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Abstract 

Background: Sustainable energy transition of a country is complex and long-term process, which requires decision-
making in all stages and at all levels, including a large number of different factors, with different causality. The main 
objective of this paper is the development of a probabilistic model for decision-making in sustainable energy transi-
tion in developing countries of SE Europe. The model will be developed according to the specificities of the countries 
for which it is intended—SE Europe. These are countries where energy transition is slower and more difficult due to 
many factors: high degree of uncertainty, low transparency, corruption, investment problems, insufficiently reliable 
data, lower level of economic development, high level of corruption and untrained human resources. All these factors 
are making decision-making more challenging and demanding.

Methods: Research was done by using content analysis, artificial intelligence methods, software development 
method and testing. The model was developed by using MSBNx—Microsoft Research’s Bayesian Network Authoring and 
Evaluation Tool.

Results: Due to the large number of insufficiently clear, but interdependent factors, the model is developed on the 
principle of probabilistic (Bayesian) networks of factors of interest. The paper presents the first model for supporting 
decision-making in the field of energy sustainability for the region of Southeastern Europe, which is based on the 
application of Bayesian Networks.

Conclusion: Testing of the developed model showed certain characteristics, discussed in paper. The application of 
developed model will make it possible to predict the short-term and long-term consequences that may occur during 
energy transition by varying these factors. Recommendations are given for further development of the model, based 
on Bayesian networks.
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Background
Sustainable energy transition (SET) is a complex process 
of multidimensional character [1], at several government 
levels [2] and with a large number of goals, the most 
important of which are: reducing energy consumption, 
increasing energy efficiency, reducing energy production 

from fossil fuels, increasing energy production from 
renewable sources, reducing emissions of gases that pol-
lute the planet and cause climate change, reducing energy 
poverty and reducing energy intensity of the economy 
[3]. The realization of the stated goals is accepted on a 
global level, but it is implemented with varying success 
and faces varying challenges [4]. The best results in terms 
of energy transition are achieved by the European Union, 
which in early nineties of the twentieth century defined 
the first precise directions of energy transition, and 
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afterwards continued to adopt numerous strategies and 
action plans with defined way of funding and complex 
institutional framework [5].

The decision-making process in energy policy in the 
European Union is, in general, clearly defined and the 
realization thereof is ongoing, with evident differences 
in views of policies and pathways among member states 
[6]. The European Union is recording positive results in 
terms of sustainable energy transition. In addition, the 
newest Net zero by 2050 plan (which provides for ambi-
tious targets and the budget) indicates that the European 
Union remains on track, regardless of the difficulties it 
faces primarily in relation to disagreements between a 
certain number of countries about set goals and the ways 
to achieve them, whereby many of the disagreements 
fall within the domain of foreign policy and geopolitical 
change [7].

The ability of sustainable energy transition in devel-
oping countries of SE Europe (hereinafter DC of SEE) 
depends on many different factors that are varying from 
one country to another [8]. Moreover, there is a causal 
dependence between these factors, sometimes positive, 
sometimes negative, from year to year, from one coun-
try to another. It implies high level of uncertainty and 
determines the way of transition model development [9]. 
There are numerous uncertainties that make the deci-
sion-making in the field of sustainable energy transition 
in SE Europe significantly more difficult, and they can be 
conditionally divided into three basic groups.

Energy mix obstacles are characterized by the inher-
ited way of a decades-long energy supply in the countries 
of the region: high dependence on oil and natural gas 
imports, with natural gas being imported from the Rus-
sian Federation as the sole supplier [10]. Furthermore, 
the largest amount of electricity is produced from ther-
mal and large hydro power plants built decades ago, with 
outdated technology well-maintained and stable but not 
environmentally acceptable, and with relatively large net-
work losses [11]. The Western Balkan countries have a 
particularly difficult energy transition because most elec-
tricity and heat energy is generated through coal exploi-
tation, the elimination of which is a complex economic 
and political issue. Therefore, the transformation of the 
electricity sector can be considered the most important 
priority [12]. In addition, the production of energy from 
renewable sources is at a low level [13].

Obstacles of economic and political nature are reflected 
in the fact that the countries of SE Europe are at a lower 
level of economic development, which is not taken into 
account when determining the degree of energy transi-
tion, thus causing tensions, inconsistencies, and slowing 
the transition process down. This is also the case with 
other countries of the European Union [14]. Specifically, 

a number of countries in the region (primarily the West-
ern Balkan countries which are not members of the 
European Union) have primarily different development 
priorities, whereby the investment in sustainable energy 
transition activities is not high on the list of priorities, 
nor is it realistically possible in the absence of domes-
tic or foreign investment capital. Some countries in the 
region are characterized by poor government efficiency, 
high level of corruption [15], low level (or even lack of 
transparency and public participation) on the occasion 
of decision-making in the energy sector, and low level 
of rule of law in general. Decision-making is particu-
larly sensitive when it comes to countries that require an 
increased level of trust between all actors, clear and non-
transparent decision-making and decision-making that 
are of interest for political purposes [16]. Resolving exist-
ing disputes and strengthening regional cooperation is 
one of the basic preconditions for the development of the 
region in every sense, especially in the field of sustainable 
energy future [17], which is recognized as an important 
prerequisite for successful implementation of the EU 
Green Deal [18].

Obstacles of a methodological nature primarily refer 
to problems in monitoring, both the monitoring defined 
by the European Union and the general one. First of all, 
the European Union changes/innovates strategies rela-
tively often and has a complicated system of policies it 
adopts; competencies are often unclear—the SET imple-
mentation system is complicated in an institutional 
sense as well [20]. The number of indicators monitored 
is too large, which results in misleading or even errone-
ous results that are particularly problematic for making 
long-term decisions, such as the ones in the field of sus-
tainable energy transition [21, 22]. In the Western Balkan 
countries there is neither clear nor transparent monitor-
ing system, and the existing one provides limited insight, 
with obsolete data being more than five years old. Indi-
cator values are unreliable, the indicators are static (they 
measure data for one year at a time), and SET is a very 
dynamic process. The influence of individual indicators 
on SET in general is unclear, as well as is the mutual influ-
ence of indicators by type and direction, i.e., it is unclear 
how strong the influence is, and whether it is positive, 
negative, or even variable [23]. The type and number of 
indicators to be used for decision-making is not clearly 
defined, nor is there a consensus on it [24, 25]. The indi-
cators are often contained in each other, thus causing 
an overlap which immediately creates a methodologi-
cal problem and leads to erroneous results [21]. There 
is a domino effect with changes in indicators, which has 
been insufficiently examined—all research results in this 
direction indicate that there are no rules. A special (and 
so far, unsolvable) problem is the necessity of using GDP 
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and GDP-based indicators. GDP itself has been subject to 
numerous criticisms, but there is currently no adequate 
replacement for it.

Due to the above-mentioned complex specificities and 
a high degree of uncertainty, it would be necessary for 
decision-makers in all countries (including the countries 
of SE Europe) to use mathematical and contemporary 
IT tools, probability theory and other tools that could 
make a great contribution to the preliminary analysis of 
possible events, and thus help make more adequate deci-
sions—which is generally not the case. The introduction 
of modern tools to support decision-making in the SET 
sector is at an early stage in the countries of the observed 
region, but does not even exist in the countries that are 
not members of the European Union [26].

It should certainly be borne in mind that some coun-
tries of SE Europe have not achieved the goals set in 
the strategic documents, the implementation of which 
should have already been completed. Namely, according 
to A European strategy for smart, sustainable and inclu-
sive growth, EU mandated the concrete tasks (targets) 
related to SET: to reduce greenhouse gas emissions by at 
least 20% compared to 1990 levels or by 30% if the con-
ditions are right, increase the share of renewable energy 
in final energy consumption to 20%, and achieve a 20% 
increase in energy efficiency (20–20–20 target).

Given that the main goal of this paper is of a methodo-
logical nature (assessment of the acceptability of Bayesian 
networks in the process of decision-making about sus-
tainable energy transition in a region characterized by a 
high degree of uncertainty), the above-mentioned docu-
ment can be considered valid for research purposes.

Methods
Bayesian networks (BNs) represent artificial intelligence 
technology based on Bayesian probability theory. BNs 
enable modeling of systems with numerous variables 
that can be interdependent and whose values can have 
a high degree of uncertainty [27, 28]. BNs represent a 
directed acyclic graph with nodes reflecting mutually 
interdependent variables of interest, circumscribed by 
arcs between these nodes. The quantitative measure of 
interdependence is expressed by the arrangement of con-
ditional probabilities. It should be emphasized that there 
are not many studies on the use of BNs on sustainabil-
ity issues, although they may be considered acceptable, 
especially in countries with a higher degree of uncer-
tainty [30]. As a special advantage of the use of BNs can 
be mentioned: consideration of many stressors and end-
points, the possibility of conducting scenario analysis and 
projections [30–32].

There are various software solutions for BN-based 
system design. The model presented in the paper was 

developed using MSBNx—Microsoft Research’s Bayes-
ian Network Authoring and Evaluation Tool, in order 
to enable a successful transition to a sustainable energy 
sector.

The development of the research model was com-
pleted in four stages. First, certain variables (SET indi-
cators) of interest were determined, and the long-term 
data for the observed countries were thereupon col-
lected. In the next stage, through the analysis of the col-
lected data the behavior of indicators was examined for 
each observed country in a 10-year period. In the third 
stage, the obtained results were used, based on which 
the interdependencies of variables were determined 
and therefrom a model based on Bayesian networks 
was defined. In the last stage, the values of probabilis-
tic relations were added to the model as soon as it was 
made ready for evaluation and use.

The research of the model on which the decision-
making in sustainable energy transition in SE Europe is 
conceived, was conducted in a sample of 12 countries, 
of which 7 are EU Member States (Bulgaria, Greece, 
Croatia, Hungary, Austria, Romania and Slovenia), and 
5 are potential candidates for EU accession (Monte-
negro, North Macedonia, Albania, Serbia, Bosnia and 
Herzegovina).

It should be emphasized that Austria is a country 
that does not belong to the SE Europe region, but it is a 
neighboring country, so the data for Austria were used 
in order to get a more realistic picture of the situation 
and to make a comparison with other countries in the 
sample.

The data covering the period from 2009 to 2019 were 
used for processing, and the research included 12 indica-
tors [33]:

 1. Share of total energy production from renewable 
energy sources (RES) (%)

 2. Electricity price (eurocent)
 3. Share of fossil fuel (%)
 4. GDP per capita (US $ per capita)
 5. Energy intensity (BTU per US $)
 6. Energy dependency (%)
 7. Final energy consumption (million tons of oil 

equivalent (TOE), index 2005 = 100 and TOE per 
capita)

 8. Total energy supply (million tons of oil equivalent 
(Mtoe))

 9. Political stability (index)
 10. Government efficiency (index)
 11. Rule of law (index)
 12. Control of corruption (index).
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Data for indicators 1 to 8 were obtained from the offi-
cial Eurostat database, while governance indicators (data 
for indicators 9 to 12) were obtained from the results of 
The Worldwide Governance Indicators (WGI) project 
reports, funded by the World Bank with the aim of estab-
lishing a constantly updated database of aggregate and 
individual governance indicators for over 200 countries 
and territories [34].

Indicators such as total energy production and total 
energy import were initially included in order to main-
tain the principle of parsimony and were replaced by 
the aggregate parameter total energy supply. For a num-
ber of indicators data were only available until 2016, so 
they were excluded from further consideration (e.g., CO2 
emission per capita, CO2 intensity—MJ or T per GDP). 
Thus, from the initial set of 21 indicators, 12 indicators 
listed above were included in the research.

In accordance with the tasks defined by the EU for 
SET (see Introduction), energy intensity and share of total 
energy production from RES (Fig. 1) were taken as target 
(observed) indicators. Target indicators were consid-
ered in the model as dependent variables, affected by the 
remaining 10 indicators (hereinafter referred to as impact 
indicators). The number of indicators that can be used is 
large, and the choice of indicators for a particular pur-
pose is often questionable. Based on the results of several 
surveys conducted for the region of SE Europe and/or the 
Balkans, the indicators included are in line with the spe-
cificities of countries in the sample [35]. It is defined that 
6 indicators have a positive impact (green) and 4 indica-
tors have a negative impact (red) on the target indicators.

Results
Due to the large number of insufficiently clear, but highly 
interdependent factors, the model will be developed on 
the principle of probabilistic (Bayesian) networks of fac-
tors of interest. The application of this model will make it 
possible to predict the short-term and long-term conse-
quences that may occur during energy transition by vary-
ing these factors.

The initial model presented above (Fig. 1) can be trans-
lated without transformations into a probabilistic model 
based on Bayesian networks. In order for the hypothesis 
on mutual influence of the presented indicators to be 
proven, the initial model of Bayesian network (Fig.  2), 
which includes all indicators, was developed. The model 
allows to consider and assess the necessary changes to be 
implemented in different segments of social organization 
and energy activities, in order to enable a successful tran-
sition to a sustainable energy sector.

Indicators are represented by informative and hypo-
thetical nodes. Informative nodes can be of neutral (gray), 
positive (green), or negative (red) character in relation to 
hypothetical ones. Hypothetical nodes (blue) are the tar-
get nodes—they contain the results of reasoning.

The complexity in terms of the implementation of such 
a model rests with a large number of indicators and their 
conditions. If there are n indicators, and if the ith indica-
tor is described by mi conditions, then the total number 
of combinations for evaluating each of the hypotheses 
is the multiple of the number of hypotheses Nh and the 
product of the number of conditions in each indicator 
(Eq. 1):

Fig. 1 Indicators of energy transition model—the initial model
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In the simplest case, if each indicator were described 
with only 2 conditions, for n indicators it would be 
necessary to determine  2n of the resulting values for 
the evaluation of one hypothesis (dependent variable 
value). In this particular case, the required value is 2 * 
 210, i.e., the conditions should be defined for 2048 com-
binations of values of independent variables.

In order to reduce this complexity, the common prop-
erties of the indicators were singled out in the second 
step. Data from the spatial–temporal analysis indicate 
that there are correlations between impact indicators. 
This phenomenon is manifested differently for differ-
ent countries. The correlations with an absolute value 
of the correlation factor greater than 0.85, are taken as 
correlations of significance. Owing to a large (10-year) 
sample, for all correlations p—the value is less than 
0.005, which confirms the statistical significance of the 
results. By observing the SEE countries that are mem-
bers of the EU (Fig. 3), it can be concluded that there is 
a pronounced positive correlation between the follow-
ing indicators:

(1)NA = Nh

n∏

i=1

mi.

1. Final energy consumption and total energy supply (5 
out of 7 countries).

2. Energy intensity and share of fossil fuel (3 out of 7 
countries).

3. Total energy supply and share of fossil fuel (3 out of 7 
countries).

And a pronounced negative correlation between the 
following indicators:

1. Share of fossil fuel and share of RES (4 out of 7 coun-
tries).

2. Energy intensity and GDP per capita (5 out of 7 coun-
tries).

The SEE countries that are not members of the EU 
reported weaker correlations between the observed 
indicators (Fig.  4). As with the SEE countries that are 
members of the EU, there is a strong positive correlation 
between final energy consumption and total energy sup-
ply indicators (3 out of 5 countries). In addition to this 
correlation, there are also positive ones between GDP 
per capita and electricity price (2 out of 5 countries), and 
final energy consumption and GDP per capita (2 out of 5 
countries). A negative correlation that may be relevant 

Fig. 2 Bayesian network initial model for SET indicators
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exists between GDP per capita and control of corruption 
indicators (2 out of 5 countries).

When both groups of countries are observed together 
(Fig. 5), the following positive correlations become more 
evident:

1. Final energy consumption and total energy supply.

2. GDP per capita and electricity price.
3. Final energy consumption and GDP per capita.

And negative correlations:

1. Total energy supply and share of RES.
2. Energy intensity and GDP per capita.

Fig. 3 Correlation of indicators among EU SEE countries

Fig. 4 Correlation of indicators among non-EU SEE countries
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The detected correlations of indicators were subse-
quently used to upgrade the initial model shown in Fig. 2. 
They formed new probabilistic relations in the Bayesian 
network, which increased the reliability of the network 
as a platform for the support to decision-making about 
achievement of transition goals of the observed countries 
in the energy sector.

The way in which the initial model was expanded is 
explained on the example of a negative correlation 
between total energy supply and share of RES indi-
cators. Regardless of the fact that, globally, annual 
changes in SRES reported the same trend as changes 
in TES, this is not the case for SEE (Fig. 6). The analy-
sis of the data shows a slight decline in TES during the 

Fig. 5 Correlation of indicators among all observed countries

Fig. 6 Negative correlation between TES and SRES indicators
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period from 2010 to 2014. On the other hand, SRES 
reported growth in the same period, but afterwards 
(in the period 2014–2017) the situation completely 
changed: TES began to grow, while SRES stagnated 
and even declined. Changes in these indicators in the 
observed period can be explained as representing the 
consequences of the last economic crisis and the way 
out of the crisis.

To enable the presentation of the specific influence of 
TES indicator on SRES indicator, in addition to inform-
ative node for SRES indicator (ShareOfEPFromRES) 2 
more nodes were added to the Bayesian network model 
(Fig.  7): a node to describe the current TES change 
trends (TES_trends), and a target node that is depend-
ent on the previous two nodes and that represents the 
result of reasoning (SRES_Concluded). This was fol-
lowed by the distribution of probabilities by target node 
values (Growing and Declining), for the different values 
defined for ShareOfEPFromRES and TES_trends nodes.

Distribution was done in three steps. First, the group-
ing of time series of TES indicators for individual coun-
tries was performed, and a linear regression analysis 
was subsequently applied to them in order to deter-
mine TES trends: the trend for each country separately, 
the group trend for EU member states, the group trend 
for non-EU countries and the common trend for all 
12 countries. In the third step, based on the obtained 
trends and consultations with SMEs, conditional prob-
abilities were distributed for the observed parameter 
(SRES_Concluded). According to the same procedure, 
conditional probabilities were also distributed for other 
indicators with statistically significant correlations.

The final model is shown in the following figure (Fig. 8). 
For all established correlations, instant nodes (yellow 
nodes with _Trends suffix) and target (hypothetical) 
nodes (blue nodes with _Concluded suffix) were added 
in a causal relationship as explained in the previous two 
paragraphs. Instant nodes have been used multiple times, 
given that the two indicators (TES and GDPPC) partici-
pate in all the isolated correlations of significance.

In addition to the presented way of developing and 
designing a model for SET assessment in SEE, based on 
Bayesian networks, an important result of this paper is 
usability of the designed model in relation to a specific 
domain of application. The presented model is scalable—
new indicators can be added, existing indicators can be 
redesigned, new dependencies can be added. In addition, 
it can be used partially, and parts of the model can be 
experimented with. Apart from the association presented 
(EU member states), other associations can be defined 
on other grounds as well (e.g., neighboring countries, 
regional initiatives, etc.).

The following experiment illustrates how to use the 
model (Figs. 9, 10). If an individual country is analyzed, 
a discrete mode of operation is selected for the informa-
tive node Country, and a specific country is selected for 
analysis. All causally connected nodes change condi-
tional probabilities based on that selection (presented 
in the assessment tables below the nodes in Fig.  9a). In 
the experiment, the trend of the TES indicator was var-
ied in order to consider its influence on the behavior of 
the target indicator SRES. First, the TES was changed to a 
value decline (TES_Trends), which results in a conclusion 
that there is a decrease in the share of energy produc-
tion from renewable sources (PSRES_Declining = 0.614668 at 
node SRES_Concluded) for the selected country (Fig. 9b). 
In addition, this change also leads to a decrease in total 
energy consumption (PTEC_Declining = 0.694117 at node 
TEC_Concluded).

If the TES trend of change was incline instead of decline 
(Fig.  10), the share of energy production from renew-
able sources (PSRES_Inclining = 0.421248 at node SRES_Con-
cluded) would increase, and an increase in total energy 
consumption would be reduced (PTEC_Declining = 0.56013 
at node TEC_Concluded).

The second example (Fig.  11) shows the variation in 
trend of GDP per capita indicator (GDPPC_trends node) 
in order to realize its influence on the behavior of several 
target indicators simultaneously (electricity price, energy 
intensity, control of corruption, total energy consump-
tion). Figure 11a shows the current (initial) state of these 
indicators. In the case of a slight increase in GDPPC 
(GDPPC_trends = incline), the conclusion offered by 
the model (Fig. 11b) indicates probable increase in elec-
tricity prices and total energy consumption, as well Fig. 7 Design of influence of TES on SRES (part of the model)
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as better control of corruption, but at the same time 
reduced increase in Energy intensity indicator.

Discussion
Based on the results of the research, the implications 
of the findings of this study can be defined in several 
directions:

Contribution to the opus of scientific papers in the 
field of sustainable energy future in the region of 
Southeast Europe
namely, most countries in this region have histori-
cally been under the influence of the Eastern Bloc in all 
aspects, including energy development (legislation, infra-
structure, supply, social policy, pricing policy, lack of lib-
eral market, inefficient energy use, etc.). The transition 
to a sustainable energy future, which implies changes 
in these (and many other aspects) is a complex process 
that, regardless of its importance for these countries and 
Europe as a whole, is slow and faces many obstacles. Sci-
entific publications on the above are rare, mostly of a 

theoretical nature, so this research can be used as a start-
ing point for future research on similar topics.

Impact on the revision of the existing decision-making 
process in observed countries which are often based on 
non-market principles, the current political situation and 
with short-term impact. The decision-making process is 
often non-transparent. The realization of this research 
enables public insight into the decision-making process 
that is of special importance for each individual, the 
economy, the environment, social status and quality of 
life as a whole.

Improving the decision-making process by applying 
advanced decision support tools because it must be 
stated that, despite the existence of numerous ways to 
perform complexes analyzes before making a decision, 
with main goal to minimize the risk—their application 
is symbolic in observed region. There are high-quality 
but outdated traditional decision-making tools and 
techniques developed for the process of business pro-
cess management (SWOT analysis, decision matrix, 
Pareto analysis, cause and effect or Ishikawa diagram, 

Fig. 8 Final BN model for SET in SEE
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Fig. 9 Example of usage of BN model for SET in use—TES declining

Fig. 10 BN model for SET in use—TES inclining
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break-even analysis, ratio analysis and similar). These 
techniques have their application primarily in business, 
but for decision-making in terms of strategic plan-
ning and complex processes such as the transition to 
a sustainable energy future, these methods must by no 
means be the only and/or predominant.

Implications for policy-makers They lie in the fact that 
decision-makers are often insufficiently acquainted with 
all the specifics they need to make a particular decision. 
This is understandable and expected because energy 
policy faces a number of challenges even in stable coun-
tries, with a stronger institutional capacity and developed 
and regularly updated databases. When it comes to the 
sample countries, in most cases, energy policy is much 
more complex, vulnerable and subjected to a number of 
internal and external factors. Big data analysis in a mod-
ern environment imposes the use of methods that can 
describe the cause–effect relationship and capture uncer-
tainty: neural network, Bayesian network, decision tree, 
Petri nets and similar. This research enables the insight 
into the complexity of decision-making in energy policy, 
but it also clearly indicates the importance and possibility 
of reducing, simplifying and presenting the complexity in 

a form that is understandable for decision-makers who 
are often not educated in information technology.

Methodological implications Primarily refer to the 
analysis of the methodology used in this research. It can 
be concluded that joint observation of all countries is 
useful, but that a benchmark must be set, i.e., a country 
with which comparison is possible (in this case Austria, 
as a country with limited energy resources, but with an 
enviable level of sustainable energy development). The 
selection of the benchmark country is certainly based on 
subjective assessment, but comparisons with countries 
with a very small number of similar starting points in the 
area under observation should be avoided. In this case, as 
a key characteristic that determined Austria as a bench-
mark country, its high dependence on energy imports 
was chosen, which also characterizes other countries in 
the sample. In addition, Austria is a country on the edge 
of the geographical region observed.

Further, research implies importance of selection of 
the input data used (or to be used) for decision-mak-
ing. Namely, there is no and is not expected to be a 
precisely defined list of indicators that should be used 
for decision-making in the transition toward energy 

Fig. 11 BN model for SET in use—consequences of GDP per capita change
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sustainability. The results obtained in this paper could 
have implications for further research of a similar type, 
with the aim of defining the optimal set of indica-
tors for observed countries. In addition, the research 
implies that certain indicators should be used only for 
a certain country (or group of countries). This study 
also implies that use of only one set of indicators for 
decision-making can be considered useless, inefficient, 
misleading and with numerous consequences in many 
governance efficiency implications that arise as a result 
of this research also indicate the need to introduce and 
assess the behavior of governance-related indicators 
(political stability, government efficiency, rule of law 
and control of corruption), which is difficult to find in 
the academic literature in this context. On the other 
hand, these indicators greatly complicate and delay the 
adoption of certain decisions. In a significant number 
of cases, decisions made are not in line with a sustain-
able energy future.

Limitations are an indispensable part that comes as 
a result of conducting certain research. The imple-
mentation of research on the application of Bayesian 
networks in the decision-making process in countries 
facing certain political, economic, environmental, 
social and other uncertainties, showed the presented 
results, but it is important to point out the limitations 
observed during the research itself.

First of all, there are limitations in terms of selection 
and number of indicators, as well as insufficient reli-
ability and availability of input data. Limitations can 
also be found in insufficiently clearly defined relations 
that exist between the indicators used; about which 
there are conflicting views in academia and among 
policy-makers. Further research should be based on 
the definition of the relationship among individual (or 
group) of factors in observed countries, in order to 
achieve the smallest possible margin of error.

Limitation of Bayesian networks itself refer to the 
fact that it describes the situation only on the basis 
of two criteria (“good” or “bad”). Certainly, the possi-
bility of introducing more criteria for describing the 
condition (for example “medium” or “critical”) should 
be considered, for which this research can serve as a 
starting point.

Finally, the important limitations are arising from 
the application of the GDP per capita indicator, as a 
traditional basic indicator quantifying the level of eco-
nomic development of a certain country. There are 
numerous criticisms of this indicator, but so far, a new 
indicator that would serve as an adequate replacement 
has not been developed.

Conclusions
The main goal of the paper is to develop a model to sup-
port decision-making in the field of sustainable energy 
transition under conditions of high uncertainty. The 
model was tested on a sample of 12 countries of SE 
Europe (whereby Austria is not part of the region, but the 
data thereof were used for comparison), for the period 
from 2009 to 2019.

The model was developed by applying Bayesian net-
works because they allow decision-making under condi-
tions of high uncertainty, whereby using a large number 
of indicators that interact with each other, but also with 
the end result, which in this case is defined by two basic 
goals of sustainable energy transition of the observed 
region: share of total energy production from renewable 
energy sources and energy intensity.

The model was developed in five stages: identifica-
tion of variables of significance (SET indicators); collec-
tion and processing of long-term data for the observed 
countries; consideration of indicator behavior for each 
observed country; identification of interdependence of 
variables; defining of a model based on Bayesian net-
works and determining probabilistic relations.

The model enables to apply the trends, i.e., the dynam-
ics of indicator behavior in the reasoning process, in 
addition to the existing knowledge (based on the entered 
data). The presented way in which trends are included in 
the model without disturbing the predefined distributions 
of conditional probabilities, provides for scalability and 
multiple usability. The model enables monitoring of sys-
tem dynamics and reveals latent dependencies between 
SET indicators, which are not noticeable only on the 
basis of statistical analyses. Experimentation has shown 
different trends in indicator changes for all countries, 
even among EU Member States.

In general, the countries of SE Europe that are mem-
bers of the European Union show better results with 
regard to state and trend of energy transition, but since 
monitoring and decision-making process in all coun-
tries of SE Europe is fraught with many challenges and 
uncertainties, they can be observed as a whole in terms of 
developing models for decision-making under conditions 
of uncertainties.

The use of a model based on Bayesian networks can be 
considered an acceptable method for the support to deci-
sion-making in matters of sustainable energy transition 
in the countries of SE Europe. Moreover, bearing in mind 
the latest EU energy and climate strategies, the uncer-
tainty further increases, so the research results are not 
limited to the countries and indicators presented, but can 
also be used in a broader sense. Further research should 
primarily relate to adaptation of the Bayesian model to 
each country, in accordance with its specificities and 
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priorities. On the other hand, there are certain problems 
that may arise with the application of BNs: selection of 
adequate number and type of input indicators, inability 
to predict that the relationship between indicators is vari-
able in individual countries and time periods, ambiguous 
(yes or no) mode of conclusion. All of the above should 
be kept in mind and BNs models should be developed in 
a way to be flexible and tailored in accordance with the 
specifics of the observed system.
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