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Abstract: Renewable energy technologies play a crucial role in solving global energy and environ-
mental issues, and the pace of the energy transition directly depends on improving their efficiency.
Presently, the development and implementation of renewable energy systems are ensured mainly
through state funding, the possibilities of which are limited. The potential of attracting private invest-
ments depends directly on their impact on companies’ profitability indicators, and the uncertainty
regarding the return on investments is one of the main barriers affecting investors’ decision-making.
Based on a vector autoregressive model for analysing the stationary time series, the paper explores the
impact of long-term investments and research and development costs in renewable energy technolo-
gies on the financial performance of ten of the largest companies operating in this field. The study’s
results showed that investments and spending on research and development positively affect such
companies’ profitability indicators as earnings before interest, taxes, depreciation and amortisation,
earnings before interest and tax, net income, and return on investment. The obtained results can
be used to substantiate the economic effectiveness of investments in developing and improving
renewable energy technologies when forming the companies’ financial policies to support them.

Keywords: renewable energy; investments; research and development; earnings before interest; taxes;
depreciation and amortisation; earnings before interest and taxes; net income; return on investments
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1. Introduction

Nowadays, renewable energy is considered by the world community as the primary
mean of meeting future energy needs and tackling the climate challenge. A wide range of
advantages of using renewable energy sources related to optimising energy consumption,
declining the dependence of energy-importing countries on fossil fuels, reducing green-
house gas emissions, creating jobs, and promoting economic development and innovations
make it a vital tool in achieving the above goals.

The pace of the energy transition directly depends on the number of investments in
renewable energy technologies. In recent years there has been a positive trend towards
their considerable increase. Over the past eight years, investments in renewable energy
systems have exceeded U.S. $250 billion annually, reaching a record high of U.S. $366 billion
in 2021 [1]. Thanks to significant investment flow in the renewable energy industry, it
became possible to achieve substantial progress in increasing the efficiency of green energy
production and reducing its cost.

Thus, according to [2] weighted average Levelized cost of electricity for large-scale
photovoltaic facilities for 2010–2020 decreased by 85% due to the increase in power plants’
efficiency, the effect of scale, and a decline in the cost of components through the reduction
of using silver in production. In turn, the weighted average Levelized cost of electricity for
concentrated solar power plants from 2010 to 2020 decreased by 68% due to a decrease in
capital costs and an increase in the efficiency ratio. The average weighted indicator of the
capacity factor of onshore wind farms increased from 27% in 2010 to 36% in 2020 due to
technological innovations implementation. Due to the same reason, the weighted average
capacity factor of onshore wind farms increased from 27% in 2010 to 36% in 2020. At
the same time as the production cost of wind turbines decreased, the weighted average
Levelized cost of electricity decreased by 56% during this period–to 0.039 USD/kWh.
As regards the progress in offshore wind energy, the development of technologies made
it possible to master the facilities installation on deeper areas of the seabed. Together
with the optimisation of offshore wind turbine maintenance, it decreased the weighted
average Levelized cost of electricity by 48%–to 0.084 USD/kWh. Other renewable energy
technologies have demonstrated no less large-scale progress in recent years.

However, despite significant achievements in renewable energy technologies, declared
long-term goals for green energy development and implemented state support schemes
for encouraging energy production from renewable energy resources, the world’s final
energy consumption is still mainly based on fossil fuels. Thus, as of the end of 2021,
only 28.3% of electricity in the global electricity mix was provided by renewable energy
resources, nuclear power accounted for about 10%, and fossil fuels ensured the rest. In
the heating and cooling sectors, the share of energy produced from renewables was 11.2%,
while fossil fuels provided 88.8%. The contribution of renewable energy resources in the
transport sector was only 3.7%, whereas the share of fossil fuels amounted to 96.3% [1].

Thus, it can be stated that despite the annual increase in investments in renewable
energy technologies, their volumes still need to be increased to replace fossil fuels rapidly.
In the study [3], the authors argue that for every dollar invested in renewable energy
sources, three dollars are invested in fossil fuels, particularly coal. As a result of fierce
competition with conventional energy production technologies, renewable energy systems
require more significant amounts of investments to achieve the effect of scale and reach
economic profitability.

It is worth noting that today most of the investment flows in renewable energy tech-
nologies development are provided at the expense of state subsidies, which leads to market
inefficiency. Attracting private capital could significantly improve the situation. However,
private companies reluctantly invest in such projects due to the difficulty of forecasting
future cash flows and guaranteeing a return on such investments [4]. Thus, the uncertainty
regarding the return of invested funds is one of the main barriers to attracting private
capital in renewable energy technologies.
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Given the above, the main purpose of this article is to study the economic efficiency of
long-term investments and research and development (R&D) costs in renewable energy
technologies by assessing and forecasting their impact on companies’ profitability. There-
fore, for the first time in the article, the economic efficiency of long-term investments and
R&D costs in renewable energy technologies based on the created author’s model will
be substantiated.

The obtained results will allow us to find whether it is possible to minimise such un-
certainty by visually demonstrating their impact on the companies’ economic performance.

To achieve this purpose the following tasks were set:

− to analyse the investments volume and R&D costs for supporting renewable energy
technologies development in the ten most prominent companies operating in this field;

− to build a model that reflects the impact of long-term investments and R&D costs in
renewable energy technologies on such companies’ profitability indicators as earnings
before interest, taxes, depreciation and amortisation (EBITDA); earnings before Interest
and taxes (EBIT), net income, and return on investments (ROI).

− to test regressions and vector autoregression models;
− to forecast the value of investments and the economic effect of supporting renewable

energy technologies development based on the variance decomposition of VAR models.

The remainder of this article is organised as follows. Section 2 is devoted to analysing
relevant research papers addressing financing renewable energy technologies’ importance
and main challenges. Section 3 describes methods and reflects collected statistical data
for their further processing. Section 4 represents testing the built model, evaluating and
interpreting the results. Section 5 contains conclusions and recommendations regarding
the use of obtained research results.

2. Literature Review

Many research papers are devoted to attracting investments in the development of
renewable energy systems [5–8], their further implementation [9–15], as well as their role in
sustainable development [16–22] and the profitability of enterprises [23–26]. Most authors
conclude that investments and R&D costs in renewable energy technologies are drivers
of the transformation of the global energy market. To accelerate the energy transition
and its impact on environmental quality, the renewable energy sector needs combined
financial support from the state, international institutions, and the private sector. The
studies devoted to these questions are given below.

Ahmed et al. [27] investigate the effect of public investments in R&D in clean energy-
related technological innovation on the share of green energy in final energy consumption
and carbon dioxide emissions in the G7 countries. The results demonstrated that invest-
ments are essential in enhancing renewable energy supply and reducing CO2 emissions.
Hailemariam et al. [28] investigate the nexus between investments in renewable energy
technologies and environmental quality in developed and developing countries. The au-
thors found that R&D investments in renewable systems positively affect the environment
by reducing greenhouse gas emissions. Zhang et al. [29] explore the impact of green finance,
renewable energy investments, and technological innovation on environmental protec-
tion in G-20 economies. The findings reveal they are an essential role in curbing carbon
dioxide emissions and meeting climate-policy goals. The authors note that investments
in renewable energy technologies should be considerably boosted to achieve the climate
policy goals.

The report [30] indicates that investments in clean energy infrastructure need to be
significantly increased in the coming years to keep the average global temperature rise.
Nowadays, investments in green energy are limited by specific barriers, including ineffi-
cient subsidies for fossil fuels, weak or absent carbon pricing, imperfection of regulatory
policy, and lack of measures to support immature renewable technologies to become com-
petitive with existing ones. In addition, there is a significant burden on state finances.
Therefore, mobilising investments in renewable energy infrastructure will require attract-
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ing domestic and international private investments. A wide range of policy measures is
needed to transform the energy system and shift investment away from fossil fuels towards
green energy.

Das et al. [31] provide evidence for the need to finance renewable energy systems in
developing countries. The report presents different models of innovative mechanisms for
financing projects in the renewable energy field, including catalysing private investments.
The researchers’ idea is to encourage the development of several options based on global,
regional, bilateral, national, or local initiatives. It will allow us to diversify financing models
to minimise investor risks, which are currently the main obstacle to investing in renewable
energy projects.

Bindzi & Long [32] examine the role of attracting private investments through public-
private partnerships to complement the limited capacity of the public sector in financing
renewable energy systems. The paper analyses different arrangements contributing to re-
ducing risks related to renewable energy projects implementation and the main advantages
that both public and private actors have under such cooperation. The authors highlight the
importance of public-private partnerships for lower-middle and low-income economies,
which face severe difficulties accessing financing for renewable energy development.

Azhgaliyeva et al. [33] conduct quantitative estimates of the effect of government
renewable energy policies on private investments across different sources of financing. Re-
search results showed that government costs on R&D positively affect private investments
from asset finance and corporate R&D. Ragosa & Warren [34] investigate similar aspects.
The study’s results demonstrated that combining state support policy measures with at-
tracting financing from international institutions contributes to the movement of global
investments in renewable energy systems. In this context, the state can attract international
private investments by demonstrating support for renewable energy.

Peimani [35] points to financial barriers to introducing renewable energy systems
in Asia. In the short term, using exhaustible energy sources is much more profitable,
as technologies have long been available as do not require significant investments in
development. At the same time, the vast majority of renewable energy systems are currently
unprofitable. The absence of venture capital and limited government-provided funds
caused severe difficulties in funding capital-intensive renewable energy projects. This
difficulty has served as a disincentive for those interested in undertaking these projects,
resulting in a limited expansion of renewable energy in Asian countries.

Kurbatova & Khlyap [36], and Kurbatova & Skibina [37] state that one of the main
problems of implementing renewable energy projects in Ukraine is the need for significant
investments. The primary role in financing renewable energy projects belongs to the state.
However, the green energy industry needs more financial resources due to limited state fi-
nancing. High requirements regarding the projects’ economic, technical, and environmental
criteria also constrain the possibility of attracting investments under special programs of in-
ternational institutions. Accordingly, creating a favourable investment climate for attracting
private investments is necessary for improving renewable energy projects support.

The literature review showed that public investments play a crucial role in financing
renewable energy projects; however, their volume needs to be increased to achieve global
energy and climate policy goals. Deployment of large-scale renewable energy infrastruc-
ture requires attracting extra private equity. In this context, the economic efficiency of the
companies engaged in developing and implementing renewable energy systems becomes
particularly relevant. It is because, for business, the key criterion is the economic efficiency
of investing in such projects. If companies’ profitability indicators meet investors’ expecta-
tions, the private sector will also support renewable energy projects. With that in mind,
this study deals with the economic justification of the economic efficiency of investments
and R&D costs in renewable energy technologies.
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3. Methods and Data

In this study, authors build a model that reflects the impact of long-term investments
and R&D costs on companies’ profitability indicators such as EBITDA, EBIT, Net Income,
and ROI. These indicators are the basis for assessing the companies’ financial positions
and determining the effectiveness of their operation. It should be noted that long-term
investments and R&D costs are the target costs for companies involved in developing
and implementing renewable energy technologies. Therefore, by assessing the impact
of long-term investments and R&D costs on companies’ financial performance, we can
determine the economic viability of such companies in general.

The theoretical basis for developing the author’s model is the role of the entrepreneur
as an innovator, developed by Schumpeter. Based on this economic theory, we consider
long-term investments and R&D costs as a function of companies to improve their positions
in the market. In turn, innovations should bring profit and be beneficial to the business. That
is why in our model, the resulting indicators of long-term investments and R&D costs are
companies’ profitability indicators. So, in this study, we will test the following regressions:

Model 1: EBITDA = f (Investments, R&D)
Model 2: EBIT = f (Investments, R&D)
Model 3: Net Income = f (Investments, R&D)
Model 4: ROI = f (Investments, R&D)

For the sample in this study, 10 of VARVARin 2020 companies engaged in developing
and implementing renewable energy technologies were taken [38]. The list of companies
included in the sample is given in Table 1.

Table 1. Companies that make up a sample of research.

Name Revenue for 2020, Bln
USD

Net Income for 2020, Bln
USD

Market Capitalisation for
2020, Bln USD

1. Orsted A/S (DNNGY) [39] 34.97 15.46 71.20
2. Iberdrola SA (IBDRY) [40] 34.23 3.57 82.89

3. JinkoSolar Holding Co. (JKS) [41] 33.95 163.10 1.33
4. Vestas Wind Systems (VWDRY) [42] 15.20 0.49 38.86

5. Siemens Gamesa (GCTAY) [43] 9.48 0.92 23.24
6. Brookfield Renewable (BEP) [44] 3.58 0.32 10.83

7. First Solar Inc. (FSLR) [45] 3.50 0.22 9.46
8. Canadian Solar Inc. (CSIQ) [46] 3.36 0.21 2.39

9. Renewable Energy Group (REGI) [47] 2.61 0.61 2.33
10. SunPower Corp. (SPWR) [48] 1.39 0.70 3.56

The study period includes two stages. The first one covers the period 2011–2020.
It is taken as the base period for determining the impact of long-term investments and
R&D costs on the companies’ financial performance. The second stage covers 2021–2025,
which will be used to forecast the impact of long-term investments and R&D costs on the
companies’ profitability indicators.

The study uses quarterly data, which are available in companies’ financial reports on
their official websites. The output data are shown in Table 2.

The primary research method is the vector autoregressive model (VAR) for stationary
time series analysis. The Dickie-Fuller test for a single root will be used to test time series
for stationarity. It will allow us to test the time series for stationarity and find that they are
stationary at the variable and first difference levels. The Engle-Granger test will be used
to perform the cointegration test. It is to establish that the variables are not cointegrated.
The pulse functions of the VAR model will be used to determine the pulses of the resulting
variables on the shocks of independent regressors. It will show how much influence each
independent variable has on the resulting parameter. The forecasting of indicators will
be carried out based on the forecast of the VAR model. The decomposition method will
be used to estimate and decompose the variance of the forecast errors. It will allow us
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to show how the degree of influence of independent variables on the resulting indicator
changes over several quarters. Since all variables and results in the next period depending
on their values in the previous period, all data for testing the model are considered time
series (Time Series Data).

Table 2. Initial data for regressions.

Year Investments R&D EBITDA EBIT Net Income ROI

2011 Q1 318 48 314 228 166 145
2011 Q2 236 54 172 76 −54 135
2011 Q3 251 60 254 −158 −219 112
2011 Q4 725 61 −184 −624 −626 33
2012 Q1 428 58 −155 −565 −531 −6
2012 Q2 589 52 397 70 −39 −10
2012 Q3 606 53 228 −68 −80 −38
2012 Q4 681 56 127 31 −247 −44
2013 Q1 647 47 505 356 102 −9
2013 Q2 641 49 671 430 147 9
2013 Q3 648 55 804 495 454 40
2013 Q4 663 63 535 373 186 59
2014 Q1 579 65 739 390 302 88
2014 Q2 569 60 633 342 180 33
2014 Q3 258 66 437 485 252 40
2014 Q4 980 73 910 420 463 64
2015 Q1 564 69 368 138 −25 72
2015 Q2 866 65 509 235 138 142
2015 Q3 701 70 902 467 329 272
2015 Q4 1167 80 764 438 93 108
2016 Q1 1428 79 770 485 199 77
2016 Q2 1433 82 457 253 −7 31
2016 Q3 824 78 739 50 165 19
2016 Q4 970 72 −710 −966 −890 6
2017 Q1 1401 66 451 148 −222 −7
2017 Q2 1063 64 548 301 −8 −42
2017 Q3 1718 67 699 −320 140 −35
2017 Q4 1904 74 −258 123 −982 −70
2018 Q1 1485 67 830 223 225 −48
2018 Q2 1728 75 117 188 −433 28
2018 Q3 1702 66 643 809 55 33
2018 Q4 2144 26 1046 385 77 96
2019 Q1 1888 62 508 351 −187 82
2019 Q2 2008 65 738 453 130 38
2019 Q3 2223 55 1035 550 70 39
2019 Q4 1655 40 1654 1063 461 87
2020 Q1 2316 55 951 609 316 97
2020 Q2 2423 53 875 454 87 89
2020 Q3 1710 54 937 449 140 91
2020 Q4 2084 61 872 420 450 51

The formation of the table with the initial data for the study took place in the software
product Microsoft Excel. Gretl software was used for regression calculations.

4. Results and Discussion

One of the critical economic aspects determining renewable energy systems devel-
opment is the companies’ R&D costs and long-term investments. R&D costs reflect the
financing of renewable energy technologies development. In this case, the number of
resources spent only sometimes correlates with the results obtained, but the increase in
these costs is evidence of funding for developing these technologies.
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Long-term investments of companies reflect the financing of renewable energy tech-
nologies implementation. By long-term investments, we mean investments with a payback
period of more than 1 calendar year. These are the costs for constructing energy complexes,
production facilities, etc. The data in Figure 1 show the growing dynamics of long-term
investments and R&D costs of the ten largest renewable energy companies selected for
this study.
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Next, we will consider how long-term investments and R&D costs affect the financial
performance of the ten largest companies engaged in developing and implementing renew-
able energy technologies. The study uses performance indicators of companies, which by
their nature, are time series. Considering this, the first step is to check the time series for
stationarity. To do this, the Augmented Dickey-Fuller test for a single root (Augmented
Dickey-Fuller test) is used. If the stationary time series is confirmed, the vector autoregres-
sive model (VAR) will be suitable for the analysis of the model. If the stationarity is not
confirmed, the VECM (Vector Error Correction Model) model will be used.

The data in Table 3 show that investments, Net Income, and ROI are stationary at the
level of the first difference. In turn, EBIDTA, EBIT and R&D are stationary at the variable
level. Thus, we can conclude that all variables are stationary either at the variable level or
at the level of the first difference. Therefore, we can use the vector autoregressive model for
stationary data series for further analysis.

Table 3. Unit Root Test Results using ADF Procedure.

Variables
Level ADF Stats Prob. Variables

First Difference ADF Stats Prob. Results

Investments −0.05888 0.8391 d-Investments −0.663607 0.0003 I(1)
R&D −0.462437 0.0158 I(0)

EBITDA −0.696334 0.0011 I(0)
EBIT −0.468991 0.0191 I(0)

Net Income −0.567150 0.0767 d-Net Income −2.61506 1.96 × 10−8 I(1)
ROI −0.285737 0.0933 d-ROI −0.961537 2.49 × 10−5 I(1)

Testing the time series for stationarity showed that they are stationary at the first
difference level. With a delay of one-time lag, the economic indicators of the model retain
the nature of the connection between themselves. In general, such a result is satisfactory
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because long-term investments and R&D costs are carried out in one period, and the effect
is manifested in subsequent ones. Also, financing these costs depends on obtaining profits
in previous periods.

The next stage of the study is to verify the cointegration of variables. To do this, we
will build models described in Section 3. The results of the cointegration test are shown in
Tables 4–7.

Table 4. Engle-Granger test results. Model 1. Dependent variable: EBITDA.

Variables Coefficient t-Statistics Prob.

Const 849.195 2.381 0.0225
Investments 0.257586 2.776 0.0086

R&D −9.75354 −1.813 0.0779
p-value 0.4673

Table 5. Engle-Granger test results. Model 2. Dependent variable: EBIT.

Variables Coefficient t-Statistics Prob.

const 367.192 1.113 0.2729
Investments 0.198155 2.309 0.0267

R&D −5.78507 −1.163 0.2524
p-value 0.5015

Table 6. Engle-Granger test results. Model 3. Dependent variable: Net Income.

Variables Coefficient t-Statistics Prob.

const 338.634 1.073 0.2901
Investments 0.0192630 0.2347 0.8158

R&D −5.54108 −1.164 0.2517
p-value 0.6263

Table 7. Engle-Granger test results. Model 4. Dependent variable: ROI.

Variables Coefficient t-Statistics Prob.

const 85.9878 1.359 0.1822
Investments −0.00714180 −0.4339 0.6668

R&D −0.487984 −0.5115 0.6120
p-value 0.4941

Table 4 shows that long-term investments are cointegrated with EBITDA. This is
confirmed by the p-value of 0.0086. However, R&D costs are not cointegrated with EBITDA,
as the p-value is more than 0.05.

The data in Table 5 indicate that long-term investments are cointegrated with the EBIT
indicator. This is confirmed by the p-value of 0.0267. At the same time, R&D costs are not
cointegrated with EBIT, as the p-value is more than 0.05.

The data in Table 6 demonstrate that long-term investments are not cointegrated with
the Net Income indicator. This is confirmed by the p-value, which is 0.8158 and more than
the threshold value of 0.05. R&D costs are also not cointegrated with EBIT, as the p-value is
more than 0.05.

The data in Table 7 indicate that long-term investments are not cointegrated with
the ROI indicator. This is confirmed by the p-value, which is 0.6668 and exceeds the
threshold value of 0.05. R&D costs are also not cointegrated with EBIT, as the p-value is
more than 0.05.

The results show that EBITDA, EBIT, Net Income, and ROI are not cointegrated with
investments and R&D costs. It is confirmed by the corresponding values of the p-value
parameter, which is greater than the reference value of 0.05. The model data cannot be
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considered an error correction model (ECM), so a vector autoregressive model (VAR) will
be used.

In the time series of economic parameters, it is difficult to obtain a normal distribution
of regression residues because economic indicators depend on many variables and do
not have average objective values. The next step is to check the regression residues of
the corresponding models 1–4 for the normality of the distribution. Figure 2 shows the
graphs of the normality distribution of the regression balances of the impact of long-term
investments and R&D costs on the resulting indicators.
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The data in Figure 2 indicate the normality of residues distribution, which is confirmed
graphically and by the corresponding values of coefficients. Next, we will construct vector
autoregressive models of the impact of long-term investments and R&D costs on the
resulting indicators.

According to the calculations, we have a VAR model with a lag length of 4. For
each equation, we present variables that are statistically significant regressors, which
is confirmed by the corresponding values of the p-value parameter. These equations
answer the question: do changes in regressor values lead to changes in the values of the
resulting indicator? The null hypothesis assumes no causation. If the p-value parameter
is less than 0.05, we can reject the null hypothesis and confirm the existence of a causal
relationship. Tables 8–13 provide information on the causal relationship between variables
in the respective lags.
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Table 8. VAR (4) Equation (1): Long-term investments.

Coefficient Std. Error t-Ratio p-Value

R-squared 0.953461
rho −0.093499

Durbin-Watson 2.123196

Table 9. VAR (4) Equation (2): R&D costs.

Coefficient Std. Error t-Ratio p-Value

R-squared 0.854899
Durbin-Watson 2.222010

rho −0.114358

Table 10. VAR (4) Equation (3): EBITDA.

Coefficient Std. Error t-Ratio p-Value

const 3015.69 991.632 3.041 0.0112 **
R&D_4 −19.1667 7.67603 −2.497 0.0297 **

EBITDA_1 −2.01813 0.874252 −2.308 0.0414 **
EBIT_1 1.21613 0.335443 3.625 0.0040 ***

R-squared 0.831555
Durbin-Watson 2.539759

rho −0.352659
** p < 0.05; *** p < 0.01.

Table 11. VAR (4) Equation (4): EBIT.

Coefficient Std. Error t-Ratio p-Value

const 2462.22 980.767 2.511 0.0290 **
R&D_4 −20.1816 7.59193 −2.658 0.0223 **
EBIT_1 0.865268 0.331768 2.608 0.0243 **

Net_Income_4 2.04865 0.916028 2.236 0.0470 **
R-squared 0.679262 0.773494

Durbin-Watson 2.364350 2.327058
rho −0.185093 −0.291972

** p < 0.05.

Table 12. VAR (4) Equation (5): Net Income.

Coefficient Std. Error t-Ratio p-Value

const 1841.54 684.849 2.689 0.0211 **
R&D_4 −11.7937 5.30128 −2.225 0.0480 **

EBITDA_1 −1.32717 0.603783 −2.198 0.0503 *
EBIT_1 1.09207 0.231667 4.714 0.0006 ***

R-squared 0.872040
Durbin-Watson 2.579399

rho −0.349103
* p < 0.1; ** p < 0.05; *** p < 0.01.

Table 13. VAR (4) Equation (6): ROI.

Coefficient Std. Error t-Ratio p-Value

ROI_1 0.625878 0.278226 2.250 0.0459 **
R-squared 0.817190

Durbin-Watson 1.653040
rho 0.164231

** p < 0.05.
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The responses of the dependent variables to the shocks of the independent variables
are shown in Figure 3. We can argue that financial indicators do not affect the number of
investments and R&D costs based on the obtained data. It can be explained by the fact
that investments and R&D are carried out not based on indicators of past activity but on a
prospective assessment of the development of the market and companies.
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EBITDA has a statistically significant impact on R&D costs in the fourth tier, the
EBITDA indicator itself in the first tier, and EBIT in the first tier. EBIT is affected by R&D
costs in the fourth tier, EBIT in the first tier, and Net Income in the fourth tier. Given that
the initial data are quarterly, the fourth lag predicts the impact approximately one year
later, that is, during the use of profits.

Figure 3 indicates a long-term relationship between dependent and independent
variables. All impulses of shocks of investments and R&D costs cause long-term shifts
in indicators of EBITDA, EBIT, Net Income, and ROI. EBITDA has a positive response to
the investment shock, but a negative response to the R&D costs shock. EBIT has a weak
response to investments and R&D costs shocks, which virtually drops to zero after just ten
observation periods. Net income reacts negatively to investments and R&D costs shocks,
which is expected as additional costs reduce net income. The ROI has a negative response
to the investment shock in the first ten periods but a positive response in the following
eight. The ROI response to R&D costs is positive in the first five periods, followed by a
negative response. After ten periods is transformed again into a positive one.

For a more detailed understanding of the results obtained, it is necessary to consider
the properties of forecast errors and the decomposition of their variances. The decomposi-
tion of variances allows us to estimate the proportions of the variance caused by shocks of
different variables. It will enable us to determine by what percentage the change of one
indicator explains the change of another. Figure 4 shows a graphical representation of the
decomposition of variances of VAR model variables over 20 periods.
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The data shows that EBITDA after the first period is equally dependent on itself and
EBIT by about 30%. Other variables account for an average of 20% of the influence. The
situation is similar concerning the EBITD indicator.

ROI is primarily up to itself. Net income after the fourth period is equally dependent
on EBITDA and EBIT—which exert an influence of 30% each. This influence is more than
60% in the first two periods and decreases to 40% after the sixth period.

The forecast of the impact of long-term investments and R&D costs on EBITDA, EBIT,
Net Income, and ROI is shown in Figure 5.
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The forecast results show that long-term investments and R&D costs of companies
involved in developing renewable energy technologies have a positive impact on their
profitability indicators. The forecast was calculated for the horizon until 2026. All indicators
are positive, and the forecast values are within 95% of the confidence interval.

Thus, the obtained results demonstrate the positive impact of investments and R&D
costs in renewable energy technologies on the financial performance of companies engaged
in such activity. The results indicate that on the forecast horizon of 5 years, such indicators
as EBITDA, EBIT, Net Income, and ROI prove positive growth dynamics that prove the
economic efficiency of attracting investments and spending costs for R&D to promote
renewable energy technologies.

Several studies [4,49–55] indicate that one of the main challenges for attracting financ-
ing for renewable energy technologies development is the complexity of predicting future
cash flows and the return of invested funds. As a result of such uncertainty, investors
grudgingly invest in such projects. In contrast to the mentioned research, we prove the
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possibility of levelling this obstacle due to a visual demonstration of the economic efficiency
of investments in renewable energy technologies.

The possibility to estimate the future cash flows and companies’ profitability indicators
with high probability, confirmed by research results, demonstrates the effectiveness of
private investments in renewable energy technologies. It can be a strong argument for
increasing the share of private financing in renewable energy projects through awareness
of the attractiveness of such investments.

In addition to the above, evidence of the positive impact of long-term investments and
R&D costs on the companies’ key performance indicators can serve as a basis for developing
commercial proposals for attracting investments for companies operating in the renewable
energy field. Furthermore, the obtained results can be used to substantiate and assess the
economic efficiency of financial policy aimed at supporting renewable energy technologies.

It should be noted that this study has some limitations. The first one relates to the
fact that the object of the study is only ten companies. Although the selected companies
are the largest in the renewable energy technologies production field, including more
companies in the sample may slightly change the results. The second one is related to
the impossibility of including in the mathematical research apparatus all the factors that
influence the investment process in the energy sector, primarily macro-environmental
factors and those caused by the global social and political situation, as well as rapid and
unpredictable technological changes.

The study opens up new areas for further research, particularly related to assessing the
impact of investments in renewable energy technologies on other performance indicators of
energy companies, mainly related to achieving sustainable development goals. In addition,
the direction of further research on this topic can be the study of the impact of uncertainty
on the prospects and economic feasibility of investments in renewable energy systems in
comparison with conventional energy production technologies.

5. Conclusions

The paper studies the quantitative parameters of the built model, which reflects the
impact of long-term investments and R&D costs in renewable energy technologies on such
companies’ profitability indicators as EBITDA, EBIT, Net Income, and ROI. The obtained
results showed that energy companies’ financial performance improved significantly due
to long-term investments and spending costs for R&D. The corresponding values of the
p-value parameter confirm it. The p-value for EBITDA is 0.01111; for EBIT is 0.05702; for
net income is 0.04439. Only ROI is not cointegrated with investments and R&D costs,
confirmed by a p-value of 0.3562, more significant than the reference value of 0.05.

Regression testing results and the vector autoregressive model indicate a long-term
relationship between the dependent and independent variables. All impulses of investment
shocks and research and development costs cause long-term shifts in EBITDA, EBIT, Net
Income and ROI indicators. EBITDA has a positive response to an investment shock but a
negative response to an R&D expenditure shock. EBIT has a weak response to investments
and R&D costs shocks, practically falling to zero after ten observation periods. The change
in EBITDA is primarily determined by changes in the indicator itself in previous periods,
but after the eighth period, such a change is determined by only 40%. Changes in financial
indicators are caused by changes in R&D costs by an average of 5% and investments by
an average of about 20%. Therefore, the EBITDA, EBIT, Net Income and ROI indicators
can determine the effectiveness of the implemented financial policy to support renewable
energy technologies development.

The results obtained by forecasting the value of investments and the economic effect of
supporting renewable energy technologies development also demonstrate that investments
and R&D costs positively impact companies’ financial performance. The forecast was
calculated for the horizon until 2026. A positive trend is observed for all predictors, and the
predicted values are within the 95% confidence interval. The forecasting results indicate
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the presence of long-term potential for investing financial resources in renewable energy
technologies development.

The theoretical value of the obtained results lies in the fact that they prove a long-term
statistically significant relationship between investments and R&D costs on the economic
indicators of companies engaged in renewable energy technologies development. The
practical value of the study results is that they can be used in the economic justification of
the financial policy aimed at supporting renewable energy technologies development with
the participation of private investors that can have an essential impact on accelerating the
energy transition.
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12. Shkola, V.; Prokopenko, O.; Stoyka, A.; Nersesov, V.; Sapiński, A. Green Project Assessment within the Advanced Innovative
Development Concept. Estudios de Economia Aplicada. Stud. Appl. Econ. 2021, 39. [CrossRef]

13. Shpak, N.; Kulyniak, I.; Gvozd, M.; Pyrog, O.; Sroka, W. Shadow economy and its impact on the public administration: Aspects
of financial and economic security of the country’s industry. Adm. Manag. Public 2021, 2021, 81–101. [CrossRef]

14. Wang, B.; Zhao, W. Interplay of renewable energy investment efficiency, shareholder control and green financial development in
China. Renew. Energy 2022, 199, 192–203. [CrossRef]

15. Zhang, Y. How Economic Performance of OECD economies influences through Green Finance and Renewable Energy Investment
Resources? Resour. Policy 2022, 79, 102925. [CrossRef]

16. Vodianka, L.; Antokhov, A.; Podluzhna, N.; Antokhova, I.; Saichuk, V.; Kobelia, Z. Influence of structural age shifts of population
on sectoral structure of employment. Estudios de Economia Aplicada. Stud. Appl. Econ. 2021, 39. [CrossRef]

17. Pimonenko, T.; Prokopenko, O.; Dado, J. Net zero house: EU experience in Ukrainian conditions. Int. J. Ecol. Econ. Stat. 2017, 38,
46–57.

18. Prause, G. Smart Specialization and EU Eastern Innovation Cooperation: A Conceptual Approach. Balt. J. Eur. Stud. 2014, 4, 3–19.
[CrossRef]

http://surl.li/cgkxs
http://surl.li/dumky
http://surl.li/dumlb
https://pdf.usaid.gov/pdf_docs/PNADB613.pdf
https://pdf.usaid.gov/pdf_docs/PNADB613.pdf
http://doi.org/10.1016/j.enpol.2022.113134
http://doi.org/10.1016/j.resourpol.2022.102680
http://doi.org/10.1016/j.renene.2022.10.036
http://doi.org/10.3390/en14144121
http://doi.org/10.3390/en14144245
http://doi.org/10.35784/pe.2021.2.01
http://doi.org/10.25115/eea.v39i5.5135
http://doi.org/10.24818/amp/2021.36-05
http://doi.org/10.1016/j.renene.2022.08.122
http://doi.org/10.1016/j.resourpol.2022.102925
http://doi.org/10.25115/eea.v39i5.5018
http://doi.org/10.2478/bjes-2014-0001


Energies 2023, 16, 1021 16 of 17

19. Prause, G. Sustainable business models and structures for industry 4.0. J. Secur. Sustain. 2015, 5, 159–169. [CrossRef]
20. Prause, G.; Atari, S. On sustainable production networks for Industry 4.0. J. Entrep. Sustain. Issues 2017, 4, 421–431. [CrossRef]
21. Shpak, N.; Ohinok, S.; Kulyniak, I.; Sroka, W.; Fedun, Y.; Ginevičius, R.; Cygler, J. CO2 emissions and macroeconomic indicators:
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