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Introduction

In the conditions of growing complexity of energy systems, shortcomings of reg-
ulatory policy on energy security, instability of energy supply, high potential of
expanding the influence of the world energy crisis and many other challenges,
the modern energy economy requires more and more advanced models for re-
alistic assessment of future trends in the energy sector. In order to effectively
remove the ongoing irregularities of the system, a methodological framework is
necessary that could realistically follow the complex flows of using various tech-
nologies for the exploitation of energy sources. This task is much more difficult
during constant changes and the possibility of an energy shock from the external
environment, which is why the creators of energy policy especially rely on the
analysis of the rational management of economic and social policy. Spillover ef-
fects on other sectors and the impact of shock on the stability of macroeconomics
are also important, if it is considered that, from an economic point of view, these
are energy supply shocks that cannot be easily neutralized by economic policy
instruments (Jaksi¢ & Jesi¢, 2021). Likewise, analysts from the field of energy
economics must improve their knowledge and adapt them to software solutions
for systemic interpretation based on input of economic indicators.

The observation of current trends in the energy sector and future projections
of the system is unthinkable without detailed economic studies and economic
evaluation of the use of forms of energy. The use of renewable energy sources is of
special strategic importance, and therefore the definition of the optimal produc-
tion mix for the mentioned sources is viewed through the prism of their econom-
ic profitability, and in the context of the introduction of efficient technologies and
the reduction of total negative externalities. Hence, “allocative efficiency refers
to the use of scarce economic resources to produce the combination of goods
and services that is most needed from the point of view of society” (Milicevi¢ &
Ili¢, p. 108, 2014). Nowadays, major challenges for the field of energy economics
that stand out are the increased risk of energy supply disruption, the threat of
a negative impact of energy production and consumption on the environment,
alongside with the persistence of energy poverty (Birol, 2007).

It can be stated that energy economics from the aspect of the field of study is close
to being categorized as a sub-discipline of resource economics. Furthermore, the
ecological assumption is that capital, labour, and energy are vital inputs to eco-
nomic production, for which they can create multiplier and synergistic effects,
along with improving economic productivity (Sorrell, 2009). Recent research
into the use of renewable energy sources supports this approach, which is gaining
importance along with the integration of the ecological component within pri-
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mary and secondary energy production. As former US Secretary of State Henry
Kissinger pointed out, the problem of the climate crisis that we failed to assess
after the energy crisis of 1973-74. year is not only a moral dilemma, but also a
complex problem of immediate importance for security and economy on a global
scale (Ikenberry, 1988).

Although it is expected that the new regulatory policies supporting renewable
energy sources (RES) will cause an increase in social well-being, the results of
certain analyzes such as the "green paradox" show quite the opposite. Namely,
Sinn indicated the occurrence of a decrease in general social welfare in the case
when the carbon tax rate grows faster than the interest rate in the observed pe-
riod (Sinn, 2012). The regulation defined in this way would increase the current
exploitation of fossil energy reserves more than can be expected in the future,
while reducing the present value of the net benefits of the use of RES. More pre-
cisely, companies that use or produce conventional fuels will, under the pressure
of new energy policies, accelerate the use of these sources in the short term, which
will lead to a paradoxical state of global warming growth due to greater promo-
tion of green energy regulation. Such and similar outcomes suggest that examin-
ing the economics of energy under the auspices of resource economics could gain
importance, along with growing concerns about environmental protection and
the impact of energy systems on global warming.

The constant changes that occur in the energy sector and the need to under-
stand the related movements of political, economic, and natural factors point
to the need to examine the endogeneity of newly created market conditions. For
the needs of advanced research in the energy sector, it is especially important
to identify the temporal and spatial factor of the investigation, then to balance
between uncertainty and transparent reporting, to point out the problem of the
growing complexity of the energy system and to include the components of con-
sumer behavior to reduce the social risks of the development of the energy sector
(Pfenninger, Hawkes & Keirstead, 2014). It is assumed that "the actions of market
participants in relation to price formation, production, resource allocation, in-
vestments, horizontal, vertical integration and other market conditions depend
on the so-called institutional arrangements” (Correljé & de Vries, 2008, p. 67).
Considering the hybrid character of modern energy markets, the evolution of ar-
rangements from the aspect of institutional economics of energy is gaining more
and more importance. There are numerous factors that are listed as possible cri-
teria for the optimization of the energy system, such as gross income, gross pro-
duction, profit, amount of energy, gross national product, energy performance
and others, assuming the existence of limiting factors of electricity production
(Jebaraj & Iniyan , 2006).
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Accordingly, it is very important to examine in detail the future trends within the
energy sector and what is their interdependence with macroeconomic trends and
general environmental protection conditions. To determine this, it is necessary
to choose an appropriate methodology that could establish the long-term rela-
tionship between energy development and its impact on environmental pollution
through the prism of economic analysis and preservation of financial stability in
the country. This gives importance to the sustainable development of energy, and
the focus of research is redirected towards environmentally acceptable growth of
modern energy processes and stable change of energy intensity, depending on the
energy needs of society.

1. Current state of energy industry in Serbia

In order to carry out an analysis of overall impact of energy on climate change
and economic stability in the Republic of Serbia, it is important to check the
production capacities that are currently available, the commercial quality of en-
ergy sources and the consistency of delivery. Realized modelling of energy sector
categories is based on a realistic forecast of the needs of the entire population,
with a view to fulfilling the requirements of the regulatory policy of sustainable
development and decarbonisation of energy production processes. Adequate pro-
jections cannot be realized if all the limiting factors of the energy system growth
are not previously included, which points to the importance of investigating the
competitiveness of public companies and the investment activities of distribu-
tion system operators. Research using the scenario method was conducted in
accordance with the established situation in the energy sector of the Republic
of Serbia and potential opportunities for strategic reconfiguration of the sector,
and according to the postulates of energy sustainability. Since this is a relatively
short period of time for strategic planning of the energy sector, three alternative
scenarios were modelled with the aim of creating a state of the energy sector that
can be reached in relation to the observed market conditions until 2050.

According to the report of the Energy Agency, the total installed capacity of
power plants in the Republic of Serbia for 2021 was 8,516 MW (Energy Agency
of the Republic of Serbia, 2022). Based on the review of the data from the afore-
mentioned report, it is noted that the sector's high dependence on the stability
of the lignite thermal power plants, which accounted for more than 50% of the
total installed power, is still noticeable. Hydropower plants are in second place in
terms of total power with 2,941 MW, which is mainly made up of run-of-river hy-
dropower plants with high nominal active power. They are the dominant source
of energy production from non-conventional fuels. As for other renewable energy
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sources, small hydropower plants and wind power plants accounted for only 7.3%
of the production capacity structure in 2021, while the installed capacity of wind
power plants did not change compared to 2020 and amounted to 373 MW (En-
ergy Agency of the Republic of Serbia, 2022). Solar power plants did not have a
share in the delivered electricity in the transmission system, and the same applies
to waste power plants and geothermal energy. When it comes to new production
capacities that are connected to the distribution system, small hydropower plants
lead the way, followed by power plants with combined fossil fuel production, as
well as biogas power plants.

The largest producer of electricity in the territory of the Republic of Serbia is the
public company "Elektroprivreda Srbije" (EPS) with a share of over 90% in the
total installed capacity and significant capacity for the combined production of
electricity and heat (Fiscal Council of the Republic of Serbia, 2019). In addition
to its position as a leader in the electricity market of the Republic of Serbia, EPS
is also a guaranteed supplier of electricity to households and small customers.
An important process of alignment with the regulatory framework of the energy
policy of the Republic of Serbia was realized in 2020, when the process of energy
distribution and management of the distribution system was finally separated
from the operations of EPS. This created the conditions for the much-needed
independence of the distribution system from the dependent companies of EPS,
with the aim of creating transparent and fair business conditions for all eco-
nomic entities on this market.

Observing the achieved annual electricity production, the situation in the exist-
ing system of the Republic of Serbia has not changed significantly since 2012.
The exception is the example of thermal power plants, which produced a total
of 630 GWh in 2021, which is more than the total production for 2019 and 2020
combined (Energy Agency of the Republic of Serbia, 2022). Big changes were also
noted among independent licensed producers of electricity, which had an un-
noticeable share in annual production until 2018. Nevertheless, the mentioned
share still amounts to less than 10% of electricity production originating from
coal-fired thermal power plants.

If we exclude wind power plants and small hydropower plants with a percentage
participation of 2.8% and 2.5% in the annual production of electricity in Ser-
bia, respectively, significant structural changes have been absent so far (Energy
Agency of the Republic of Serbia, 2022). The annual production of electricity did
grow from 2017 to 2021, but the growth depended on the production of thermal
power plants and good hydrology, which was particularly favourable during 2018
and 2021. Additional engagement of new RES plants is necessary because pursu-
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ant to paragraph 40 of Article 3 of the Law on Energy Efficiency and Rational
Use of Energy, "energy efficiency measures include the production of electricity
or thermal energy using renewable energy sources, provided that the produced
electricity or thermal energy is uses at the place of production” (Law on Energy
Efficiency and Rational Use of Energy, 2021).

The revitalization and modernization of power plants, as well as the introduc-
tion of new production technologies to improve energy efficiency, are considered
the most important activities for expanding existing energy capacities (Fiscal
Council of the Republic of Serbia, 2019). Investment activities also include the
connection of the distribution and transmission systems, and progress has also
been made in the regional connection of the commissioning of new transmission
lines. Also, the new distribution facilities of hydropower plants should contribute
to the security of electricity supply in the coming period.

2. Model description
2.1. Scenarios description

The "Business as usual”" (BAU) scenario was developed for research purposes and
is an adapted version of the state reference scenario of the Republic of Serbia,
defined within the "Energy Development Strategy of the Republic of Serbia until
2025, with projections until 2030" (Ministry of Mining and Energy of the Re-
public of Serbia, 2015). The reference scenario describes the examination of the
option of further development of the country's energy system in the absence of
the implementation of new energy policy measures, additional rationalization of
energy consumption and measures to improve energy efficiency. This scenario
includes activities that can promote a coordinated approach to the creation of
regulated conditions for the energy market, but essentially does not include inno-
vative packages of regulatory policy measures, whereby the route of energy devel-
opment that the country has been on until now is not changed. From the point of
view of future energy consumption, it is important to point out that the reference
scenario is a projection that excludes the introduction of new regulatory policies
or measures aimed at reducing demand and carbon emissions, that is, all harm-
tul gases from the energy sector (Feng & Zhang, 2012). For the modelling of the
reference scenario, data were taken from official sources of the institutions of the
Republic of Serbia for the period up to 2030, until which data are available on the
proposed projection. The scenario was then adapted to the current trends in the
energy sector, global changes, and the growing threat of energy poverty at the
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national level. All available data on short-term macroeconomic trends that were
considered relevant for creating scenarios were entered. It is important to point
out that this, as well as other scenarios, did not include variable factors resulting
from the energy crisis since it was not possible to determine with certainty the
further level of its development.

Supplementing the assumptions of the scenario for the period after the last avail-
able energy balance for 2020 was made in accordance with the relative change in
final energy consumption, import dependence of the energy sector, primary en-
ergy consumption per unit of GDP and current energy flows. Since the strategy of
energy development in Serbia was published back in 2015, there have been major
changes at the global and national level, according to which it was necessary to
harmonize this scenario. In the meantime, a lot has been done regarding the pro-
motion of clean energy, the growth of investments in more efficient technologies,
and work on the general stabilization of the country's energy system. The way
to a simpler establishment of companies in the field of energy has been opened
and a far greater number of activities of energy entities in the field of application
of new technologies for the use of renewable energy sources has been observed.
However, the Republic of Serbia also faced numerous challenges caused by late
reactions to threats to energy security such as the use of outdated technology,
mining of relatively low-quality coal, and high dependence on energy imports.
Slow economic growth during the global coronavirus pandemic only made the
situation in which the energy sector found itself in even more difficulty. The re-
search showed that "the COVID-19 pandemic, causing a shock on the side of
aggregate supply and aggregate demand, disrupted the balance of supply and de-
mand for energy products, generating fluctuations in their prices" (Pradcevi¢ &
Jesi¢, 2022, p. 140). In accordance with the above, an important starting point for
further projections is the comparison of the reference scenario from the afore-
mentioned strategy and the energy balance data for 2020. Deviations were deter-
mined, which were also taken into account and on the basis of which the scenario
for the period up to 2050 was adjusted.

The scenario of moderate use of renewable energy sources (abbreviated: SMRES
scenario) is a scenario that was completely independently developed for the needs
of the projection of the development of the energy system of the Republic of Ser-
bia until 2050, with the entry of data until 2020, the last year for which final data
for the sector is available of energy. The developed model enabled creation of a
comprehensive scenario from the aspect of macroeconomic and microeconomic
analysis of future developments. The goal of creating the SMRES scenario is to
examine the additional introduction of RES technologies in the energy system of
the Republic of Serbia, and at the same time consider the potential, obstacles and
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challenges of the mentioned process. The SMRES scenario can also be seen as an
improved version, that is, an extension of the BAU scenario, adapted to the mod-
ern needs of the energy consumption sector. Special emphasis is placed on reduc-
ing carbon emissions from the energy sector and on options for minimizing the
use of harmful types of fuel. The SMRES data is taken over and adjusted by the
following alternative scenario that promotes intensive use of renewable energy.

The scenario of intensive use of renewable energy sources (abbreviated: SIRES
scenario) is the last of the three alternative scenarios modelled for the purposes of
the conducted research. The SIRES scenario inherits data from the SMRES sce-
nario which is then modified according to the research requirements. The SIRES
scenario is a projection of the development of the energy sector with an analysis
of integration of the highest degree of possible use of renewable energy sources in
the Republic of Serbia for the period up to 2050, with reference to all the limita-
tions of the existing energy system. Generally speaking, it is assumed that renew-
able energy sources will not be able to completely replace conventional sources
for the needs of primary energy production until 2050. The goal of creating this
scenario is the projection of the use of renewable energy sources to the greatest
extent possible for the observed time period. In order to prove a more realistic as-
sumption of the gradual integration of RES and partial replacement of the use of
non-renewable energy sources, these two different options for the use of RES are
considered. The perspective of energy development is defined within the limits of
possible achievable values for selected energy indicators. In this regard, the sce-
nario setting incorporates adequate measures to increase energy efficiency and
support the development of RES use.

Unlike the previous alternative scenario, SIRES examines both the economic
costs and benefits of changing the current RES adoption, that is, to incentivise
preferential and temporarily preferential electricity producers. The adjustment of
the proposed incentive purchase prices is seen in the context of financial justifi-
cation and adaptability of the system to the level of growth of incentive purchase
prices, with the aim of increasing investments and reducing the final consump-
tion of primary energy per unit of GDP. The promotion of the use of RES was
also observed through the effects of reducing the emission of Greenhouse Gases,
reducing the costs of all environmental externalities and the effects of the overall
reduction of social costs that may arise from the use of conventional forms of
energy. The creation of the SIRES scenario pointed out the real possibilities of
adapting the energy system of the Republic of Serbia to the modern conditions of
the use of RES, with economic justification for market participants and preserv-
ing the country’'s macroeconomic stability.
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The selected scenario intends to simulate the use of the full available capacity
of power plants from the field of renewable energy sources. This means that the
production facilities of those power plants will be engaged up to the full available
capacity, regardless of the level of demand of the energy transformation module
or the demand from the side of final energy consumption. Thus, the focus would
be on an export-oriented energy system. Satisfying domestic demand for energy
remains defined as a priority in the model, but the modelling approach itself
leads to major differences when testing this versus another alternative scenario.

Consideration of the obtained results is useful from the point of view of analys-
ing the costs and benefits of installing new RES systems, the way they are used
and the percentage potential of replacing the old technology. It is important to
examine in detail both options for the implementation of energy development
strategies, in order to provide a timely answer as to whether the energy sector of
the Republic of Serbia is ready for the intensive use of renewable energy sources
and to what extent.

2.2. Description of the data

The key economic and demographic assumptions of the proposed research are:

o Gross domestic product (GDP)

« Annual GDP growth

o Total population of the Republic of Serbia

« Growth rate of the total population of the Republic of Serbia

The key assumptions on the basis of which the projection will be carried out are
based on forecasts of economic and demographic trends on the example of the
Republic of Serbia for the time period up to 2050. The definition of the growth
rates and the differences between the assumptions under the alternative scenari-
os are explained below.

The industrial structure in the Republic of Serbia, the energy intensity of each
sector and the structure of final energy consumption by consumption sector were
determined by interpolation of trends from historical data.
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Table 1: Key indicators of the research

Data type Specific indicators
) ross domestic product, real growth rate of gross domestic
Economic data 9 P 9 9
product
Demographic data total population, growth rate of the total population

final energy consumption, primary energy consumption,

Data from the field of energy . ) .
greenhouse gases emission, primary energy production

Source: Author's analysis

2.2.1. Gross domestic product

For the long-term forecast of economic trends in the Republic of Serbia, meas-
ured by the real growth rate of the gross domestic product, annual national ac-
counts were used, as well as the summarized complex announcements "Econom-
ic Trends - Assessment" of the Statistical Office of the Republic of Serbia.

Based on available data from administrative sources, regular statistical surveys,
and available data from the statistical system, the "Macroeconomic projection
model for testing long-term debt sustainability and growth performance, 2019-
2030" was created (Statistical Office of the Republic of Serbia, 2019), which was
also of great importance for projections of real GDP growth.

For all three alternative scenarios, a real GDP growth rate of 3.2% for 2022, 2.7%
for 2023 and 2.8% for 2024 was determined, in accordance with the revised re-
port of the World Bank for the Western Balkans. (World Bank, 2022). Starting
from 2025 until the last year of calculation, a real GDP growth rate of 3% was
determined for the BAU scenario. Within this scenario, no additional potential
contraction of foreign demand, possible overcomposition of sources of financing
and increase of the multiplier effect of the sector in the context of changes in the
sectoral structure of investments are expected. The challenges of low external
liquidity and the creation of pressure on the balance of payments may affect the
decline in the coverage of imports of goods and services by foreign exchange
reserves. Conversely, a more optimistic approach is taken within SMRES and
SIRES scenarios, where a real GDP growth rate of 4% was determined.
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2.2.2. Total population of the Republic of Serbia

Data on the projection of the total population were obtained based on the official
data from the Fiscal Council of the Republic of Serbia (2013).

The study published by Statistical Office of the Republic of Serbia titled “Popu-
lation projections for the period from 2011 to 2041” is also significant for this
research (Statistical Office of the Republic of Serbia, 2011). Here, population pro-
jections were given in five different variants: low, medium, high, constant fertil-
ity variant and zero migration balance variant. Since in this publication it was
pointed out that the number of inhabitants will most likely change in accordance
with the assumptions of the medium fertility variant projection, and bearing in
mind that the Energy Development Strategy of the Republic of Serbia is based on
the mentioned variant of the projection, the report was considered for the crea-
tion of BAU scenario for the period up to year 2041. However, that option was
rejected for the purposes of research within the paper because it was considered
that authoritative results of the impact of energy on the climate and economic
stability will be reached if all three alternative scenarios have the same projection
of the number of inhabitants for the observed period. As stated earlier, only dif-
ferent real GDP growth is proposed according to the created scenarios.

The study of the Fiscal Council of the Republic of Serbia, published in June 2013
under the title "Population Projections of Serbia from 2010 to 2060", was used to
enter projection variants of the total population movement for the BAU, SMRES
and SIRES scenarios. The study divides the projections into eight variants: vari-
ants of low, medium, high, constant fertility, then the variant of constant mor-
tality, zero migration balance, constant variant, and the last prognostic variant.
For the purposes of creating these scenarios, the variant of average fertility was
adopted, which does not follow the projection of average fertility from the afore-
mentioned study of the Statistical Office of the Republic of Serbia.

Table 2: Key economic and demographic assumptions of alternative scenarios

. BAU scenario SMRES scenario SIRES scenario
Key eConomiC oo

assumption

2025-2050 2050 2025-2050 2050 2025-2050 2050

GDP (in million
Serbiandinays) -~~~ ——— )
Key demographic Rate Growth  Projectionsfor ~ Rate Growth  Projectionsfor ~ Rate Growth  Projections for
assumption 2041-2050 2050 2041-2050 2050 2041-2050 2050

Total population -3,6% 5761378 -3,6% 5761378 -3,6% 5761378

3% 20385758 4% 24731426 4% 24731426

Source: Authors’ analysis, based on available data
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2.2.3. Greenhouse gas emissions from the energy sector in Serbia

The collection of relevant data on the emission of GHG (Greenhouse Gases) in
the Republic of Serbia is difficult, given that there are no comprehensive pub-
licly available data from state institutions on specific emissions from the energy
system. Although the "Second Report of the Republic of Serbia according to the
United Nations Framework Convention on Climate Change" (Ministry of Envi-
ronmental Protection, 2017) can serve as an important guideline for further in-
vestigations, the projections presented therein of the emission of all direct harm-
ful gases that may arise from activities of the energy sector are not completely
specified. In addition, by reviewing the literature, it can be concluded that such a
projection has not been observed for the period up to 2050.

The empirical findings of this section will serve as a kind of contribution to the
long-term projection of the emission of harmful GHG gases from the energy sec-
tor. From the perspective of the considered area of analysis, the focus of creat-
ing alternative scenarios is the monitoring of carbon dioxide emissions and the
proposal to replace inefficient technologies that cause environmental pollution.
The "Annual report on the state of air quality in the Republic of Serbia" of the
Environmental Protection Agency of the Republic of Serbia is also important for
analysing pollution emissions by type of power plants (Serbian Environmental
Protection Agency, 2020).

In order to formulate the projection for the emission of GHG direct gases, three
different sources were considered in the first iteration of the research: (1) the
projection of carbon dioxide emissions until 2030 within the "Energy Develop-
ment Strategy of the Republic of Serbia until 2025 with projections until 2030.
year" (for model validation); (2) World Bank database (based on: Carbon Dioxide
Information Analysis Center, Environmental Sciences Division, Oak Ridge Na-
tional Laboratory, Tennessee, United States); (3) guidelines of the United Nations
Framework Convention on Climate Change and, based on the guidelines, the
first and second reports for the Republic of Serbia.

In the case of using the full capacity of electricity production technologies from
renewable sources, the SIRES scenario shows a significant reduction of GHG
emissions from the energy sector compared to the reference scenario, so that
only 47.82% of the total value of GHG emissions that would be realized in 2050
was projected in the BAU scenario. Details about the proposed projection can be
found in table 3.
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Table 3: Projections of Greenhouse Gases Emissions for different scenarios in Serbia
(in millions of metric tons of CO2 equivalent)

Year BAU scenario SMRES scenario SIRES scenario
2050 874 55,5 41,8
2049 86,7 556 42,5
2048 859 55,6 432
2047 85,1 55,7 439
2046 84,4 55,7 44,2
2045 83,7 55,6 449
2044 83,0 55,7 45,6
2043 82,2 555 458
2042 814 554 46,1
2041 80,7 552 46,6
2040 80,0 55,1 469
2039 793 552 475
2038 78,5 55,1 478
2037 77,8 55,0 48,1
2036 77,0 549 483
2035 76,3 54,8 48,6
2034 75,6 55,0 489
2033 74,9 55,1 494
2032 74,2 553 49,8
2031 73,5 553 50,0
2030 72,8 552 50,2

Source: Authors’ analysis, based on available data

3. Methodology

Kaya and IPAT identities, as well as the decomposition methodology based on
the Kaya factor, were used to examine the correlation between key assumptions
of the model and relevant energy indicators. By combining the aforementioned
identities, an attempt is made to comprehensively examine the interdependence
of indicators, that is, the relationship between the projected movements of eco-
nomic and demographic data and the results obtained based on the development
of the energy system.
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The focus is on the analysis of the economic characteristics of the system and the
approximation of the movement of macroeconomic indicators. Special attention
was given to the economic basis for the greenhouse gases reduction. Thus, the
original form of the Kay identity of the decomposition of carbon dioxide emis-
sion C from energy processes is shown as (Kaya, 1990):

C B
C==X—=X—=XP (3.1)

where E is energy use, B is gross domestic product and P is total population.

For examining multiple sectors of consumption, the mathematical identity can
be formulated as (Gao et al., 2016):

C=2.G+2 G (3.2)
j k

z[(zemlx B xxxr

El E; Bi B E P
)x —X=X—=+—=X—| XP
BB P PP

. E! E B
= emi‘x—’ ><—><—>< ><P
,Z[(; Ej BJ

ne{j,k} i
= Z [esn X (& X int; X b) X p]
ne{j k}

where j, k, i show the economic sector, type of energy and type of households
(urban and other areas), respectively; Ejl describes fuel consumption i in sector
j; the expressions emi, b, int, e, es represent the carbon dioxide emission factor,
GDP per capita, share of GDP for a specific sector, energy intensity of the sector
and share of a specific form of energy in the consumption sector, respectively.

Accordingly, aggregated carbon dioxide emissions can be decomposed by general
economic sector and by energy consumption sector, to examine five key drivers
of correlation: (1) energy efficiency, (2) economic growth, (3) economic structure,
(4) energy structure and (5) total population.

The IPAT identity considers the impact of human activities on the environment
(I - Environmental Impact) as a product of three factors: population (P - Popula-
tion), wealth expressed in the form of average consumption per inhabitant (A
- Affluence) and technology (T - Technology). By applying combined identities
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based on the factor decomposition, results were given for alternative scenarios
to investigate the impact of energy on climate change and economic stability in
Serbia until year 2050.

4, Empirical findings and discussion on results

The descriptive summary of variables is given in tables 4, 5 and 6 for scenarios
between the period from 2030 to 2050. The report describes in detail the decom-
position reports that indicate the impact of the energy sector on key assumptions
about economic and demographic trends. The observed differences in projections
give an overview of the potential of energy development and its impact on eco-
nomic stability and the occurrence of climate changes caused by the emission of
Greenhouse Gases from the production of electricity and thermal energy at the
national level.

The forecast of the emission of GHG arising from the energy sector is necessary,
in order to analyze, control and prevent the occurrence of harmful gases when
using new technologies. The asymmetry of social and economic factors of GHG
emissions from the energy sector shows that economic growth is the biggest driv-
er of their emission growth (Yin, Xiong, Ullah & Sohail, 2021). One should also
consider so called transition risk, form of financial risk that can emerge when
carbon-intensive assets are dismissed due to the shift towards a green economy.
This could create even more problems for the economy that is relying on conven-
tional energy sources, as shareholders of carbon-intensive companies would have
substantial losses, which would reduce their debt repayment potential (Fabris,
2020). Therefore, various subventions covered by the state in the form of green
finance instruments (renewable equity, green bonds, green mortgages, renewable
energy credits etc.) would create a sustainable and competitive business environ-
ment for low GHG emissions based on the use of efficient resources (Martin,
2023).

According to the results of the decomposition report for the energy sector of the
Republic of Serbia using the IPAT/Kaya identity, a significant drop in energy in-
tensity that would occur in the case of the realization of the SMRES and SIRES
scenarios is noticeable. As for the amount and share of final energy consumption
in the gross domestic product, it was observed that it decreases in proportion to
the expected real GDP growth. The key assumptions of the model on economic
growth and the total number of inhabitants of the Republic of Serbia indicate an
adequate level of development of the sustainability of the energy sector.
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In the case of the forecast of emissions of GHG gases from the energy sector, the
possibility of a significant reduction of the mentioned emissions in three alterna-
tive scenarios compared to the reference scenario was demonstrated. Thus, the
SIRES scenario shows a significant reduction of harmful gases, with only 47.82%
of the total value of harmful gas emissions projected for the year 2050 based on
the example of the BAU scenario. With a detailed presentation of the results from
this research area, it can be noted that there would be potentially large economic
savings for the energy system of the Republic of Serbia in the case of formation of
prices for carbon emissions on the example of the SMRES and SIRES scenarios.
Therefore, in accordance with the above, great developments are expected in this
matter, if these scenarios are implemented. On the other hand, for the BAU sce-
nario, an increase of as much as 21.13% was projected for the same period. These
findings are also important from an economic point of view, since a detailed
analysis examined how the reduction of the mentioned emissions reflects on eco-
nomic indicators of the development strategy of the energy sector.

Data on macroeconomic projections of economic development indicate that fi-
nal energy consumption would reduce the share in GDP from -449,733 GWh
to -1,228,798 GWh on the example of the SMRES scenario for the period from
2030 to 2050. In percentage terms, the difference would be a full 63.4%. Primary
energy production would grow at a faster rate than primary energy consumption,
while the reduction of the total population according to the average fertility rate
would be reflected in a slightly lower rate of final energy consumption, despite the
intensification of activities within the industrial sector.

Additionally, the level of emissions of harmful greenhouse gases would not
change to a large extent, since the installation of renewable energy source equip-
ment in the given scenario would be at an insufficient level to completely re-
place fossil fuels as input fuels for the needs of energy production by transfor-
mation. This would lead to the continuation of the negative trend of air pollu-
tion, which is above the planned level of sustainable energy development in the
long term. Although the projected GHG emission is lower by 37.2% compared
to the BAU scenario for year 2050, it is evident that more could be achieved by
adequately replacing energy sources and assuming the balancing responsibility
of privileged electricity producers. Nevertheless, the decomposition report for
this scenario shows the potential of establishing a high degree of fiscal stability
in the long term. The substitution of conventional forms of energy, followed by
the adequate development of the system for the transmission and distribution of
electrical energy, indicates the importance of the gradual integration of renew-
able energy sources. It should be noted that the RES utility factor is often low and
has a seasonal character, which could endanger energy systems and cause energy
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blackouts in case the transition to the green energy is not done properly. Also,
empirical findings have pointed out that “in numerous cases it has proven more
financially profitable to continue supplying a cost-inefficient power plant with
a conventional energy source than to shut down its operation, which suggests
that the power plant requires management of unforeseen costs” (Backovi¢ & Ili¢,
2023, p. 346).

The stated difference in the share of final energy consumption in GDP would be
slightly higher in the SIRES scenario, at the level of a difference of 63.55% for the
period from 2030 to 2050. However, primary energy production would be 8.61%
lower in the case of this scenario.

Based on the results, it could be concluded that the movements within the energy
sector would have a more favourable impact on the country's macroeconomic
stability on the example of the SMRES scenario. An overview of the results ac-
cording to the IPAT/Kaya identity are based on the created model.

5. Conclusion

The assessment of the model is that the analysed level of incentive purchase prices
would contribute to the reduction of social costs in the field of energy, more ef-
ficient use of technologies and, in a wider context, sustainable development of
energy. New regulations would reallocate funds to a low-carbon economy and,
consequently, prevent major economic disruptions from carbon assets and over-
all climate change (Schellhorn, 2020).

According to the results of the IPAT/Kaya identity, there would be a drop in
energy intensity if the energy sector development projections according to the
SMRES or SIRES scenario were realized. Based on to the forecasted real GDP
growth, a decrease in the amount and share of final energy consumption in the
gross domestic product is expected. As previously mentioned, the obtained re-
sults point to the fact that the realization of the SMRES scenario would have
the most favourable impact on macroeconomic stability from the perspective of
the impact of the development of the energy sector on economic growth in the
Republic of Serbia.

Based on the obtained results, the importance of the IPAT/Kaya identity for ex-
amining the impact of energy on climate change was pointed out. The decom-
position report provided an insight into the interdependence of the projection of
the movement of economic and energy indicators, which is of great importance
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for the analysis of potential of sustainable energy development. Limiting factors
from the power market could influence the research to take a new form, with
the assessment of the impact of energy production on environmental protection
not significantly changing. Further directions of research should also include the
limitations of the current energy crisis, the movement of energy prices and the
division of emissions into individual greenhouse gases. The research has defined
the basis for future studies in this area on the example of the Republic of Serbia,
giving a concrete scientific contribution to this insufficiently researched econom-
ic topic so far.
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