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ENERGY EFFICIENCY POLICY: IMPACT OF GREEN INNOVATIONS

Abstract. The European energy policy is a core role in the developing of the new model of the energy market
and carbon-free economy in Ukraine. In the paper, the authors analysed the key issues on the way to implement the
European policy on increasing of energy efficiency and green innovations which emphasized in pro et contra. The
performance of national energy policy could be limited by the market instruments, the efficiency of the smart grid and
perception of innovations in the energy sectors, institutional development in general. Thus, the paper aimed to indicate
the impact of green innovations on sustainable development and the country’s energy efficiency for 2000-2019. The
authors used economic and mathematical modelling. The Ordinary Least Square Model was used for the integral
assessment of energy efficiency policy. The authors analysed nine sub-indicators from four Sustainable development
goals (Affordable and Clean Energy, Decent Work and Economic Growth, Responsible Consumption and Production,
Combating Climate Change) and the indicator which characterized the innovation costs of industrial enterprises in the
energy sector in Ukraine. The methodological instrument for checking the hypothesis and empirical justification was
software stats models Python 3.6.11. Due to the seven rounds of optimisation, the authors developed significant
functioning. Considering to the finding of Ordinary Least Square Modelling, the authors highlighted the determinants
which influenced on the efficiency of energy policy: dependence on energy imports by-products, real GDP per capita,
and final energy consumption. At the same time, the final energy consumption had less effect on the efficiency of
energy policy and demonstrated the negative relationships with energy efficiency. The results of the models were
verified using RESET and Jarque-Bera tests and confirmed the correctness of the proposed model.
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Introduction. Over the last decade, European energy policy has undergone radical changes. The
effects of global crises, especially in the environmental and energy sectors, have caused an awareness
of the need for sustainable development and energy stability (Dupont, 2016). Further environmental
pollution will lead to global catastrophic results (Karintseva and Benetyte, 2018; Salihaj and Pryimenko,
2017). After the signing of the Paris Agreement, countries have made ambitious commitments to achieve
climate and energy transformation of their economies (Gkonis et al., 2020). However, the implementation
of such a policy does not always give unambiguous effects (Scholten et al., 2019; Ince, 2019; Reuter et
al., 2019; Dupont, 2020). According to a study by Bertoldi and Mosconi (2020), the EU's energy efficiency
policies have the best results in the industrial sector, average ones in the services sector. In the residential
and transport sectors, the effect depended on government «policies on mitigation of energy demand».

The market-based instruments, the level of smart technology, and the perception of innovation in their
energy sectors can limit the effectiveness of national policies. Therefore, when moving towards
sustainable development and diffusion of green innovations, obstacles may arise in technical
unpreparedness for change and imbalance of new energy systems (Bukarica and Tomsic, 2017).
Transition economies mainly integrate renewable energy sources and energy-efficient technologies to
achieve sustainable development goals (Dhakouani et al., 2019). And on the way to these changes, they
may encounter significant resistance among existing energy market agents. A similar transformation is
taking place in Ukraine. It is related to the Ukrainian government's need to comply with European
integration and environmental initiatives, commitments to foreign partners (Makarenko and Sirkovska,
2017). However, do such changes improve the productivity of the energy sector in Ukraine? It is necessary
to understand and assess the effectiveness of Ukraine's energy policy.

The aim of the article is to explain with the help of economic-mathematical model of energy efficiency
factors in Ukraine for the last twenty years. This model is designed to answer the questions;

- How have SDG policy affected patterns of energy productivity in the Ukraine over the past twenty
years?

- How effective are green innovations at raising of energy productivity?

The article contains five sections. The following section provides an overview of European energy
efficiency policy and literature on green innovation and investment in Ukraine. The authors described the
data and research methods in the third section. The results of modeling and testing the hypothesis are
described in the fourth section. And the study concludes with the fifth section, which formed the main
conclusions of the work.

Literature Review. Significant efforts have been made in Europe and the EU to harmonize European
energy market regulation standards, measure energy efficiency and energy saving, and build a sustainable
energy system (Kern et al., 2017). First of all, energy initiatives in the EU were aimed at overcoming
dependence on energy imports. But they also aimed to reduce greenhouse gas emissions through the
production and consumption of renewable energy (European Parliament and Council, 2006). The need to
meet energy efficiency targets has been highlighted in numerous European Consul conclusions and has
been one of the measurement targets in the Europe 2020 Strategy (2010). However, as early as 2011,
there was an understanding that energy efficiency policies were not being followed and that the set goals
were not being met. A more comprehensive approach was needed to implement energy efficiency
initiatives. And in March 2011, the European Commission adopted a «Roadmap for moving to a
competitive low carbon economy in 2050» to reduce energy consumption by 20% through a cumulative
contribution from EU member states (European Parliament and Council, 2012).

Realini et al. (2019) determine that the adoption of Directive 2012/27/EU was the trigger for updating
energy efficiency legislation. However, the authors also emphasize that the renewal and implementation
of energy efficiency policy is not homogeneous for all EU members, and therefore there are differences in
national policies and in achieving energy efficiency goals. The same opinion is shared by Abeelen et al.
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(2019). In general, the EU has both numerous promoters of the new energy efficiency policy and its
uncompromising criticism.

In particular, Freire-Gonzalez and Puig-Ventosa (2015), based on the Jevons paradox, question the
possibility of achieving the goal of reducing energy consumption (and hence emissions of pollutants). As
the introduction of energy efficient technologies, in this case, on the contrary, will encourage the use of
cheaper technologies and expand product production (ie emissions into the environment will increase).

Brown (2015) emphasizes the need to update energy efficiency policies, but at the same time to
maintain compliance with the requirements of energy efficiency programs, as failure to meet their goals
can lead to aloss of public confidence in their reliability. In addition, there are opinions that in Europe the
use of certain tools will not help achieve the relevant energy efficiency goals (Wiese et al., 2018).

However, among the works of scientists you can find a lot of evidence in support of energy efficiency
initiatives. Collective work (Hartwig et al., 2017) argues that German energy efficiency policy has long-
term macroeconomic effects. According to the authors, the positive impact on GDP and employment
ranges from 0.88% to 3.38%. You can find confirmation of these results in later works. Ringel et al. (2018)
provide evidence that green energy policy in Germany affects GDP growth and job creation even in the
short term, has lasting energy, environmental and socio-economic consequences from the implementation
of energy efficiency reforms.

According to Pavlyk (2020a), there is cointegration between GDP, energy efficiency, the share of
green investment and renewable energy sources in energy consumption. Improving the quality of
regulatory activity and improving the rule of law leads to increased energy efficiency in the country
(Shkarupa and Chasnyk, 2014; Pavlyk, 2020b).

From a historical retrospective, the role of the state in intensifying investment and innovation
processes, qualitative transformation of ecological transformations is unconditional (Hrytsenko et al.,
2018; Kolosok et al., 2018; Lupenko, 2018; Boichenko et al., 2019). However, local factors can also serve
as a catalyst for the success of reforms (Morton et al., 2018). And to a large extent, their outcome depends
on the level of cooperation and synergy between public authorities, private companies and public
organizations (Kotenko et al., 2015; Yatsenko et al., 2019; Bertoldi and Mosconi, 2020).

Management processes that strengthen energy efficiency and investment can also stimulate energy
innovation (Kim and Brown, 2019). The number of studies on green innovation has more than increased
ninefold since 2008 and will only increase further (Panchenko et al., 2020). Promising in the field of green
innovations are considered to be work on cloud computing and ERP-systems (Ragmani et al., 2018);
smart grids (Barbier, 2020); energy efficiency, cycle economy (Sun et al., 2019).

The issue of green innovation and investment is also given due attention in Ukraine, especially in the
field of energy efficiency. Many scientists are aware of the need to balance energy demand and justify the
efficiency of tariffs to reduce heat losses and reduce energy consumption. In particular, for the transition
to green energy production, researchers (Mentel et al., 2018; Labandeira et al., 2018; Kolosok et al., 2020)
carry out regional differentiation of electricity tariffs in 13 regions of Ukraine, where the largest energy
capacities are concentrated.

Analysis of the benefits of financing green investments to achieve sustainable development goals is
performed by a group of scientists (Ibragimov, Lyeonov, et al., 2019; Ibragimov, Vasylieva, et al., 2019).
They proved the existence of a relationship between the volume of green investment and the country’s
performance indicators towards achieving sustainable development goals. Consequently, the
substantiation of the effectiveness of the state policy in the energy sphere should be based on indicators
of sustainable development goals.

Methodology and research methods. Given the European integration direction of Ukraine, to assess
the effectiveness of energy policy in Ukraine, the authors selected five EU sub-indicators for the model
from the goal «Affordable and clean energy», 2 sub-indicators from the goal «Decent work and economic
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growth», and one indicator from goals «Responsible consumption and production» and «Climate action,
as well as an indicator of innovation costs of industrial enterprises in the energy sector (Table 1).

Table 1. The input variables of the model

Indicator Indicator description Unit of measure
SDG_07_10 Primary energy consumption Million tonnes of oil equivalent (TOE)
SDG_07_11 Final energy consumption Million tonnes of oil equivalent (TOE)
SDG_07_20 Final energy consumption in households Kilogram of oil equivalent (KGOE)

per capita
SDG_07_30 Energy productivity Euro per kilogram of oil equivalent (KGOE)
SDG_07_50 Energy import dependency by products Percentage
SDG_13_20 Greenhouse gas emissions intensity of Index, 2000=100
energy consumption
SDG_08_10 Real GDP per capita Euro per capita, chain linked volumes (2010)
SDG_08_11 Investment share of GDP by institutional Percentage
sectors
SDG_12_20 Resource productivity and domestic Euro per kilogram, chain linked volumes
material consumption (DMC (2010)
INNOV Innovation expenditure of industrial Thousand UAH

enterprises by areas of innovation (Code D
of NACE, Rev.2)

Source: developed by the authors.

The source of statistical data for the input variables of the model was the State Statistics Service of
Ukraine. Unfortunately, the Ukrainian statistical service does not publish statistics for sustainable
development, which is completely identical to the EU statistical methodology. Therefore, the author team
collected annual data from the Ukrainian statistics service for 2000-2019 and calculated them as indicators
for the model in accordance with the Directive 2012/27/EU, Directive (EU) 2018/2002, Regulation (EC)
No. 1099/2008, data descriptions of the Statistical Office of the European Union. Missing or unknown data
for individual years for the model were filled using the moving average method.

Since the range of data varies considerably and contains different measures, it was decided to
normalize them. It was necessary that each parameter contributed to a proportional contribution to the
optimization result for the correct operation of the model. Min-max normalization was used to scale the
data to a fixed range [0,1] (1):

x Lo Kiemmin(rg) (1)
norm it max(xi)— min(x;;)

where xit and Xnom it are an original and the normalized value of the i-feature in in time t, max(xi) and
min(x) are the maximum and minimum values of the i-feature in in time ¢ in x range.

After normalization of the data, histograms were constructed to select the best model for rapid
evaluation of energy efficiency in Ukraine (Figure 1). According to the results obtained, it is impossible not
to see differences in the distribution of data. Data are not centered, have several peaks and differences in
averages (Table 2). The distribution of values with skewed to the left prevails, because their averages are
less than the median. Analysis of dispersion statistics also shows some variations in values, from 0.270
(for the indicator of innovation costs) to 0.372 (for the indicator of primary energy consumption).
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Figure 1. Histograms for the input variables of the model
Source: developed by the authors on the basis of (SSSU, 2020).

Table 2. The variables’ descriptive statistics
SDGO7_10 SDG_O7_11 SDGO7 20 SDGO7_30 SDGO750 SDG_1320 SDG 08 10 SDGO8_ 11 SDG_12.20 INNOV

count 20.000 20,000 20,000 20,000 20.000 20,000 20,000 20.000 20,000 20000
mean 0.596 0542 0499 0294 0.268 0.632 0325 0.408 0577 0347
std 0372 0.344 0329 0325 0339 0.354 031 0310 0368 0270
min 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0000
25% 0.256 0.252 0.216 0.042 0023 0436 0069 0.149 0251 013
50% 0.762 0636 0.545 0181 0.130 0.760 0.240 0373 0753 0302
5% 0.880 07 0.748 0.398 0357 0.909 0443 0.675 0867 0574
max 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1000 1.000

Source: developed by the authors on the basis of (SSSU, 2020).

Given the results of descriptive statistics indicators was chosen the ordinary least squares model for
evaluating the effects of the energy policy of Ukraine, which in general terms is as follows (2):

ye=XiBi + & 2)

where the px1 vector of dependent variable in time t, yt, is a linear combination of the pxq matrix of
explanatory variables in time t, Xt, gx1 vector of unknown coefficients (i = 1,..,q), Bi, and the px1 vector of
variables errors in time t, &t.

The linear function of the input variables is presented below (3):
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SDG_07_30, = B, + B, SDG_07_10, + B5-SDG_07_11, + B, SDG_07_20, +
Bs " SDG_07_50, + B, " SDG_13_20, + B, " SDG_08_10, + B - SDG_08_11, +
Bo " SDG_12_20, + B, " INNOV, + &, (3)

where energy productivity, SDG_07_30;, is a function of primary energy consumption, SDG_07_10z,
final energy consumption, SDG_07_11;, final energy consumption in households per capita, SDG_07_20y,
energy import dependency by products, SDG_07_50:, greenhouse gas emissions intensity of energy
consumption, SDG_13_20;, real GDP per capita, SDG_08_10;, investment share of GDP by institutional
sectors, SDG_08_11¢, resource productivity and domestic material consumption, SDG_12_20;, innovation
expenditure of industrial enterprises, INNOV4, in time £, B1..810 — the coefficients of the OLS model; & -
variables errors in time {.

According to the proposed model, the authors tested the question: «Does any of the X; variables help
to explain energy productivity in the Ukraine over the past twenty years?» by substantiating hypotheses:

Ho: B1= B2=..= B10=0;
Ha:3Bi# 0,i=2,..,10.

To find variables that better describe the relationship to energy efficiency policy, a general-to-specific
strategy was chosen. After obtaining significant values for all model variables, the regression coefficients
were tested to prove the hypotheses using two tests: RESET test and Jarque-Bera test. The
methodological tool for this research was the Python 3.6.11 package statsmodels, which was used to
perform calculations and verification of the model.

Results. Prior to the simulation, the authors examined the relationship between the results of energy
efficiency policy (an indicator of which is SDG_07_30) and endogenous indicators of a carbon-neutral

economy using scatter plots.
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Figure 2. The scatter plots for the input variables of the model
Source: developed by the authors on the basis of (SSSU, 2020).
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As shown in Figure 2, there is a strong positive linear relationship between energy efficiency and two
of the nine indices.

These are «Energy import dependency by products» (SDG_07_50) and «Real GDP per capita»
(SDG_08_10). The energy efficiency indicator can integrally measure the effectiveness of state regulatory
interventions in the energy sector and is an indicator of the success or failure of energy reforms. In this
case, according to the presented data, such a connection may indicate the coverage of energy needs with
the growth of real GDP production due to net imports (net imports) of energy in the country. It may indicate
some overstatement of tariffs for energy resources in Ukraine compared to the tariffs of neighboring
countries. As for the costs of innovation in the energy sector, this index will not allow a linear description
of the dependence, as there are outlier points (outlier points) in the area of increasing innovation costs.

Table 3 presents the results of OLS modeling for energy efficiency functions and selected endogenous
indicators. Using a general-to-specific strategy, seven rounds of optimization were performed. The search
ended when significant values were obtained for all model variables p-value (with the level of significance
0=0.05%). According to the results of OLS modeling, the indicator of energy policy efficiency in Ukraine is
influenced by such variables as: «Energy import dependency by products» (SDG_07_50), «Real GDP per
capita» (SDG_08_10), and «Final energy consumption» (SDG_07_11). Estimation of the last variable has
a much smaller effect on the regression results, and shows a negative relationship with the energy
efficiency index.

Table 3. The results of the OLS regression modelling

Modell Model2 Medel3 Model4d ModelS Medels Model?7

SDG_07_18 0.0035  08.6042
(e.013e) (©.0080)
SDG_07_11 -0.0449  -8.0480  -0.0357  -0.0185*** -§ Q183*** -0.0171%*** -p,Q152%**
(0.0582) (8.0356) (0.0261) (8.6035) (8.6033)  (@.0038)  (©.8025)
SDG_07_20 0.0202  0.0220  0.0144
(0.0379) (8.8266) (0.8217)
SDG_07_58 0.5269%%* 9 5261%** 9 5277%** 9 5238*** @.5246%** @.5184*** 9 5167***
(0.0169) (8.0123) (0.0115) (9.0097) (8.0090) (8.0065)  (©.0064)
SDG_13_28 0.0044  0.0045  0.0044  0.0033 0.0634
(0.0044) (8.0040) (0.0039) (8.6035)  (8.0033)
SDG_08_18 0.4622%%% 9, 4626%** @,4620%*% 0,4686%** 9,4676%** @.4722%** 9 4726%**
(0.0152) (8.0136) (8.2131) (9.0084) (9.0074) (8.@058)  (©.8859)
SDG_08_11 -0.0004
(0.0058)
SDG_12_28 0.0031  0.6030  0.0835  ©.8032 0.0031 0.0030
(0.0037) (8.0033) (0.0038) (0.0029) (8.0028)  (©.0028)
Intercept 0.0112  ©0.8116* 0.0106%  0.8077**  0.8076**  0.@Q92*** §,01@3***
(0.0079) (8.0057) (@.2052) (8.0029) (8.0027) (@.e022) (@.0828)
INNOV -0.0022 -8.0024 -0.0020  -0.00085
(0.0038) (8.0031) (0.2029) (9.0019)
R-squared 1.0000  1.0000  1.0088 .0000 1.0600 1.0008 1.0000

1
R-squared Adj. 1.00e@ 1.6000 1.0000 1.0000 1.6000 1.eeee 1.0000

Standard errors in parentheses.
* p<.1, ** p<.e5, ***p<.e1l

Source: developed by the authors on the basis of (SSSU, 2020).
The seventh-round optimization model is shown below (4):

SDG_07_30, = 0.0103 + 0.0152° SDG_07_11, + 0.5167 - SDG_07_50, +
0.4726 - SDG_08_10, + &, @)
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According to the simulation results, an increase in energy import dependence by products by 1% in
Ukraine leads to an increase in energy productivity by 51.67% under other constant conditions.

The testing summary of the hypotheses of the seventh OLS model provided in Table 4. Both, the
RESET test and Jarque-Bera test, shows that the seventh model might be correctly specified. With a
statistic of ~1.199 and a p-value of ~0.274 of the RESET test, and with a statistic of ~0.011 and a p-value
of ~0.994 of the Jarque-Bera test, one may conclude that the seventh model is correctly specified (and
the hypotheses Ho rejected at the 5% level of significance).

Table 4. The testing summary of the hypotheses of the seventh OLS model

Test name Test statistic p-value Test result
RESET F=1.199 0.274 Ho: Rejected
Jarque-Bera JB=0.011 0.994 Ho: Rejected

Source: developed by the authors on the basis of (SSSU, 2020).

Conclusions. The analysis of European energy efficiency policy issues is definitely necessary to
understand the trajectory of the innovation movement of Ukraine's economy, the adaptation of green
innovations and the strengthening of Ukraine's European integration aspirations. The goals of the energy
market development strategy correspond to the harmonization of European standards of energy
regulation, measurement of energy efficiency and energy saving, construction of a sustainable energy
system. Funding for green innovation has its advantages in achieving the goals of sustainable
development.

Using OLS modeling for energy efficiency functions and selected endogenous indicators, variables
were investigated to explain the sources of energy efficiency in Ukraine over the last twenty years.
According to the results of OLS modeling, the indicator of energy policy efficiency in Ukraine is influenced
by such parameters as: «Energy import dependency by products» (SDG_07_50), «Real GDP per capita»
(SDG_08_10), and «Final energy consumption» (SDG_07_11). Estimation of the last variable has a much
smaller effect on the regression results, and shows a negative relationship with the energy efficiency index.
The results of the model were verified using RESET and Jarque-Bera tests, and showed the correctness
of the proposed model.
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EheKTUBHICTb eHepreTMYHOI NOMNITUKN: BNNMUB 3eNIeHUX iHHOBaLin

€8sponelicbka nonimuka eHep2oeghekmugHOCMi Mae Ki4osy posib Npu hopmysaxHi Ho8oi Modeni eHepeemuyHo20 PUHKY ma
8yareueso-HelimparnbHoi ekoHoMIKU 8 YkpaiHi. Y uili cmammi eukoHaHo 021510 akmyanbHUX QUCKYPCUBHUX NUMaHb Ha wrsxy 00
peanisauii eeponelickKoi noimuKu eHepeemuyHoi ehekmugHOCMi ma 3eneHux iHHogauill, HagedeHi pro et contra makux pechopm.
PesynbsmamueHicmb HauioHanbHUX nomimuk Moxe obMexysamucs PUHKOBUMU [HCMpyMeHmamu, pigHem 3abe3neyeHocmi
PO3YMHUMU MEXHOMO2IAMU ma CnpuliHAmmaAM iHHogaUill y cekmopax eHepaemuku, iHcmumyuyitiHoeo po3gumky 3azanom. Tomy
0CHO8HOI0 Memoto AocnidxeHHs By0 NOACHEHHS NOMIMUKU CMaso20 Po3BUMKY ma CmMUMYI08aHHs 3eMeHuX iHHosauill 8 YkpaiHi
yepe3 eKoHOMIKO-MamemamuyHe ModensaHHs hakmopie eHepeoeghekmugHocmi 3a 2000-2019 poku. [ns iHmeepanbHo20
OUjHI08aHHS eghekmugHoCcMi eHepeemuyHoi nonimuku 8 Ykpaii aemopamu pobomu 6yna obpaHa OLS modenb, wo micmums
0Oes’amb cybiHOUKamopie 3 YomupboX yineli cmarnozo possumky 8 €C (a came: «[JocmynHa ma yucma eHepeisi», «[idHa npaus ma
€KOHOMIYHEe 3pocmaHHs», «BidnosidanbHe cnoxusaHHsi ma eupobHUumMeo» ma «bopombba 3i 3miHOKW KriiMamy»), @ makox —
NOKa3HUK [HHOBaUILHUX 8uMpam npomuciosux nidnpuemMcme 8 eHepaemuyHill cghepi 8 Ykpaiki. MemoduyHum iHempymeHmapiem
0151 npogedeHHs O0CTiOKeHHs1 cmaro sukopucmanHsi nakemy statsmodels 8 Python 3.6.11, 3 donomoeoto siko2o bynu 8UKOHaHI
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po3paxyHku ma nepesipka 2inome3 modeni. [pu sukopucmarHi cmpamezii po3paxyHkie 8i0 3aeanbHoi do KoHkpemHol Moderi, byna

3HalideHa 3Ha4yuma (hyHKuis 3a cim payHdie onmumisayii. BidnosioHo do pesynbmamie OLS modeniosaHHs, Ha NOKa3HUK

eghekmusHocmi eHepeemuyHoi nomimuku 8 YkpaiHi maromb ennug maki 3miHHI, SK: «3anexHicme eid imnopmy eHepeii 3a

npodykmamuy, «peanbHuli BBl Ha dywy HaceneHHs», ma «KiHuege cnoxusaHnHs eHepeiiy. OuiHka 0cmaHHbOI 3MiHHOT Mae 3HayHO

MeHWull eghekm Ha pe3ynbmamu peepecii, ma nokadye HecamueHUll 38'A30K 3 NOKa3HUKOM eHepaoeghekmusHocmi. Pesynbmamu

modenell 6ynu nepesipeHi 3a donomozoro RESET ma mecmig Jarque-Bera, ma nokasanu KopekmHicms 3anponoHosaHoi Moderi.
Kntoyosi crioa: eHepreTyHa noniTvka, Ljini cTanoro po3suTKy, 3eneHi iHHoBaLlii, eHeproedekTUBHICTb
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