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Abstract

Background: Decarbonisation of the European economy is one of the main strategic goals of energy transition

in the European Union (EU), which aims to become a leader in this process by 2050 and to include other European
countries making thus the European continent the first carbon neutral region in the world. Although decarbonisa-
tion is an important goal of the EU, the models for monitoring the progress of this process have not yet been clearly
defined, and views on the social, economic, and security implications in terms of prioritising decarbonisation are
conflicting. The main objective of this paper is to determine the methodological correctness of the existing method
of decarbonisation monitoring, to develop a new monitoring model indicating the differences in the EU and Euro-
pean countries that are non-EU and to point out the underlying social, economic and security implications that must
certainly find their place in the decision-making process in this field.

Results: The main results showed that there is no clearly defined model for monitoring the success of decarboni-
sation, while the indicators that are commonly used for this purpose make a model that, as the analysis shows—is
methodologically incorrect. In the case of EU countries, the following indicators proved to be the most reliable:
consumption-based CO, and share in global CO,. For non-EU countries, the best monitoring indicators are CO, per unit
of GDP, consumption-based CO,, and renewable energy consumption. These indicators can explain 99% of the variance
in decarbonisation success.

Conclusions: The basic conclusion of the paper is that even before the implementation, the decarbonisation moni-
toring model should be defined and methodologically tested, and the use of a single model for all EU countries or for
all countries is not recommended. It is proposed to simplify the monitoring model, with an emphasis on monitoring
of consumption-based CO,, which proved to be the most efficient in all sampled countries. The current method of
monitoring is based exclusively on environmentally related indicators while ignoring the fact that decarbonisation is
associated with almost all aspects of development. The additional social, economic and security aspects need to be
developed and included in the further monitoring process.
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Background

The European Union (EU) adopted Climate Law [1], and
thus committed to reducing carbon emissions by 55%
compared to 1990 by 2030, i.e., that Europe will become
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legislations with European Climate Law by September
2023 and define their own decarbonisation strategies. In
other words, all EU countries, as well as the EU accession
countries, will have to switch from fossil fuels to 94—96%
carbon-free power, which is possible with electrification
based on renewable energy sources, with an emphasis
on increasing energy efficiency, increased use of electric
transport systems and heat pumps, and the production of
hydrogen and synthetic fuels [2]. In order to achieve cli-
mate neutrality of Europe, it is necessary to successfully
implement the energy transition in neighbouring coun-
tries, which are part of Europe, but in which the energy
transition process is slowed down for a number of rea-
sons [3].

For the purposes of analysis and methodological evalu-
ation of indicators that most often monitor the decar-
bonisation process, a sample of nine countries (Russian
Federation, Moldova, Estonia, Latvia, Lithuania, Arme-
nia, Azerbaijan, Georgia and Ukraine) was selected in
this paper. They were once part of the USSR, while today
the three Baltic countries are the EU member states. The
sample was designed so that based on the analysis of 17
selected indicators for a longer period of time 1990—
2019, it could be concluded whether the existing meas-
urement of decarbonisation is possible, i.e., whether it is
methodologically correct depending on whether a coun-
try is part of the EU.

The Russian Federation, as one of the largest emitters
of greenhouse gases in the world, is implementing the
transition process slowly because it traditionally relies
on fossil fuels and generates significant revenues from
their exports [4]. The first actual step towards decarboni-
sation was the presidential Decree On the reduction of
greenhouse gas emissions (2013), with a plan to reduce
emissions to the level of 75% by 2020, compared to 1990
levels, which was frowned upon by fossil fuels export-
ers. In March 2020, a draft Strategy for the long-term
development of Russia with a low level of greenhouse gas
emissions until 2050 was adopted, but the results of the
implementation of carbon mitigation are not transparent.
Relations between the Russian Federation and the EU on
energy issues are highly dependent, but the Russian Fed-
eration has not harmonised its energy transition with the
EU’s long-term plans, as it exclusively plans to increase
the intensity of oil and natural gas exports, with diversifi-
cation of export markets [5]. Specific resistance to decar-
bonisation comes from the coal-producing sector, which
is supported by the government that plans to expand coal
exploitation capacity [6]. The Russian Federation is devel-
oping its climate policy in line with the global concept,
but key issues of climate policy are still not fully inte-
grated into national social, environmental and economic
policies [7].
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The Russian Federation emphasises that the export of
energy Is nothing but trade, while the European Union,
and especially the United States, believe that the Rus-
sian Federation uses energy for political purposes. With
the transition of the European Union to decarbonisation,
and bearing in mind that natural gas is an environmen-
tally friendly energy source, additional security tensions
can be expected in this regard. Olga Khrushcheva &
Tomas Maltby (2016) The Future of EU-Russia Energy
Relations in the Context of Decarbonisation, Geopoli-
tics, 21:4, 799-830, https://doi.org/10.1080/14650045.
2016.1188081. The impact of COVID-19 pandemic, ris-
ing energy prices and disagreements over Nord Stream 2,
further complicate relations between all stakeholders, so
the security issues take precedence in the relations of all
stakeholders, with possible consequences on the global
level [8].

Moldova, a country with low GDP and moderate
energy resources, can be characterised as critical regard-
ing energy transition in any respect, with a theoretical
approach to decarbonisation [9]. Moldova is a country
poor in natural resources, with a very weak economy,
completely dependent on energy imports, and thus on
the policy of the Russian Federation [10].

Armenia is highly dependent on energy imports from
the Russian Federation, as only 35% of its energy is gener-
ated from its own sources, with one existing and opera-
tional nuclear reactor. There are efforts so Armenia is
more actively engaged in climate change activities, which
are currently in the form of proposed strategic solutions
[11]. Armenia, primarily due to the development of the
economy and energy security, has largely given up on
the EU path and has adhered to the policy of the Russian
Federation. Therefore, it can be said that future security
issues pertaining to Armenia will be largely related to the
policy of the Russian Federation [12].

Azerbaijan produces four times the energy it con-
sumes, where revenues from oil and natural gas exports
account for 90% of total export revenues. As much as
90% of electricity is obtained from natural gas, while the
share of renewable energy is only 2% [13]. For now, it
seems that there is still no readiness for the energy transi-
tion process [14]. Owing to its wealth of energy resources
and adequate management system, Azerbaijan is a coun-
try that can create its own policy with a greater degree
of independence. Significant security issues related to
energy exports and decarbonisation are unlikely to be
expected [15]. However, the fact that the USA has had a
strong influence on Azerbaijan since the collapse of the
USSR should be taken into account when observing the
energy transition of this country [16].

Georgia ratified the Kyoto Protocol and signed a spe-
cial EU-Georgia Association Agreement (2016), which
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emphasises the need for cooperation in the field of cli-
mate change, emission trading, changes in industry and
development of clean technologies. Furthermore, as
part of the USAID-funded initiative Institutionalization
of Climate Change Adaptation and Mitigation, Georgia
prepared The Georgian Road Map on Climate Change
Adaptation, with clearly defined priorities. Regardless
of good and adequately prepared strategies, implemen-
tation is very slow, primarily due to inadequate institu-
tional capacity at all levels [17]. Georgia produces 35% of
its energy from its own sources, relying almost entirely
on oil and natural gas imports, mostly from the Russian
Federation, while the transition to the economy market
is at initial phase [18]. However, insufficient access to
the scientific literature and poor database are certainly
a problem for more accurate assessments of the process
of energy transition and decarbonisation in this country
[19].

The European Union seeks to exert influence in the
South Caucasus region, including Georgia. However,
despite numerous efforts and the existence of the Euro-
pean Union Monitoring Mission, there are no significant
developments in the field of defense and security policy.
Georgia relies on the Russian Federation and its foreign
policy in many spheres, so the decarbonisation will most
likely occur accordingly [20].

Ukraine has adopted a number of policies aimed at
improving its energy security, but remains highly depend-
ent on energy imports, with no significant progress in the
field of energy efficiency and climate change mitigation.
Ukraine produces electricity in coal-fired, nuclear and
hydropower plants, but the infrastructure is extremely
outdated [21]. The energy product market is still state-
owned with a high degree of corruption [22]. Ukraine
intends to join the EU and implement decarbonisation,
but is facing great efforts to align its policies and show
readiness for change, so the actual results in the field of
decarbonisation are missing [23].

The example of Ukraine probably best reflects the com-
plexity and interconnection of energy security, decar-
bonisation and politics, with insufficiently transparent
positions of the Russian Federation, the European Union
and the United States. Ukraine itself is also facing divi-
sion, i.e., vaguely defined future and the primary partner
(the European Union or the Russian Federation). Ten-
sions have also led to the militarisation of the region,
which certainly calls into question the essential stability
and development of this country, as well as decarbonisa-
tion. No progress can be expected in a tense security situ-
ation [24].

Estonia, as an EU member state, is obliged to imple-
ment EU strategies and directives, so net zero by 2050
is the goal that Estonia should achieve and incorporate
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into its policies. However, so far there have been dif-
ficulties in implementing the energy transition, as the
issue of security and defence is strongly integrated into
energy policies. The USA is an important ally of Esto-
nia, but changes in foreign policy under President Don-
ald Trump have led to a major stalemate in energy and
climate policies. Estonia certainly wants to maintain
strong ties with the USA (for security reasons), but this
leads to a conflict when it comes to obligations towards
the EU in certain areas, including climate change [25].
Estonia is one of the three leading EU countries in
terms of greenhouse gas emissions per capita, due to
rapid economic growth, the use of energy-intensive
shale-based energy, increased traffic intensity and high
building energy consumption [26]. Given the stated
political and economic reasons, the status of the decar-
bonisation process in Estonia cannot be adequately
assessed, which is evident from the small volume of sci-
entifically based literature and research.

The influence of the great powers is exerted through
the influence of the European Union and the Rus-
sian Federation, with the increased influence of China
(through investment, primarily in the energy sector and
decarbonisation). Given that Estonia is part of the Euro-
pean Union, these activities may have the opposite effect:
good results in decarbonisation, but increased Chinese
influence in this country [27].

Latvia traditionally relies on energy production using
oil shale and hydropower [28], and the implementation of
the first measures aimed at energy transition was ineffec-
tive [29]. Energy intensive industry is a large part of the
structure of Latvian industry, which receives substan-
tial financial subsidies [30]. Naturally, the assessment of
energy performance and decarbonisation processes is dif-
ficult due to no reliable data [31].

Before the crisis in Ukraine (2014), Latvia was largely
oriented towards the European Union. However, after
2014, it has become noticeable that all development
plans, as well as security, put the Russian Federation in
the forefront as a partner of interest. Given Latvia’s high
degree of dependence on energy imports from the Rus-
sian Federation, it can be expected that future success of
decarbonisation will largely depend on mutual relations
between the two countries, especially in terms of security
[32].

Lithuania has significantly reduced energy intensity, but
the energy transition is certainly hampered by the fact
that the government significantly subsidises the prices of
natural gas and electricity, which are twice lower than the
EU average [33]. On the other hand, studies show that the
largest contribution to decarbonisation in Lithuania can
be expected from the production of energy from renew-
able sources [34].
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Given that Lithuania imports about 70% of its elec-
tricity (as crucial for decarbonisation) from the Russian
Federation, it can be rightly argued that the success of
the country’s energy transition will largely depend on
relations with the Russian Federation [35]. The situation
can further be complicated by the fact that Lithuania is
a member of the European Union and NATO. The dif-
ferent interests of the Russian Federation and NATO can
theoretically lead to destabilisation and problems in the
decarbonisation of this country. Since security, energy
and decarbonisation are closely linked, further develop-
ments are yet to come [36].

The energy transition in the EU has led to some disa-
greements among its member states on how to imple-
ment it and on the established priorities, and therefore
two approaches have emerged: countries that have
embraced the shift to renewables, improved energy effi-
ciency and active reduction of carbon emissions, and on
the other hand, countries that have prioritised energy
security and stability of supply, which certainly has its
political and geopolitical implications [37]. It can be
expected that an ambitious strategy for the complete
decarbonisation of the EU (with plans for neighbouring
countries) by 2050 will lead to even greater differences
among European member states. Properly determin-
ing the success of decarbonisation and the model for its
monitoring that has passed the methodological verifica-
tion are imposed as one of the key problems, because
they make important and long-term decisions based on
monitoring [38]. The subject of this paper is the assess-
ment of ways to monitor decarbonisation in two groups
of European countries (EU countries and non-EU coun-
tries), as well as the assessment of the impact of EU
membership on changes in this area, assessment of meth-
odological correctness of the previous model and pro-
posal of further monitoring model.

Methods

Research sample includes countries at the lower (or
unknown) level of the carbon mitigation: Russian Fed-
eration, Moldova, Estonia, Latvia, Lithuania, Armenia,
Azerbaijan, Georgia and Ukraine. The energy sector in
selected countries (all countries were members of former
USSR) was characterised by a high level of energy inten-
sity, high energy consuming in industry sector, in cer-
tain countries high exploitation of fossil fuels and a high
energy-related pollution in general. The energy transition
has started in these countries as well (three countries in
the sample have become members of the EU), but with
an unclear effect. The research covers the period 1990—
2019 and includes 12 selected CO,-related indicators and
5 other indicators. A set of statistical tests will be applied
in the paper to assess the methodological correctness of
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monitoring the process of decarbonisation in nine former
USSR countries, three of which are now EU members
(Estonia, Latvia and Lithuania).

All these countries share a similar industry mix
(energy-intensive industry), high dependence on fossil
fuels (either own or imported), low level of energy pro-
duction from renewable sources, high energy consump-
tion per unit of GDP, and are slow to implement climate
change policies in general [39]. The indicators were
selected in line with the objective of the paper:

CO, per capita

CO, emission (total)

Year-to-year CO, change

Cumulative CO, emission

CO, consumption based

CO, share

CO, emission (cement)

CO, emission (coal)

CO, emission (flaring)

CO, emission (gas)

CO, emission (oil)

CO, emission (other)

GDP change—auxiliary indicator

GDP per capita—auxiliary indicator

Renewable energy consumption—auxiliary indica-
tor

16. Renewable electricity output—auxiliary indicator
17. CO, per unit of GDP—as an assumed basic indica-
tor of decarbonisation success

—
S0 0N U A WN e

= =
AR o

Indicators directly related to CO, (from 1 to 12) were
used in the first phase of the research, while indica-
tors from 13 to 17 were used in the second phase. Indi-
cator CO, per unit of GDP was used in all phases of the
analysis.

Results

The research was conducted in two basic stages. An
overall assessment of the methodological correctness of
the selected group of indicators for monitoring the suc-
cess of decarbonisation was made in the first stage of the
research, while the differences between EU countries and
non-EU countries were assessed in the second stage.

First research stage—basic methodological assessment
The correlations between individual indicators were
determined in the first phase of the paper, by apply-
ing Pearson’s correlation coefficient, and the results are
shown in Table 1.

The results in Table 1 show that all indicators have
high correlations (at the level of p<0.05 or p<0.01). It is
already evident at this point that the monitoring model
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that would include all the above indicators is not meth-
odologically correct, because high correlations clearly
indicate a poorly established model, so further testing is
required.

CO, per unit of GDP has been identified as one of the
basic indicators of the success of the energy transition,
therefore additional attention is paid to observing this
indicator in relation to others. This indicator is positively
correlated with all other indicators, except the indicator
year-to-year CO, change, where the correlation is nega-
tive, while there is no statistically significant correlation
with flaring CO,.

Given the above, two opposing conclusions can be
drawn. First, the indicator CO, per unit of GDP can be
used as the only indicator to assess the success of energy
transition or this indicator does not contribute to the
tested model. In order to test the hypothesis on these
two ways of making a conclusion, an exploratory method
was used to estimate the correlation of CO, per unit of
GDP with other indicators, and the results are shown in
Table 2.

Table 3 shows a regression model, which aims to
assess the share of individual indicators in explain-
ing the presented model of monitoring the success of
decarbonisation.

The results in Table 3 show that 99.99% of the decar-
bonisation success can be explained only by the indi-
cator consumption-based CO, (marked with Bold
numbers). By adding the indicator share of CO,, the
model is completely explained (99.99%). All additional
indicators, CO, per unit of GDP as well, that are added to
the model do not contribute to further clarification of the
decarbonisation success.

To further confirm that decarbonisation success cannot
be explained by the indicator CO, per unit of GDP, these
two indicators were added to the regression linear model
as a criterion and predictor variable (Table 4.).

The regression analysis results, in Table 4, show that
CO, per unit of GDP manages to explain only 3% of the
variance of Cumulative CO, emission, which is absolutely
insufficient.

In the next step (Table 5), CO, emission per capita
was used as a criterion variable, in order to estimate
how much of variance of this dependent variable can be
explained by CO, per unit of GD.

As it can be seen in Table 5, the analysis shows that
only 15% of the CO, per capita emission variance can be
explained by CO, unit of GDP, which is another confir-
mation that CO, unit of GDP should not be taken as a
sufficient or even necessary indicator for drawing conclu-
sions about the success of decarbonisation.

The analysis so far has not revealed whether the
exploratory method can determine how the indicators
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should be grouped, in order to find a way to better
define CO, unit of GDP and use it in further analysis.
Therefore, the next phase of the research included the
implementation of the Principal Component Analysis,
which requires the following assumptions:

1. All variables in the model must have an interval level
of measurement;

2. The linearity of the variables used in the analysis was
previously confirmed through the Pearson correla-
tion coefficient of the variables (Table 1).

3. Using the Kaiser—Meyer—Olkin test (for checking the
adequacy of the sample), it was determined that the
required minimum value of 0.6 was met (Table 6).

4. Using Bartlett’s test of sphericity, it was confirmed
that the data in the correlation matrix differ from
zero.

The first insight into the values of the examined indi-
cators is presented in the table with communalities
(Table 7) which shows how much of variance of each
individual parameter can be explained by the selected
factors. All parameters are well represented in the
selected factors and there is no need here to exclude
any of these indicators (all values obtained are >0.3).

Based on the Eigenvalues, the proposed model has 3
separate factors (the Eigenvalue of which is above 1).
Auxiliary (GDP-based) indicators are also included in
this phase of the research, and the results are shown in
Table 8.

The main goal of this analysis is to define the num-
ber of components that manage to explain most of the
model variance, which would allow the monitoring
model to be simplified and made more efficient and
accurate. In this case, it is found that three compo-
nents explain 89% of the variance of the entire model.
However, it is necessary to determine which indicators
overlap with them—which would indicate a methodo-
logical problem. For this purpose, factor rotation was
used, by applying the direct oblimin method (oblique
rotation, due to the determined correlation between
the obtained factors) from which the pattern matrix is
derived (Table 9).

The results in Table 9 clearly show that the princi-
ple of simple structure is almost completely satisfied,
since three groups of components are defined. The first
component consists of indicators related to the type of
energy product or industry that is a source of CO,, but it
should be emphasised that high overlaps exist within the
first component. The second component comprises two
GDP-related indicators (marked with Bold numbers),
renewable electricity output and CO, per capita. Compo-
nent no. 3 is the smallest (it contains only GDP change
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Table 3 Summarised results of the regression model of selected ~ Table 6 Kaiser-Meyer-Olkin test for checking the sample
decarbonisation indicators adequacy and Bartlett’s test of sphericity of data
Model R R square Adjusted R Rsquare change Kaiser-Meyer—Olkin measure of sampling adequacy 0.705
square
qu Bartlett's test of sphericity Approx. 5402513
1 0.993° 0.987 0.987 0.987 Chi-
2 0.999° 0.997 0.997 0.010 sduere
3 0'999C 0.999 0.999 O'OOW o 136
’ ’ ' ’ Sig 0.000
4 1.000¢ 0.999 0.999 0.001
5 1.000° 0.999 0.999 0.000
6 1.000f 1.000 1.000 0.000
7 1.0009 1.000 1.000 0.000 Table 7 Communalities
h

8 1 4OOO> 1.000 1.000 0.000 Initial Extraction
9 1.000' 1.000 1.000 0.000
10 1000 1.000 1.000 0.000 (0, _per_capita 1000 0639
1 1000 1.000 1.000 0.000 (O, _emission 1.000 0.994
12 1.000' 1.000 1.000 0.000 Year_to_year_ CO, 1.000 0.793

— — - Cumulative_ CO, _emission 1.000 0877
Statisticaly significant results are marked with bold .
) K . Consumption_ CO, 1.000 0.991

Predictors: (Constant), Consumption_ CO,
b Predictors: (Constant), Consumption_ CO,, Share_of _CO, Share_of_ CO, 1.000 0.960
¢ Predictors: (Constant), Consumption_ CO,, Share_of_ CO,, Flaring_ CO, Cement_ CO, 1.000 0.900
9 Predictors: (Constant), Consumption_ CO,, Share_of _ CO,, Flaring_ CO,, Coal_CO, 1.000 0986
Other_industry_ CO, Flaring_ CO, 1.000 0.963
€ Predictors: (Constant), Consumption_ CO,, Share_of_ CO,, Flaring_ CO,, Other_ Gas_CO, 1.000 0.978
industry._ €Oy Coal_€O, Oil_CO, 1.000 0845
Predictors: (Constant), Consumption_ CO,, Share_of_ CO,, Flaring_ CO,, Other_ .

indUStfy_ COZI Coal_ Cozr Gas_ COZ Othef_lndustry_ COZ 1.000 0.969
9 Predictors: (Constant), Consumption_ CO,, Share_of_ CO,, Flaring_ CO,, Other_ GDP_Change 1.000 0.792
industry_ CO,, Coal_ CO,, Gas_ CO,, Oil_ CO, GDP_per_capita 1.000 0.881
P Predictors: (Constant), Consumption_ CO,, Share_of _ CO,, Other_industry_ REC 1.000 0917
C0,, Coal_ CO,, Gas_ CO,, Oil_CO,
) ] - ) REO 1.000 0.884
' Predictors: (Constant), Consumption_ CO,, Share_of_ CO,, Other_industry_
€0, Coal_ CO,, Gas_ CO,, Oil_ CO,, Cement_ CO, CO, _per_GDP 1.000 0.774

J Predictors: (Constant), Share_of _ CO,, Other_industry_ CO,, Coal_ CO,, Gas_
CO,, Oil_CO,, Cement_CO,

K predictors: (Constant), Share_of_ CO,, Other_industry_ CO,, Coal_ CO,, Gas_
CO,, Oil_CO,, Cement_ CO,, Flaring_ CO,

"'Predictors: (Constant), Other_industry_ CO,, Coal_ CO,, Gas_ CO,, Oil_CO,,
Cement_ CO,, Flaring_ CO,

Table 4 CO, unit of GDP (a predictor variable) and Cumulative
CO, emission (a criterion variable)—regression model

Model R R square Adjusted R square

1 0.187° 0.035 0.031

@ Predictors: (Constant), CO,_per_GDP

Table 5 CO, unit of GDP (a predictor variable) and Cumulative
CO, emission per capita (a criterion variable)—regression model

Model R R square Adjusted R square

1 0.387° 0.150 0.147

2 Predictors: (Constant), CO,_per_GDP

Extraction method: principal component analysis

and year-to-year CO,) but is the most methodologically
correct.

Furthermore, the indicators not contained in any
other component can be obviously found in the defined
three components of the model. The only, and at the
same time the most problematic indicator in this
model, is CO, per unit of GDP, which is in a high posi-
tive correlation with component 1 (0.657), but at the
same time is in a high negative correlation with compo-
nent 2 (— 0.343).

Given the performed analyses, the indicator CO, per
unit of GDP is clearly insufficient to explain the over-
all decarbonisation, and its use, in general, can be con-
sidered questionable in the process of monitoring the
decarbonisation success—it is insufficiently clearly
defined, it is contained in two components of the
model, and there is also a high degree of overlap with
other indicators.

Considering all CO,-related parameters, CO, emis-
sions proved to be the most useful by type of energy
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Table 8 Eigenvalues

(2022) 12:16
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Component Initial eigenvalues Extraction sums of squared loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 11.667 68.627 68.627 11.667 68.627 68.627
2 2237 13.161 81.788 2237 13.161 81.788
3 1.241 7.302 89.090 1.241 7.302 89.090
4 0.732 4.306 93.396
5 0.376 2210 95.606
6 0323 1.902 97.507
7 0.200 1.178 98.685
8 0127 0.749 99.434
9 0.039 0.229 99.663
10 0.021 0.123 99.785
Nl 0.014 0.080 99.865
12 0.011 0.062 99.928
13 0.008 0.048 99.975
14 0.002 0.014 99.989
15 0.001 0.007 99.996
16 0.001 0.004 100.000
17 100.000
Table 9 Pattern matrix with factor overlap (selected SE  product, as well as cumulative CO, emissions (which was
European countries) used as a criterion variable in previous models).
Component
Second research stage—comparison between EU
! 2 3 and non-EU countries
Flaring_ CO, 1024 Further analysis considers differences that may exist in
Cumulative_ CO, _emission 0.991 the values of indicators and possible model of decar-
Gas_CO, 0.988 bonisation in selected countries, so that EU and non-
Consumption_ CO, 0.985 EU countries are analysed separately. To this end,
Other_industry_ CO, 0973 pattern matrices have been developed, which show the
Coal_CO, 0.963 number of components and the overlap of individual
€O, _emission 0.962 indicators. The results of this part of the analysis for
Cement_CO, 0.927 the countries that joined the European Union (Estonia,
Share_of_CO, 0.896 Latvia, and Lithuania) are shown in Table 10.
QOil_Co, 0.791 Table 10 shows that a model with 4 components was
REC —0779 proposed for EU countries, which are not clearly differ-
CO, _per_GDP 0.657 0343 entiated from each other, as is the case when the sam-
GDP_per_capita 0924 ple of all European countries was observed (Table 9).
REO 0.884 The only four factors that are methodologically correct
CO, _per_capita — 079 are those related to the trend of change (GDP change
GDP_Change os4ag  and year-to-year CO, change), such as Cement CO,
Year_to_year_ CO, 0784  and other industries CO,. A significant degree of over-

Statisticaly significant results are marked with bold

Extraction method: principal component analysis

Rotation method: oblimin with Kaiser normalization®

2 Rotation converged in 4 iterations

lap was detected in the case: consumption based CO,,
coal CO,, CO, per capita and CO, per unit of GDP,
where the correlation is positive or negative (marked
with Bold numbers). All of the above calls into question
the methodological correctness of the model for assess-
ing the success of decarbonisation.
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Table 10 Pattern matrix with factor overlap (selected SE
European countries—EU countries)
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Table 11 Pattern matrix with factor overlap (selected SE
European countries—non-EU countries)

Component Component
1 2 3 4 1 2 3
GDP_per_capita — 0977 Flaring_CO, 0.987
Share_of_ CO, 0.968 Other_industry_CO, 0.958
REC — 0961 Cement_CO, 0.949
REO — 0874 GDP_per_capita 0.921
CO, _emission 0.796 Consumption_CO, 0.870
Cumulative_ CO, _emission 0.685 CO, _per_capita 0.865
Consumption_ CO, 0.660 0.479 Coal_CO, 0.830
Gas_CO, 0.961 Oil_CO, 0.817
Oil_Co, 0.921 CO2_emission 0.806
Flaring_ CO, 0833 Share_of_CO, 0.661 —0.510
Coal_CoO, 0485 —0.766 REO — 0.604
CO, _per_capita 0485 —0.731 REC 0.965
CO, _per_GDP 0.622 —0.704 CO, _per_GDP —0.930
GDP_Change 0.842 Cumulative_CO, _emission 0.815
Year_to_year_ CO, 0.831 Gas_CO, 0.605 —0.672
Cement_CO, 0.876 GDP_Change 0.978
Other_industry_ CO, 0.398 Year_to_year_CO, 0.961

Statisticaly significant results are marked with bold
Extraction method: principal component analysis
Rotation method: oblimin with Kaiser normalization®®
2 Rotation converged in 7 iterations

b Only cases for which Country_divided =EU are used in the analysis phase

In non-EU countries (Russian Federation, Moldova,
Armenia, Azerbaijan, Georgia and Ukraine), the model
has the least methodological objections than in EU
countries. The pattern matrix is shown in Table 11.

Table 11 shows that in this case, as well, there are
factors that are problematic—Share of CO, and Gas
CO, (marked woth Bold numbers). In these countries,
it is more correct to use CO, per unit of GDP to assess
the success of decarbonisation, as it is an indicator that is
clearly present in the second component, without over-
lapping with others, together with renewable energy con-
sumption and cumulative CO, emission.

Discussion, recommendations and future
sustainability concerns

As a final conclusion, after trying to optimise the model
with a tendency to group factors into CO,-related and
GDP-related, as well as those that relate to a trend of
change, it is clear that such measurement of decar-
bonisation is not possible, i.e., it is methodologically
incorrect. It is proposed to use either measures that
are based exclusively on CO, (such as CO, emissions
by different industries) or measures that have a deter-
minant of GDP, which is less useful in this model. The

Statisticaly significant results are marked with bold

Extraction method: principal component analysis

Rotation method: oblimin with Kaiser normalization®”

2 Rotation converged in 14 iterations

5 Only cases for which Country_divided =Non_EU are used in the analysis phase

indicator CO, per unit of GDP is a poor attempt to rec-
oncile these measures, as being obviously not clearly
defined and therefore certainly making a modest con-
tribution to the explanation of this model, i.e. not being
able to show the decarbonisation success. An additional
problem is that importance of certain indicators is dif-
ferent in different countries (EU or non-EU); therefore,
this should be kept in mind when creating a universal
model.

Monitoring based on a single model (to be imple-
mented by the EU) must be country-specific. Otherwise,
some countries will be at a disadvantage as monitoring
might show they are not successful enough in the decar-
bonisation process. On the other hand, a methodologi-
cally incorrect model may show that decarbonisation in
some countries is carried out extremely successfully. In
both cases, countries would not have the same treatment
and would bear the long-term consequences of their fail-
ure/success in the decarbonisation process, while deci-
sions on further decarbonisation activities (and spending
large funds) would be made on the wrong monitoring
results.

In addition to the above shortcomings, it should be
borne in mind that the existing ways of measuring the
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success of decarbonisation (as well as the ways of fight-
ing climate change in general) do not take into account
indicators that are of particular importance for stable and
sustainable development. Given the ambitious plans of
the European Union in the field of decarbonisation, the
issue of adequate monitoring is becoming increasingly
pressing.

The European Union has further intensified its commit-
ment to climate neutrality in its strategic Post-COVID-19
Recovery Plan [40]. This plan, which envisions the largest
budget adopted by the European Union in its history, sets
out priority areas for Europe’s development by 2050: cli-
mate change, digital transition, resilience, security, health
improvement and education. These areas are individu-
ally complex, but interrelated and mutually connected
by impacts that have to be studied, predicted and moni-
tored as well, with the aim of gaining a realistic picture
of trends that will cover the entire Europe by 2050, with
numerous (currently remaining unclearly defined) conse-
quences among which social, economic and security ones
stand out as particularly sensitive.

All activities on decarbonisation have (and will have
in the future) a great impact on the economic develop-
ment of Europe, the well-being of its citizens, relations
with neighbouring countries, as well as on global trends
as a whole. Therefore, decarbonisation should not be
appraised as a separate and one-way process (with activi-
ties that encourage the process), but has to be carefully
considered, and the indicators that are not currently
used have to be included in the monitoring process. The
research conducted for the purpose of this paper has
shown that there is no clear monitoring model, that the
indicators currently used are often ineffective (or result
in misleading information), and that only the status of
environmental parameters are considered, which is by
no means adequate. Using GDP in monitoring models
cannot be considered sufficient because the economic
implications completely exceed this (often disputed)
macroeconomic indicator. The social welfare and security
aspects are completely neglected, and are directly related
to decarbonisation process, with the expected long-term
effects.

The European Union endeavours to base its future
economy on the principle of circularity, with as little
resource consumption and as little waste as possible. In
addition, Europe is giving a strong impetus to electrifi-
cation, with the aim of decreasing the use of fossil fuels.
The foregoing is possible by producing energy from cer-
tain renewable sources, but it covers only a small part
of energy needs. Moreover, renewable energy produc-
tion has proven to be an expensive investment for a large
number of countries, therefore numerous assessments
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and reviews are being conducted of the sustainability of
renewable energy production in all aspects.

For that reason, a need for further imports of natural
gas (as an environmentally friendly energy source), pri-
marily from the Russian Federation, became an impera-
tive of decarbonisation and electrification. In this respect,
after the commissioning of Nord Stream 1 (2011), the
European Union predicted that the need for natural
gas will increase. Thus, the works on Nord Stream 2,
intended to supply Germany, but also other countries
of the European Union, began in 2017 and were com-
pleted in 2021. Activities on the implementation of Nord
Stream 2 have caused much turmoil on the international
political scene, with the emergence of security problems
and military activities in the countries of the European
Union that border the Russian Federation. In this way,
decarbonisation and energy consumption are becoming a
very important security issue, with the potential to create
crisis situations of different types and coverage.

The general opinion that decarbonisation has a posi-
tive impact on the environment and the general ben-
efit of society can be true in the long run. However, the
total costs of energy transition and their impact on the
economy of each country must be considered in order to
achieve this long-term goal. It is essential to make agree-
ments on fair distribution of burdens, both at the inter-
national level, between rich and poor countries, and
between EU and non-EU countries, because they do not
have access to EU funds to support energy transition.
The cost of transition is also affected by the speed of its
implementation. Slowing down the energy transition can
reduce losses in terms of premature capital obsolescence,
facilitate the transfer of resources from consumption to
investment, and allow technological advances to reach
better and more efficient solutions. This would provide
time to reach some more just solutions on the redistribu-
tion of income and wealth (regardless of the energy tran-
sition) given a growing trend of social inequality, which is
not primarily caused by energy transition. In conditions
of growing inequality, energy transition further fuels dif-
ferences and becomes politically unsustainable given
damaged credibility of international institutions and a
lack of interest in a globally coordinated approach, which
is essential for the success of global activities.

However, at the same time there is a so-called carbon
spill over, because EU countries are entitled to free allow-
ance to prevent pollution from heavy industry, under
the pretext of trying to stop its relocation outside of
Europe. Moreover, Members of the European Parliament
voted in March 2021 that free allowance should remain
in use even when the planned cross-border adjustment
mechanism is in place. Therefore, it is obvious that the
interests of the EU member states are protected in this
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way. European non-EU countries may be the target of
criticism for poor results in decarbonisation, where the
methodological correctness of monitoring is not being
questioned by the European Commission.

In line with the ambitious goal of EU countries to
reduce CO, emissions by 2030 by 50-55% compared
to 1990, the Carbon Border Adjustment Mechanism
(CBAM) was adopted in July 2021, which implies a tax
on imports of certain products from third countries that
do not have the same ambitions in terms of decarboni-
sation. The rationale for introducing this mechanism is
that decarbonisation cannot be achieved to that extent
if EU production moves to third countries, which have
more lenient emission regulations. The idea is to sup-
port the decarbonisation process through the taxation
of imports of products, in the production of which sig-
nificant amounts of CO, are emitted, and to use the gen-
erated income to support the goals from the European
Green Deal. However, the question arises as to whether
this mechanism is an example of a protectionist measure,
which could be strengthened by problematic monitoring.

The proposed CBAM mechanism implies the introduc-
tion of taxes on the import of all products and raw mate-
rials covered by the EU Emissions Trading System (EU
ETS) and taxes to be imposed by 2023 on the electricity
sector and industry that consumes a lot of energy (manu-
facture of cement, steel, aluminium, paper, glass, chemi-
cals and fertilizers).

Defining an adequate structure of the economy and
attracting investments is the basis of a long-term devel-
opment strategy, which includes synchronised structural
reforms not only in the industrial, energy and environ-
mental sectors, but also in other sectors, which should
contribute to creating resources and infrastructure for a
decades-long turnaround. For small open economies of
European non-EU countries, this measure and similar
ones imply prioritising the development of innovation-
based economy, but also creating a flexible and diplo-
matic approach, in order to adapt the transition process
to regional specifics. Proper monitoring is of great
importance for all of the above mentioned.

Energy transition will certainly affect the labour mar-
ket, not only in terms of job losses in the energy sector
but also in energy-intensive industries, which will require
special support and retraining programmes. In fact, there
are about 18 million employees in the energy industry
worldwide, and it is estimated that there will be 26 mil-
lion by 2050, but on the other hand, it has been argued
that decarbonisation is a jobs killer. About 12.6 million
people are employed in the energy sector worldwide, 4.6
million in the renewable energy industry and 0.8 mil-
lion in the nuclear sector. Decarbonisation will actually
enable [41] that of total energy jobs in 2050, 84% would
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be in the renewables sector, 11% in fossil fuels, and 5% in
nuclear. Therefore, by 2050, the UK Government’s goal is
80% decarbonisation, while at the same time improving
productivity, as well as creating new employment oppor-
tunities [42]. In the EU, between 2020 and 2050, almost
half of the decline will be in low-skilled jobs, a 25% drop
in middle-skilled jobs and a 50% increase in high-skilled
jobs. It is projected that for every additional million euros
worth of batteries produced in the Union, 3 full-time
equivalent jobs will be created, and also around 140,000
new jobs in the renewable energy sector will be made by
decarbonisation effects by 2050 [43].

The EU will undoubtedly facilitate the transition of its
member states through the JTC and other mechanisms
and funds (e.g., European Regional Development Fund
and European Social Fund Plus), but third countries can
neither count on the same funds nor have a technologi-
cally competitive industry. Additional taxation will nega-
tively affect price competitiveness and create pressure to
invest in advanced technologies, but without systemic
support mechanisms, private capital seeks channels and a
more stimulating business environment, with a widening
gap between rich and poor.

The countries of Eastern Europe (former members of
the USSR) are in a special position on several grounds.
They can provide decarbonisation and intensive elec-
trification primarily by increased gas imports from the
Russian Federation, with minimal opportunities for
diversification from other sources. On the other hand,
the countries of Eastern Europe, which are at the same
time members of the European Union, are additionally at
risk due to their membership in the NATO alliance.

Given the aforementioned observations, further mon-
itoring of the success of decarbonisation (as well as the
models thereof) should take into account the selected
social and security parameters, while expecting to
develop models to enable quantification of indicators that
are currently not quantified or expressed in unit of value,
in standard manner.

Conclusions

The main goal of this paper is to assess the methodo-
logical correctness of certain combinations of indicators
for monitoring the decarbonisation success in the EU
countries, used around the world. The aim of this paper
is selected taking into account that the carbon emission
reduction is considered one of the most important ele-
ments of global climate policy, with the European Union
committed to achieving climate neutrality, i.e. net-zero
carbon emission by 2050. Such an ambitious goal, stra-
tegically defined in European Green Deal (2018), legally
regulated in European Climate Law (2021) and opera-
tionalised in European Recovery Plan (2021), requires the
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adequate methods of planning and monitoring the suc-
cess of implementation, which has not been specified so
far. Decarbonisation is a special challenge in other Euro-
pean countries and in the Russian Federation (energy-
intensive technologies in use, low energy efficiency,
moderate investments in renewable energy sources and
high carbon emissions), where monitoring the success of
energy transition is of great importance.

Carbon-related monitoring is largely performed (by
monitoring certain indicators), but adequate monitor-
ing that will support the implementation of the plan on
European climate neutrality by 2050 is difficult and prob-
lematic on several grounds. First of all, the monitoring
system is not clearly defined, despite the fact that the
reduction of carbon emissions is widely monitored, and
that an ambitious budget is provided for the implementa-
tion of climate neutrality. There is only a specified plan to
develop a monitoring system, but without any details in
that direction. This imposes the continued use of existing
indicators that indicate the status of decarbonisation, but
their use and conclusions drawn on this basis are ques-
tionable. In fact, the number of indicators is large, many
of them are methodologically vaguely defined, their cor-
relations have not been sufficiently examined, and the
data collection system is problematic—which calls into
question their reliability.

The analysis conducted in this paper indicates the basic
methodological characteristics of the existing approach
to measuring the decarbonisation success. A clear
approach is not defined by the competent bodies of the
European Union, so the indicators used by Eurostat and
the International Energy Agency, which clearly refer to
CO,, are used for the analysis.

Methodological correctness was checked by using ade-
quate statistical methods, and the basic analysis result
indicates important problems in monitoring. First of all,
monitoring should be based on the use of a significantly
smaller number of indicators than is currently the case.
The analysis showed that monitoring using only three or
four indicators (out of 17 included in the analysis) would
be very successful, with differences between EU and non-
EU countries. The indicator consumption-based CO,
emission and share in global CO, stands out as the most
useful in EU countries. On the other hand, in non-EU
countries, CO, per unit of GDP, consumption-based CO,,
and renewable energy consumption proved to be the most
efficient indicators. The analysis showed that the indicator
CO, per unit of GDP should not be used in the EU coun-
tries. Moreover, monitoring the share of energy consump-
tion in EU countries does not significantly contribute to
the success of monitoring, and its use for this purpose
should be considered. The indicator year-to-year CO,
emission change proved to be reliable for both groups of
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countries, so its use is recommended, but best as a stand-
alone indicator. For non-EU countries, it is recommended
to group the indicators into three groups: indicators that
show CO, sources, indicators based on GDP and indica-
tors of change. Joint observation of all three groups of
indicators is by no means recommended, as the analysis
showed a high degree of unreliability in such case.

Given the research results, as well as the existing issues
in defining the decarbonisation monitoring, further stud-
ies should be focused on creating a country-specific
model of decarbonisation. Consequently, the issues that
inevitably arise from incorrect monitoring results will be
avoided: poor decision-making, poor long-term plans,
unreliable investments, but also legal consequences
that may result from the fact that a country shows poor
results in terms of decarbonisation. In this way, a more
efficient realisation of the common goal of decarbonisa-
tion will be supported, while contributing to the reduc-
tion of evident disagreements among EU countries (and
neighbouring countries), when it comes to energy and
climate policies.

Certainly, further research must include the social, eco-
nomic and security aspects of decarbonisation. Namely,
the transition to environmentally friendly energy sources
(especially electrification and use of natural gas—cur-
rently primarily from the Russian Federation) in the
region of Eastern Europe leads to significant changes in
all spheres of society, which can have significant implica-
tions for the development of each country in this region
and Europe as a whole.
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