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Abstract: The article presents a cluster analysis of the EU-27 countries. The clusters were built to
identify groups of countries similar to each other in relation to the set of Eurostat indicators from
the Climate Change Drivers and Environment and Energy sections. During the research, tools of
spatial information systems were used, such as cluster analysis, diagram maps, rasterization and the
TSA method. ARIMA prediction models were also used. The research aims to verify our hypotheses.
Particular attention was paid to Poland; therefore, it was verified whether the composition of the
country’s energy mix translated into excessive emissions of pollutants in relation to other EU countries.
Furthermore, the level of integration of energy markets in the European Union and its changes over
time were examined. The authors also proposed a methodology to create detailed energy and climate
strategies for designated clusters. The results of the presented research are particularly important in
light of recent events in Ukraine.

Keywords: GIS; ARIMA model; forecasting; cluster analysis

1. Introduction

The European Union’s goal in combating climate change is to achieve zero greenhouse
gas emissions by 2050. The European Union has become an undeniable world leader in
this field. It is hoped that the climate policies carried out within the EU will convince the
other largest economies in the world to adopt the same attitude. Only then will sacrifices
and actions taken to protect the climate have a real impact on the fight against climate
change. The EU has, therefore, adopted the right attitude, which will, however, require a
series of complex actions and sacrifices aimed at transforming the energy systems of the
member states [1,2]. Climate neutrality is about achieving a balance between emitted and
absorbed CO;. To achieve it, countries can act in two ways. First, it is necessary to develop
the appropriate potential of CO, absorbers. These mainly include soil, oceans, and forests.
These absorbers are estimated to absorb 11 Gg of CO, annually; the annual emission rate
in 2019 was 38 Gg of CO, [3,4]. However, absorbed CO, can be released back into the
atmosphere, e.g., due to deforestation. Figure 1 shows the percentage of afforestation in
EU-27 countries. It is very heterogeneous. Afforestation is highest in Finland (74%) and the
lowest in Ireland and the Netherlands (11%) [5].

The second way to reduce CO, emissions is to increase energy efficiency and eliminate
fossil fuels from the energy mixes of EU member states by 2050. Energy mixes also vary
greatly from country to country. For example, lignite and hard coal are perceived as the
main components of typical mixes but, at the same time, are a problem in the fight against
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climate change in Poland. It is assumed that combustion is the main cause of environmental
degradation, and that this leads to an increase in the greenhouse effect. Therefore, it is
necessary to develop a zero-emission energy strategy that will be adapted to the energy
structure of a given country. To make this possible, it is necessary to segment the EU-27
countries in terms of their energy mixes and to designate groups of countries with a similar
structure to the set of indicators adopted for the analysis.
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Figure 1. The level of afforestation in the EU-27 in 2020 (%). Source: own elaboration based on
statistical data from [6].

The research carried out focuses mainly on Poland against the background of the
other EU-27 countries. Poland is a special case due to its unique access to coal resources in
the European Union. Therefore, it was verified whether the countries whose energy mix
is based on coal will create a cluster due to the similar structure of energy sources used,
the structure of electricity production, and the level of emissions of pollutants caused by
coal combustion.

It is believed that removing coal from countries” energy mixes and replacing it with
natural gas is more beneficial in terms of greenhouse gas emissions. Gas has been desig-
nated as a transitional fuel for the energy transformation period of EU member states [7-11].
Therefore, the authors aim to verify the relationship between the composition of the energy
mixes of the EU-27 member states and the amount of greenhouse gases emitted. The first
hypothesis is put forward:

There is a relationship between the basis of the energy mix and the level of pollution
generated in a given country.

Effective actions aimed at implementing the objectives of the Paris Agreement and the
European Green Deal should unify the energy systems of the EU-27 countries.

European leaders aim to create integrated energy markets. The European Green
Deal and Energy Union strategy (COM/2015/080) defines how EU countries should work
together to achieve the goals of the Energy Union. This cooperation should lead to the
unification of the energy mixes of the EU countries. As the strategy was adopted in 2015,
the authors aim to verify the changes taking place in the member states in terms of the
standardization of EU-27 energy systems. Therefore, the composition of EU-27 energy
mixes is compared before the introduction of the strategy (2011) and a few years after its
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introduction (2019). Therefore, a second hypothesis is presented: the energy systems of EU
countries will become similar to each other.

These hypotheses are verified during the research presented in this publication. Re-
search is carried out in six steps, as presented in Figure 2.

eSelection of indicators

eAnalysis of the member states' energy mix structures

eCluster analysis taking into account the selected set of indicators

eAnalysis of air pollutants and greenhouse gas emissions in EU-27 countries

*Verification of the hypothesis

eConclusions and recommendations

Figure 2. Methodology of the presented research. Source: own elaboration.

First, a set of indicators is constructed to characterize the energy systems of the
individual member states. For this purpose, the data contained in the Eurostat database in
the Climate Change Drivers and Environment and Energy sections are used. In the next
step, the structure of the energy mixes of the member states is analyzed to select those
whose energy industry is mostly based on coal. Then, a cluster analysis is performed for the
EU-27 countries. The conclusions drawn on the basis of the previous steps are compared
with the hypotheses, enabling their verification.

In summary, the authors of the article conducted the presented research in order to
obtain answers to the following questions.

e Is there a relationship between the amount of greenhouse gas emissions and the
composition of the energy mix of the EU-27 countries?
Do countries with a coal-based energy mix emit more greenhouse gases per capita?
What is the largest source of greenhouse gas emissions in countries with the highest
CO; emissions per capita?

e  Have the actions taken in individual member states led to the unification of the energy
mixes of the EU-27 countries?

2. Literature Review

The European Union is party to the Paris Agreement. The agreement prescribes
reductions in greenhouse gas emissions so that the increase in the average temperature
of the world, compared to the level in the preindustrial era, does not exceed 2 °C. The
agreement required all countries to present long-term scenarios to reduce greenhouse gas
emissions by 2020. Another step of the European Union, which is on the way to the complete
elimination of the negative impact of man on the natural environment, is the adoption of
the European Green Deal. Climate action is the goal for which the European Green Deal
was created. It includes the reduction in greenhouse gas emissions, the protection of the
natural environment and investments in innovative technological solutions, and research
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to achieve the goals of the Green Deal. The most important initiatives in the context of the
research conducted by the authors are:

e  The 2030 Climate Target Plan [12], whose implementation is intended to lead to a
reduction in greenhouse gas emissions by at least 55% by 2030;

e  The European Climate Pact [13], which aims to mobilize and engage citizens of the
member states to act for climate protection;

e  The European Climate Law [14] for achieving climate neutrality by 2050.

The European Commission identified legislative proposals in 2021 to help achieve the
goals set out above. These included, primarily, updating member state emission reduction
targets (Effort Sharing Regulation) in line with the 2030 Climate Target Plan, land use,
forestry and agriculture, a revision of the CO, emission performance standards for new
passenger cars and vans, and a social climate fund.

The European Green Deal aims to transform the Union into a competitive and resource-
efficient economy. The most important limiting condition imposed on the tasks that lead
to the achievement of this goal is zero greenhouse gas emissions. The Green Deal must
be achieved by increasing the share of renewable energy sources in the energy mix of
the member states, increasing energy efficiency, implementing the principles of circular
economy, expanding the share of natural CO; bioabsorbers, decarbonization and carbon
dioxide capture, energy storage, and alternative fuels [1].

The Paris Agreement and the Green Deal assume that global warming should be
limited by eliminating carbon dioxide from the atmosphere at a level higher than its
emission [15,16]. However, it turns out that such treatments will not be as effective as
previously assumed [17,18]. Research has been carried out to verify the relationship
between CO; emissions and removal from the atmosphere. The possibilities of natural
absorbers have been found to be limited. The adsorption capacity of the oceans increases
until a critical concentration of CO, is reached. This is similar for forests. These factors
have been identified as the main reasons for the lack of symmetry between the level of
carbon dioxide emitted and its removal. Thus, it has been noticed that the increase in the
concentration of CO, in the atmosphere after its emission is higher than the decrease in this
concentration after the removal of an identical amount of CO, [19]. Therefore, the most
advantageous solution in this case is the capture of carbon dioxide before it is released
into the atmosphere. A solution that can be used in the case of burning hard coal and
lignite is CO, sequestration CCS (carbon capture and storage) and CCU (carbon capture
and utilization) [20]. The authors believe that CCU is an even more advantageous solution.
This is because it enables the generation of additional profit through the management of
carbon dioxide and its use, for example, during the oil extraction or biomass production
process [21,22]. For this purpose, the authors proposed a membrane technology that allows
the separation and thus purification of the gas mixture formed during the combustion of
fossil fuels, including coal, natural gas and crude oil. Membrane techniques can also be
used to extract REE from fly ash.

One of the main goals of the Green Deal is to decarbonize the energy system and,
therefore, in many countries to close coal-fired power plants and heating plants [23].
Renewable energy sources will replace coal. However, attention should be paid to the
problems that it may generate. The rapid elimination of coal leads to instability in the
energy systems of the European Union. This manifests itself in the threat of blackout, which
is so real that many countries have developed instructions or training for their citizens
should it occur. This applies, for example, to Austria, Spain, Germany, and Poland [24].
The growing share of renewable energy sources in the structure of energy production leads
to a loss of stability of energy systems. Renewable energy sources still require support from
fossil fuels, mainly due to the inability to store energy produced only under certain climatic
conditions. The fuel that is perceived as a substitute for coal in the transition period is
natural gas. It is also a fossil fuel, but its combustion generates about 50% less carbon
dioxide than burning coal [25]. It should be noted that crude oil generates only about 20%
less CO; than burning coal. Investments to build an energy capacity based on gas and oil
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would, therefore, also require the use of exhaust gas cleaning systems. In addition, gas and
oil are mostly imported from Russia, which in light of the political instability in this area
has always posed a threat to the energy security of the EU. The recent events in Ukraine
strongly confirm the authors” assumption.

Taking into account the above, as well as the diversification of the structure of energy
carriers in the EU-27 countries, a strategy should be applied enabling the transition to zero-
emission energy while ensuring that citizens have access to energy in sufficient quantity
and price.

3. Materials and Methods

To conduct the presented research, the tools of spatial information systems were used.
The QGIS 3.16.13 Hannover program was applied. These tools mainly comprise card
diagrams, rasterization, the TSA method, cluster analysis, and ARIMA models. These
methods are described below.

3.1. Cluster Analysis

The method was developed by J. McQueen and presented in 1967 in his work [26].
During the cluster analysis, the k-means method is used. It is a method from the family
of cluster analysis algorithms. Cluster analysis consists of grouping a set of objects. This
division is carried out on the basis of the method of minimizing the variance within
individual groups and maximizing it between groups. It is an iterative method to optimize
the feature split quality function.

In k-means analysis, the following steps are performed:

—_

The choice of the number of centroids and their initial arrangement in space;

2. The initial random division of the set of objects into k-clusters around centroids: for
this purpose, the average distances of individual points are calculated. Then, the
objects are assigned to the nearest centroids;

3.  Updating the position of centroids, e.g., by determining the arithmetic mean of the
coordinates of all points;

4. Repeat steps 2 and 3 to achieve the convergence criterion. This is the state in which

the allocation of points to individual groups has not changed.

The k-means method enables data analysis and its division into homogeneous cate-
gories. This, in turn, makes it easier to analyze a given phenomenon. This makes it easier
to draw conclusions and find relationships between individual objects.

3.2. Elbow Method

The number of clusters should be determined on a preliminary analysis. The Elbow
method [27-29] can be used for this purpose. This is an empirical method to find the
optimal number of clusters for a data set. This method is expressed as the sum of the
squares of the error:

k

SEE=Y Y lx—Cl3 (1)
k=1 x;€S5;

where:

k—number of clusters;

x;—object assigned to a given cluster Sy;
Cy—cluster centroid.

Many methods can be used to determine the distances between objects. The most
frequently used method is the Euclidean method [30,31]. It consists of determining the
distance between two objects in space on the basis of the following relationship [32]:

|AB| = \/(xz —x1)*+ (y2 — 1) 2)
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where:

A =(x1,Y1), B=(x2, y2)—points and their geographic coordinates.

3.3. ARIMA Model

To forecast the emission level of the selected gases, the ARIMA model [33,34] was
used. ARIMA models are moving average and autoregressive models described by the
following equations:

Yi=P1r 1+ P2+ .+ Ppyr—p te + 00 —brep 1 —brer 2 —...—0gei—g  (3)

where:

y—the value of the variable in the t period;
0, P1,- -, Pt—p, 0o, —01, ..., —6;—model parameters;
p, g—the quantity of delay;
et,e—1,...,Yt—g—the rest of the model in periods ¢, ... t —g.
The created models were verified using the AIC, BIC, and HQ [35] information criteria,
as well as the RMSE and MAPE errors:
Root mean square error (RMSE) [36,37]:

noe?
RMSE = (| ==t (4)
Mean absolute percentage error (MAPE) [38,39]:
Z?:l ‘et'y%
MAPE = — —— ®)

where:

e;—forecast error;
n—number of observations.

3.4. Trend Surface Analysis

In the conducted research, the trend surface analysis (TSA) global surface fit method
was used. TSA allows for the creation of a spatial model of the studied area, taking into
account a given feature. The model was used to detect differences in the selected indicators
of individual EU-27 countries. Geographic coordinates are entered into the model as the
independent variable, while the dependent variable is the selected attribute of the analyzed
objects [40—42]:

zij = f(xi,yi) +€ij (6)
where:

x;, yi—geographic coordinates;
zj—dependent variable;
¢j—random component.

4. Results and Discussion

After analyzing the literature, research was conducted to verify the hypotheses. The
first step was to create a vector map of the EU-27 countries. The basis for its implementation
was obtained from the website [6]. Fields containing the values of selected indicators were
added to the layer database. To analyze the components of the energy mixes of the member
states, a set of Eurostat indicators from the Environment and Energy section was used. The
following indicators were adopted:

Productivity (KGOE);
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Import of solid fossil fuels (%);

Import of oil and petroleum products (excluding biofuel portion) (%);
Natural gas import (%);

Solid fossil fuel consumption (TJ);

Oil and petroleum product consumption (T]);

Renewable and biofuel consumption (TJ);

Natural gas consumption (TJ]);

Nuclear energy consumption (TJ);

Gross electricity production, solid fossil fuels (1000 toe);

Gross electricity production, natural gas (1000 toe);

Gross electricity production, oil and petroleum products (1000 toe);
Gross electricity production, renewables and biofuels (1000 toe);
CO,, CHy, N>O, SO,, CO, NOx, PM 2.5, PM10 emission.

The map is presented in Figure 3.

EU-27 2019
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Figure 3. Map of the EU-27 member states. Source: own elaboration based on statistical data from [6].

The composition of the energy mixes of the EU-27 countries was analyzed. Countries
where coal has a significant share in the mix are Poland (44%), Estonia (57%), Bulgaria
(37%), and the Czech Republic (36%). The countries whose energy industry is based on
natural gas include, first of all, Italy (42%), Hungary (36%) and the Netherlands (38%).
The largest share of RES in the mix occurs in Denmark (32%) and Sweden (22%). Nuclear
energy is the basis of the energy sector in France (39%) and Sweden (36%). By contrast,
most countries rely on crude oil. These are mainly Cyprus (95%), Luxembourg (75%),
Belgium (55%), Croatia (50%), Greece (55%), Lithuania (57%), Latvia (56%), Portugal (53%),
and Spain (50%). To present the composition of the mixes, pie chart diagrams were created,

as shown in Figure 4.
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Figure 4. Composition of the EU-27 countries’ energy mixes in 2019. Source: own elaboration based
on statistical data from [6].

To perform a dynamic analysis of the components of the energy mixes, an analogous
diagram was prepared for the 2011 data (the first known observation), as shown in Figure 5.
It should be noted that the changes that occurred in all countries concerned the decline in
the share of coal in favor of RESs (the most desirable option), or alternatively natural gas
and crude oil.

2011_consumption
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[ Greece
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[ Ireland
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I Latvia
[ Lithuania
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Bl Sweden
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Figure 5. Composition of the energy mixes of the EU-27 countries in 2011. Source: own elaboration
based on statistical data from [6].
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The conducted analysis made it possible to segment countries according to one crite-
rion, i.e., the level of consumption of individual energy carriers. However, to be able to
consider additional criteria during the segmentation, a cluster analysis was used. For this
purpose, the k-means method and the attribute-based clustering algorithm were applied
during the analysis. This made it possible to consider all the indicators listed in point 3.
They were introduced into the model of many explanatory variables. Thus, when creating
clusters, not geographic coordinates, but indicators proposed by Eurostat were taken into
account. In order to determine the number of clusters, it was necessary in this method
to use the Elbow method, because in the k-means method the number of clusters is not
determined automatically. The results of using the Elbow method are shown in Figure 6. It
was determined that, in the analyzed case, the optimal number of clusters is 10. This is the
number of clusters where the sum of squared errors stops rapidly decreasing, and adding
subsequent clusters does not bring much improvement.

The Elbow Method

17.5 7

15.0 1

=

)

(%))
L

10.0 ~

~
n
|

Sum of squared errors
w

o

.

)
(%))
L

0.0 A

0 5 10 15 20 25
Number of clusters

Figure 6. The results of the Elbow method analysis. Source: own elaboration.

The results of the cluster analysis are presented in Figure 7. Cluster no. 0 was the most
numerous. The Czech Republic, Slovenia, Hungary, Romania, Bulgaria, Malta, and Greece
were sorted into this group. Cluster no. 1 included Sweden, Finland, Portugal, Belgium,
and Austria. They were placed in one group mainly due to similar levels of harmful
substance emissions and the key share of RESs in electricity production (on average, at
the level of 76%). The second cluster grouped Ireland and Luxembourg due to their very
similar structure of energy resource consumption, where crude oil constitutes a minimum
half of the mix (48% and 76%, respectively). The third group consisted of France, Italy, and
Spain due to the similar structure of electricity production, energy import (over 90% solid
fossil fuel, oil and natural gas import), and energy productivity (about 9 KGOE). Cluster
number eight included Lithuania, Latvia, Estonia, and Slovakia, which are similar in terms
of energy productivity (about 5 KGOE) and the structure of raw material import (over 100%
of fossil fuels). The remaining clusters consisted of individual objects, the distinguishing
features of which did not allow their incorporation into other clusters. Cluster number
four was Cyprus, the energy mix of which is 95% based on crude oil. The fifth cluster
was Germany, which managed to develop an almost proportional share of individual
energy carriers in the mix. Cluster number six was Denmark, where emissions of harmful
substances per capita (especially NOx, SO,) are the highest compared to the other EU-27
countries. The seventh cluster was the Netherlands, whose electricity production is based
on natural gas with a low level of import for this raw material (25%). Cluster number nine,
Poland, has the highest level of energy self-sufficiency resulting from access to domestic
coal (mainly hard coal, but also lignite).
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Figure 7. The results of the cluster analysis for 2019. Source: own elaboration based on statistical data
from [6].

The activities carried out in the EU-27 countries aim to eliminate emissions from the
energy sector. They should lead to the unification of mixes in the territory of the European
Union. To verify this assumption, a cluster analysis was also performed for these indicators
in 2011. The Elbow method showed that, in this case, seven clusters were determined
(Figure 8). Thus, the number of clusters increased by three clusters. This means that each
country implemented its own climate strategy, which means that the level of differentiation
of the mixes of individual countries increased.

0 75

2011_cluster
Do
1
/=2
[ K]
4
5
(N

Figure 8. The results of the cluster analysis for 2011. Source: own elaboration based on statistical data
from [6].
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It should be noted that taking into account all 21 indicators and creating clusters on
their basis did not clearly distinguish the group of countries whose energy systems are
based on coal.

The main reason for the elimination of coal from the energy mixes of the member
states is the negative impact of its combustion on the natural environment. Another stage
of the research was carried out which allowed us to determine whether the largest source
of greenhouse gas emissions in the EU-27 countries is coal-based energy. Therefore, the
cluster analysis was performed again with analogous parameters; however, only the levels
of pollutant emissions for individual EU-27 countries were introduced as variables in the
model. To unify the emissions analyzed for individual countries, they were converted per
capita. The results of the analysis are presented in Figure 9. The analysis showed that the
countries where the energy industry is based on coal were classified into different clusters.
This time, Poland joined cluster number eight along with Finland and Lithuania. These are
countries where the energy mixes are not based on coal but on oil and gas. Bulgaria was
placed in cluster number nine, the Czech Republic in cluster number zero, and Estonia in
cluster number three.

0 100 200 km
[ S—

2019 emission per capita cluster
o
B
2
3
B 4
s
s
=7
s
]

Figure 9. Cluster analysis for pollutant emissions in 2019. Source: own elaboration based on statistical
data from [6].

Additionally, a column diagram of the individual gas emission levels in a given
country was prepared (Figure 10). The graph enabled visual analysis to be carried out. To
be able to present all gases in one graph, CO, emissions are presented in Mg, while the
remaining substances are presented in kg.

The conducted analysis showed that the emission of greenhouse gases was not the
highest in the countries where the mix is based on coal. The highest level per emission was
recorded in Denmark. The situation was similar in the case of Luxembourg and Ireland.

Therefore, the authors examined the main source of harmful emissions. Eighty per-
cent of the world’s emissions are carbon dioxide. That is why this gas was selected for
further analysis.

To illustrate the level of CO, emissions and differences in individual member states,
the trend surface analysis was used (Figure 11). The highest level of emissions per capita
was characteristic for Denmark, Luxembourg, and Ireland. In each of these countries, crude
oil forms the basis of the energy mix.
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Figure 10. Diagram of pollutant emissions per capita in 2019. Source: own elaboration based on
statistical data from [6].
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Figure 11. TSA model of CO; emissions in EU-27 countries in 2019. Source: own elaboration based
on statistical data from [6].
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Therefore, the source of CO, emissions in the countries with the highest levels of
emissions per capita was verified. A bar chart was created that revealed that the source
of the emissions was transport. The largest share was again observed in Denmark (69%),
Luxembourg (63%), Ireland (48%), and Malta (88%). The results of the analysis are illus-
trated by a bar chart for the individual EU-27 countries (Figure 12). In Poland, the share
of transport emissions is less than 10%. However, according to the Green Deal, these
emissions should also be eliminated by 2050. However, as of today, no action has been
taken to bring the country closer to this goal. On the contrary, the number of imported cars
which were produced on average 12 years ago is increasing. Often, they are also diesel
cars. In 2020, a record number of cars were imported to Poland, and this record was broken
again in 2021, where imports increased by another 2.5% [43-45].

0 250 500 km
|
[ 2019 CO2 emission (transport)
Jve Vs

Figure 12. Percentage of CO, emissions from transport in EU-27 countries. Source: own elaboration
based on statistical data from [6].

To build effective strategies for achieving the Green Deal goals within the clusters, it is
necessary to analyze the time series of pollutant emissions. Because the Green Deal focuses
mainly on CO,, a mathematical model for this greenhouse gas was built. The ARIMA pre-
diction model (2,1,2) was used. The model was created for Poland as a country representing
member states based on their energy mixes of coal. The model was selected from among
several dozen created models. The selection was made on the basis of information criteria
and a MAPE error of only 1.2%. The results of these indicators are presented in Table 1.

Table 1. Information criteria and ARIMA (2,1,2) model errors.

Index Index Value
Akaike information criterion (AIC) 316
Bayesian information criterion (BIC)-Hannan 317
Quinn information criterion (HQ) 316
RMSE 4.03 x 10°

MAPE, % 1.2
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Empirical and forecast values are presented in Figure 13. Based on the model and
the forecast, it can be concluded that the emission volume in Poland will decrease in the
coming years. The forecast time series is characterized by a downward trend. Additionally,
the series is subject to five-year cyclical fluctuations. In the case of using the ARIMA model,
it is assumed that the forecast will be reliable if the trends shaping the factors influencing
the amount of CO, emissions are maintained. If these factors do not change significantly,
then in 2024 the amount of emissions will decrease by about 3% compared to 2018.

Emission
Forecast
95%,

Emission

Year

Figure 13. CO; emissions with a forecast until 2024. Source: own elaboration.

However, to accelerate the rate of decline in CO, emissions, numerous steps are being
taken at global, EU, national, and local levels. There may also be factors that negatively
affect carbon dioxide emissions. These are primarily economic recovery or, for example,
unfavorable climatic conditions that make it impossible to use renewable energy. Due to the
above, the authors additionally determined the confidence interval of the forecast. This is
the range within which the projected emission volume can move with 95% probability. This
enables the creation of three scenarios of CO; emissions by 2024. These are the most likely
(forecast), optimistic, and pessimistic scenarios. The difference in the level of emissions
between the individual scenarios is 3% (Figure 14). It is also possible to make a forecast
until 2050 (however, an increased prediction error should be considered). The results

obtained should be compared with the guidelines of the climate policy and appropriate
actions should be taken.
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fid | Country | Pesimistic_scenario | Optimistic_scenario| Forecast Optimistic_scenario
21|Poland | 257234000 278926000 288080000 [ 278926000

Pesimistic_scenario
Bl 297233984

Figure 14. Emission scenarios in 2024. Source: own elaboration based on statistical data from [6].

5. Discussion

The European Green Deal insists on removing coal from countries” energy mixes. This
applies primarily to countries where it is the basis of the energy sector. The aim of this
action is to achieve climate neutrality by 2050 [46]. To ensure a smooth exit from coal,
the European Commission established the Platform for Coal Regions in Transition [47].
Thus, the withdrawal from coal mining in most Western European countries is part of the
EU climate and energy policy, which assumes achieving climate neutrality in the EU by
2050 [48-50]. Unfortunately, as the presented results of research conducted by the authors
have shown, coal is often replaced with other fossil fuels, such as natural gas or crude oil.
However, this does not bring the intended effects, as evidenced by the amount of emissions
in countries whose energy mixes are based on sources other than coal. This also applies to
natural gas, which for many years has been perceived as a fuel in the energy transformation
process [51]. Natural gas combustion is, of course, characterized by about 50% lower CO,
emissions than coal or crude oil [25], but the growing demand for energy causes more and
more fuel consumption, and thus higher greenhouse gas emissions. Therefore, according to
the authors, the assumption that the level of greenhouse gas emissions will decrease with
the elimination of coal is incorrect. Instead, the focus should be on the use of technologies
that enable the clean combustion of hydrocarbons. This is also confirmed by the results of
research that can be found in the literature [52,53]. However, the development of an action
strategy tailored to specific countries and their energy mixes will be required.

In recent months, an additional factor has emerged that should be especially taken into
account when shaping the future energy mixes of the EU member states. This is that energy
security has been seriously threatened by the war in Ukraine and the related sanctions
against the Russian Federation. According to the authors, it is necessary to redefine the



Energies 2022, 15, 5082

16 of 20

priorities and promoted energy sources. As the authors have suggested in their previous
publications [22,54], and as shown by recent events, basing the EU’s energy security on
raw materials imported from politically unstable regions of the world is very risky. This
applies not only to oil and gas imported from Russia, but also Arab countries. At present,
the only 100% reliable source of fossil fuels for the EU should be domestic coal and gas
resources located, for example, in Poland and Norway. Renewable energy sources should
also be seen as a source of unwavering energy supply; however, there are several aspects
that should be considered when planning the future of the EU. That is, the vast majority
of RES technologies are produced outside of the European Union or are based on raw
materials obtained outside its borders. These raw materials are mainly rare-earth elements.
Therefore, in the event of further political conflicts, a situation may arise in which the EU
will also be cut off from the technology ensuring access to renewable energy.

To eliminate the problem with energy security, technologies already developed can be
used that:

e  Will eliminate the problem of greenhouse gas emissions, by trapping greenhouse
gases before they are emitted to the atmosphere. These are mainly CCS and CCU
technologies, but also the membrane techniques proposed by the authors [21,55,56];

e  Will enable the application of the circular economy model in the mining and energy
industries. Membrane techniques make it possible to capture, for example, CO, and
CHy, and use them as valuable products, not a waste [57-59];

e  Will make it possible to process coal combustion, which is fly ash, and to extract the
rare-earth elements necessary for the production of RES technology [60,61].

As mentioned above, only a properly designed strategy makes it possible to achieve
the set goal effectively. The presented analyses and the conducted segmentation enable the
development of joint detailed strategies for the implementation of the Green Deal for the
countries included in the individual clusters. Within the given clusters, attention should be
paid to the largest source of emissions, both in terms of the energy carrier and the sector of
its consumption. This allows for the development of effective methods and ways to reduce
emissions. Creating a strategy should be carried out in the following stages (Figure 15):

* Member state segmentation, taking into account the indicators influencing the amount of emissions in
particular countries

 Specification of the features distinguishing a given cluster and determining the most important sources of
emissions of individual pollutants (energy, transport)

¢ Preparation of scenarios for pollutant emission time series

¢ Analysis of the obtained scenarios and the comparison of the results with the climate policy goals. These are
mainly the reduction in greenhouse gas emissions by at least 55% (2030) and achieving a balance between the
emissions of greenhouse gases and their storage or removal by 2050.

o Setting guidelines for emissions that deviate from the assumed goals of the climate policy

* Defining milestones enabling the relationship between goals and the time horizon of their achievement

* Control of the set goal achievement level

Figure 15. Scheme for creating a Green Deal strategy for clusters. Source: own elaboration.
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Steps 5 and 6 should be adjusted to a specific cluster. For example, for cluster no. 9
and cluster no. 0, a strategy that would include the following activities would be advisable:

e The diversification of the components of the energy mix so that the share of each of
them amounts to about 30%;

e Increasing the share of renewable energy sources while expanding the potential for
storing renewable energy;

e  Reducing emissions with the simultaneous implementation of technologies for captur-
ing pollutants generated in the combustion process. This would make it possible to
maintain coal in the energy mix structure of the EU countries. As a domestic fuel, coal
is the basis for energy security, both in terms of the availability of the energy carrier
and the maintenance of stable energy system operations;

e  The utilization of waste from the coal combustion process, including both gaseous and
fly ash, which are valuable sources of rare-earth metals. Such solutions are in line with
the assumptions of the circular economy;

e At the same time, more emphasis should be placed on reducing emissions from
transport. Currently, the countries of the “new union” and their energy systems may
have problems catching up with countries that started implementing a greenhouse
gas emissions reduction policy long before them. Therefore, intensive activities in the
field of transport should start now, in order to plan activities in this area in advance;

e Itis also necessary to pay more attention to other pollutants, not only carbon diox-
ide. This applies primarily to methane, the negative impact of which on the natural
environment is significantly harmful, as well as to pollutants that have a detrimental
effect on the life and health of EU citizens. Among the analyzed, these are mainly NOx
and dust.

6. Conclusions

The research presented in this publication shows that there is no evidence to suggest
that a large share of carbon in the energy mix is the cause of increased greenhouse gas
emissions. The assumption that the energy systems of EU countries are similar to each
other has also not been confirmed. Currently, the EU-27 countries are following their own
path towards the goals of the climate and energy policy, which has led to an even greater
diversification of their energy systems.

In the authors opinion, the study of long-term relationships and the causality of
greenhouse gas emissions should be extended in the future to the analysis of other variables.
The scenarios created could be extended with the analysis of indicators used during the
cluster analysis. Therefore, the conducted research could be supplemented with additional
explanatory variables and, for example, the ARMAX model could be used, which would
allow for this type of analysis.

The presented research makes it possible to propose managerial implications, the
application of which will enable the effective implementation of the assumptions of the EU
energy policy in all member states:

e  The energy and climate policy of the European Union requires taking very difficult and
restrictive steps. Its objectives are correct, but detailed strategies must be developed
for groups of countries similar to each other in terms of energy systems;

e Itis important to identify the main sources of emissions so that the actions taken
are effective;

e  The measures taken should not negatively affect the energy security of the European
Union and the comfort of citizens’ lives, and this will result from the rapid removal of
fossil fuels from the energy mixes of the EU countries;

e  The European Union should place emphasis on the transformation of fossil fuel-based
energy into an environmentally friendly industry operating in accordance with the
guidelines of the circular economy:.

Furthermore, in light of the situation in Ukraine and Russia, the methods of reaching
and achieving climate goals should be verified. The energy security of the EU will soon
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be put to the test. To meet this challenge, it is necessary to turn to fossil fuels native to the
EU. To reconcile the requirement of zero emissions with the stability of energy systems, the
strategy proposed by the authors can be applied. This will allow for the combustion of
fossil fuels while eliminating the emission of pollutants. Properly selected technology, such
as CCU or membrane techniques, will ensure access to clean energy and will also enable
the use of by-products of fossil fuel combustion (for example, REE) as a source of added
value. The economic development of the EU should also be taken into account, which may
also be slowed as a result of the imposed restrictions. Considering the negligible (9%) share
of the EU in global greenhouse gas emissions, these sacrifices may not have the intended
effects. On the other hand, the development and economy of the European Union will
be overwhelmed by economies (such as China and the US) which will continue to thrive
regardless of the level of greenhouse gas emissions.

The research conducted has focused mainly on climate goals, the integration of energy
systems, and the reduction in pollutant emissions. The future direction of the research
will be to extend the analysis to other goals of the Green Deal, such as sustainable and
intelligent mobility or organic agriculture.
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