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Savremeni uslovi energetske tranzicije, dodatno otežani aktuelnom energetskom krizom, nameću 
projektantima sistema za KGH kompleksne i odgovorne zadatke. Neophodno je projektovati sisteme 
koji obezbeđuju visok nivo ekonomske isplativosti i energetske održivosti, uz istovremeno smanjenje 
negativnog uticaja na životnu sredinu, naročito u pogledu emisija  CO2, SO2 i NOx.U skladu sa navedenim 
zahtevima, ovaj rad pruža sveobuhvatnu analizu jednog od tehnološki najnaprednijih sistema grejanja i 
klimatizacije implementiranog u objektu bruto površine 35.000 m2. Primena izabranih tehničkih rešenja 
zasniva se na precizno definisanom tehničkom zadatku i specifičnim zahtevima investitora, dok su svi 
proračuni izvršeni u potpunosti u skladu sa važećim regulativama Republike Srbije, uključujući Pravilnik 
o energetskoj efikasnosti zgrada. Detaljno su analizirani rad kotlarnice, rashladnih postrojenja, klima-
komora, hidrauličkih šema razdelnika i sabirnika, kao i krajnjih potrošača. Posebna pažnja posvećena je 
i sistemu tehničke automatizacije – BMS-u, koji svojom naprednom regulacionom logikom omogućava 
pouzdano upravljanje složenim energetskim sistemom, pri čemu se obezbeđuje optimalan energetski bilans 
i visok nivo ukupne energetske efikasnosti objekta.
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Modern conditions of the energy transition, further constrained by the current energy crisis, impose 
complex and high-responsibility tasks upon HVAC system engineers. It is necessary to design systems that 
ensure a high level of both economic profitability and energy sustainability, while reducing the negative 
impact on the environment, especially in the terms of CO2, SO2 and NOx emissions. In accordance with 
the previously stated requirements, this paper provides a comprehensive analysis of one of the most 
technologically advanced heating and air conditioning systems implemented in a building with a gross 
area of 35.000 m2. The application of selected technical solutions is based on a precisely defined technical 
task and specific investor requirements, while all calculations were made fully in accordance with 
applicable regulations of the Republic of Serbia, including the Energy Efficiency of Buildings rulebook. 
The detailed analysis was conducted on the boiler plant, cooling installations, air conditioning chambers, 
hydraulic schemes of distributors and collectors, as well as the end-use consumers. Special attention was 
given to technical automation system – BMS, whose advanced control logic enables reliable management 
of complex energy system, ensuring an optimal energy balance and high level of energy efficiency of the 
building.

1. Introduction
This paper provides a comprehensive overview of the project 
and a thorough analysis of one of the most technologically 
advanced and complex building systems in the Republic of 
Serbia, but also the wider region. 

The building in case is the Healthcare Center Prokuplje with 
a total gross area of 35.000 m2, of which 5.000 m2 consti-
tute the Operational Block (OP Block). Alongside technical 
complexity of this system, key aspects of this paper lie in the 
energy efficiency analysis of the facility, with particular em-
phasis on implementation of renewable energy resources, 
which is the key aspect of modern sustainable building de-
sign. Energy efficiency is especially important for large-scale 
public buildings, such as healthcare facilities, due to the 
continuous operation and high levels of energy consump-

tion. Implementation of energy efficient technologies and 
renewables for energy supply is crucial for alignment with 
national and EU objectives regarding energy transition, de-
carbonization and sustainable development.

2. Equipment and technical systems
Building of the Healthcare Center Prokuplje represents a 
complex integration of advanced energy and HVAC systems 
that serve total area of 35.000 m2, including 5.000 m2 Oper-
ational Block. Installed equipment can be divided into mul-
tiple subsystems for heating, ventilation and cooling, with 
certain systems already implementing renewable energy re-
sources. Everything is coordinated and managed through 
BMS (Building Management System) that ensures optimal 
performance and energy efficiency.

Table 1 shows the summary of installed equipment and its 
capacity, divided into different categories.

The heating system consists of 1.500 hygienic radiators, 
880 induction heating units, as well as 400 fan-coil units. 
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Additionally, the main heating source is the existing boiler 
room that operates with two separate Viessmann light fuel 
oil boilers with total capacity of 3,5 MW. Both boilers are 
equipped with Weishaupt burners and operate in cascade 
mode, therefore the one with the capacity of 1,9 MW being 
the primary boiler, while the other one with the capacity of 
1,6 MW, is being used only when necessary. Heating system 
also includes three 6.000-liter thermal storage tanks used 
for heat accumulation and domestic hot water preparation 
through internal heat exchangers.

Cooling system employs two 1 MW chillers and a 2 MW ice 
storage system, also known as Cristopia. Energy efficien-
cy is supported through different work modes. During off-
peak hours (20:00–7:00), chillers operate in storage mode 
producing glycol at –6 °C to freeze the thermal storage me-
dia. During peak hours (07:00–20:00), the system operates 
in discharge mode, utilizing stored cooling capacity to pro-
duce chilled water at +7 °C via plate heat exchanger. When 
ice storage capacity falls below 20%, the system transitions 
to direct chiller operation at +4 °C glycol temperature. This 
configuration enables peak load shifting and utilization of 
off-peak electricity tariffs.

Ventilation system consists of 22 air handling units that are 
distributed throughout the building, while four of the units 
have specialized configuration and are used in Operational 
Block. Those units are additionally equipped with HEPA fil-
ters and air ionization technology to maintain sterile condi-
tions. All units utilize heat recovery.

Thermal energy distribution is managed through four hy-
draulic substations utilizing three-way mixing valves and 
VFD pumps. The main distribution manifold operates at 
72 °C supply temperature, with mixing valves providing tem-
perature modulation to match consumer requirements. The 
requirements are approximately 55 °C for radiator circuits, 
at +6 °C outdoor temperature, and 45 °C for fan-coil and in-
duction unit circuits. VFD pumps on fan-coil and induction 
branches enable flow modulation in response to zone valve 

Table 1. Installed equipment and their characteristics

Heating system Equipment Value

Terminal units Radiators/ induction 
units/ fan-coils

1.500/ 880/ 400 units

Primary fossil fuel boiler Viessmann LFO boiler 1,9 MW

Secondary fossil fuel boiler Viessmann LFO boiler 1,6 MW

Thermal storage units Hot water tanks 3 × 6.000 L

Solar system

Solar collectors Flat-plate collectors 150 units, 280 kW

Cooling system

Chillers Water-cooled chillers 2 × 1 MW

Ice storage Cristopia 4 × 55 m3 tanks; 
2 MW 

Ventilation system

Air handling units (AHUs) Total AHUs 22 units

Air handling units (AHUs) OP AHUs 4 units

Distribution and control 
systems

Substations Hot water distribution 4 substations

Pumps Variable frequency drive 
(VFD) pumps

Pumps Standard circulation 
pumps

Temperature control Three-way mixing valves

Building automation and 
control

BMS

positions, reducing pump energy consumption and improv-
ing hydraulic stability. 

Additionally, it is mentioned that the entire building oper-
ates under the centralized management system, BMS, that 
enables efficient control, real-time monitoring and optimi-
zation of parameters of previously mentioned subsystems.

The main aspect of energy efficiency can be seen through 
existing or soon-to-be implemented technologies that rely 
on renewable energy resources and high efficiency technol-
ogies, therefore a wider segment of this paper will cover the 
analysis of such systems, showing off the potential of energy 
savings and environmental protection potential.

3. Implementation of  
renewable energy resources
In accordance with energy transition requirements, the 
building of Healthcare Center Prokuplje has already im-
plemented systems that are based on renewable energy 
resources and are in progress of expanding the usage of re-
newables through internal projects.

Currently, there is only one existing and fully operational sys-
tem using solar energy for domestic hot water preparation. 
In addition to this, the ongoing project is focused on switch-
ing from fossil fuels to biomass, as primary heating source. 

3.1. Solar thermal system and heat accumulation
Main aspect of solar system implementation is seen through 
domestic hot water preparation. Continuous hot water sup-
ply is crucial in healthcare facilities and one of the main 
heating sources is conventional fossil fuel, or in this specif-
ic case, light fuel oil. To improve the overall efficiency level 
of the building it is necessary to minimize the usage of con-
ventional fuels. 

The heat storage tanks are connected to a solar thermal sys-
tem installed on the building roof. The system comprises 
150 solar collectors organized in 15 arrays each consisting 
of 10 collectors. Each collector has 1,865 m2 absorber area, 
resulting in total of 279,75 m2. The optimal system efficien-
cy is 80%.

Figure 1. Healthcare Center Prokuplje installed solar system

The solar system utilizes glycol as the heat transfer fluid, 
specifically Termo Fluid FPE 150 T, where the designation 
150 indicates a maximum operating temperature of 150 °C. 
This glycol type can withstand temperatures up to 162  °C, 
beyond which changes in fluid density and viscosity occur. 
Therefore, as shown in the system schematic below, a cool-
ing unit is installed to ensure the fluid does not exceed its 
operating temperature. 

Annual thermal energy production is calculated based on 
specific yield of 450 kWh/m2 per year, representative of flat-
plate collector performance in Serbian climatic conditions, 
additionally annual solar irradiation is ~1.300 kWh/m2 per 
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year in Prokuplje region, accounting for system efficiency of 
80% and real-world operational losses. This yields approxi-
mate annual production of 126 MWh per year. With light fuel 
oil boiler efficiency of 95,5%, the system annually displaces 
13,193 liters of fuel oil, equivalent to 126 MWh thermal ener-
gy. The fuel displacement results in carbon dioxide emission 
reduction as well. Taking emission factor of LFO as 2,6 kg 
CO2/L we get approximate reduction of 34,3 t CO2 annually.

3.2. Biomass boilers
Second ongoing renewable energy project is the implemen-
tation of biomass as primary heating energy source. Bio-
mass combustion is considered carbon-neutral technology 
within the framework of sustainable energy systems. This is 
approved due to the closed carbon cycle where the amount 
of CO2 emissions from biomass combustion is neutralized 
through the process of photosynthesis used in plant growth.

Biomass implementation project is based on building the 
new primary boiler room consisting of two Herz boilers on 
wood chips, with capacity of 950 kW each. This will provide 
the baseline heating load of the facility. Additionally, due to 
the previously described characteristics of biomass combus-
tion, the facility will be able to displace their current green-
house gas emissions.

4. Implementation of  
energy-efficient technologies
The Healthcare Center Prokuplje already has multiple ad-
vanced energy-efficient technologies that improve con-

Figure 2. Hydraulic schematic and control automation of the solar thermal system

  

Figure 3. Cooling system of Healthcare Center Prokuplje: chillers (left) and ice tanks (right)

sumption of energy in the building, as well as overall 
performances. 

4.1. Cooling system

One of the most advanced technologies is ice thermal stor-
age system known as Cristopia with 2 MW capacity com-
prising four 55 m3 tanks containing phase-change material 
modules. In combination with existing chillers, they make 
the efficiency level of cooling system in the building signif-
icantly higher. 

High efficiency can be explained through different operat-
ing modes of this system. It operates in four distinct modes 
to optimize energy efficiency and meet cooling demands at 
the same time. During off-peak hours, the system is in so-
called storage mode, where chillers produce glycol at –6 °C 
to charge four 55 m3 tanks containing 20 cm diameter spher-
ical phase-change modules, achieving full ice storage by 
06:00 hours starting from zero charge. At high-peak hours, 
the system transitions to discharge mode regardless of stor-
age level, utilizing –4,5  °C glycol through a plate heat ex-
changer to produce +7  °C chilled water for distribution to 
fan-coils, air handling units, and medical systems through-
out the facility. Third mode is chiller-only mode. When ice 
storage depletes to 20%, system is operating with +4 °C gly-
col to directly produce +7 °C chilled water without storage. 
A fourth mode is combined mode that enables simultaneous 
ice production and building cooling during extreme night-
time temperatures by splitting glycol flow between storage 
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tanks and the heat exchanger, utilized only when nighttime 
conditions prevent complete system unloading.

4.2. Heat recovery systems
Heat recovery is present in all installed air handling units. 
Depending on the unit they implement three different types 
of heat exchangers: plate, rotary and glycol-type.

Energy efficiency lies in recovery of thermal energy from ex-
haust air that would be in other case be completely wasted 
and deployed. Reuse of excess heat reduces the heating and 
cooling loads on installed HVAC equipment.

4.3. Variable frequency drive (VFD) 
circulation pumps
Variable frequency drive (VFD) pumps are installed on branch-
es supplying fan-coil units and induction units, while standard 
circulation pumps are used for radiator heating and air han-
dling units. The implementation of variable frequency drive 
pumps is justified by three principal benefits: enhanced en-
ergy efficiency through dynamic speed modulation match-
ing instantaneous system demand, prolonged equipment life 
resulting from reduced mechanical and hydraulic loading on 
distribution networks, and seamless integration with terminal 
device control systems where fan-coil units and induction ap-
paratus utilize proportional modulating valves requiring vari-
able flow characteristics for optimal thermal regulation.

5. Conclusion
Comprehensive operation of this integrated energy system is 
enabled by a centralized BMS providing real-time monitor-
ing and control of all subsystems previously analyzed in the 
paper. The importance of this platform lies in managing of 
critical operational parameters including temperature, sys-
tem pressures, relative humidity in air handling units, filter 
contamination monitoring via differential pressure sensors 

and airflow regulation across all zones. This type of control 
system enables predictive maintenance and fault detection 
that goes hand in hand with energy usage optimization, con-
tributing to reduction in operational energy consumption 
compared to non-integrated control systems.

This building demonstrates an example of integration of en-
ergy-efficient technologies and renewable energy system. 
Environmental performance will be further enhanced upon 
completion of the biomass boiler room, which will supply 
baseline heating loads using carbon-neutral wood chip fuel. 

Opportunities for futher improvement of overall energy effi-
cienty come from analysis of the hydraulic distribution con-
figuration. Current configuration introduces thermal lag, as 
the fluid volume within the piping requires time to equili-
brate with new temperature setpoints following valve ad-
justments, resulting in slower system response to changing 
loads. 

More efficient hydraulic concept implies the relocation of 
mixing valves and pumps to positions immediately adjacent 
to the air handling unit. This configuration achieves almost 
instant response to parameter changes by minimizing the 
fluid volume requiring replacement or thermal equilibration.
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