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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-González 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 a loss 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 

per capita 
Kilogram of oil equivalent (KGOE) 

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 

energy consumption 
Index, 2000=100 

SDG_08_10 Real GDP per capita Euro per capita, chain linked volumes (2010) 
SDG_08_11 Investment share of GDP by institutional 

sectors 
Percentage 

SDG_12_20 Resource productivity and domestic 
material consumption (DMC 

Euro per kilogram, chain linked volumes 
(2010) 

INNOV Innovation expenditure of industrial 
enterprises by areas of innovation (Code D 

of NACE, Rev.2) 

Thousand UAH 

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 𝑛𝑜𝑟𝑚 𝑖𝑡  =  
𝑥𝑖𝑡 − 𝑚𝑖𝑛(𝑥𝑖𝑡)

𝑚𝑎𝑥(𝑥𝑖𝑡)− 𝑚𝑖𝑛(𝑥𝑖𝑡)
                                     (1) 

 
where xit and xnorm it are an original and the normalized value of the i-feature in in time t, max(xit) and 

min(xit) are the maximum and minimum values of the i-feature in in time t 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 

 
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): 
 
yt = Xtβi + εt                                                                                          (2) 
 
where the p×1 vector of dependent variable in time t, yt, is a linear combination of the p×q matrix of 

explanatory variables in time t, Xt, q×1 vector of unknown coefficients (i = 1,..,q), βi, and the p×1 vector of 
variables errors in time t, εt. 

The linear function of the input variables is presented below (3): 
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𝑆𝐷𝐺_07_30𝑡  =  𝛽1  +  𝛽2 · 𝑆𝐷𝐺_07_10𝑡 +  𝛽3 · 𝑆𝐷𝐺_07_11𝑡  +  𝛽4 · 𝑆𝐷𝐺_07_20𝑡 +
 𝛽5 · 𝑆𝐷𝐺_07_50𝑡 + 𝛽6 · 𝑆𝐷𝐺_13_20𝑡  + 𝛽7  · 𝑆𝐷𝐺_08_10𝑡 +  𝛽8  · 𝑆𝐷𝐺_08_11𝑡 +
 𝛽9  · 𝑆𝐷𝐺_12_20𝑡 +  𝛽10  · 𝐼𝑁𝑁𝑂𝑉𝑡 +  𝜀𝑡        (3) 

 
where energy productivity, SDG_07_30t, is a function of primary energy consumption, SDG_07_10t,, 

final energy consumption, SDG_07_11t, final energy consumption in households per capita, SDG_07_20t, 
energy import dependency by products, SDG_07_50t, greenhouse gas emissions intensity of energy 
consumption, SDG_13_20t, real GDP per capita, SDG_08_10t, investment share of GDP by institutional 
sectors, SDG_08_11t, resource productivity and domestic material consumption, SDG_12_20t, innovation 
expenditure of industrial enterprises, INNOVt, in time t; β1..β10 – the coefficients of the OLS model; εt – 
variables errors in time t. 

 
According to the proposed model, the authors tested the question: «Does any of the Xt variables help 

to explain energy productivity in the Ukraine over the past twenty years?» by substantiating hypotheses: 
 
H0 : β1= β2=..= β10 = 0;  

Ha : ∃ βi ≠ 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.  

 

 
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 
α=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 

 
Source: developed by the authors on the basis of (SSSU, 2020). 
 
The seventh-round optimization model is shown below (4): 
 
𝑆𝐷𝐺_07_30𝑡  =  0.0103 +   0.0152 · 𝑆𝐷𝐺_07_11𝑡  +  0.5167 · 𝑆𝐷𝐺_07_50𝑡 +

 0.4726 · 𝑆𝐷𝐺_08_10𝑡 +  𝜀𝑡                                       (4) 
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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 H0 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 H0: Rejected 

Jarque-Bera JB= 0.011 0.994 H0: 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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Ефективність енергетичної політики: вплив зелених інновацій  
Європейська політика енергоефективності має ключову роль при формуванні нової моделі енергетичного ринку та 

вуглецево-нейтральної економіки в Україні. У цій статті виконано огляд актуальних дискурсивних питань на шляху до 

реалізації європейської політики енергетичної ефективності та зелених інновацій, наведені pro et contra таких реформ. 
Результативність національних політик може обмежуватися ринковими інструментами, рівнем забезпеченості 
розумними технологіями та сприйняттям інновацій у секторах енергетики, інституційного розвитку загалом. Тому 
основною метою дослідження було пояснення політики сталого розвитку та стимулювання зелених інновацій в Україні 

через економіко-математичне моделювання факторів енергоефективності за 2000-2019 роки. Для інтегрального 
оцінювання ефективності енергетичної політики в Україні авторами роботи була обрана OLS модель, що містить 
дев’ять субіндикаторів з чотирьох цілей сталого розвитку в ЄС (а саме: «Доступна та чиста енергія», «Гідна праця та 
економічне зростання», «Відповідальне споживання та виробництво» та «Боротьба зі зміною клімату»), а також – 

показник інноваційних витрат промислових підприємств в енергетичній сфері в Україні. Методичним інструментарієм 
для проведення дослідження стало використання пакету statsmodels в Python 3.6.11, з допомогою якого були виконані 
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розрахунки та перевірка гіпотез моделі. При використанні стратегії розрахунків від загальної до конкретної моделі, була 
знайдена значима функція за сім раундів оптимізації. Відповідно до результатів OLS моделювання, на показник 

ефективності енергетичної політики в Україні мають вплив такі змінні, як: «залежність від імпорту енергії за 
продуктами», «реальний ВВП на душу населення», та «кінцеве споживання енергії». Оцінка останньої змінної має значно 
менший ефект на результати регресії, та показує негативний зв'язок з показником енергоефективності. Результати 
моделей були перевірені за допомогою RESET та тестів Jarque-Bera, та показали коректність запропонованої моделі.  

Ключові слова: енергетична політика, цілі сталого розвитку, зелені інновації, енергоефективність 
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