the participated governments to reduce greenhouse gas
emissions. Moreover, in December 2019, the European Commission presented the
communique "European Green Deal"” to decrease the CO2 emission to zero-level until 2050.
In turn, Ukraine, as a potential candidate of the EU union, set a goal of national economic
carbon neutrality until 2070.

Following the mentioned above, the Ukrainian energy policy should be modernized to
limit greenhouse emissions and implement actions to minimize the negative energy effect on
the environment.

Problem statement. The scientists analyzed the issues of energy sector functioning as
follows as Alijanova S., Guluzade E., Kolosok S., Nazim, O. H., Palienko M., Krukov Yu
Chernyagin D., Kwilinski A., Dzwigol H., etc. The papers [1, 2, 3] analyzed the attraction of
investment for the developing energy sector. In the papers [8, 9], the scientists analyzed the
energy efficiency gaps as a core determinant that provokes the country's declining energy
efficiency. Finally, the papers [13, 14, 15, 16, 17, 18, 19] summarised the effective instrument
to increase the country's energy efficiency.

In turn, in the study [6], the authors considered the European energy-efficient policy as the
primary trigger in developing the energy market and carbon-free economy. Many studies
aimed to determine the government policy in minimizing the energy-efficient gaps [8, 13, 14,
23, 2]. The systematization of scientific treatises indicated the essential role of green
investments in energy-efficient development. In the publications [1, 15, 3] the authors
analyzed main features and perspectives in attracting green investments at the national and
international levels. On the other hand, many scientists devoted their studies to investigating
the barriers in promoting the energy-efficiency. Thus, the findings showed that slow energy-
efficient development has resulted from low green awareness among society [5, 9, 16]. Thus,
people believe the implementation of energy-efficient technologies is expensive while the
payback period is long. Therefore, it is appropriate to promote green social awareness by
applying an effective marketing mechanism [17, 18].

The hardly controlled climate change requires the scientific community to elaborate on
green economic policy [24, 19]. In the paper [22], the authors highlight the European Green
Deal as the main driver of green development. Besides, the authors noted that new European
green requirements open the window of opportunities while threatening economic
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development in countries far away from the green economic transition.

The purpose of this study is to forecast renewable energy generation until 2035 under the
current Ukrainian conditions.

Results of the research. This study provides a bibliometric analysis on thematic directions
of publications devoted to energy policy. The analysis involved the scientific treatises
published in the journals indexed by the Scopus database from 2000 to 2019. The study
sample consists of 2000 most cited publications. The search of documents was conducted by
the keywords "energy policy" in the documents' titles, keywords, and abstracts. For visualizing
the obtained results, the VOSviewer software tools were used.

The finding of the bibliometric analyses allowed identifying six main clusters, which
indicate the research directions. Figure 1 demonstrates six main clusters which indicate the
research directions. Therefore, the first main cluster shows the research interest in studying
renewable energy development under climate change. The second cluster involved the
publications addressed to developing bioenergy. The third cluster focused on studying the
reducing carbon emissions towards economic growth. The fourth cluster is devoted to
developing energy security and policy in gaining sustainability. The fifth cluster indicates the
research direction in elaborating on management in the energy sector under renewable energy.
Finally, the sixth cluster combines the publications in satisfying the energy demand and
improving the energy conditions for consumers.

Besides, it is worth considering the evolutionary development of research formation in
investigating the energy policy. Thus, it could be concluded that climate changes have boosted
the scientific activity in studying energy policy since 2013.
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Figure 1. The network map of evolutionary keywords co-occurrences
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[developed by the author based on the Scopus data]

In turn, the scientists started investigating bioenergy, technological development. Since
2014 the researchers have focused on developing energy policy, sustainability, greenhouse gas
emissions, etc. In 2015-2016, the studies were addressed to determine the relationship between
renewable energy development and economic growth. In turn, the researches dated after 2017
covers the issues of energy transitions, renewable energy development, and CO2 emissions,
etc. It stands to mention the studying the energy policy is multidisciplinary. Following the
Scopus analysis results, 29.7 % of publications are indexed in Energy subject area, 18.6 % —
Environmental Sciences, 16.9 % — Engineering, 6.7 % — Social Sciences, 5.3 % — Computer
Sciences, 3.3 % — Business, Management and Accounting, 3.2 % — Economics, Econometrics
and Finance, 2.9 % — Mathematics, 2.4 % — Earth and Planetary Sciences; 2.2 % — Materials
Science, 8.8 % — other.
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Figure 2. Priorities of the Energy Strategy of Ukraine until 2035
[systemized by the authors based on [11, 4]
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Having concluded the EU association agreement, Ukraine reprioritized its social and
economic development strategy, particularly under energy policy. Thus, Ukraine is to change
its approaches to energy policy formation to align with the EU principles and requirements.
Therefore, the government approved the Energy Strategy of Ukraine until 2035. It stands to
note that this document focused on gaining the energy goals through formalizing the
government policy, setting the tasks, and developing the mechanisms to synchronize all
stakeholders such as government, business, and society. Notably, the Energy Strategy of
Ukraine until 2035 provides three implementation stages dated by the periods until 2020,
2025, and 2035 (Fig. 2).

Thus, the first stage is to reform the energy sector until 2020; the second is to optimize and
boost the innovation development until 2025; the third stage should result in the sustainable
development of the energy sector. On the other hand, the Energy Strategy of Ukraine until
2035 focused on economic growth and social welfare. Fig. 3 demonstrates the slight growing
tendency in GDP. In turn, the Energy Strategy of Ukraine provides the ambitious target to
increase the GDP by two times by 2035. However, a high share of energy-intensive and low-
tech economic sectors are the main barriers to boosting GDP. Therefore, reducing energy
demand in the real economic sector is one of the priorities for government policy concerning
developing the incentive mechanism for energy-efficient growth among energy consumers.
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Figure 3. GDP dynamics per capita in Ukraine
[complied by authors based on data from [20]

The obligation to decrease the environmental impact requires Ukraine to additional
investments. It is essential to decrease the carbon footprint of the national economic activity
by implementing energy-efficient measures and increasing renewable energy generation. As
was mentioned above, the share of renewable energy until 2035 should be at least 25 % to
ensure national energy security and reducing greenhouse gas emissions.

Figure 4 demonstrates that the growing tendency in generating renewable energy. Thus, in
2019, the share of primary energy from renewable sources increased by 1.6 times compared to
2000. However, it could be assumed that Ukraine could not target the indicative goal of 11 %
by 2020.

Based on the mentioned above, this study provides the forecast of the share of primary
energy from renewable sources until 2035 using Autoregressive Integrated Moving Average
(ARIMA) model. Based on the studies [7, 21], the formal ARIMA(p,d,q) description (1) and
the short one (2) are as follows:
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(AdXt) = Z?:l @i (AdXt—l) + &t + Z?=1 ej(Adst—j) ’ £t~N(0t Jtz) (1)
@(B)(1 - B)*X, = 6(B)e, (2

where ¢, 6 — polynomials of p and q degrees,
B — lag operator (B/X, = X,_;,B/&,_,j = 0,%1,...),
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Figure 4 — Dynamic of share of primary energy from renewable sources (1985-2019)
[developed by the authors based on [12]

In turn, the empirical study is conducted by the Eviews software. The study sample is the
shares of primary energy from renewable sources in Ukraine. The study period is 1985-2019.

Mull Hypothesis: DIRE) has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=3)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -7.025673 0.0000
Test critical values: 1% level -3.653730

5% level -2 857110

10% level -2 617434

Figure 5. Augmented Dickey-Fuller (ADF) unit root test
[formulated by the authors using the Eviews software]

It is worth mentioning that building an ARIMA model requires a stationarity time series

check. Thus, the Augmented Dickey-Fuller (ADF) unit root test was applied. According to the
ADF-test, the time series is nonstationary since the t-statistic value is a higher critical value.
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For obtaining a stationary series, the operator of taking successive differences was used.
Figure 5 presents the results.

Then, the model parameters were evaluated, and series of residuals were analyzed to check
the model for adequacy after obtaining the stationary series.

Figure 6 demonstrates the forecast of the share of primary energy from renewable sources
until 2035. The obtained results showed the growing tendency to generate primary energy
from renewable sources in the future. Thus, in 2035 the share of primary energy from
renewable sources would increase by 1.16 times (3.62 %). However, Ukraine would not
archive the target of 25 % of primary energy from renewable sources. The findings highlight
the necessity to reconsider the national energy policy and implement social and economic
reforms to boost renewable energy generation.
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Figure 6. Forecast of share of primary energy from renewable sources, %
[developed by the authors based on the data from [12]

Indeed, the government policy should promote international cooperation to attract potential
international investors and donors into the renewable energy market of Ukraine; expand
renewable energy power generation; providing the incentive mechanisms in implementing
solar and wind power stations; increasing the bioenergy consumption in industries; increasing
the social awareness about the environmental and economic benefits from renewable energy,
etc.

Conclusions and prospects of further research. Following the obtained results showed
that Ukraine would not gain the target of 25 % of primary energy from renewable sources
until 2035. Therefore, it requires energy policy improvement to deform the real economy
towards decreasing resource- and energy-intensive activities by implementing modern energy-
efficient technologies, rational use of energy resources, optimizing energy infrastructure, etc.

Besides, it is appropriate to improve the economic incentive mechanism to stimulate the
reorientation of business and society on the energy-efficient model. In this case, the
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government should provide the institutional conditions for energy consumers to invest in
energy efficiency.
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VY crarTi y3araJbHEHO apryMEHTH Ta KOHTPAapryMeHTH B paMKaxX HayKOBOI JHCKycCil MO0
eHeproe(eKTHBHOTO PO3BUTKY HAI[IOHATHEHOI €KOHOMIKM IpH ONTHMI3alii BHPOOHHITBAa eHeprii i3
BiJHOBIIIOBAaHHX DKEpEN. ABTOPaMH CHCTEMAaTU30BaHO OCHOBHI mpioputetu EHepreTnunoi cTparerii 1o
2035 poxy Ta iHCTpYMEHTH JOCATHEHHS ii IUILOBUX TapreTiB. MeTOr JAOCTIHKEHHS € MPOrHO3 TUTOMOT
Bard BiJHOBIIOBAHOI €HEprii B eHepreTMYHOMY OajaHCi HamioHaIbHOI ekoHOMikH 1o 2035 poky. YV
paMKax CTaTTi MpPOBEICHO Oi0MIOMETPHYHMI aHai3 Uil CHUCTEMAaTh3allil HAyKOBHX JOCIHIIKCHb B
eHepreTHyHii cepi. MeTa-gaHi a1 610JIOMETPHYHOTO aHAII3y 3T€HEPOBAHO 3 HAYKOMETPHYHOI 0a3u
naaux Scopus. s Bisyamizamii oTpEMaHHX pe3yibTaTiB 0i0iTIOMETPHYHOTO aHAaJi3y 3aCTOCOBYBAaHO
nporpaMHi 3acobu Scopus Tools Analysis Ta VOSviewer. PesympTatén 0i0MiOMETpHYHOTO aHAJI3y
JIO3BOJIMJIM BM3HAUUTH OCHOBHI HAYKOBI IATEPHU JOCIHIKEHHS EHEPreTHYHOIO CEKTOpPY: PO3BHUTOK
BiZTHOBJIIOBAaHOT CHEPTreTHKH B YMOBaX 3MiHHM KIiMaTy; OioeHepreTHka; 3MEHIICHHS O0CSTiB BHUKHUIIB
BYIJICIIO; €HepreTHyHa Oe3leKa Ta MOJITHKA; YNPaBIiHHA B €HEPreTUYHOMY CEKTOpi; 3aI0BOJICHHS
MIOTIUTY Ha €HEPrOpecypCH Ta 3HIKEHHS €HEepreTW4YHOi OIHOCTI CycmibcBa B KpaiHi s mocsrHeHHS
METH JOCII/DKEHHSI aBTOPaMH BHKOPHCTAaHO MOJENb aBTOPErPEeCHBHOI IHTETPOBAaHOI KOB3HOI CepeIHbOl
(Autoregressive Integrated Moving Average, ARIMA) ta mporpamue 3abe3neueHHs Eviews. Ilepion
nocmimkeHHs 1985-2019 poxu. OTpuMaHi pe3ynbTaTd MPOTHO3Y 3aCBIAYIIN BUCXIIHY TEHACHIIO
MEPBUHHOI €Heprii 3 BiAHOBIIOBAaHUX J/KEpeNl B EHEpreTMyHoMy OanaHci kpaimm. OpHak, dYacTka
MIEPBUHHOT €HEPrii 3 BiIHOBIIOBAHUX JpKepen 3pocte 1,16 pa3u Ta ctanoButMe 3,62 %. Takum YnHOM,
aBTOpaMH JOBEACHO, IO IIpU 30epekeHHI HasBHUX TEHICHI[IH PO3BUTKY CHEPIeTHYHOTO CEKTOpY
HalliOHAJIbHOI eKOHOMIKM Iite Eneprernunoi cTparerii Ykpainm y 3abesmedenHi 25 % mepBUHHOI
€Heprii 3 BiIHOBIIOBaHUX JDKepen He Oyzae mocsrHyTta a0 2035 poky. Lle, y cBoio uepry, o0yMOBIIOE
HEOOXIZHICTh MOIYKY e(EeKTUBHHX MEXaHi3MIiB IOIIMPEHHS albTePHATUBHUX JDKEpen eHeprii y
BITUM3HAHIH npakTuii. [Ipy 11boMy ypsit KpalHU IIOBHHEH aKTHBi3yBaTH CBOI Jii y HanpsimMi (OpMyBaHHS
IHCTHTYLiHOT iHQPACTPYKTYPH ISl pO3BUTKY €HEPTETHYHOTO CEKTOPY HAI[IOHAIBLHOT €KOHOMIKH.
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