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Klju€ne reci:
tip izvora energije,

Na osnovu brojnih analiza, strucnih ekspertiza i energetskih pregleda zgrada u poslednjoj deceniji, kao i
podataka objavljenih od strane nadleznih ministarstava za oblast gradevinarstva i energetike, evidentno

omotac zgrade,  je da bruto finalna potrosnja energije u sektoru zgradarstva u Republici Srbiji raste. Nove i izmenjene

primarnda energija,

direktive Evropske unije, kao i zakonodavni okvir, podrazumevaju, pored smanjenja primarne energije

emisija CO,, troskovi
energije u eksploataciji,
period povracaja investicije

koja se koristi u zgradama, i primenu efikasnih tehnickih sistema koji ukljucuju obnovljive izvore energije
(OIE), imaju minimalan uticaj na Zivotnu sredinu (zgrade sa nultom emisijom), kao i pozitivne ekonomske
pokazatelje. Iz tih razloga, narocito kada je rec o postojeCim javnim zgradama, neophodno je sprovesti
unapredenja u skladu sa konceptom 4E: Energija, Efikasnost, Ekologija i Ekonomija.

Rad daje predlog unapredenja javne zgrade kroz 4E pristup, zasnovan na analizi razlicitih izvora energije i
poboljsanjima omotaca zgrade. Analizirana su tri scenarija sa razliCitim energetskim izvorima, ukljuCujuci
mere renoviranja omotaca zgrade. Za svaki scenario izvrSeni su proracuni primarne energije, emisije CO, i

finansijske analize. Rezultati dobijeni nakon sprovedene analize ukazuju na optimalno resenje.
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Based on numerous analyzes, expertise and energy audits of buildings in the last decade, as well as on
the basis of data published by the line ministries responsible for the field of construction and energy
sectors, it is evident that the gross final energy consumption in the Building sector in Republic of Serbia
is growing. The new and amended EU directives, as well as the legislative framework, imply, in addition
to reducing the primary energy used in buildings, the implementation of efficient technical systems that
include renewable energy sources (RES), have a minimized impact on the environment (Zero Emission

Buildings), as well as positive economic indicators. For these reasons, especially when it comes to existing
public buildings, it is necessary to implement improvements in terms of the 4Es: Energy, Efficiency,

Ecology and Economy.

The paper gives a proposal of bulding 4E improvement, based on the analisys of different energy sources
and building envelope improvements. Three scenarios with different energy sources, including renovation
measures of the building envelope, were analyzed. The calculation of primary energy, CO, emission and
the finantial analyses are conducted for each scenario. The results obtained after the analysis indicate the

optimal solution.

1. Introduction

Modern trends in the field of energy and environmental pro-
tection require improvements to the existing heating sys-
tems in public buildings. On one hand, these systems must
provide stable and high-quality heating, while on the other
hand they must ensure cost-effectiveness and reduced neg-
ative environmental impacts.

Energy refurbishment of existing buildings is of particular
importance, since buildings are among the largest energy
consumers and therefore represent significant potential for
energy savings. With the introduction of the Energy Perfor-
mance of Buildings Directive [1], the European Union aims
to provide market-driven methods to improve energy effi-
ciency in buildings, or, in other words, to determine the eco-
nomic value of energy conservation.

This paper was presented at the National Student Competition of the Serbi-
an HVAC&R Society, held within the 56™ International Congress and Exhi-
bition on HVAC&R, on December 11, 2025, in Belgrade.
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In accordance with European regulations, the Republic of
Serbia has also adopted a series of laws and by-laws regu-
lating the field of energy efficiency in buildings, such as the
Law on Energy Efficiency and the Long-Term Strategy for
Promoting Investments in the Renovation of the National
Building Stock of the Republic of Serbia until 2050, as well
as the Rulebook on the Conditions, Content, and Manner of
Issuing Energy Performance Certificates for Buildings. Euro-
pean institutions and the competent authorities of the Re-
public of Serbia recognize that the implementation of the
Energy Service Company contracting model (ESCo model) is
one of the key and most comprehensive mechanisms for car-
rying out energy efficiency improvement projects. The ESCo
model enables the implementation of investments while en-
suring guarantees for achieving energy savings, reducing
consumption costs, and improving sustainability and com-
petitiveness of the energy sector.

Increasing energy efficiency in buildings is achieved through
the application of adequate thermal insulation, high-qual-
ity windows and doors, rational use of energy, and the in-
troduction of modern consumption management systems.
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Energy-efficient buildings aim to reduce heat losses and
maximize the use of natural energy sources. In this context,
the choice of heating system plays a crucial role.

Natural gas is one of the most widely used and energetical-
ly stable fuels in the building sector. Its use allows reliable
and clean combustion with significantly lower carbon diox-
ide emissions compared to other fossil fuels such as fuel oil
or coal. The efficiency of gas boilers depends on the applied
technology and operating conditions.

Heat pumps represent one of the most advanced devices in
the building sector and in the use of renewable energy sourc-
es. Their operation is based on transforming low-temper-
ature energy taken from the environment (air, ground, or
water) into useful heat delivered to the heated space. The
efficiency of heat pumps is expressed by the coefficient of
performance (COP), which for modern devices reaches val-
ues from 3 to 5, meaning that for every unit of electrical
energy consumed to operate the heat pump, several times
more heat energy is produced. In addition to high energy ef-
ficiency, heat pumps contribute to reducing greenhouse gas
emissions.

Considering this, the present paper analyzes the building
from thermodynamic, economic, and environmental per-
spectives, focusing on the feasibility of applying energy-ef-
ficiency measures. Three possible solutions were considered:
reconstruction of the existing heating system through instal-
lation of a gas boiler plant, installation of a heat pump, and
improvement of the building envelope through thermal insu-
lation and replacement of windows and doors.

The aim of this paper is not only to determine the optimal
heating solution for the analyzed building, but also to high-
light the general importance of energy refurbishment as a

(a)

necessary step toward aligning with European and national
sustainable development standards.

2. Current condition of the building

The building of the Local Community of Bogojevo contains
a complex of rooms including offices, a library, a reading
room, a Cultural Center with an event hall, a ceremonial
hall, and a branch of the police station (Figure 1).

The building is free-standing. It consists of a ground floor
and a first floor. The total net floor area requiring heating is
683 m2. The total heated volume of the building is 3,136 m3.
In order to obtain reliable input data, an energy audit of the
building was carried out, providing a detailed assessment of
the existing condition of the heating system and its current
functionality. At the same time, measurements were taken
of all necessary building elements — rooms, windows, doors,
etc. Based on technical documentation from the time of con-
struction (1965), the structural composition of the walls and
intermediate floor slabs was determined.

The building has an installed fuel-oil boiler, which is cur-
rently out of use due to age and non-functionality. Heat-
ing is currently provided through alternative systems. The
library and local community offices use air-conditioners and
electric storage heaters, while the Cultural Center and halls
are heated using fan heaters and wood stoves. Heat-loss cal-
culations were performed using the Hannibalsoft software
[4], in accordance with standard SRPS EN 12831-1:2017.
The design outdoor temperature and average annual out-
door temperature for the city of Sombor were used, corre-
sponding to the climatic conditions of the building’s location

(toir = =151 °C, 1,5y = 5 °C). Indoor design temperatures

were adopted in accordance with the Rulebook on Energy Ef-
ficiency of Buildings [5]. The total heat losses of the building

(b)

(c)

Figure 1. View of the Bogojevo Local Community building; (a) aerial shot, (b) library reading room, and (c) meeting room
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in its current condition amount to Qg’init = 78,105 kW, while
the annual heating energy demand, determined using the
degree-day method [2], is:

24Qy;SD

Qnjinit = . ye =77,67 MWh/a 1)

in — ‘out

2.1. Selection of a new heating system
for the existing building

since the existing fuel-oil heating system is not operational,
a new heating system was selected for the building in its ex-
isting condition. Based on the calculated total heat losses,
the boiler capacity was sized to fully meet the heating de-
mand. According to the criterion of selecting the first larger
available model, a Remeha Quinta ACE 115 gas boiler with a
rated power of 104 kW was chosen, suitable for operation in
80/60 °C and 50/30 °C temperature regimes [6].

3. Improving the energy efficiency
of the building

Based on the total annual heating energy demand, the spe-
cific heating energy demand of the existing building was cal-
culated as gy i = 113,72 kWh/(m2a). This value significantly
exceeds the recommended maximum for buildings of similar
purpose and served as the basis for considering energy-effi-
ciency improvement measures.

The analysis of measures was conducted in two steps. First,
the basic measure of applying thermal insulation and replac-
ing windows and doors on the external walls was evaluated.
In the second step, based on the new reduced heat-loss val-
ues, a new selection of a gas boiler and a heat pump was car-
ried out as energy-efficient heating system options.

3.1. Installation of thermal insulation
and replacement of windows and doors

The insulation measure includes installing a 10-cm-thick ex-
panded polystyrene (EPS) insulation layer. The change in
thermal transmittance (U-value) for each external wall is
shown in Table 1 (U;,;, — existing wall, U,,.,, — insulated wall).

The replacement of the existing external joinery includes in-
stallation of windows and doors with improved thermal prop-
erties (Table 1). The plan includes installing windows with
double low-emissivity glazing (4-12-4 mm) in three-cham-
ber PVC frames. Entrance doors are also replaced with mod-
els providing lower heat-transfer coefficients.

The specific annual heating energy demand for the heat-
ing of the community center building, determined after the
application of these basic energy-efficiency improvement
measures, amounts to qy e = 73,24 kWh/(mZa), which rep-
resents a 35.6% reduction compared to the value obtained
for the existing condition. This result indicates a signifi-
cant improvement in terms of energy efficiency, bringing the
building closer to modern standards for low-energy buildings.

3.2. Selection of a new heat source

The heat losses through the thermal envelope of the build-
ing, after the installation of thermal insulation and re-
placement of the exterior windows and doors, amount to
Qg new = 50,321 kW. The annual heating energy demand for
the community center has also been reduced to Qy e, =
50,02 MWh/year.

3.2.1. Gas boiler

Based on the reduced value of total heat losses, the optimal
power of the new gas boiler was selected. A 62 kW gas boil-

Table 1. Heat transfer coefficients — before and after
improvement measures

Partition A [m?] Uit WIMZR)] Uy IW/(M2K)]
Outer wall 1 192 0,91 0,28
Outer wall 2 21 1,18 0,3
Outer wall 3 55 1,66 0,33
Outer window 1 432 3,03 1,55
Outer window 2 2,52 2,98 1,54
Outer window 3 2,52 5,40 1,54
Outer door 1 3,2 1,25 1,25
Outer door 2 13,12 1,80 1,57

er, type Remeha Quinta ACE 65 [6], was adopted. Compared to
the gas boiler required to cover the heat losses of the build-
ing in the existing state, the new boiler has 40.4% lower in-
stalled capacity.

3.2.2. Heat pump

For the heating needs of the Bogojevo Community Center
building, the installation of a monoblock air-to-water heat
pump with a nominal capacity of 60 kW, type LG KCH-
HO17LDGC, with a seasonal heating coefficient (SCOP) of 3
[7], was analyzed. Installing a heat pump as the heat source
represents an energy-efficient solution that provides relia-
ble and cost-effective heating of the building after the im-
plementation of basic energy-efficiency measures [8].

4. Economic analysis

Models based on the concept of energy services (ESCo mod-
els) represent a modern approach to improving energy ef-
ficiency [9]. In the ESCo model (Energy Service Company),
at least two parties participate in the implementation of
the project: the ESCo company and the client, who may
be a public entity, legal entity, or natural person. The cli-
ent engages the ESCo company and signs an Energy Per-
formance Contract (EPC), which precisely defines the scope
of planned works, financing method, contract duration, and
the expected level of savings [10].

In the guaranteed savings model, the client independently
provides funds for project financing, either from its own re-
sources or by borrowing from commercial banks. The ESCo
company, on the other hand, undertakes the obligation to
guarantee a predefined amount of savings that will be
achieved by implementing energy-efficiency measures.

In accordance with the achieved energy savings, the client
repays the invested funds and pays the ESCo company a ser-
vice fee during the agreed period, which most commonly
lasts from 5 to 15 years. After the contract expires, the cli-
ent retains the full benefit of the achieved savings, thereby
reducing energy consumption in the long term and improv-
ing the overall energy performance of the building.

Capital investments in such projects include investments in
technical equipment and infrastructure that enable long-
term benefits through reduced operational costs and in-
creased energy efficiency of the system. Operational costs,
in contrast, refer to costs required for the everyday func-
tioning of the system, such as energy and maintenance ex-
penses.

As a case study, the Bogojevo Community Center building
was analyzed, where the existing heating system used fuel
oil as the primary energy source, with an annual operational
cost of approximately €14,220. To improve energy efficien-
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Diagram of investment amount, operating costs and savings
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Figure 2. Comparison of investment investments, operating costs and savings for different heating systems

cy and reduce operating expenses, an economic analysis was
conducted for three modernization scenarios:

1. Installation of a gas boiler with a power of 104 kW — the
total investment is about €30,000, while the annual oper-
ating costs decrease to approximately €9,400, which re-
sults in a saving of about 25% and a payback period of
just over 6 years;

2. Reconstruction of the external envelope of the build-
ing (thermal insulation and replacement of carpentry) in
combination with the installation of a 62 kW gas boiler —
the investment is about €41,700, and the annual operat-
ing costs are reduced to about €6,000, which achieves a
return on investment in approximately 5 years;

3. Reconstruction of the external envelope of the build-
ing (thermal insulation and replacement of carpentry) in
combination with the installation of a 60 kW air-water
heat pump — the total investment is about €43,500, while
the annual operating costs are only €2,500. This vari-
ant achieves the largest annual savings — over €11,000,
with the shortest investment return period of around 3.7
years.

5. Environmental analysis

The enviromental impact of different heat sources has been
conducted and is presented on figure 3.

Along with the economic assessment, an environmental
analysis of the proposed heating system improvements was
conducted. To accurately determine the impact of energy-ef-
ficiency measures on reducing carbon-dioxide emissions, the
annual CO, emissions of the existing fuel-oil heating system
were first calculated [11]:

~ Ouinit feo, o

CO, o1 = A __3198tC0O,/a )

Toil 1000

The total annual reduction in CO, emissions when using a
new, more energy-efficient heat source was determined for
all three proposed scenarios. For the two scenarios involv-
ing the installation of gas boilers—without (variant 1, when
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Figure 3. Total annual reduction in CO, emissions
from different heating systems

gH,init = qH,new) and with the application of basic ener-
gy-efficiency measures (variant 2) — the reduction in CO,
emissions was determined using [11]:

NCOZ,OiI—gas On,init Tco, 0it ~ AHnew Tco, ,gas 10,20 5
Mol Ngas

The total annual reduction in CO, emissions for the air-
to-water heat pump installed after thermal insulation and
window replacement (variant 3), compared to the fuel-oil
system, was determined using:

S f
ACOZ,oiI—HP _ An,init Tco, oil _QH,new Coz,elw A @
Mol & J1000

considering that the heat pump is used exclusively for heat-
ing and that there are no additional energy sources in the
building.



6. Conclusion

This paper presents the energy performance assessment
of the Bogojevo Community Center building, located in
the municipality of Odzaci. Calculations showed that
the specific annual heating energy demand amounts to
113.72 kWh/(m2a), indicating significant heat losses, an
inadequate thermal envelope, higher heating costs, and
increased greenhouse-gas emissions. Therefore, various en-
ergy-efficiency improvement measures were proposed and
comprehensively analyzed from an energy, economic, and
environmental perspectiveThe proposed measures include
the reconstruction of the building's external envelope, as
well as the replacement of the existing fuel-oil heating sys-
tem with more energy-efficient technologies.

Three variant solutions for modernizing the heating sys-
tem were analyzed. The first solution involves introducing a
gas-boiler system for the building in its current state, while
the second and third solutions first include reconstruction
of the external envelope, followed by the application of ei-
ther a gas boiler or an air-to-water heat pump as new heat-
source options.

Calculations show that after installing thermal insulation
and replacing the exterior windows and doors, the spe-
cific annual heating energy demand would be reduced to
73,24 kWh/(mZ2a), which is a 35,6% reduction compared to
the existing condition.

All three proposed modernization scenarios result in sig-
nificant annual operating cost savings and substantial re-
ductions in CO, emissions compared to the existing fuel-oil
heating system. As the most energy-efficient solution, the
heat-pump-based heating system requires the highest in-
vestment but offers the shortest payback period and the
lowest environmental impact in terms of CO, emissions.

Based on the analysis, it can be concluded that replacing fuel
oil with alternative heat sources is justified from the ener-
gy, economic, and environmental perspectives. Such invest-
ments enable long-term savings, improve indoor comfort,
and contribute to environmental protection and the sustain-
able development of the local community.
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