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Purpose. To assess the capability of rooftop photovoltaic power plant (PVPP) to supply the operation of
engineering systems in multi-apartment residential buildings and to determine a set of engineering and technical
measures that ensure the effective integration of rooftop photovoltaic power plants in order to achieve regulatory
energy-efficiency indicators and minimize climate impact.

Methodology. Calculation and analytical methods were applied to determine the energy consumption of
residential buildings, along with a methodology for calculating electrical loads of multi-apartment buildings to
evaluate changes in electricity demand under different configurations of building climate systems. Scenario analysis
and energy modeling were used to assess the interaction between heating technologies, operating conditions, and
renewable energy generation.

Findings. Rooftop photovoltaic systems equipped with modern photovoltaic modules and inverter equipment and
installed on typical five-storey multi-apartment residential buildings are capable of covering the annual electricity
demand of building climate systems, which corresponds to the requirements for achieving operational climate
neutrality. Comprehensive modeling was carried out to analyze the interaction between building climate system
configurations, energy sources, heating system temperature regimes, and actual outdoor temperature conditions on the
achievable level of energy efficiency in typical residential buildings. The modeling of rooftop photovoltaic system
operation and the comparison of expected electricity generation with the electricity demand of thermally modernized
buildings equipped with heat-pump-based climate systems demonstrated the feasibility of balancing annual energy
consumption with on-site renewable generation. It was found that comprehensive thermal modernization of typical five-
storey buildings combined with the transition to electric heating using heat pumps as the primary heat source enables
the electricity demand of building climate systems to be supplied by rooftop photovoltaic systems.

Originality. The study substantiates a set of energy-efficient measures, including the integration of rooftop
photovoltaic systems, that allow achieving operational climate neutrality indicators for typical five-storey multi-
apartment residential buildings. It is shown that the transition to heat-pump-based electric heating can reduce
electricity consumption by 1,8-2,0 times under actual average outdoor temperature conditions compared with
conventional electric heating systems. Furthermore, the implementation of low-temperature heating regimes reduces
electricity consumption by 2,8-3,2 times compared with direct electric heating and enables achieving operational
climate neutrality for building climate systems.

Practical value. The results can be applied in the development of renovation projects for existing multi-apartment
residential buildings, in new residential construction, and in the design of electric heating systems that utilize electricity
generated by rooftop photovoltaic systems. The proposed solutions contribute to the objectives of the Energy Strategy of
Ukraine until 2035, strengthen national energy security, and support the implementation of international commitments
on reducing primary energy consumption and greenhouse gas emissions.

Keywords: energy efficiency; photovoltaic system; electricity consumption; climate neutrality; building climate
systems; heat pump.

I. INTRODUTION energy demand are becoming particularly important [1].

Ukraine participates in international initiatives The main challenges faced by residential building
aimed at climate change adaptation, reduction of OWners when implementing repewable energy sources,
greenhouse gas emissions, and the transition to a low- pgﬂlcularly rooftop photovoltaic systems as the most
carbon economy. In this context, increasing the energy ~ Widespread renewable energy technology, include:
efficiency of buildings and gradually introducing - the legal status of the roof;

renewable energy sources (RES) to meet consumer _ {he technical condition of the roofing structures;
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- the load-bearing capacity of building structures;

- the complexity of connection to internal electrical
networks;

- limited electricity generation capacity.

Internal building electrical networks are often
outdated and were not designed to receive and distribute
energy  from  distributed  generation facilities.
Modernization of power supply systems and replacement
of electrical networks require significant additional
financial resources. In addition, the mismatch between
peak electricity consumption and generation periods
prevents buildings from achieving energy autonomy.
These challenges often create barriers to the integration of
solar power plants into building energy systems.

The residential sector is one of the largest consumers
of energy resources. Climate control systems, including
heating and cooling, account for the largest share of
energy consumption in the annual energy balance of
buildings. In order to fulfill national and international
commitments, regulatory requirements are being
introduced to improve the efficiency of energy use and
reduce greenhouse gas emissions.

One of the technical solutions increasingly used in
new  residential  construction projects is  the
implementation of electric heating systems. This approach
allows achieving the minimum energy performance
requirements of buildings in accordance with the Law of
Ukraine “On Energy Efficiency of Buildings” by
minimizing losses in district heating networks and due to
the relatively simple control and higher efficiency of
electric heating systems compared to centralized and
autonomous heating systems based on fossil fuels.
However, such a solution cannot always be implemented
in existing buildings due to the limited capacity of
electrical networks to accommodate additional loads
associated with the transition to electric heating.

A promising solution is the integration of heat
pumps into building climate control systems. The use of
such systems allows heat energy to be obtained with
relatively low electricity consumption [2].

One of the approaches to improving the energy
efficiency of building heating systems is the use of low-
temperature heating supply schedules. These schedules
reduce electrical loads, improve the efficiency of heat
utilization, and increase the performance of heat pumps.
Studies show that the combination of modern heating
systems with energy-efficient technologies significantly
reduces building energy consumption and improves their
overall energy performance [3].

Renewable energy sources are also increasingly used
in building energy supply systems to improve energy
efficiency. Their implementation reduces dependence on
conventional energy resources and contributes to
decreasing environmental impacts. Recent studies
emphasize the importance of integrated application of
various energy-saving technologies to improve the overall
efficiency of building energy systems [4].

Thus, a relevant scientific task is the comprehensive
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assessment of energy consumption in residential buildings
when implementing rooftop photovoltaic systems and
transitioning from conventional to combined climate
control systems using heat pumps.

II. ANALYSIS OF LAST RESEARCHES

The residential sector is one of the largest consumers
of energy and a significant source of greenhouse gas
emissions. According to international reviews, buildings
account for up to 40% of global final energy
consumption. Climate control systems and domestic hot
water supply represent a major share of this energy
consumption. To ensure the operation of these systems,
buildings largely rely on fossil energy resources [5].

In recent years, there has been growing interest in
methods and technologies capable of significantly
reducing both primary energy consumption and
greenhouse gas emissions from residential buildings. One
promising solution is the integration of rooftop
photovoltaic systems with heat pumps (HP), which
together ensure high efficiency in energy resource
utilization [6].

The use of hybrid energy supply systems combining
heat pumps and photovoltaic systems potentially allows
simultaneous coverage of building thermal and electrical
energy demand, opening the way to achieving near-zero
energy building (NZEB) performance levels [6]. In [7], it
is shown that the combination of heat pumps and
photovoltaic  panels significantly reduces energy
consumption and operational costs while contributing to
substantial reductions in greenhouse gas emissions.

Practical monitoring studies confirm that in multi-
apartment buildings with high energy performance levels,
the use of heat pumps combined with photovoltaic
systems or solar thermal collectors can provide an annual
energy balance, especially when applying comprehensive
measures to reduce heat losses in the building envelope
[8].

Increasing the share of heat pumps and renewable
energy sources in building energy supply is considered
one of the key directions of decarbonization in the
residential sector in Ukraine and Europe. For example,
market analysis data indicate a significant increase in heat
pump sales in EU countries, reflecting stronger renewable
energy support policies and a shift away from gas- and
solid-fuel-based heating systems [9].

Despite numerous advantages, the integration of
photovoltaic systems and heat pumps in residential
buildings faces several technical and economic
challenges. These include increased peak electrical loads
during the transition to electric heating, the need for
optimal placement of photovoltaic panels, ensuring
reliable operation during cold periods, and determining
effective strategies for electrical and thermal energy
balancing [10].

This article presents a comprehensive analysis of
energy consumption in a residential building equipped
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with a rooftop photovoltaic system when transforming the
heating system and introducing a heat pump as the main
energy source for building climate systems. The
calculations were carried out according to current
methodologies  for determining building energy
consumption and designing electrical equipment for civil
facilities (DSTU 9190:2022, DBN V.2.5-23) in order to
determine the baseline annual load, analyze renewable
energy integration scenarios, and assess the potential for
achieving climate neutrality.

III. FORMULATION OF THE WORK PURPOSE

To assess the capability of rooftop photovoltaic
power plant to supply the operation of engineering
systems in multi-apartment residential buildings and to
determine a set of engineering and technical measures that
ensure the effective integration of rooftop photovoltaic
power plants in order to achieve regulatory energy-
efficiency indicators and minimize climate impact.

IV. EXPOUNDING THE MAIN MATERIAL AND
RESULTS ANALYSIS

Electrical loads of a building are calculated based on
the requirements of DBN V.2.5-23. The analysis of this
regulatory document shows that electrical loads are
determined for buildings without considering the energy

efficiency class indicators and expected energy
consumption modes.
According to the specified methodology, the

calculated load of a group of dwellings with the same
specific electrical load, referred to the supply line,
building input, or 0,4 kV transformer substation busbars,
Pawn is determined by the following formula [11]:

Fawn = Faws N,

where P;,¢ — specific calculated electrical load of one

dwelling (apartment), selected according to Table 3.1 [11]
depending on the adopted electrification level and the
number of apartments connected to the given network
section, kW/dwelling;

N — number of dwellings (apartments) connected to the
input line or transformer substation.

Appendix D, Table D.2 [11] provides an example of
calculating loads for type-1 dwellings using full electric
heating for apartments with an average area of 70 m? and
an electric stove of 8,5 kW (see Table 1).

Table 1. Example of determining calculated loads of
type-1 dwellings using full electric heating (average
apartment area 70 m?> with an 8,5 kW electric stove)

Groups of electricity consumers Specific calculated load,
in a dwelling kW/dwelling (number of
dwellings)
12 24 100
Type-1 dwelling 3,76 2,72 1,73
Direct electric heating 7,37 7,37 7,37
Total with electric heating 11,13 10,09 9,1
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Modern approaches to comprehensive energy
modernization of buildings and bringing them into
compliance with the minimum requirements established
by the Law of Ukraine “On Energy Efficiency of
Buildings” significantly affect the energy consumption of
engineering systems, particularly heating and cooling
systems. Therefore, it becomes necessary to assess the
specific load of direct electric heating and heating systems
using heat pumps for different classes and types of
residential buildings. This makes it possible to take into
account the actual condition of residential buildings, the
installed engineering equipment, and to refine specific
energy consumption indicators for selecting the main
electrical equipment of building power networks.

An improved algorithm for determining electrical
loads is proposed, which takes into account energy
efficiency indicators (Fig. 1) determined using the
methodology approved by DSTU 9190. These indicators
are converted into electricity consumption of the heating
system.

( )
Performing energy consumption
calculations
DSTU 9190:2021

( )
Determining the energy
efficiency class
. | J/
( )
Development of thermal
modernization measures
. | J/
( )

Introduction of heat pumps
(HP), photovoltaic plants (PV)

. | J
( )
Determining expected
electricity consumption and
generation

(& | J
( N\ ( N\

Detgrmlnatlon Of,SPECIt.iC Calculation of electrical loads

heating characteristics for DBN V2.5.23

electric heating, HP -

(& J

Specific heating characteristic
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heating)
.

( )
Selection of power supply
system equipment
. J

Figure 1. Algorithm for determining building electrical
loads

To compare the generation and consumption modes
of electrical and thermal energy in a typical building
equipped with a rooftop photovoltaic system, the main
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energy consumption indicators were modeled according
to existing methodologies.

The determination of the annual and monthly energy
demand and consumption of the heating system was
carried out according to the methodology approved by
DSTU 9190:2022 [12]. The methodology defines the
annual energy balance of the building, which includes:

transmission heat losses

envelopes;

through building

- ventilation losses;
- internal heat gains;
- solar heat gains.

The energy demand of the heating system is
determined by the formula [12]:

QH,nd = QH,nd,conl = QH,ht - nH,gnQH,gn - Qve,prre—heal’

where Oy i cone — energy demand for continuous

building heating, W-h, must be > 0;

Op p — total heat transfer in heating mode, W-h, defined
in accordance with 7.2.3.1 [12];

Np gn — dimensionless gain utilization factor, defined in
accordance with 12.2 [12];

Opy gn — total heat gains during heating operation, W-h,
defined in accordance with 7.2.3.2 [12];

Ove, pre—hear — energy demand for central preheating of

ventilation air, W-h defined in accordance with 9.4 [12].

To model energy consumption modes of building
climatization systems (heating and air conditioning), a
typical ~ four-entrance  five-storey  multi-apartment
residential building located in the city of Dnipro was
used. The number of apartments per floor is four in the
corner entrances and three in the intermediate entrances,
which corresponds to typical layouts. According to
DBN V.2.6-31:2021 [13], the building is located in the
first temperature zone. The building walls are made of
400 mm expanded clay concrete blocks, which do not
meet the minimum energy efficiency requirements in
terms of thermal properties. Transparent structures
include windows, glazing of balconies and loggias mainly
made of double-chamber glazing units in 5-7 chamber
aluminum profiles; some double wooden windows
remain. Such a condition of transparent structures is
typical for most residential buildings in Ukraine. Facade
glazing coefficient 0,22 which is typical for this type of
building. The roof structure is a combined flat roof
consisting of reinforced concrete panels, a slope-forming
layer, and roofing felt. The floor above the unheated
basement is the floor of the first level and consists of a
220 mm reinforced concrete slab covered with a cement-
sand screed and decorative finishing. Both the roof slab
and the slab above the basement require thermal
insulation according to current energy efficiency
standards. The external entrance doors are insulated metal
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doors with vestibules and do not require modernization.
The total heated area of the building is 3974,9 m?.

The building climatization systems include a
centralized heating system with an elevator unit at the
input and a dependent connection scheme, as well as
individual household air conditioners with split systems
that provide cooling for separate rooms and apartments.
The heating system uses hot water as the heat carrier with
a temperature schedule of 80/60 °C, which is typical for
most Ukrainian cities.

The heating system operation was modeled under
the following conditions:

- absence of circulation pumps, the circulation of the
coolant in the heating system is carried out due to the
pressure difference in the supply and return pipelines.;

- one-pipe dead-end vertical heating system with bottom
distribution;

- steel pipelines;

- steel and cast-iron radiators placed along external walls;

- partial absence or damage of pipeline insulation in
unheated spaces;

- manual riser and radiator valves as regulating fittings,
partially absent.

These conditions are typical for most multi-
apartment buildings, allowing the obtained simulation
results to be considered representative for this building
class.

For typical
constructed between

five-storey apartment buildings
1950 and 1980, the energy
consumption of  climatization  systems  before
comprehensive  thermal  modernization  exceeds
160 kW-h/m? per year, corresponding to energy class G

and not meeting minimum requirements.

Thus, the energy consumption of the climatization
system for the current state of the building is about
635 MW-h, while the rooftop photovoltaic system can
generate only about 190 MW -h.

For the existing energy supply system, two types of
heat sources are considered — direct electric heating using
heating elements and heat pumps.

The main difference between centralized heating and
heat pump systems lies in the efficiency indicators of the
heat generation and accumulation subsystems. As a result,
the model with heat pumps yields heating energy
consumption expressed in kW-h of electricity. Since it is
this parameter that determines the consumption of either
thermal or electrical energy, depending on the selected
source of thermal energy.

If the centralized heating system is replaced by
direct electric heating using heating elements, not only the
generation efficiency indicators change but also the linear
heat transfer coefficients and pipeline lengths. With direct
heating, distribution losses are almost zero (see Table 2).
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Table 2. Generation subsystem indicators for calculating
energy losses in the heating system.

Indicator Indicator value for:
- 2
3 E o g
Spl iyl iz
< = o= o =
£8| 88| 8=
5 < § < é ‘g
Q 5 =]
Generation subsystem
Efficiency indicator of heat
production/generation and 0,93 0,99 | 2,6-3
storage subsystems
Heat losses in pipelines located in unheated spaces
Linear heat transfer
coefficient of the connecting 0,2 0 0,2
pipeline
Length of th i
ength of the connecting 209 0 209

pipeline

Equivalent length of shut-off

and control valves 24 0 24

Heat losses in pipelines located in heated spaces

Linear heat transfer

coefficient of the vertical 0,3 0 0,3
pipeline
Length gf the vertical 349 0 349
pipeline
Linear heat transfer
coefficient of the horizontal 0,4 0 0,4
pipeline
Length of the' horizontal 176 0 176
pipeline
Overall efficiency level of
the heat emission subsystem | 0,82 0,91 0,82

in the room

Modeling of the considered energy sources allowed
determining the specific energy consumption of the
heating system. The results for the current building state
are presented in Table 3.

Since Ukraine has committed to reducing
greenhouse gas emissions, including in the energy and
building sectors, thermal modernization of buildings and
achieving minimum energy efficiency requirements is
mandatory. Order of the Ministry for Communities and
Territories Development of Ukraine Ne260 (27.10.2020)
establishes specific minimum energy efficiency indicators
and energy class requirements (class C for new or
reconstructed buildings). Therefore, the heating system
energy consumption was also determined after building
modernization. The thermal resistance of building
envelopes was brought to minimum requirements for the
first temperature zone, and the energy consumption
parameters were recalculated for the modernized building.

All values and modeling results are presented in Table 3
and Figure 2. Cooling energy consumption changes
insignificantly because it is usually provided by
household air conditioners and accounts for no more than
5% of the total climatization energy consumption.

Table 3. Specific energy consumption of the heating

system
= § o0 a
o— -~ =
=) T 3 8 a8
5 . 2 S 8l 23
o = o O o 8 —
88 Z2wEl 23
£° | 22| gk
=1 k= S IR
Heating system energy 162,32 | 134,49 58,06
consumption before
modernization,
kW -h/m?-year
Cooling system energy 2,67 2,67 2,67
consumption before
modernization,
kW -h/m?year
Energy consumption 66,11 53,05 23,65
after modernization,
kW -h/m?-year
Cooling system energy 1,06 1,06 1,06
consumption after
modernization,
kW -h/m?-year
\
\
2w \ /
L \ /
T, —— >
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Figure 2. Heating system energy consumption before and
after modernization

Analyzing the obtained graphs in Fig. 2 and the
values in Table 3, we can say that the energy consumption
of the heating system after modernization decreases by
2,5 times, and when installing an electric heating system
with a HP — by 6,9 times. In this case, the rooftop
photovoltaic system becomes capable of covering the
electricity consumption of heating and cooling systems
throughout the year.

Further analysis shows that switching to direct
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electric heating does not significantly reduce energy
consumption. In the conditions of prolonged war and
destruction of energy infrastructure, such a transition may
be forced but would require significant modernization of
low-voltage distribution networks. In the case of a forced
transition to electric heating for entire residential districts,
such modernization would inevitably extend to urban
distribution networks of medium voltage levels (6-10-
35kV). In addition, centralized heating systems can use
various types of primary energy sources, including natural
gas, coal, firewood, pellets, and fuel briquettes. In
contrast, the transition to electric heating requires
mandatory electricity generation, which to some extent
narrows the choice of energy sources and simultaneously
requires enhanced measures to ensure reliable backup
power supply for consumers.

An alternative method that allows reducing
electricity consumption in heating systems is the use of
heat pumps. When switching to heat pump heating
systems, the internal building heating networks require
modernization. Advances in compressor technologies,
heat exchangers, and refrigerants make it possible to
achieve acceptable seasonal efficiency indicators for air-
to-air and air-to-water heat pumps under climatic
conditions typical for Ukraine. In this case, the expected
energy consumption of heating systems decreases by 2,8-
3,2 times compared to centralized and direct electric
heating. Additional rooftop photovoltaic systems with or
without storage systems and hybrid inverters can further
improve the energy independence of buildings. This
makes it possible to partially protect the building from
prolonged power outages and also compensate for part of
the electrical energy that will be consumed by the heat
pump during the heating season.

To assess expected energy efficiency indicators of
buildings with heat pump heating systems, the annual
operation modes of the rooftop photovoltaic system were
modeled.

First, the electricity generation of the photovoltaic
power plant (PV system) is preliminarily estimated and
analyzed. Figure 3 shows the monthly annual generation
of a 175 kW rooftop photovoltaic system installed on the
roof of the five-storey building. The installed capacity
was determined considering the available roof area and
the need to maintain technical service passages. For
multi-storey residential buildings, typically 75-80% of
the roof area can be used for PV installation.
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Figure 3. Annual generation of the rooftop photovoltaic
system

The photovoltaic power plant is installed on the roof
of a five-storey residential building. As shown in Fig. 3,
the annual generation of the PV system amounts to almost
190 MW-h. Obviously, the energy generated by the
station is insufficient to cover all the building's needs
either annually or on a monthly basis. Therefore,
individual engineering systems of the building that could
potentially be supplied by this station are considered
separately. To evaluate and determine the capability of
the PV system to supply electricity to one of the
building’s engineering systems, the consumption of the
most energy-intensive system — the climatization system —
is analyzed.

Table 4 presents the main characteristics of solar
panels that can be used for the installation of a rooftop
photovoltaic power plant for the selected building.

Table 4. Solar panel characteristics

T | el &f | B i
& o S A n =
600 23,2 2,278x1,134 2,58 232,56
620 23 2,382x1,134 2,7 229,63
615 | 22,8 | 2382x1,134 | 2.7 227,78
610 22,6 2,382x1,134 2,7 225,93
580 22,5 2,278x1,134 2,58 224 81
605 22,4 2,382x1,134 2,7 224,07
575 | 213 | 2384x1,134 | 2.7 212,96

From Table 4 it can be seen that the higher the panel
efficiency, the higher the specific power of the panel.
Therefore, when modeling the rooftop PV system, the
specific power of the first panel will be used, which
equals 0,233 kW/m?.

To model the operation of the solar power plant, the
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effective roof area available for PV installation is first
determined:

Aog.pyr =0.75 Aypor =0.75-916,7 = 687,53 m’,

where 0,75 — area utilization factor, which accounts for
the tilt angle of the panels, row spacing, technical
maintenance passages, and setbacks from the parapet;
A,oor — r00f area, determined according to the design
documentation of the selected building, m?.

The installed capacity of the photovoltaic power
plant is determined as follows:

PPV = A@/PV pPVM = 687,530,233 = 159,89 kW,

where A,¢ py — effective roof area, m?;

ppyy  — specific power of a photovoltaic module,

kW/m?.

The estimated annual generation of the PV system is
calculated as follows:

Eour = Ppy -Hyp =159,89-1100 =
=175878,5 kW -h per year,

where Pp; — PV system capacity, kW;

H,p — effective solar hours for the central region of
Ukraine, hours per year [14].

If the annual PV generation compensates the annual
electricity consumption of the heat pump, the heating
system can be considered operationally carbon neutral.

Thus, the amount of electrical energy required to
ensure the operation of the heating system during the year
is determined:

Epo =qp pa Ay =25,65-3974,9 =
=101956,19 kW -h per year,

where gy ,, — annual specific energy demand of the
heating system, kW-h/m?;
Ay —heated floor area of the building, m?.

Figure 4 presents the results comparing PV
generation with energy consumption of climatization
systems under different building thermal characteristics.
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Figure 4. Capability of rooftop PV system to cover
climatization loads

The modeling results show that the rooftop PV
system can ensure independent operation of the
climatization system on an annual basis provided that the
building undergoes thermal modernization and heat pump
systems are implemented (Fig. 5).
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Figure 5. Cumulative annual balance of PV generation
and climatization system consumption

Thus, comprehensive thermal modernization of
buildings combined with heat pump integration and
rooftop photovoltaic systems makes it possible to achieve
operational climate neutrality for typical five-storey
residential buildings in the climatic conditions of Ukraine.
The proposed modeling algorithm allows evaluating the
energy performance of other types of residential
buildings, including new constructions and buildings
located in different climatic regions.

Conflict of interest. The authors declare that they
have no conflicts of interest.

V.CONCLUSION

The study analyzed and established that a rooftop
photovoltaic system can cover the operation of the
building  climatization = system  provided  that
comprehensive thermal modernization of multi-apartment
residential buildings and their climatization systems is
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carried out, the heat source and heating system
temperature regimes are changed, and the actual ambient
temperature conditions are taken into account.

It was determined that for typical five-storey
residential buildings in the climatic conditions of Ukraine,
installing rooftop photovoltaic systems and switching to
low-temperature heating regimes using heat pumps allows
achieving operational climate neutrality of climatization
systems.

The transition to low-temperature heating schedules
increases the seasonal coefficient of performance from
1,8-2,0 to 2,8-3,2, considering averaged outdoor
temperatures over the last five years during the heating
season. This reduces electrical loads associated with the
transition to heat pump systems and improves the
reliability of energy supply, which is especially important
under conditions of ongoing attacks on Ukraine’s energy
infrastructure.

REFERENCES

[1]. Zamkova, O. A., & Koshelenko, A. O. (2025).
Osnovni zasady klimatychnoi neitralnosti ta zelenoho
perekhodu Ukrainy [Fundamental principles of
climate neutrality and the green transition of
Ukraine]. In Proceedings of the XV International
Scientific and Technical Conference of Postgraduates
and Young Scientists “Naukova Vesna 2025” (pp.
156-158).

[2]. Zamkova, O. A., & Koshelenko, A. O. (2024). Vplyv

znachennia temperatury otochuiuchoho
seredovyshcha na  pokaznyky  enerhetychnoi
efektyvnosti  budivli  [Influence of ambient
temperature on  building energy efficiency

indicators]. In Proceedings of the XII International
Scientific and Technical Conference of Students,
Postgraduates and Young Scientists “Molod: Nauka
ta Innovatsii” (pp. 43—45).

[3]. Boiko, O. O., Voskoboinyk, Ye. K., & Koshelenko,
Ye. V. (2025). Doslidzhennia protsesu keruvannia
teplovym komfortom u bahatokimnatnomu budynku
z vykorystanniam detsentralizovanoi systemy v
umovakh obmezhenoho elektropostachannia [Study
of the thermal comfort control process in a multi-
room house using a decentralized system under
conditions of limited power supply]. Central
Ukrainian Scientific Bulletin. Technical Sciences,
12(43), Part 1, 316-325.
https://doi.org/10.32515/2664-
262X.2025.12(43).1.316-325

[4]. Koshelenko, Ye. V., Lutsenko, I. M., Zamkova, O.
A., Tsyhan, P. S., & Koshelenko, A. O. (2024).
Tekhnolohii stvorennia system kombinovanoho
zhyvlennia obiektiv mist [Technologies for creating
combined power supply systems for urban facilities].
Collection of Scientific Works of NMU, 79, 222-
231. https://doi.org/10.33271/crpnmu/79.222

[5]. Namdar, H., Rossi di Schio, E., Semprini, G., &

82

Valdiserri, P. (2025). Photovoltaic-thermal solar-
assisted heat pump systems for building applications:
A technical review on direct expansion systems.
Energy and Buildings, 334, 115516.
https://doi.org/10.1016/j.enbuild.2025.115516

Kazem, H. A., Chaichan, M. T., Al-Waeli, A. H. A.,
& Sopian, K. (2024). A systematic review of
photovoltaic/thermal applications in heat pumps
systems. Solar Energy, 269, 112299.
https://doi.org/10.1016/j.solener.2023.112299

Rabcezak, S., Mateichyk, V., Smieszek, M., Nowak,
K., & Kolomiiets, S. (2024). Evaluating the energy
efficiency of combining heat pumps and photovoltaic
panels in eco-friendly housing. Applied Sciences,
14(13), 5575. https://doi.org/10.3390/app14135575

Dermentzis, G., Ochs, F., & Franzoi, N. (2021). Four
years monitoring of heat pump, solar thermal and PV
system in two net-zero energy multi-family buildings.
Journal of Building Engineering, 43, 103199.
https://doi.org/10.1016/j.jobe.2021.103199

State Agency on Energy Efficiency and Energy
Saving of Ukraine. (n.d.). Doslidzhennia rynku
teplovykh nasosiv: dosvid Polshchi [Heat pump
market research: the experience of Poland]. Retrieved
March 6, 2026, from
https://saee.gov.ua/news/doslidzennia-rinku-teplovix-
nasosiv-dosvid-polshhi

[10]. Rana, S., Jamil, U., Asgari, N., Hayibo, K. S.,
Groza, J., & Pearce, J. M. (2024). Residential sizing
of solar photovoltaic systems and heat pumps for net
zero  sustainable  thermal  building  energy.
Computation, 12(6), 126.
https://doi.org/10.3390/computation12060126

[11]. DBN V.2.5-23:2010. Proektuvannia
elektroobladnannia obiektiv tsyvilnoho
pryznachennia [Design of electrical equipment of
civil facilities]. Kyiv: Minrehionbud Ukrainy.

[12]. DSTU 9190:2022. (2022). Enerhetychna efektyvnist
budivel. Metod rozrakhunku enerhospozhyvannia pid
chas  opalennia, okholodzhennia, ventyliatsii,
osvitlennia ta hariachoho vodopostachannia [Energy
performance of buildings: Method for calculating
energy consumption for heating, cooling, ventilation,
lighting and domestic hot water]. Kyiv: UkrNDNTs.

[13]. DBN V.2.6-31:2021. (2021). Teplova izoliatsiia ta
enerhoefektyvnist budivel [Thermal insulation and
energy efficiency of buildings]. Kyiv: Ministry for
Communities and Territories Development of
Ukraine.

[14]. International Electrotechnical Commission. (2021).
IEC 61724-1:2021 photovoltaic system performance
— Part 1: Monitoring. Geneva, Switzerland: IEC.
ISBN 978-2-8322-5088-4.

[6].

[7].

8].

[9].

Received 23.01.2026,
Accepted 06.03.2026,
Published 30.03.2026;



ISSN 1607-6761 (Print) «EJEKTPOTEXHIKA TA EJIEKTPOEHEPTETUKA» Ne 1 (2026)
ISSN 2521-6244 (Online) Po3ain «EaexkTpoeHepreTuka

JOCJIKEHHS PIYMHOI'O EHEPTOCIIOKUBAHHSA )KUTJIOBOI
BYIIBJII 3 ®OTOEJIEKTPUYHOIO CTAHIIECIO

3AMKOBA O.A. acmipanT Kadenpu enexrpoenepreruku HTY «JlHimposcbka momitexmika», J{HImpo,
VYkpaina ORCID: https://orcid.org/0000-0002-7542-9536,
e-mail: Zamkova.O.A@nmu.one;

KOIIEJIEHKO A.O.  acnipanr kadenpu enexrpoenepretuku HTY «J{HinmpoBcbka nositexHika», JIHinpo,
VYkpaina ORCID: https://orcid.org/0009-0008-3983-2572,
e-mail: Koshelenko.A.O@nmu.one;

Mema pobomu. Oyinumu cnpomodcHicms 0axoseoi gpomoenexkmpuunoi cmanyii (PEC) 3abesneuumu pobomy
iHJICeHepHUX Mepedic Da2amoKeapmupHux JHCUmIosux OYOUHKIE, SUSHAYUMU KOMNIEKC 3ax00is, AKi 3abes3neyamv
epexmugHy inmezpayilo 0axosux gomoenekmpocmanyiti 3 NO3UYili  OOCASHEHHA HOPMAMUBHUX NOKA3HUKIE
eHepeemuuHol eqheKkmueHocmi ma MiHIMI3AYIl KIIMAMU4HO20 6NIUBY.

Memoou oOocnidscenns. Buxopucmano po3paxyHKoO80-aHANIMUYHI MemOOU USHAYEHHS. eHEePeOCNONCUBAHHA
ACUMA08UX OYOisenb, a MAaKOIC MEMOOUKY PO3PAXYHKY €LeKMPUYHUX HABAHMAICEHb 6a2amoOKeapmMupHux 6yOunKie 0s
OYIHKU 3MIH eeKMPOCHONCUBAHHSL NPU PIHUX 8aApPIianmax 0ONAOHANHS CUCTeM KIIMamu3ayii, 3aCmoco8ano Memoo
CYEHAPHO20 aHANIZY MA eHePIeMUUHO20 MOOENI0BANHS.

Ompumani pesymomamu. [laxosi Qomoenekmpuyni cmanyii, OCHaWeHi CY4ACHUMU DOMOETeKMPULHUMU
MOOYNAMU MA THEEPMOPHUM 0ONAOHAHHAM, PO3MIUeHT HaA Oa2amoKeapmMUPHUX N amunos8epxosux 0yoieiax munogoco
NAAHYBAHHSA, 30AMHI YIPOOOBIC POKY NOKPUMU eHep2OCNOJICUBAHHS CUCeM Kaimamusayii, wo 6ionosioac eumozam
docsacHenHs Onepayitinoi Kiimamuunoi HeumpanvHocmi. Y pobomi @uKoHaHe KOMNIEKCHe MOOeNO8AHHS 63AEMHO20
6nAUBY Munig cucmem Kuimamusayii 6yoieenv, 6UOOpY Odxcepena eHepeii, MeMNepamypHUx pexcumie cucmemu
onaneHHs, PAKMUUHUX MeMNepamyp OmoyyIou020 cepedosuya Ha OOCANCHUL PiGeHb eHepeemudHol eeKmueHoCmi
munosux 0yoieeib Hcumi08020 Gondy. Mooentosanns pexcumie pobomu 0axoeoi COHAHHOI ereKkmpocmanyii ma
NOPIGHAHHSL OUIKYBAHO20 00Cs2y 2eHepayii enekmpudnoi enepeii 3 eneKmpOCNONCUBAHHAM MUNOBUX OYOUHKIG NICIs
KOMNAEKCHOI MepMOMOOepHI3ayii i 3anpo6aoddiceHHs: Cucmem KUMamu3ayii 3 MeniosuMu HACOCamMu 00360JUN0
6cmaHo8umu 00CACHeHHs NOKA3HUKI6 Bcmanoseneno, wjo KoMnieKcHa mepmMomMooepHi3ayiss munogux n’smuno8epxoeux
Oyodieenb 3 nepexo0oM HA eleKMpPOONANeHHs 3 BUKOPUCHAHHAM MENI0BUX HACOCI8 6 AKOCMI OCHOBHO20 Odcepena
meniosoi enepeii, 00360.110Mb 3abe3neuysamu  eleKMmpPOCNONCUBAHHS cUCmeM KliMamu3zayii 0yOuHKi6 0axosumu
GomoenekmpuuHUMU CMAHYIAMU.

Hayxosa mHosusna. Y pobomi 00IpyHMOBAHO KOMNAEKC eHepeoepeKmusHux 3axo0die, sAKi GKIIOUAIOMb
BCMANOBNIEHHS 0AX08UX POMOENEKMPULHUX CIAHYIT MA 00360JIAIOMb 00CAMU NOKA3HUKIE ONepayiinol KiiMamuirol
HeUmparbHOCmi 0151 MUNOBUX N AMUNOSEPX08UX DALAMOKEAPMUPHUX HCUMAOBUX OYOUHKI6. Bcmarnoeneno, wo nepexio
Ha el1eKmpOONnaneHHs 3 BUKOPUCIAKHAM MEeNI08UX HACOCI6 8 AKOCMI OCHOBHO20 0Jicepena eHepeii, 003601A€ 6 YMOBAX
DAKMUUHUX OCepeOHEeHUX MeMNepamyp 308HIUHLOO NOBIMPS 3HUSUMU CHONCUBAHHA elekmpuydHoi enepeii ¢ 1,8-2,0
pasu npu ICHYIOUUX MEeMNEPAmypHUX pexcumax cucmemu onanenus. Ilepexio na Huzbkomemnepamypi epagixu
pobomu cucmem ONANEHHS HCUMLOBUX OYOUHKIE 00360JI8€ 3HUSUMU eNeKmPOocnodcusanis y 2,8-3,2 pasu nopieHsaHo 3
NPAMUM eNIeKMPOONANEHHAM | 3a0e3neyumu 6Uxio Ha NOKA3HUKU ONepayininoi KIiMamuunol HeumpaibHOCmi cucmem
KAimamu3zayii OyOUuHKIs.

Ilpaxmuuna yinnicmo. Pe3yibmamu Modcyms 6ymu GUKOPUCIMAHT npu po3podyi npoeKmis nogroi abo 4acmrosoi
MoOepHI3ayii 0azamoKeapmupHux JHCUMIOsUX 0ydieenb, HOB0OMY OVOIGHUYMGI Ma NPU NPOEKMYBAHHI CUCHEM
eleKMpOoOnanienHts 0y0igenb y MoMy YUCTI 3 BUKOPUCHAHHAM elleKmpuuroi enepeii, ompumaroi 6i0 daxosux DEC.
Ompumani piwennsa gionogioaroms Kirouosum 3adavam Enepeemuunoi cmpameeii Yrpainu 0o 2035 poky, cnpusawoms
3MiYyHeHHIO eHepeemuunoi Oe3neku YKpainu, GUKOHAHHIO MIJICHAPOOHUX 300068 A3aHb 6 HACMUMI CKOPOYEHHS
CHOJICUBAHHS NEPBUHHUX EHEPEMUUHUX PECYPCI8, SHUNCEHHS BUKUOIG NAPHUKOBUX 2a316.

Kniouosi cnoea: enepzemuuna egexmugricmo, pomoenekmpuuna CMauHyis, pedlcUMy eneKmpoCHONCUBAHHS,
KAIMAMUYHA HelmpansHicme, cucmemuy Kiimamusayii, menyiosuti Hacoc.

83





