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Abstract

One of the important stages of energy efficiency measures for buildings is the optimal choice
of heating and cooling systems, as well as that of heat/cold production sources, so as to
minimize dependence on conventional fuels and the national energy system. Currently, the
option for integrating renewable energy sources addressed in the building efficiency stage
is the installation of solar systems. In the context of the need to reduce energy consumption
and reduce pollutant emissions, and the need to integrate renewable energy sources, the
article addresses the implementation of a hybrid system with a water-to-water heat pump
and photovoltaic panels, capable of achieving the decarbonization of the heating/cooling
of a University Politehnica Timisoara teaching/research laboratory. The analyzed hybrid
system uses the thermal potential of the Bega channel as a heat/cold source, and as a source
for electricity production, a PV system, supported by the national energy system. Following
the analysis of the operation of the building’s hybrid system for heating and cooling, during
4 November 2024-12 September 2025, an energy independence of approximately 90.7%
and a reduction in CO, emissions of 4.17 t/year was found.

Keywords: buildings; sustainable development; energy efficiency; heating; cooling; thermal
potential; surface water

1. Introduction

Climate change and the increasing need to ensure environmental comfort have recently
led to an increase in the demand for heating and cooling buildings [1-5].

On the other hand, regarding Romania, but also other EU countries, the social impact
of climate change is increasingly pronounced due to successive waves of high temperatures
during the summer, which have led to an increase in the share of buildings in the EU in
which comfortable temperatures cannot be maintained during summer. The European
Environment Agency estimates that, in 2050, the elderly will be more vulnerable to heat
waves as a result of increased urbanization (Figure 1) [2].

Because Europeans spend an average of 80-90% of their time indoors [6], one of the
current sustainability challenges for EU countries is to improve the energy efficiency of
the existing building stock to ensure energy independence and climate neutrality in a
socially just and equitable way [2]. Compared to only 5% of Europeans who lack adequate
heating or cooling facilities in their buildings, in Romania, the percentage is 4.4 times
higher (22%) [7].
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Figure 1. Projected increase in heat-related vulnerability among populations aged 65 and older under
expanding urbanization by 2050 [2].

Furthermore, the high percentages of final energy consumption (40%) and greenhouse
gas emissions generated by energy consumption (36%) for which buildings in the EU are
responsible indicate that their energy inefficiency accounts for 75% of all buildings [8]. For
the sustainable development of the analyzed thermal systems (heating and cooling), the
article considers that the main results obtained through actions involving the modernization
of thermal systems must have a minimal impact on the environment, that is, through
the efficient use of resources, the reduction in greenhouse gas emissions and of energy
consumption, all while simultaneously integrating economic, social, and ecological aspects.

So, in the building sector, reducing energy consumption and greenhouse gas emissions,
while increasing energy efficiency, can be achieved through systemic thinking, from pro-
duction to consumption, effectively integrating energy produced from renewable sources.
In building installation systems, at the local level, the implementation of renewable en-
ergy sources (RESs)—mainly solar energy [9-16]—will implicitly contribute to reducing
energy dependence on conventional energy sources (coal, oil, etc.) and energy poverty in
EU countries.

From these points of view, the EU directives on the energy performance of buildings
present as a vision for the progressive decarbonization of the real estate stock for the year
2050, giving consideration to emissions generated by buildings throughout their entire life
cycle, starting with new buildings [8]. Thus, it is important to research the viability and local
availability of thermal resources that are as cheap as possible in terms of exploitation. In the
context of the availability and free availability of energy sources, the most viable are RESs,
which, in the Romanian heating and cooling sector, experienced an average annual growth
of 0.8% from 2021 to 2025, with a forecast of an evolution of up to 1.1% for the immediately
following period (2026-2030) [17]. The transformation that the energy infrastructure is
currently undergoing is determined by environmental and societal changes, which can
become increasingly connected and sustainable. Water is also part of the RES category,
which, in addition to potential and kinetic energy, also possesses thermal potential. From
the point of view of the thermal potential of water sources in Romania, we consider that it
is quite considerable, considering the hydrographic network available in the country. The
novelty brought by this study consists in the evaluation of free cooling for buildings located
near watercourses and the creation of a fully automated hybrid system that integrates and
complements two systems that operated individually for heating and cooling. Practically,
the study attracts attention due to the thermal potential of surface waters, which can be
used in heating/cooling systems for buildings located near watercourses. The case study
was conducted to demonstrate the viability of using this potential. Given that we have
not identified similar studies in the specialized literature, we believe that the experimental
research carried out by the authors gives the study a unique character.

Romania’s thermal energy context is largely dependent on fossil fuels (gas, coal,
fuel oil) for district heating. Recently, national/local strategies in Romania have focused
on the transition to decarbonization, which has led to the implementation of measures to
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modernize district heating plants and to the use of thermal potential from renewable sources
(geothermal, biomass, solar) depending on local potential. The thermal potential of surface
waters can be classified as a renewable source. For this reason, its use, where available,
contributes to the reduction in CO; emissions and the decarbonization of building heating
and cooling. The analyzed hybrid system can also find its applicability in similar regional
contexts. The experimentally collected data can constitute a database for similar subsequent
research. The main argument of the experimental study carried out is the decarbonization
of building heating/cooling systems by using locally available renewable sources.

Figure 2 indicates the location, in relation to the Bega channel, of the building for
which the use of surface water thermal energy in heating/cooling installations is being
analyzed [18]. The average flow rate of the Bega channel varies and is estimated at
approximately 17 m3/s [19].

Figure 2. Location of the analyzed building in relation to the Bega channel [18].

Given that there is a considerable flow of water in the Bega channel in Timisoara,
the article presents an experimental study carried out by the authors through which
its thermal potential is evaluated. The use of this potential was tested for heating and
cooling a space intended for teaching and research: the “Conversion and storage of energy”
laboratory owned by University Politehnica Timisoara. From the multitude of possible
functions of the Bega channel (drinking and industrial water supply for the Timisoara area,
irrigation, general drainage collector, recreation, servitude, etc.) [20], currently, the channel
has retained its main purpose as a water supply source (approximately 76%) for most of
Timisoara. The navigable portion is limited (approximately 11 km in warm weather) for
public water transport. In 2024, the thermal potential of the Bega channel was analyzed
by the authors by implementing a water-to-water heat pump system and a free cooling
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system (which operated individually until October 2024), which used the water from the
Bega channel as a heat source. The analyzed systems (heating and cooling) showed that,
compared to the classical approach (district heating system for heating and air conditioning
for cooling), a reduction in electricity consumption by 42.51% for cooling and an annual
reduction in CO; emissions by 79.37% was achieved for both systems [21].

Due to the fact that the viability of using the thermal potential of surface waters in
building installation systems has been demonstrated by reducing energy consumption
and CO; emissions, which was achieved without a negative impact on the environment
and groundwater [21], the authors extended the research period and, in October 2024,
integrated the two systems into a hybrid one. The hybrid system studied (with a heat
pump for heating and a centrifugal pump for free cooling) and presented in this article
was analyzed from the point of view of the efficiency of ensuring the thermal energy
requirement (heat and cold), entirely using water from the Bega channel for both heating
and cooling seasons, respectively. To produce electricity, a photovoltaic system with storage
was analyzed and installed, necessary for the partial supply of electricity to the proposed
hybrid system.

For the design and installation of the two systems (hybrid and photovoltaic), the
following steps were taken:

- the thermal potential of the Bega channel was analyzed using an analytical method;

- the photovoltaic potential of Timisoara was studied using two analysis models (PVGIS
and Polysun SPT version);

- the possibility of supplementing the existing photovoltaic system with eight monocrys-
talline photovoltaic panels of 455 Wp was analyzed;

- the PV system inverter was resized, so a HUAWEI inverter with a maximum efficiency
of 97.8% and a power of 6 kW was chosen;

- astorage system with lithium-ion batteries with a capacity of 6 kWh was added, with
a charging/discharging efficiency of 93%;

- the heating/cooling seasons were established for which the building’s heating and
cooling needs were analytically calculated according to the regulations in force in
Romania [22-25];

- the hybrid system was designed by coupling the previously analyzed individual
systems and implementing an automation system [21].

In conclusion, the hybrid system analyzed by using the thermal potential of the water
in the Bega channel as a heat/cold source, and as a source for producing electricity, a PV
system with storage, supported by the national energy system, contributes additionally to
the decarbonization of the heating and cooling systems serving the building.

2. Materials and Methods
2.1. Building Description and Establishment of Thermal Comfort Conditions

The “Energy Conversion and Storage” laboratory building, with the geometric dimen-
sions indicated in Figure 3a, is made of hollow brick, clad with 12.5 mm gypsum plaster-
board on the inside, and insulated on the outside with 5 cm polystyrene (Figure 3b). The
roof of the building is of the non-pedestrian terrace type and is made of prefabricated sand-
wich panel-type sheets and polyurethane foam, in a single pitch with a 3-degree slope. The
layout of the laboratory building in Figure 3a shows the location of the hybrid system equip-
ment with details of the main elements (View A—acquisition system, View B—monitoring
and measurement system (sensors and flow meters), View C—centrifugal pump).

https:/ /doi.org/10.3390/buildings16020445


https://doi.org/10.3390/buildings16020445

Buildings 2026, 16, 445

50f26

W
@
1S T S 0 S 0 I

S S S S S S S S S ) S S S . S S

Bega water

Bega water
outlet

Bega water
outlet

6700
Outdoor
Indoor H
(a)
Sandwich panel type plates
made of sheet metal and
polyurethane foam 100mm
Insulation layers 50mm Gypsum board 12.5 mm

Brick masonry 300mm

Gypsum board 12.5 mm 2 sides windows layers 30mm

(=
[=]
0
[5p)
6900
Insulation layers 50mm
Brick masonry 300mm
Gypsum board 12.5 mm
L1
(b)

Figure 3. “Energy Conversion and Storage” Laboratory: (a) Equipment location plan; (b) Section
A-A. To—Outside air temperature; T;—Indoor air temperature; FM;—Evaporator inlet flowmeter;
FMj,—Condenser outlet flowmeter; FM3—Free cooling water source flow meter; PWpc—Centrifugal
pump for water circulation from Bega channel for free cooling system; PWgp—Circulation cen-
trifugal pump by water from Bega channel through the PCyw evaporator; PWg—Axial pump
for water circulation in heating system; VCVc—Fan coils ceiling unit; VCVg—Fan coils floor unit;
PCyw—Water—water heat pump; TEM; , 3—thermal energy meter.

The proposed hybrid system was designed to provide the necessary heat and cold in
the laboratory, considering the climatic characteristics of the city of Timisoara in Romania
(temperatures, radiation, humidity) and the hydrological characteristics (flow, temperature)
of the Bega channel.

The building is naturally ventilated through two 125 mm diameter grilles, which
is why the comfort temperature is directly dependent on the outside air temperature,
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varying within wide limits. For the laboratory building, the indoor comfort temperature
(for ambient category III) varies, according to national regulations, between 19 °C (winter)
and 27 °C (summer) [25,26]. The thermal comfort felt by the laboratory occupants (students
and teachers) was achieved through the operative temperature T,p,, which was calculated
and evaluated using the following relationship (1) [27]:

Top = 17.8 +0.13-T,, 1)

where
To—outdoor temperature, in °C.

The operative temperature, calculated based on the outdoor temperature, falls within
the values recommended by the technical regulations valid in Romania, for both the heating
and cooling seasons.

The heat requirement was determined using the Radia 3 calculation program [28],
and for the cooling requirement, CoolPack Version 1.49 [29] was used, the calculations
being based on the regulations and standards in force for Romania [22-25], in order to
ensure thermal comfort in the building. The calculated outdoor temperature corresponds
to climate zone II (—15 °C) [22,23,25]. For the two seasons analyzed, winter and summer,
the variation in the outdoor air temperature is presented in Figure 4.
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Figure 4. Outdoor temperature in Timisoara: (a) 4 November 2024-18 April 2025; (b) 19 April
2025-4 November 2025.

The internal calculation parameters (temperature and relative humidity of the indoor
air) were considered, depending on the purpose of the building, i.e., the ambient category
considered for spaces where teaching and laboratory-type research activities are carried out
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(ambient category IIl—moderately acceptable level, recommended in existing buildings)
and the indoor air quality category (IDA 3) [25].

The calculated indoor temperature for laboratory spaces was set at 19 °C [23]. The
calculations resulted in a requirement of 5.99 kW for space heating and 2.03 kW for
cooling [21].

2.2. Estimation of the Thermal Potential of the Bega Channel

The water from the Bega channel, as the heat source of the analyzed hybrid system
(heating and cooling), was chosen based on the estimation of thermal potential. The
variation in the water temperature in the channel during the analysis period, 4 November
2024-12 September 2025, is presented in Figure 5.

25 .
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Figure 5. Water temperature in the Bega channel recorded in 2025.

To determine the amount of thermal energy available from the Bega channel water, the
amount that can be taken without exceeding the temperature limits allowed for discharge,
the following relationship was used (2) [30]:

Qn = cp-Quw-AT, ()

where

Qu—heat flux, in kWh;

c—specific heat of water, in kJ /kg-°C;

p—water density at 10 °C, in kg/m3;
Qy—river/channel water flow, at 10 °C, in m3/s;
AT—temperature difference, in-°C;

t—unit of time, in s.

Regarding the legislative framework about the capture of water flow from surface
water sources, in Romania, the water law allows an uncertified use in installations of the
type of hybrid system proposed, for a small water flow (less than 10 L/s), if it is returned
and does not influence the quality of water resources [31]. For the operation of the proposed
hybrid system for space heating, it is necessary to abstract a flow of 0.7 L/s and 0.33 L/s
for cooling, respectively, but this water flow is not consumed but is returned in full to the
Bega channel through an open circuit discharge. Since the water abstracted from the Bega
channel circulates in the closed-circuit heating system, it is not contaminated and thus the
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discharged water does not influence the quality of the water in the Bega channel, being
thermally loaded only within the allowed limits of maximum 35 °C [21,32]. So, in Romania,
from a legislative point of view, this type of hybrid system can be installed.

2.3. Setting Heating and Cooling Seasons

In Romania, the heating season for district heating systems is established according
to meteorological criteria that mainly refer to the outdoor temperature. In practice, the
decision to supply the heating agent is made by the system operators according to the
following rule: three consecutive nights (between 20:00 and 06:00) in which the average
outdoor temperature drops below a certain threshold (in Timisoara, 10 °C) [33]. Therefore,
although the heating season covers the period from 15 October to 15 April, it is established
according to the actual climatic conditions that are specific for each year. Regarding
individual systems (buildings not connected to the centralized heating system), as is the
case of the building under analysis, the establishment of the moment of starting the heating
system is decided by the building owners/administrators, depending on the thermal
comfort requirements. Considering that the building is part of the category of educational
buildings, the national regulations were taken into account to establish the period of the
heating season [25,26]. These regulations [23,25,26] establish the indoor temperatures for
the heating and cooling seasons for laboratory spaces.

According to the regulations in force in Romania, different temperatures were consid-
ered depending on the ambient category [22,23,25]:

- for space heating, the minimum comfort temperature is 21.0 °C for ambient category I,
20.0 °C for ambient category II, and 19.0 °C for category III [25];

- for space cooling, the maximum operating comfort temperature is different depending
on the ambient category, namely 25.5 °C for ambient category I, 26.0 °C for ambient
category II, and 27.0 °C for category III [25].

Thus, for the proposed system, it was considered that light teaching activities are
carried out in the laboratory, with a value of 1.6 met (Table 1) [25], falling into ambient
category III.

Table 1. Heat release for a person [25].

. . Total Heat Sensible Heat
Activity
[met] [W/person] [W/person]
Sedentary activity
(activities carried out 1.2 125 75

in the laboratory)

Ambient category III was considered because, in these spaces, the people (students
and teachers) who carry out activities do not require special conditions, and, as a thermal
resistance for clothing, it was considered for summer—0.5 clo and for winter—1.0 clo [34].
For ambient category III, the operative comfort temperatures are centralized in Table 2 [25].

Throughout the experimental tests inside the laboratory, the relative air humidity was
approximately 40% during the heating period and 60% during the cooling period.
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Table 2. Comfort operating temperatures [25].
Operating Temperature Top [°C]
Building Type/ .
:cltivliltlg Typee Ambience Category Minimum for Heating Maximum for Cooling
y P Clothing—1.0 clo Clothing—0.5 clo

Teaching and research
laboratory/Sedentary I 19 27

activity—1.2 met

Practically, for the case study, the following evaluation seasons were considered:

- heating season: 4 November 2024-21 March 2025;

- off-season: 22 March 2025-18 April 2025;

- free cooling season: 19 April 2025-12 July 2025;

- cooling season with water-to-water heat pump: 12 July 2025-12 September 2025;
- off-season: 13 September 2025-4 November 2025.

For the analyzed installation, it can be observed that, out of the total number of days
during a year (365 days), only 79 days are in off-season periods, when the heating and
cooling installations are not operating, i.e., a percentage of 21.6%. Practically the majority
of heating/cooling installations, in a percentage of 78.4% of the period of one year, operate,
respectively, with thermal energy consumption from centralized or individual systems and
electricity predominantly from the national energy system (NES).

In this article, the water-to-water heat pump cooling season (13 July 2025-12 September
2025) was not analyzed because it is part of research that will be integrated into the doctoral
thesis of one of the authors. These studies will be published in the near future.

2.4. Evaluation of Solar Photovoltaic Potential

Considering the importance and necessity of integrating renewable energy into the
installation systems and the fact that the area where the building is located benefits from
approximately 54 sunny days and 270 partly sunny days per year, the analyzed hybrid
system integrates a photovoltaic system [35]. To decide the capacity of the photovoltaic
system, the authors evaluated the solar potential of the area, primarily by analyzing the
solar irradiation using the PVGIS and Polysun simulation programs, data that were subse-
quently verified by experimental measurements (Figure 6) performed with an acquisition
station equipped with a SOZ-03 radiation sensor.

The performance of the proposed photovoltaic system was compared with two softwares,
namely, PVGIS (https://joint-research-centre.ec.europa.eu/photovoltaic-geographical-
information-system-pvgis_en, accessed on 17 January 2026) and Polysun (https://www.
velasolaris.com/en/, accessed on 17 January 2026). Both programs provide hourly, daily,
or monthly information about solar radiation and energy production. In addition, Polysun
provides information on the estimated electricity consumption of the analyzed building,
the reduction in CO, emissions, and the possibility of choosing the model of photovoltaic
panels, inverters, and storage batteries.
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Figure 6. Solar irradiation for the analyzed location: (a) 4 November 2024-18 April 2025; (b) 19 April
2025-4 November 2025.

Basically, PVGIS only provides information on the potential of the area, while Polysun
also provides information on the performance of the established photovoltaic system [36].
PVGIS uses the globally available ERA5 database [37], while Polysun uses the Google Maps
database as geographic data for orientation and shading, and the Meteonorm database for
solar irradiation [38].

The existing photovoltaic system ensures the electricity consumption of the PWpc cen-
trifugal pump and a small contribution during the cold season for powering the heat pump.
For the electricity supply of the proposed hybrid system, the possibility of supplementing
the photovoltaic system was analyzed/studied. Thus, 8§ more monocrystalline photovoltaic
panels of 455 Wp were added, which required the resizing of the inverter, choosing a
HUAWEI inverter with a maximum efficiency of 97.8% and a power of 6 kW. For the cur-
rent photovoltaic system, the option with electrical energy storage in 2 lithium-ion batteries
was chosen with a charge/discharge efficiency of 93% and a capacity of 6 kWh each.

The existing PV system was analyzed comparatively between the PVGIS and Polysun
software, from the point of view of energy production estimation. From the comparison
of the simulated energy production data with the two softwares, with the real energy
production recorded by the system, it can be stated that the estimation with Polysun is
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closer to reality regarding the analyzed location [15]. For this reason, the estimation of
energy production for the photovoltaic system integrated in the hybrid system presented
in this article is performed with the Polysun software [39].

2.5. Presentation of the Analyzed Hybrid System

The coupling of two individual systems that initially operated and were analyzed
separately for space heating (Figure 7) and space cooling (Figure 8) [21] led to the develop-
ment of the hybrid system presented in this paper (Figure 9). In practice, the integration
of the two individual systems into the analyzed hybrid system involves reconfiguration
by modifying the routes, integrating thermal energy consumption recording equipment,
automating the hybrid system, and resizing the PV system.
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Figure 7. Functional diagram of the individual heating system (Initial). T,—Outside air temperature;
Ti—Indoor air temperature; T;—Evaporator inlet temperature; To—Evaporator outlet temperature;
Ts—Condenser outlet temperature; Ty4—Condenser inlet temperature; Hi—Indoor air humidity;
FM;—Flowmeter water source; FM,—Heating water flow meter; PWgpg—Circulation centrifugal
pump by water from Bega channel through the PCyw evaporator; PWy—Axial pump for water
circulation in heating system; VCVy—Heating fan coil; PCyyw—Water—water heat pump.
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Figure 8. Functional diagram of the individual free cooling system (Initial). To—Outside air tempera-
ture; Ti—Indoor air temperature; Ti—Fan coil supply temperature; T)—Fan coil return temperature;
Tin—Fan coil inlet air temperature; Toyt—Fan coil outlet air temperature; Hi—Indoor air humidity;
FM;—Flowmeter water source; PWpc Centrifugal pump for water circulation from Bega channel for
free cooling system; VCVg—Cooling fan coil.
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Figure 9. Proposed hybrid system. (a) Functional diagram; (b) Laboratory image. T,—Outside
air temperature; Ti—Indoor air temperature; Ti—Evaporator inlet temperature; T)—Evaporator
outlet temperature; T3—Condenser outlet temperature; T4—Condenser inlet temperature; Ts—Inlet
water temperature; T¢—Outlet water temperature; H;—Indoor air humidity; FM;—Evaporator
inlet flowmeter; FM,—Condenser outlet flowmeter; FM3—Free cooling water source flow me-
ter; PWpc—Centrifugal pump for water circulation from Bega channel for free cooling system;
PWgy—Circulation centrifugal pump by water from Bega channel through the PCWW evapo-
rator; PWy—Axial pump for water circulation in heating system; VCVg—Fan coils floor unit;
VCVc—Fan coils ceiling unit; PCyyw—Water-water heat pump; TEM, » 3—thermal energy meter;
EM; 5 3—electricity meter; Tout—Fan coil outlet air temperature.

The hybrid system (Figure 9) proposed by the authors aimed to reduce the percentage
by 78.4% by installing photovoltaic systems with storage and reducing the impact on
the ozone layer by not using classic cooling systems (systems that use freons), adopting
free cooling.

During the summer period, the automation is set to cooling mode, at which time
the PWpgc pump is activated, which circulates the water captured from the Bega channel
through the VCV¢ cooling installation. However, by manipulating the shut-off valves, the
three VCVr fan coils can also be supplied with water from Bega for periods with very high
outdoor temperatures. An ultrasonic flow meter (FM3) was also installed on the discharge
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of the PWpc pump, which records the flow rate circulated through VCV¢. Two temperature
sensors Ts and T¢ were installed on the supply and return of the hybrid system, which
record the temperature of the water in Bega before and after leaving VCV¢. Temperature
sensors were also installed to record the temperature of the outdoor air (T,), the indoor air
(Tj), and the air discharged by VCV( after it was cooled (Tout). A thermal energy meter
(TEM;) was installed on the outlet of VCV to record the energy taken up by the cooling
agent (water from Bega). The electrical energy consumed by the PWgc pump was recorded
using the EMj electricity meter.

During the winter period, the automation switches from cooling mode to heating
mode and starts the PWpy pump, which circulates the water captured from the Bega
channel through the evaporator of the PCyyw water-to-water heat pump. Temperature
sensors (T1 and T) and a flow meter (FM;) were installed on the evaporator circuits, which
record the flow rate of the circulated water. The TEM; energy meter was installed on
the evaporator inlet to record the amount of energy extracted by PCww from the water
captured from the Bega channel. At the outlet of the PCyyy heat pump condenser, the
PWy pump is installed, which ensures the circulation of the heating medium (hot water)
through the three VCVy. Temperature sensors are installed on the inlet and outlet of the
condenser, which monitor the parameters of the heating medium (T3 and T4). A flow meter
(FM,) was installed on the condenser outlet to record the flow rate of the heat carrier and a
thermal energy meter (TEM3) to record the amount of heat released by the VCVy heating
elements. The electrical energy consumed by the two pumps PWpp and PWyy is recorded
by the energy meters EM; and EM,.

The data acquisition system used is of the IO-LINK type, managed by the MONEO
software [40]. The transformation of the collected data from the sensors into useful infor-
mation for formulating the results was based on the processing of raw data. The raw data
were collected with the of TASU8020 type sensors (T, Ti, Tout and T1-T¢) and FM;-FM3
ultrasonic flowmeters. The raw data collection was carried out with an AL1112 master
acquisition board with integrated Ethernet/IP interface that ensures their transmission
with an Ethernet cable to a computer for data storage. The collected data were exported in
graphical form.

3. Results and Discussion

In the results and discussion section, the relevant data obtained experimentally by
monitoring the parameters, as a result of the operation of the hybrid system that ensures
the heating and cooling of the building, are presented and discussed. The analysis of the
obtained results focuses on the evaluation of the thermal and photovoltaic potential on
which the operation of the evaluated hybrid system can be based, highlighting the degree
of energy independence and the decarbonization rate obtained.

3.1. Evaluation of the Thermal Potential of the Water of the Bega Channel in Timisoara

The evaluation of the amount of thermal energy available to the Bega channel was
carried out by analytical calculation using relationship (2) and validated by experimental
measurements carried out throughout the year using the TEM; thermal energy meter.
Thus, for an average flow of 17 m?3 /s, based on calculation relationship (2), the thermal
potential of the Bega channel was evaluated at approximately 85 MWh (experimental
validated quantity).

Considering that, to cover a heat requirement of 5.99 kW, it is necessary to transport a
flow rate of 0.7 L/s, this means that, at the average flow rate of 17 m3/s available in the
Bega channel, theoretically, approximately 24,286 apartments with an average surface area
of 50 m? could be supplied (which can be homes classified in comfort categories I, II, or I1I,
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depending on the configuration), which represents a number of 1214 collective residential
buildings with a height regime of GF + four floors, with four apartments per level. The
calculated data are valid for ensuring an indoor temperature of at least 20.5 °C.

To cover a cooling requirement of 2.03 kW, it is necessary to transport a flow rate
of 0.33 L/s, which means that, at the average flow rate of 17 m?3 /s available in the Bega
channel, theoretically, approximately 51,515 apartments with an average surface area of
50 m? could be supplied (which can be homes classified in comfort categories I, II, or III,
depending on the configuration), which represents a number of 2576 collective residential
buildings with a height regime of GF + four floors, with four apartments per level. The
calculated data are valid for ensuring an indoor temperature of maximum 27 °C.

3.2. Evaluation of the Photovoltaic Potential of the Area Where the Building Is Located

The amount of locally available solar energy is an important condition for sizing solar
photovoltaic systems. The estimated monthly energy production of the new proposed
fixed-angle photovoltaic system and the monthly in-plane irradiation for the fixed angle
are presented in Figure 10 compared to the previous system, and Figure 11 shows the
electricity production and sources for the proposed system. The graphical representations
were obtained using data generated by Polysun software [39].
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Figure 10. Electricity production of the photovoltaic system—comparing proposed PV system vs.
existing PV system.

In Figure 10, the monthly energy production of the newly proposed photovoltaic
system also includes the production generated by the previously installed system. The
considerable difference between the electricity production of the proposed photovoltaic
system is due to the fact that the eight proposed panels have higher power (the system was
expanded from 2.48 kW to 6.12 kW) and the location on the land adjacent to the laboratory
is at an angle of 15 degrees (compared to the eight panels previously installed on the facade
of the laboratory—at 80 degrees).

In Figure 11, it is observed that, in the cooling season (April-September), the electricity
consumption of the analyzed hybrid system is supplied entirely from the proposed PV
system, and, in the heating season, the coverage from the PV system is low (maximum
82.0%—March and minimum 13.5%—December). For this period of the year, the hybrid
system is supplied with electricity mainly from the national energy system (NES). Also, self-
consumption vs. export/import can be appreciated. Except for the months of November
and March, it is observed that the hybrid system does not consume electricity from the NES.
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Figure 11. Comparative analysis of PV system between electricity production and consumption.

The analysis of the monthly solar contribution under the conditions of an electricity
consumption during the heating season of 5.6 MWh and of 0.8 MWh during the cooling
season demonstrates the capacity of the PV system to satisfy the electricity consumption of
the building in proportion to 100% during the summer (with a surplus of 2.07 MWh), and
in winter it can contribute in proportion to 43.43%.

On the other hand, if the surplus electricity of 2.07 MWh could be used with a com-
pensation degree of 0.7 to 1 (economically viable), then the electricity consumption of the
building during the winter could be covered in proportion to 69.42%.

In Figure 12, the reduction in CO, emissions is represented, comparing the proposed
and the existing PV system. From the monthly representation of CO, emissions for PV
systems (previously and newly proposed), it is observed that the emission reduction
for the proposed system is approximately two times higher for the heating season and
approximately five times higher for the heating season.
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Figure 12. Comparative analysis between CO, emissions of existing and proposed PV systems.

This difference is mainly due to the fact that the proposed PV system is a system with
storage that allows the use of solar energy also during the night, thus replacing the need
for electricity consumption from the NES for which the amounts of CO, are higher (SEN
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also produces electricity using fossil fuels). Thus, during the heating season, a reduction of
1.13 t CO, was obtained, and, during the cooling season, there is a reduction of 2.7 t and, in
the off-season, of 0.34 t, resulting in an annual CO, reduction of 4.17 t/year.

Assuming that natural gas is predominantly used for heating buildings in Romania,
the reduction of 1.13 tons of CO, achieved by the hybrid system may be equivalent to
an electricity consumption of 5.5 MWh. Regarding the cooling of buildings, in Romania,
electricity is predominantly used, and the reduction of 2.7 tons of CO, may be equivalent to
an electricity consumption of 10.18 MWh. The amount of CO, emitted by SEN to produce
electricity varies depending on the energy mix (coal, gas, nuclear, hydro, wind, solar) and
is assessed by the specific emission factor of 265 kg/MWh, and, for natural gas, a specific
emission factor of 205 kg/MWh was considered [41]. From the point of view of heating
the laboratory with a water-to-water heat pump system, the reduction of 1.13 tons of CO,
achieved by the system implies a decarbonization degree of 81.4%. Regarding the cooling
of the laboratory, for which free cooling was predominantly used, the reduction of 2.7 tons
of CO; implies a decarbonization degree of 100%.

3.3. Evaluation of the Operation of the Hybrid System in the Heating and Cooling Seasons

For the heating season, the analyzed hybrid system (Figure 9) ensured the indoor
temperature by means of three fan coils (3 x 1.9 kW) which are supported by the 10 kW
water-water heat pump and input from the photovoltaic system with a total installed
power of 6.12 kW. For the cooling period (considering a maximum temperature of 27 °C),
free cooling was used, in open circuit, supported by a variable speed centrifugal pump,
with a power of 80 W which sucks the water from the Bega channel and circulates it through
the 3 VCVp and an VCV, after which it discharges it back into the channel. On days when
the indoor temperature could not be ensured by free cooling, no measures were taken
to reduce the indoor temperature, firstly because the aim was to record the real indoor
temperature obtained only by free cooling, and secondly, indoor comfort conditions were
not necessary because, during this period, no teaching activities were carried out, as it is
a holiday period (21-23 July, 12-31 August and 1-8 September). Measures to reduce the
indoor temperature that would ensure an increase in the degree of decarbonization of the
cooling system while maintaining comfort conditions will be the subject of further research
which integrates heat pumps.

For the summer season, the solar irradiation (Figure 6) benefits the provision of elec-
tricity to the cooling system from the photovoltaic system. The measurements were carried
out for the entire analyzed period (4 November 2024-12 July 2025) using a data acquisition
system consisting of sensors and equipment for monitoring and tracking the behavior of
the heating/cooling installations. The energy consumption to ensure comfort conditions
inside the building in summer/winter varied depending on the external temperature, the
solar input, and the water temperature in the Bega channel.

3.3.1. Operation the Hybrid System in the Heating Season

The monthly variation in data recorded with the hybrid system operating in heating
mode is presented in Figure 13. Referring to the graphical representations in Figure 13, it is
observed that, for the heating season, the indoor temperature recorded values in the range
(19.74-28.53) °C, with the maximums being recorded in February of 2025.

In February, the flow /return temperature of the PCyyw heat pump condenser changes
from 40/35 °C to 45/40 °C, maintaining the low temperature regime. For this reason, and
because there are no systems for storing the excess thermal energy produced by the PCyw
heat pump, these variations in condenser temperatures occur. As the flow temperature
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increases, the ambient temperature also increases, but, due to the low thermal inertia of the
heating elements, the indoor temperature decreases depending on the outdoor temperature.

From a climatic point of view, the locality of Timisoara, where the building under
analysis is located, is located in the temperate—continental transitional zone with outdoor
temperatures in the heating season between —3 °C and —5 °C, with extreme values of
—38.5 °C, at Bod on January 25, 1942 (Brasov County). The maximum and minimum
records for the locality of Timisoara were recorded in the interval 1961-1990 and are
presented in Figure 14 [42]. Practically, since 1990, no extreme values have been recorded,
and the average temperature per country of 11.6 °C was 2.0 °C higher than the median of
the standard reference interval (1991-2020), which can be seen from the monthly variation
presented in Figure 15 [43].
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Figure 13. The monthly variation in data recorded with the system operating in heating mode:
(a) November; (b) December; (c) January; (d) February; (e) March.
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Month Jan Feb Mar Apr May Jun

Record high | 17.4 ‘ 384 | 396 | 410 | 39.7 41.0
°C (°F) (63.3) (101.1) | (103.3) | (105.8) | (103.5) (105.8)

Record low [IEREK] 52 -50 22 59 50 @ -19 -68
SAC N (-31.5) | (~20.6) (22.6) (23.0) (36.0) (42.6) (41.0)  (28.6) (19.8)

Figure 14. Climate data for Timisoara (1961-1990) with extreme temperature [42].
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Figure 15. Evolution of the average monthly temperature, average per country, in Romania, in 2024,
compared to the median of the standard reference interval (1991—2020) [43].

According to the calculation of outdoor temperature for determining the heat require-
ment, the outdoor temperature is considered, for the locality of Timisoara, at the value
of —15 °C [22]. From the analysis of Figure 13, it is observed that the outdoor tempera-
ture, during the cold season, is in the range (—6.06 and 21.68) °C. According to the data
in Figure 13, the values from the regulations in force in Romania and the experimentally
measured data, it can be concluded that a reassessment of the calculation of outdoor temper-
ature is necessary for the localities in the western area of Romania. Practically, starting from
2014 and until 2024, there was a continuous increase in the average outdoor temperature in
Romania (Figure 15).

Even though an indoor temperature of 19 °C was considered sufficient for teaching and
research activities [22,25], higher temperatures were recorded for the monthly operation
of the hybrid system in order to evaluate the maximum amount of energy that the water-
to-water heat pump system can produce using the water from the Bega channel as a heat
source. In practice, the PCyw heat pump was set to stop when the indoor temperature
reached 30 °C, throughout the heating season. Thus, a surplus of thermal energy was
recorded that was able to increase the indoor air temperature from 1 °C to 9 °C above the
recommended temperature (19 °C), depending on the variation in the outdoor temperature
(between —5 °C and 7.8 °C).

The temperature recorded at the inlet/outlet of the evaporator varies depending on
the water temperature in the Bega channel, as follows:

- (10.21-15.35) °C/(9.36-15.00) °C—from 4 November;
- (8.70-11.10) °C/(7.48-10.60) °C—December;

- (6.50-9.18) °C/(5.42-8.60) °C—January;

- (56.59-8.50) °C(4.43-7.40) °C—February;

- (6.91-11.10) °C(6.31-10.50) °C—until 23 March.

From the point of view of the variation in the temperature recorded at the inlet and outlet
of the condenser, it is observed that the values record a difference of approximately 3 °C.
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The temperature recorded at the inlet/outlet of the condenser varies as follows:

- (33.46-36.96) °C/(34.74-40.08) °C—from 4 November;
- (32.51-36.74) °C/(37.30-41.44) °C—December;

- (30.96-37.75) °C/(35.86-44.84) °C—January;

- (30.31-37.40) °C/(36.05-44.57) °C—February;

- (35.50-36.70) °C/(39.50—40.20) °C—until 23 March.

An important parameter for evaluating the operation of the hybrid system in heating
mode is the water flow captured from the Bega channel and circulated through the PCyyw
evaporator. Thus, Figure 13 shows the flows circulated through the evaporator and the
PCww condenser, respectively.

Practically, the flow circulated through the evaporator, in open circuit, varied between
(30-50) L/min. The flow variation was carried out to evaluate whether the variation in the
water flow influences the efficiency of the PCwyy. Practically, it is known that circulating a
lower flow leads to a lower electricity consumption of the PWgy pump. From the evaluation
of the electricity consumption of the PWpy pump, it was found that the flow variation
within +10 L/min from the value of 40 L/min considered as the reference value does not
negatively influence the efficiency of the PCyyw. In conclusion, the flow of the circulation
pump can be reduced to reduce the electricity consumption of the PWgy pump.

From the point of view of the water flow rate circulated through the condenser, in a
closed circuit, it can be seen from Figure 11 that it is approximately constant, with small
differences depending on the speed stages of the PWy pump, namely, ~7 L/min—stage I,
~9 L/min—stage II, and ~14 L/min—stage III.

3.3.2. Operation of the Hybrid System in the Cooling Season

The monthly variation in data recorded with the hybrid system operating in cooling
mode (19 April-12 July) is presented in Figure 16. Referring to the graphical representations
in Figure 16, it is observed that, for the cooling season, the indoor temperature recorded
values in the range (18.16-22.71) °C in April and (18.16-24.21) °C in May.
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Figure 16. The monthly variation in data recorded with the system operating in cooling mode:
(a) from 19 April; (b) May; (c) June; (d) to 12 July.

Since in the first three days of June, outdoor temperatures above 27 °C (the maximum
temperature considered for the indoor temperature in the laboratory) were recorded, the
free cooling system was stopped to verify the increase in the indoor temperature. During
this period, increases in the indoor temperature were recorded between (29.43-31.08) °C.
Starting on 4 June, the PWgc pump of the free cooling system was started and the indoor
temperature stabilized in the range (21.76-25.74) °C. The free cooling system operated
efficiently until 5 July, when the indoor temperature reached 24.31 °C, by circulating a water
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flow from the Bega channel of 14 L /min. In practice, the free cooling system operated, using
more increased water flows, until 12 July, when a temperature of 27.32 °C was recorded
inside the laboratory. From this moment, due to the heating of the water in the Bega channel
above 23.00 °C, the free cooling system became ineffective due to the inability to ensure the
maximum accepted temperature inside the laboratory (27.00 °C). Practically, during the
period 5-12 July, the free cooling period was extended by increasing the water flow rate
circulated by the PWpc pump from 14 L/min to 23 L/min and subsequently to 27 L/min.
For the first interval of increasing the flow rate by 9 L/min, for 6 days (5-11 July), an indoor
temperature of maximum 26.5 °C was obtained, and, for the next interval with an increase
in the flow rate of another 4 L/min, for 1 day (12 July), it was possible to maintain the
indoor temperature at maximum 27 °C for almost the entire day. The last data record on
12 July indicated a temperature of 27.32 °C. During these 7 days (5-11 July), the outside
air temperature was in the range (19.05-37.47) °C, and the water temperature in the Bega
channel was in the range (21.30-22.58) °C. Starting from 13 July, in order to maintain the
temperature inside the laboratory below 27.00 °C, it was necessary to use a different type
of cooling system.

In terms of outdoor temperatures during the cooling season, the available information
shows that the values range between 22 °C and 24 °C, with extremes of +44.5 °C recorded
on 10 August 1951, in Ion Sion (Braila County) [42]. For the period 1961-1990, Figure 14
presents the highest temperature values recorded in each month. Thus, it is observed
that, in this interval, the extreme maximum of 41 °C was recorded in August, followed by
July (39.6 °C) and September (39.7 °C), which are approximately identical. Regarding the
period of operation of the hybrid system in “free cooling” mode (19 April-12 July from year
2025), it can be seen that the hottest month is July with a maximum of 39.78 °C, followed
by August with a maximum of 38.22 °C and June with 37.22 °C. Specifically, the months
in which maximum temperatures are recorded have shifted by one month towards the
spring season. From the analysis of Figure 14, it is found that the external temperature and,
implicitly, the water temperature in the Bega channel represent determining factors in the
efficient operation of the hybrid system analyzed in the “free cooling” operating mode.

The water temperature difference between the inlet and outlet of the VCV, when
the hybrid system operates in “free cooling” mode, is ~1.20 °C in April, ~1.00 °C in May,
~0.80 °C in June, and ~0.50 °C in July, which indicates the need to adopt another type
of cooling system to maintain the temperature inside the laboratory space at a maximum
of 27.00 °C.

The measurements were carried out for the entire analyzed period (4 November 2024
12 July 2025) using a data acquisition system consisting of sensors and equipment for
monitoring and tracking the behavior of heating/cooling installations.

The assessment of the building’s energy independence was carried out by considering
the actual operation of the hybrid system for the period 4 November 2024-12 July 2025
and the theoretical operation achieved by extrapolating the results for the hybrid system
in “free cooling” mode after 12 July 2025 until 12 September 2025, even if a maximum
temperature of 27.00 °C was not ensured inside. For this period, the authors considered the
operation of a heat pump cooling system that would bring the indoor temperature below
27.00 °C an approach that will be the subject of immediate research.

4. Conclusions

The effects of climate change on buildings are quantified by increased indoor air
temperatures, which mainly, in the hot season, are due to successive waves of high outdoor
temperatures. This leads to the degradation of comfort level in buildings, and to an increase
in mortality rates among the population that cannot afford to heat/cool their homes to
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an adequate temperature level. The lack of facilities (the installations in buildings) that
ensure the maintenance of a comfortable temperature in buildings is quantified through an
indirect indicator of energy poverty.

The conclusions formulated in this section summarize the main advantages of im-
plementing the proposed hybrid system for heating and cooling the “Energy Conversion
and Storage” laboratory building that uses the thermal potential of the water in the Bega
channel as a primary energy source, and a photovoltaic system as a source of electricity
production, supported by the national energy system. The article aims to draw attention to
the thermal potential of surface waters, both for heating and cooling buildings located in the
vicinity of watercourses. We believe that the reasons why this system is not implemented
can be attributed to the lack of experimental research to validate such a solution. The choice
of equipment that took into account the quality of surface water made it possible to exploit
the thermal potential of the Bega channel. On the other hand, the free cooling concept
considered the temporary non-use, as much as possible, of systems that use refrigerants
(freons) and equipment with high maintenance costs. Thus, maintenance and energy con-
sumption are reduced to a centrifugal pump PWpc (made of recyclable materials), reducing
the risk of pollution in the manufacturing, operation, and maintenance flow.

The analysis of the operation of the hybrid system in the two real operating modes
(“heating” mode and “free cooling” mode) during 4 November 202412 July 2025 and the
extrapolation of the results obtained in 13 July 2025-12 September 2025 showed that an en-
ergy independence of approximately 90.70% can be achieved, for which the amount of CO,
was reduced by 4.17 t/year, thus contributing to the decarbonization of the heating/cooling
systems related to the laboratory building in a percentage of 81.4% for the heating season
and 100% for the cooling season. The energy independence achieved during the summer is
due to the fact that the electrical energy required to power the PWgc pump, which supplies
the cooling system, is provided by the PV system. Practically, for free cooling, an average
SCOP of 4.13 was calculated, and, for the heating period with a water-to-water heat pump,
an average SCOP of 2.32 was calculated.

In light of all of the above, the analysis carried out in this study can contribute to adap-
tation measures of the built environment to prepare them to combat climate change, by ad-
dressing heating/cooling systems with high degrees of decarbonization. Heating/cooling
systems that use surface water as a primary heat source (considered a RES) and that are
adapted to the climate conditions corresponding to a transitional temperate—continental
climate, as is the case of Timisoara, where the “Energy Conversion and Storage” laboratory
building is located, were identified and analyzed. The study will continue by further explor-
ing the optimization of installation systems to increase the degree of decarbonization and
the degree of energy independence that would contribute to the sustainable adaptation of
new or existing buildings (especially in urban environments) to climate change conditions.
We intend to expand the research area by purchasing and integrating an air-to-water heat
pump for a comparative study that will also include a cost-benefit analysis. Also, in order
to enrich the specialized literature, which can support the sustainable adaptation of new or
existing buildings, research is still needed that addresses similar measures (heating/cooling
systems) conveyed in the context of climate diversity, available energy resources, and
buildings typology.
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The following abbreviations are used in this manuscript:

EM Electricity meter

M Flowmeter

PC Heat pump

PW  Circulation pump
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