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Abstract

Background: The prices of energy resources are important determinants of sustainable energy development, yet
associated with significant unknowns. The estimates of the impact of prices of energy products in the domestic
market (for domestic consumers) are rare—hence the importance and novelty of this research. Therefore, the main
goal of the paper is to assess the impact of domestic prices of gasoline, gas, coal, and solar energy on sustainable and
secure energy future.

Methods: The research includes 14 countries (of which 7 are developed and 7 are developing countries) and a
period of 5 years (2014-2018). The model also includes discrete variables: level of development (developing or devel-
oped), and the fact as to whether the country is an energy exporter or not. For the purposes of analysis, the following
elements were used: Panel Data Analysis, Linear regression (with random and fixed effects), Durbin-Wu-Hausman test,
and Honda test, with the use of R-studio software for statistical computing.

Results: The research showed that the biggest negative impact on energy sustainability was recorded by an increase
in the price of coal and the smallest one by an increase in the price of solar energy. An increase in the price of gasoline
has a positive impact, while an increase in the price of gas has no impact. The basic methodological result showed
that the fixed effects linear model is more accurate than the random effect model.

Conclusions: The results of the paper, important as a sustainable energy policy recommendation, showed that the
impact of changes in energy product prices is significantly greater in developing countries, but that the status of the
country as an energy exporter has no significance. In addition, the paper points to the need to intensify the research
on the assessment of the impact of energy product prices for domestic consumers on their ability to pay that price,
because with a certain (so far undefined) increase in energy product prices, a certain group of domestic consumers
moves into a category that is not in line with sustainable energy development and is extremely undesirable in every
respect—energy poverty.
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Background

Stability, sustainability and reliability of energy sys-
tems are very important basic preconditions for pro-
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energy for all, with an emphasis on electricity for resi-
dential areas, both urban and rural [1]. The inequalities
that exist in terms of energy access and opportunities for
improvement in this regard should be borne in mind [2].
Specifically, one-fifth of humanity does not have access to
electricity, but there are also differences in the produc-
tion of energy from renewable sources among the most
developed countries [3]. Developed countries consume
large amounts of energy and cause the greatest pollution,
i.e., make the greatest contribution to climate change [4,
5]. Moreover, only a small number of countries in the
world have the largest reserves of energy resources, while
most countries are energy importers [6]. When complex
geopolitical challenges are considered, it is evident that
stable and sustainable energy development is certainly
one of the most dynamic systems [7].

Therefore, energy systems have their technical, eco-
nomic, environmental, social, and political dimensions,
with a large number of related variables, which intertwine
in very complex ways, where it is certainly necessary to
emphasize that there is no single consensus on the num-
ber and type of indicators that can measure sustainable
energy development [8]. Sustainable energy development
is defined through a large number of policies, strategies,
action plans, and other documents, at all levels, which
makes it relatively complex when it comes to studying
individual policies, institutional and regulatory frame-
works. According to the World Bank report, the initial
meaning and goals of SDG 7 may be modified depend-
ing on decision-makers and policies in certain countries
[9]. Difficulties in determining the directions of sustain-
able energy development are reflected in the fact that
mutual impacts of variables are not clearly and unambig-
uously defined, whereby the changes differ in type (posi-
tive, negative, or neutral) and intensity. In addition, the
interrelationship of factors influencing sustainable energy
development is different in individual countries, regions,
and/or time periods [10]. The apparent global impact
of climate change is leading to the growing importance
of carbon reduction, making the assessment even more
complicated [11]. Therefore, detailed studies of the
impact of certain factors on sustainable energy develop-
ment are of particular interest.

The availability of energy resources and energy prices
have a significant impact on the stable and sustainable
development of every country, but the policies that deter-
mine the goals and necessary activities change depending
on the priority of each country, which is usually condi-
tioned by the level of economic development. In the
case of the poorest countries, which are often financially
over-indebted, economic activities are commonly based
solely on the need to generate income, with the environ-
ment being degraded and the local population living in
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difficult conditions, at or below the poverty line and with
limited access to energy, while a certain part of the pop-
ulation does not have access to energy at all. All of the
above leads to the conclusion that the development of
this group of countries is not based on the principles of
sustainability, nor on the principles of basic SDGs [12].

In developing countries, there is generally a commit-
ment to sustainable energy development, but the con-
crete implementation is hampered by the insufficient
economic strength of these countries, which are often
highly dependent on imports of energy products. In
addition, more intensive use of energy from renewable
sources and the introduction of cleaner technologies are
limited due to insufficient funds available in the form of
budgets, or domestic and foreign investments [13].

Emerging economies constitute a special group of
countries recording strong economic growth and being
large importers or exporters of energy products, but also
contributing to global pollution, so sustainable energy
development in these countries is of particular impor-
tance. Namely, strong economic development requires
large amounts of energy products, and the practice has
shown frequent use of outdated technologies and genera-
tion of pollution [14]. Having accumulated some wealth,
these countries can switch to environmentally friendly
technologies, but this occurs relatively slowly and incon-
sistently [15].

Having in mind SDG 7, the subject of this paper is the
assessment of the impact of energy product prices on
the stability and sustainability of energy systems, with
emphasis on the security of supply. Namely, energy prod-
uct prices determine affordability, i.e., the ability of coun-
tries and their citizens to provide a sufficient quantity of
energy products for their own needs. In a way, energy
sustainability and energy security essentially overlap [16].

Comprehensive research entitled Energy security: Defi-
nitions, dimensions and indexes, dated 2015, defines
seven basic dimensions of energy security: energy prod-
ucts availability, infrastructure, energy product prices,
social dimension, environmental aspects, management,
and energy efficiency, which significantly overlaps with
the definition of energy sustainability that is “related with
the provision of adequate, reliable, and affordable energy,
in conformity with social and environmental require-
ments” [17].

International Energy Agency considers the short-term
approach to energy security exclusively as the ability of
the energy system of a country to respond immediately
and in the best possible way to changes in the balance
between supply and demand [18]. On the other hand,
the long-term approach to energy security is focused on
finding and implementing supplies that are in line with
a long-term, planned economic development, along
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with the need to preserve the quality of the environment
(Energy Supply Security: The Emergency Response of IEA
Countries—2014 Edition). UNDP—the United Nations
Development Programme defines energy security as “the
continuous availability of energy in varied forms, in suf-
ficient quantities and at affordable prices” [19].

In general, measuring of energy sustainability is asso-
ciated with a large number of challenges [20], whereby
sustainable energy development is influenced by numer-
ous factors, the number of which is neither defined nor
considered final [21].

However, the common thread running through all
these definitions, approaches, and specificities of energy
sustainability and energy security is that the prices of
conventional and renewable energy sources play an
important role in maintaining (in)stability of energy sys-
tems and their (un)sustainable development, which is the
subject of study by the academic community. The method
for pricing of energy products is specific, and it is not the
subject of this paper, but the volatility of prices, differ-
ent ways of regulation, as well as government interven-
tions, must be borne in mind, since all this leads to price
changes, so their impact on sustainable energy develop-
ment may change over time [22]. Coal is the only conven-
tional energy source whose price is relatively stable, does
not record a high degree of volatility, and, viewed exclu-
sively from that side (without considering the environ-
mental effects), can be considered a source that positively
affects energy stability [23].

In the long run, rising prices of energy products affect
economic development as a whole [24], whereby rising
prices of non-renewable energy products should stimu-
late energy production from renewable sources and cause
a reduction in carbon emissions due to a substitution
effect [25]. A similar conclusion was reached in research
dated 2020, which further found that prices of energy
products have a stronger impact on reducing carbon
emissions than consumption of energy from renewable
sources [26]. In addition, there are evidences that prices
of energy from renewable sources have a positive impact
not only on SDG 7, but on SDG 8, related to decent work
and economic growth, and also on SDG 13—climate
action [27].

It is particularly difficult to predict the impact of
changes in oil prices on sustainability, due to the spe-
cificities of pricing and the impact of geopolitical factors
[28]. The prices of energy products affect many aspects of
sustainable energy development. First of all, it is evident
that rising energy product prices affect the reduction of
energy consumption per unit of GDP [29] and energy
intensity improvements in the industrial sector in devel-
oping countries [30], as well as in the USA [31]. Changes
in energy prices are sometimes very sudden, which has
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a shock effect on the economy, the consequences of
which are significant, with an indefinite duration and
often unpredictable [32]. Energy prices are especially
important for households, because high prices can cause
energy poverty, for the alleviation of which there is cur-
rently no adequate response from governments around
the world, regardless of the degree of development [33].
Certainly, special attention should be paid to developing
countries, because it is expected that 90% of population
growth by 2050 will be recorded in these countries, so
it can be expected that the existing energy poverty will
increase proportionately [34]. In addition, infrastructure,
institutions, and governance in these countries can ena-
ble or constrain sustainable energy development, regard-
less of energy prices [35]. Investments in clean energy
projects are sensitive to changes in prices, but they are
greatly influenced by the volatility of the energy market,
which has a significantly stronger impact than the nomi-
nal value of rising or falling oil prices [36].

In summary, the prices of conventional and renew-
able energy products are interrelated with economic
growth, energy poverty, energy security, energy equity,
and environmental sustainability, with a large number of
interdependencies [37]. It should be borne in mind that
forecasts for oil and gas price movements are unreliable,
while solar energy prices are expected to continue to fall,
although it is not clearly defined whether the reason for
falling prices is a real cost reduction, or whether there
are hidden subsidies in some countries, because invest-
ment projects in solar energy production are very often
supported by states [38]. The outcome of this research
will contribute to the research of the impact of energy
product prices for domestic consumers, it will point out
the differences that exist on this basis between develop-
ing and developed countries, and the assessment of the
impact of the fact, on a country’s energy stability, as to
whether the country is an energy exporter, will also be
conducted.

Methods

Research sample and data sources

The research sample consists of 14 countries at differ-
ent levels of economic development and with differ-
ent impacts on the global energy market, whereby both
importers and/or exporters of energy products are:

1. Seven developed countries, which are also energy
importers: Germany, Denmark, Canada, Norway,
USA, South Korea, and Japan.

2. Seven developing countries, which are importers
and/or exporters of energy: Brazil, Venezuela, India,
China, Russian Federation, Saudi Arabia, and Turkey.
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The research period is conditioned by several limita-
tions, the most important being the availability of data.
Namely, data on prices of energy products are available
daily, but data on the level of energy security of a particu-
lar country are available after 2 or 3 years of processing.
Therefore, the research period covers 5 years, from 2014
to 2018 inclusive.

The level of energy security—data sources. There are
several world agencies and bodies, as well as individual
institutions dealing with an energy security assessment.
For the purposes of the research, the most complete
database with a sufficiently long time series will be used,
i.e., the database of the U.S. Chamber of Commerce. The
index was calculated by aggregating 29 individual indi-
cators, applying selected weighting coefficients in the
following groups: global fuels, fuel import, energy expen-
ditures, price and market volatility, energy use intensity,
transportation sector, electric power sector, environmen-
tal research and development, as presented in the Index
of U.S. Energy Security Risk, the 2020 edition [39].

The prices of energy products whose impact will be
examined are: gasoline (as oil derivative), natural gas,
coal, and solar energy.

Gasoline prices in the domestic market—data sources.
Data for European countries will be collected from the
official Eurostat database, for the U.S. data, the official
U.S. Energy Information Administration [40] database
will be used. Data for Canada will be obtained from the
official database of the Ministry of Natural Resources
Canada [41].

Data for Brazil will be obtained from the official source:
Brazilian National Agency of Petroleum, Natural Gas and
Biofuels [42], and data for Venezuela from the Ministry of
the People’s Power for Petroleum [43]. Domestic prices of
gasoline in the Russian Federation will be obtained from
the Federal State Statistics Service (Rosstat) [44]. Data for
Turkey will be provided through the official website of
the largest oil company in Turkey: Tiirkiye Petrolleri [45].
Gasoline prices in India are made available on the official
website of India’s largest oil and gas company: Indian Oil
[46].

When it comes to Asian countries, domestic gasoline
prices in China are officially monitored on the website of
the National Bureau of Statistics of China [47], data for
Japan are made available on the official website of the
Agency for Natural Resources and Energy of Japan [48],
and for South Korea on the official website of the Statisti-
cal Database—Energy Sector [49].

The US $ per liter of gasoline is used as the unit price.

Natural gas prices in the domestic market for final con-
sumers (households)—data sources. Prices for European
countries are made available at the official Eurostat data-
base [50]. In the case of Norway, the official data of the
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Norwegian international company Equinor will be used.
Prices for the USA are obtained through the official web-
site of the U.S. Energy Information Administration, and
data for Canada through the official website of the largest
Canadian natural gas corporation: Gas Alberta Inc [51].

When it comes to the countries of South America, the
prices of natural gas for Brazil are made available on the
official website of the Brazilian National Agency of Petro-
leum, Natural Gas and Biofuels, and data for Venezuela
will be obtained through the official website of a national
company Petroleos de Venezuela SA [52].

Data for the Russian Federation are made available on
the official website of the largest company for the pro-
duction and trade of natural gas, Gazprom. Natural gas
prices for end consumers in India are monitored by the
official statistics department of Indian Oil and for China
by the National Bureau of Statistics of China, while data
for South Korea are made available on the official website
of the Statistical Database—Energy Sector.

BTU (British Thermal Unit) will be used as the unit
price.

Coal prices in the domestic market—data sources.
Prices for European countries, as well as data for Tur-
key, are made available in the official database of British
Petroleum. The official U.S. Energy Information Adminis-
tration database will be used for U.S. coal prices. Data for
Canada will be obtained from the official database of the
Ministry of Natural Resources Canada.

Coal prices in Brazil will be obtained through the offi-
cial website of the Brazilian Chamber of Commerce,
and for Venezuela through the official website of the US
Energy Information Administration. Coal prices in the
Russian Federation will be obtained from the Federal
State Statistics Service (Rosstat). Data for India are made
available on the official website of India’s largest coal
mining company Coal India Ltd [53].

Coal prices in China are monitored by the The Chinese
General Chamber of Commerce [54], and in Japan by the
Shinden Net agency. Data on coal prices in South Korea
are made available on the official website of the Statisti-
cal Database—Energy Sector.

The U.S. dollar per ton of coal will be used as the unit
price.

Solar energy production prices—data sources. The
prices of solar energy production are chosen, because
solar energy is currently the most widespread way of
obtaining energy from renewable sources, within which
solar panels are used to produce electricity. In addition,
solar energy prices have been declining for a long time,
while the trend for energy prices from other renewable
sources is still not clearly defined [55]. To determine
the price of electricity in kW#, it will be necessary to
use LCE—levelized cost of electricity i.e., leveled costs,
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variable by year. Data on these prices are made available
on the official website of IRENA—International Renew-
able Energy Agency [56].

Data processing methods

First, a database was created and a panel analysis (Panel
Data Analysis) was conducted to enable the analysis of a
large number of data over a longer period of time. In this
particular case, an analysis was conducted to assess the
impact of four selected energy product prices on energy
security over 5 years.

After the analysis, a regression model is to be devel-
oped based on the obtained data, whereby two models
will be developed, used, and compared: Model with ran-
dom effects and Model with fixed effects.

Durbin-Wu-Hausman Test is used to check the suit-
ability of developed models for application to a selected
data set. It is used to compare the model with random
effects and the model with fixed effects. Durbin-Wu-
Hausman Test is very important for the selection and
evaluation of parameters, depending on the compromise
between accuracy and precision of the fixed and random
effects estimator [57].

Honda test is a test of the significance of variables,
which serves to determine heteroskedasticity in linear
regression, ie., to determine errors in the developed
model [58].

R-studio is used for statistical computing.

Results

The development of a model for estimating the impact
of selected energy product prices on the stable and safe
functioning of energy systems, to ensure a sustainable
energy future, has been done gradually. First of all, it was
assumed that prices of the 4 selected energy resources
(oil, gas, coal, and solar) have a greater impact on energy
security in developing countries than in developed coun-
tries. In addition, the intention was to report the impact
of data on whether the country is an exporter of energy
or not. A linear regression model was applied in the
research (Eq. 1):
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data_c <- read_excel(choose.files())
names(data_c) <- c("Country”,

ountryr »

0NV H WN
-

1 data_c$Gas <- as.numeric(data_c$Gas)

12| data_c$0il <- as.numeric(data_c$0il)

13 data_c$Coal <- as.numeric(data_c3$Coal)

14 data c$Solar <- as.numeric(data c$Solar)

15 data_c$Year <- as.Date(ISOdate(data_cSYear, 1, 1))
16 | data_c <- pdata.frame(data_c, index = c('Country'))

Fig. 1 Data entry into the R-studio software package

terms ¢;; that allow to express impacts of other empirical
factors emerging in the specified period.

The software for statistical data processing R-studio
(https://www.rstudio.com/) was used in the implementa-
tion. In the first stage of research (Fig. 1), data were pre-
pared for processing. The data were first imported into a
matrix structure called data_c (line 1), then the columns
were named (lines 2—10), the data were converted to a
target type (lines 11-15), indexed by country, and con-
verted to a pdata.frame structure ready for processing
(line 16).

In the second stage, the analysis was performed using
two methods of data sampling: Model with random
effects and Model with fixed effects.

Linear regression, random intragroup effect

The analysis was first performed using the Model with
random effects. For this purpose, plm (built-in function of
R-studio) was applied, with the equation, data and modi-
fiers used having been forwarded as parameters (Fig. 2).
The processing results are stored in a purpose-designed
structure model.plm.full.

A model.plm.full structure contains all the results of
the analysis performed. It is further shown by calling the
function summary (Fig. 3). The results obtained show
that this model is balanced, with the data existing on five
variables related to 14 countries—as forecasted.

Logarithmic regression was used in the analysis to

Yos = o + Xq * B + Xex * f + Xop * B+ Xgp * f + Xep * B+ Xsp * f + &it (1)

where i = 1,..,Nandt = 1, .., T. The dependent variable
Y, represents the assessment of energy security, while the
independent variables X, Xgp, XcpIXcp, respectively, rep-
resent the prices of oil, gas, coal and solar energy, multi-
plied by the vector of regression coefficients 5. A discrete
variable X indicates whether a country is developed,
and X,, is a discrete variable that indicates whether a
country is an energy exporter. The equation includes

increase the significance of coefficients with small val-
ues and to make the results more meaningful and accu-
rate. Residuals indicate that the probability distribution
is normalized. The calculated coefficients indicate the
importance of individual factors in the model. Three vari-
ables have significant levels of impact on energy stabil-
ity—namely, the price of coal, the price of oil, and a discrete
variable that represents a country’s development. On the
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Fig. 2 R-studio function for estimating the impact of energy product prices on energy stability and security (linear regression, random effects

model)

model.olm.full <- plm(formula = EnergySecurity ~ log(0il) + log(Gas) +
log(Coal) + log(Solar) + Developed + Exp, data = data_c, model = ‘random’,
effect = 'individual’)

Fig. 3 Results of the assessment of the impact of energy product prices on energy stability and security (First model, linear regression, random

effects)

susmary(model.plm. full)

#% Oneway (individual) effect Random Effect Model
(Swamy -Arora’s transformation)

Call:

ple(formula = EnergySecurity ~ log(0il) + log(Gas) « log(Coal) «
log(Solar) + Developed + Exp, data = data_c, effect = "individual™,
model = “random™)

Balanced Panel: n = 14, T =5, N = 70

Effects:

var std.dev share
idiosyncratic 197.36 14.05 0.004
individual 51237.65 226.36 0.99%
theta: 0.9723

Residuals:
Min. 1st Qu. Median 3rd Qu. Max.
-34.5694 -7.9416 -1.2273 6.8885 37.4789

Coefficients:

Estimate Std. Error z-value Pr(>|z|)
(Intercept) 1299.6119 97.9510 13.2680 < 2.2e-16 ***
log(04l) 27.9123 10.5167 2.6541 0.007952 **
log(Gas) 2.3889 7.9502 ©.3005 0.763810

log(Coal) -39.4581 9.9506 -3.9654 7.327e-05 ***
log(Solar) -22.8782 11.7354 -1.9495 0.051235 .
Developed -237.8325 121.2896 -1.9609 ©.049895 *
Exp -18.6433 15.8384 -1.1771 0.239160

" -

M Signif. codes: © "***" 0.001 '**" 0.01 '*" 9.05 "." 0.1 " " 1
L2

## Total Sum of Squares: 18065

## Residual Sum of Squares: 12387

## R-Squared: 9.31434

## Adj. R-Squared: 0.24904

#% Chisq: 28.8828 on 6 DF, p-value: 6.4023¢-05
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other hand, the price of gas, the price of solar energy, and
the fact as to whether the country is an energy exporter or
not do not have a satisfactory level of significance.

Based on the results obtained, the impact of factors with
a satisfactory level of significance is as follows: an increase
in the price of oil has a positive effect on energy stability,
while an increase in the price of coal has a negative effect,
whereby the impact of the price of coal is more significant
than of the price to oil (—38.4581 versus 27.9123). Interest-
ingly enough, a discrete variable that represents a country’s
development has a negative impact on energy stability, pro-
vided that the significance of this factor is incomparably
lower than in the case of the previous two factors. It should
also be noted that the impact of solar energy price on
energy stability is also negative, although the significance of
this factor is at the limit of acceptability (p=0.051235).

In the next stage, the coefficient of determination
(R-squared) was considered, showing that the accuracy
of the model is 0.3134, which can be taken as sufficiently
accurate. The above implies that the model of linear
regression with random effects does not show the differ-
ences when it comes to developing and developed coun-
tries. The Adjusted R-squared value of 0.24904 is not high,
which indicates that the model is well balanced. A p value
of 6.4023e—05 indicates that the model was adequately
selected.

In summary, the application of the linear regression
model with random effects determines the relation-
ship between energy stability and security, with prices of
energy products, and shows the coefficients obtained but
also shows that a country level of development is of no
significance.

Linear regression, fixed intragroup effects

The second model is based on the application of linear
regression with fixed effects. As in the previous case, the
plm built-in function of R-studio was used (Fig. 4), with the
same equation and the same data forwarded as parameters,
while the modifier model was changed to the value within.
This time, the processing results are stored in a purpose-
designed structure model.plm.short.

The model.plm.short structure contains the results of the
performed analysis, shown by calling the function sum-
mary (Fig. 5). The data show, first and last, that the model
is well balanced. The R-squared value of 0.34064 is higher
than in the case of the model based on linear regression
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with random effects, which means that this model is more
accurate.

Unlike the previous model, the price of solar energy
in this one formally met the significance level (p
value <0.05). Although still satisfactory, the price of oil
in the model is less significant, while the price of coal is
still a dominant factor with a large negative coefficient.
Another important observation rests in the fact that the
factor of a country’s development in this model is com-
pletely excluded (p=0.2998361).

Final choice of the model for assessing the impact

of energy product prices on energy stable and secure
future

At this stage of the research, a model was chosen to
assess the impact of energy product prices on energy
stable and secure future, based on the application of the
Durbin-Wu-Hausman Test (R-studio function phtest), as
shown in Fig. 6.

The values obtained in Fig. 6 (primarily a p value of
0.6534) show that there are differences between the two
models (linear regression with fixed or random effects),
but that the model with fixed effects, recommended
as the basic model for the assessment of the impact of
energy product prices, is the choice of preference, while
the model with random effects should be used to confirm
the results.

Honda test (R-studio function plmtest), which shows
the effectiveness of the significance of variables, was
conducted in the next step, and the results are shown in
Fig. 7.

The result of the Honda test is clear: the p
value<2.2e—16 shows that the variables used in the
model with random effects are effective and significant.

The value of the average energy stability index in
selected countries is 1299.6119. The change in the loga-
rithms of energy product prices leads to an increased
risk for stable and safe energy development in the case
of both the developing and developed countries, but the
average increase in risk is higher by 237.8325 in the case
of developing countries.

For this result to be confirmed (or refuted), the assess-
ment of results by individual countries in a sample was
performed using a model with fixed effects, and the
results are shown in Fig. 8.

model.plm.short <- pla(formula =«
log(Coal) log(Solar)

mode \

/

Developed +

EnergySecurity
Exp,

log(0il) + log(Gas)
data = data_c, effect =

Fig. 4 R-studio function for estimating the impact of energy product prices on energy stability and security (linear regression fixed intragroup

effects)
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summary(model.plm.short)
Oneway (individual) effect Within Model

Call:

plm(formula = EnergySecurity ~ log(0il) + log(Gas) + log(Coal) +
log(Solar) + Developed + Exp, data = data_c, effect = “"individual”,
model = “"within®™)

Balanced Panel: n =14, T =5, N= 70

Residuals:
Min. 1st Qu. Median 3rd Qu. Max.
-32.69022 -6.16964 -0.49355 6.46508 32.77718

Coefficients:

Estimate Std. Error t-value Pr(>|t])
log(0il) 27.7619 10.7356 2.5860 0.0126095 *
log(Gas) 1.8823 8.0156 ©.2348 0.8152820
log(Coal) -40.8858 10.0185 -4.0810 0.0001579 ***
log(Solar) -23.9538 11.9047 -2.0121 0.0495013 *
Exp -16.7783 16.0184 -1.0474 0.2998361

Signif. codes: © '***' 0.001 '**' 90.01 '*' 0.05 '." 0.1 "' "1

Total Sum of Squares: 15266

Residual Sum of Squares: 10065

R-Squared: 0.34064

Adj. R-Squared: ©.10792

F-statistic: 5.26952 on 5 and 51 DF, p-value: ©.00056235

Fig. 5 Results of the assessment of energy product price on energy stability and security (linear regression, fixed intragroup effects)

phtest(model.plm.full, model.plm.short)

L]

#% Hausman Test

“e

## data: EnergySecurity ~ log(0il) + log(Gas) + log(Coal) + log(Solar) + ...
#w® chisq = 3.3028, df = 5, p-value = 0.6534

## alternative hypothesis: one mecdel is inconsistent

Fig. 6 Durbin-Wu-Hausman Test for the selection of a model for assessing the impact of energy product prices on energy stable and secure future

plmtest(model.plm.short, type = 'honda’)

#H

mh  Lagrange Multiplier Test - (Honda) for balanced panels

wh

#4% data: EnergySecurity ~ log(0il) + log(Gas) + log(Coal) + log(Solar) +
## normal =« 11.024, p-value < 2.2e-16

#& alternative hypothesis: significant effects

Fig. 7 Honda test for the selection of a model for assessment of effectiveness of the selected variables in a model with random effects
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summary(fixef(model.plm.short))
#it Estimate Std. Error t-value Pr(>|t])
## Brazil 1231.107 45.334 27.157 < 2.2e-16 ***
## Canada 1034.777 46.768 22.126 < 2.2e-16 ***
## China 1222.589 53.688 22.772 < 2.2e-16 ***
## Denmark 910.817 46.421 19.621 < 2.2e-16 ***
## Germany 1017.546 45.653 22.288 < 2.2e-16 ***
## India 1242.191 38.384 32.362 < 2.2e-16 ***
## Japan 1291.092 48.314 26.723 < 2.2e-16 ***
## Norway 806.838 46.275 17.436 < 2.2e-16 ***
## Russia 1202.795 45.836 26.241 < 2.2e-16 ***
## Saudi Arabia 1691.385 53.082 31.864 < 2.2e-16 ***
## South Korea 1531.405 51.941 29.483 < 2.2e-16 ***
## Turkey 1385.609 53.663 25.821 < 2.2e-16 ***
## USA 871,503 39,733 21,934 < 2.2e-16 ***
## Venezuela  1151.358 74.726 15.408 < 2.2e¢-16 ***
i ---
## Signif. codes: © '***' @.eel '**' @.01 '*' @.05 '.' 0.1 ' ' 1
Fig. 8 Individual results of the impact of energy product prices on
energy stable and secure future

The results of the analysis for the 14 selected countries
confirm the previous result: changes in domestic prices
of the selected energy resources have a greater impact on
a stable and secure energy future in the case of develop-
ing countries than in the case of developed countries.

Discussion

The research presented in this paper has its specificities,
implications, and limitations. First, the specificity of the
research is reflected in the selection of the research sam-
ple, as well as the dependent and independent variables.
The research connects energy prices, SDGs, and energy
poverty—all of the above being very important and chal-
lenging issues at the global level, for both developed and
developing countries. In addition, the research is focused
exclusively on energy prices on the domestic market, i.e.,
it implicitly indicates the possible emergence of energy
poverty. The implications of this research can be grouped
as follows:

Policymaking implications raised from the fact that the
research results show certain specificities that are impor-
tant for policy and decision making. First, this refers to
the fact that policymaking should consider the condi-
tion that solar energy prices have a significant impact
on improving energy sustainability. As the stated price
is constantly falling, an increased investment in obtain-
ing energy from this source should be considered. In
addition, the research shows the high importance of coal
prices. Coal is certainly an environmentally unacceptable
energy source, but it is widely available energy source that
shows no significant correlation with geopolitical trends,
so it can be considered a stable energy source. Given the
importance of coal for the world economy and the tur-
bulence in natural gas supply, decision-making regarding
coal exploitation will be an increasing challenge.

Economic implications are of particular importance for
the sustainable development of every country, especially
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when it comes to large energy-importing and energy-
exporting countries, since exports of energy products
generate revenue, while imports generate expenditure.
However, the research has shown that the fact whether
a country is energy exporter or energy importer has no
significance for energy sustainability, so the above-men-
tioned points should certainly be the subject of further
research.

Social implications of the research are of particular
importance, because the analysis places energy prices
under review for final consumers (households). The
research result which shows a drop in solar energy prices
and its high impact on energy sustainability, is certainly
positive for final consumers, but it should be borne in
mind that, regardless of the above, installing solar pan-
els is still expensive for a large number of residents, espe-
cially in developing countries. State assistance is certainly
needed in this regard.

Main limitations of the research are reflected primarily
in the reliability and updatedness of the databases used.
In addition, indices used in the paper are defined by one
institution (in this case, the U.S. Chamber of Commerce),
so the question of how to create index can always be
raised as the relevant one.

Conclusions

Energy product prices affect the development of society
as a whole, in all its segments. Given the complexity of
pricing of fossil fuels and energy from renewable sources,
as well as the changes in global policy and acceptance of
the concept of sustainable energy future, studying their
impact is of particular interest. A stable, safe, secure, and
sustainable energy future is certainly one of the primary
goals of all countries, regardless of their level of develop-
ment, or (lack of) availability of energy resources. Each
country strives to provide sufficient energy for domestic
consumers, by types and quantities, and certainly at an
affordable price while continuously reducing the harmful
effects on the environment.

No doubt, there are studies of the impact of energy
product prices, but estimates of the impact of energy
product prices for domestic consumers on a stable and
secure energy future, and especially the studies covering
a sample that would include the world’s largest econo-
mies, are relatively rare. The assessment of the impact
of changes in gasoline, gas, coal, and solar energy prices
on a stable and secure energy future was conducted in
a research sample of 14 countries (7 developing and 7
developed). The sample also includes Venezuela, as a
country with significant energy resources and at a low
level of development and security as a whole.

A set of methods Panel Data Analysis, Lin-
ear regression (with random and fixed effects),
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Durbin-Wu-Hausman test, and Honda test, were used
in research along with the application of R-studio soft-
ware for statistical computing, which was found to be
methodologically adequate.

Main findings show that changes in oil, coal, and solar
energy prices have an impact on a stable and secure
energy future. The biggest risk to energy security is
an increase in the price of coal. On the other hand,
an increase in the price of oil has a positive impact on
energy stability, while the change in the price of gas has
no effect. The impact of the change in solar energy price
is the smallest. In addition, it was found that a country’s
level of development has an impact on energy stabil-
ity, while the fact as to whether the country is an energy
exporter, and is not significant. The paper draws atten-
tion to the need for more research to focus on the situ-
ation in the market of coal as an energy product, which,
although environmentally unacceptable, is still very com-
mon in the world’s largest economies.

This indicates the need to change the energy policy,
especially in the case of countries exporting energy prod-
ucts, but also has the status of developing countries.
The development of these countries largely depends on
the revenues they receive from energy exports, so the
research into new conventional energy sources is con-
ducted while investing in renewable energy sources
is symbolic. Creating a consensus around the need to
export conventional energy (at one price) and maintain-
ing relatively low prices for domestic consumers, requires
a special balance of economic and social policy measures.
A particular problem rests with the case of Venezuela
as a country, where riots and political turmoil have pre-
vailed for decades, where allocation of ownership over
undoubtedly plentiful energy resources is considered a
priority, instead of energy product prices.

It is extremely complex to predict the importance and
impact of certain factors on energy stability and sustain-
ability in the future. However, having in mind the results
of this and other recent research, it can be assumed that
an increasingly pronounced collision will exist in the
future between the goals of energy companies, on the
one hand, and social and environmental concerns on the
other. Adjustments have already begun, but increased
energy poverty (which can only increase due to its
demographic growth in underdeveloped and developing
countries) imposes the need to look more closely at the
formation of energy prices and to define policies that will
save final consumers from the consequences of signifi-
cant price jump. Every country must find a balance and
define priorities to explore ways to ensure the stability of
energy supply and thus enable economic activity while
preserving the environment. A greater emphasis must be
placed on finding the policies, models and solutions that
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will prevent the spread of energy poverty among citizens,
i.e., on defining the mechanisms for its alleviation.

The directions of further research are primarily related
to the development of more precise models for assessing
the impact of domestic prices of energy products on vari-
ous aspects of a country’s development, which must be
adjusted to the specificities of individual countries. In the
case of all countries, attention should be paid to deter-
mining the level of energy product prices for domestic
consumers as a kind of a red line beyond which prices
become less affordable, which is why some domestic con-
sumers fall into the category characterized by extremely
unsustainable phenomenon—energy poverty. At the
same time, in the event of an increase in energy prod-
uct prices (without state aid), domestic economic activ-
ity and transport may become uncompetitive in certain
areas—which opens up new challenges for a sustainable,
stable, and secure future as a whole. An interdisciplinary
approach to considering the issue is necessary.
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