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Summary. The article considers the use of the WLHP system, which is an alternative to already existing
heating systems. It allows you to streamline engineering networks and implement energy-saving measures in the
heat consumption sector. The advantages of the system are noted and the use of a heat pump in the system is
recommended for the disposal of excess heat in the premises in order to reduce heat consumption. Measures
related to energy-efficient technologies in Poland, Germany, and Sweden, including the use of heat pumps, were
considered. The information regarding of the measurements COP of energy-saving equipment implemented in
Ukraine, in accordance with current standards, with the aim of improving the quality characteristics of the
equipment present in the WLHP system, was introduced. The advantages of such a solution in comparison with
traditional systems for ensuring the microclimate of premises are noted.
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Statement of the problem in a general form and its connection with important
scientific or practical tasks. Taking into account the exhaustion of natural fuel resources and
the slow recovery of reserves, the significant increase in prices for imported energy carriers,
the constant growth of the need for heat, the basis of the energy policy in the field of heat supply
should be energy conservation in the field of consumption and a fundamental increase in energy
efficiency in the field of generation, transportation and distribution of heat. The implementation
of energy-saving measures in the consumption sector involves the transition to modern norms
and standards in public construction, first of all, in the field of construction and reconstruction
of the housing stock, in all branches of industry.

The main direction of the development of heat distribution and consumption systems
should be the reduction of natural fuel consumption levels due to the increase in the
efficiency of its use, the development of heat supply systems based on electric energy, non-
traditional and renewable energy sources, secondary energy resources, natural heat
resources, etc. [1-5].

Analysis of recent research and publications. Analysis of recent research
and publications. In most premises of public buildings, during operation, significant excess
heat is released into the environment by various sources, which, as a rule, is irretrievably
lost by removing it into the atmosphere through exhaust ventilation systems. When
installing heat pump water heaters systems, these heat surpluses can be used — due to this,
operating costs can be reduced by 20-40% compared to other heating and air conditioning
systems [6-7].

Sources of internal thermal energy of the building can be: electric lamps; office
workers, visitors, etc.; computers and office equipment; technological equipment and
facilities; solar radiation; the air of mechanically driven exhaust ventilation systems in
which the energy source is air and which directly depend on the outside air temperature
compared to heat pumps that draw energy from the ground, air or water. There are also other
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sources of excess heat in the building, but the above are the most significant. With a WLHP
system, all this heat can be extracted from the rooms that require cooling and transferred to
the rooms that require heating. Due to this, a significant reduction in operating costs can be
achieved. There are also known examples of the use of internal energy from the building's
technological systems (for example, household water drainage) with constant heat emission.
The WLHP system allows, in turn, to include almost any consumer in the general water
circuit, while streamlining the engineering systems [9].

The purpose of the work is: To justify the possibility of using air to water heat pumps
for the utilization of excess heat in public premises in order to reduce the thermal power, and
accordingly, the consumption of organic fuel, which is the main source of heat for the building.

Setting objectives. In global practice, the WLNP system acts as a fundamentally new
alternative to the already existing schemes for the organization of heating, air conditioning and
ventilation of objects of various purposes. This system is completely «decentralized» and is
capable of:

« simultaneously work on cooling and heating;

« maintain individually set microclimate parameters independently in each zone;

« ensure efficient exchange of thermal energy between premises.

The main advantages of the system: energy efficiency, high reliability and flexibility,
simplicity in design, installation and maintenance, environmental safety.

Gas heater ’

Cooling tower

1 — refrigerating chambers;

2 — greenhouse, winter garden;

3 — functional, residential premises;

4 — office premises;

5 — water supply and drainage, household needs;
6 — auxiliary premises, utilities;

7 —room for cooking;

8 — sauna, swimming pool.

There are also other sources of excess heat in the building, but the above are the most important [11-12].
When using the WLHP system, the entire heating system is interconnected in a ring.

Figure 1. An example of a ring heat pump system
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Heat pumps in the WLHP system function as heating climatic elements that form a
system for the utilization of thermal energy (Heating Recovery System), which, for example,
in traditional systems is irreversibly removed into the atmosphere (Fig. 1). The WLHP system
consists of individual units of the air to water heat pumps type, interconnected by a closed water
circuit. Water in this circuit performs the function of a heat carrier, and also redistributes energy
between different rooms of the building, being at the same time a source of so-called low-
potential heat. Excess heat in the premises of the building can be considered as nothing more
than low-potential sources of heat.

Considering the microclimate engineering systems of a public building, three main
variants of the building's functioning can be distinguished depending on the period of the
year:

1. In the warm period of the year, the premises of the building need cooling — excess
heat is removed by heat pumps and transferred, for example, with the help of water in a closed
circuit, to the external cooling system (chiller, cooling tower, etc.).

2. In the cold period of the year, the heat loss of the room should be compensated (the
building must be heated) — the heat taken from the energy source should be transferred to water
in a closed circuit and distributed individually in individual rooms depending on the need with
the help of heat pumps. In the case of excess heat losses from possible heat inputs, their
compensation occurs with the help of traditional heat-generating units or renewable sources.

3. In certain periods of the year, part of the premises of the building should be heated,
and part of it needs to be cooled. At this time, heat pumps absorb excess heat and it enters the
premises that require heating. Depending on the amount of excess heat that can be utilized, at
a certain temperature of the outside air, the equilibrium state of the thermal system is
established. This means that there is no need for reheating or cooling of the liquid circulating
in the circuit.

The level of thermal equilibrium is reached at a water temperature in a closed circuit
within the range of about +(16...36) °C. At lower temperature values (in the cold period of the
year), thermal energy is supplied from an additional source of heat to the water circuit in order
to keep it in the above range. In the warm period of the year, excess heat is removed from the
water circuit with the help of coolers — the temperature should not exceed +36 °C. Such a
temperature range for water in a closed circuit guarantees the full functionality of the installed
equipment, which means that each heat pump is able to provide heated or cooled air to each of
the rooms served by this system.

The performed calculations showed sufficient efficiency of the proposed solutions —
the heat capacity of the heat generating unit can be reduced by half of the need. This
approach to design became possible due to the addition of all heat pump compressors to the
consolidated balance of thermal power. It is worth noting that thanks to this, there is a
reduction in both capital and operating costs, as well as emissions of pollutants — products
of fuel combustion — into the atmosphere. The source of cold in such a system can be, for
example, wet cooling towers of a closed type. As a rule, such equipment is placed on the
roof of buildings. In order to avoid the transfer of vibration from the aggregates to the
supporting structures of the building, anti-vibration protection should be provided. Cooling
towers were selected on the basis of the sum of the calculated capacities of the heat pumps
and the consumed electric power of the heat pumps. Since this equipment is installed outside
the house, it is necessary to use water-glycol solutions in a closed hydraulic circuit to protect
against freezing in the cold period of the year. NIBE F2040 type monobloc heat pump of
horizontal design, interconnected by a water circuit of steel pipes on welded joints, can be
offered as such equipment. The hydraulic system of heating heat pumps is made as a two-
pipe system with main risers and circuits on each floor of the building. The connection of
individual heat pumps on each floor is made according to a system with accompanying
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water movement and additional flow regulators for each heat pump. Why? Heat pumps work
in water circuit systems and require careful regulation of water flow. This is the main
condition for the correct operation of the equipment.

The above-described analysis of the operation of heat pumps operating in the water
circuit system shows how important it is to ensure the necessary flow of water through the heat
exchanger. In order to achieve the required consumption, it is mandatory to use effective
regulatory elements.

The principle of operation of the system can be represented by the following ratio [12]:

C=L+E (1)

C — heat released in the condenser;

L — work (electrical energy) of the compressor;

E — heat absorbed by the evaporator.

In the cooling mode, the unit works according to the direct cooling cycle, in which the
refrigerant evaporates in the heat exchanger of the evaporator, absorbing heat from the cooled
air and enters the condenser, being fed with water from the loop, giving the heat of condensation
to water.

E=C-L (2

Work in heating mode. The cycle is reversed and the refrigerant evaporates in the
condenser, which is now used as an evaporator absorbing heat from the water circulating in the
loop. The heat absorbed from the water in the loop is added to the work done by the compressor
and we get the heat given to the heated air.

In this case, we get:

C=L+E (3)

C — thermal energy given to the room;

L — electrical energy of the compressor;

E — thermal energy absorbed from the cooling water loop.

The Renewable Energy Sources Act in Germany pushes all new residential and
commercial buildings to an efficient heating scheme [13]. From January 1, 2016, the
construction of new buildings is allowed only if they use energy produced from renewable
sources for space heating and hot water supply. This includes the use of solar energy, biomass
burning, efficient heat pumps, etc. Boilers burning liquid fuels are completely prohibited as a
means of heating and DHW of new buildings.

However, this law is not so strict for old buildings, because they do not have the
possibility of pre-planning. Instead, the renewable repairs will be funded by the government's
Market Incentive Program (MAP) to install more efficient technologies — biomass, solar
thermal, solar power, heat pumps and pellet boilers.

Heat pumps in Sweden are absolutely commonplace [14]. Over the past 14 years, sales
of heat pumps in Sweden have more than doubled — now there are 1.7 million heat pumps
installed in the country, which work for the benefit of 10 million residents.

At Sustainable Heating and Cooling at the Nordic Clean Energy Week in Malmo,
Sweden, Per Jonasson (Swedish Refrigeration and Heat Pump Association) and Signhild
Gelline (Swedish Green Energy Center) gave a presentation to the public about the development
of the Swedish heat pump market.

Sweden now has the highest percentage of heat pumps per capita in the world,
resulting in a dramatic decrease in fossil energy consumption for heating and hot water over
the past 30 years.

One notable building that uses heat pumps is the Wasa Ship Museum in Stockholm,
which uses seawater for cooling. This is a real «flagship» from the point of view of heat
pumps (despite the fact that the Wasa ship itself suffered a disaster in real life). The only
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thing that is sinking now is the consumption of fossil energy and the cost of renewable
energy!

The results of the study of the heat pump market in 2021, carried out by the Polish
Organization for the Development of Heat Pump Technology (PORT PC), provide a basis
for optimistic forecasts of the further development of the heat pump market in Poland in the
next few years [15]. In recent years, the use of air/water for central heating systems has
increased by 55%, and the market for all types of heat pumps related to central heating has
increased by 30%.

The entire market of heat pumps in Poland increased by approximately + 22%.
According to PORT PC estimates, around 27,000 heat pumps were sold in 2021. Observing the
sale of heat pumps in 2016-2021, one can see the harmonious and continuous growth of the
market. The share of heat pumps in new single-family houses also increased significantly.
According to PORTPC, in 2021 it was 12.5% (every eighth new building). In 2016, PORT PC
estimated that the share of heat pumps in new buildings was less than 3%. With the optimistic
market growth forecast made by PORTPC, in 2025 the share of heat pumps in newly built one-
story houses may reach 20-25%. It is noteworthy that the market of these devices in Poland is
the only market in Europe where the growth of heat pump sales has been recorded for seven
consecutive years

For several years in a row, there has been a strong interest in air to water heat pumps,
which are used for heating (and often cooling) buildings. The number of devices sold in 2021
IS estimated at approximately 8,100 units. Compared to 2020, the market has increased by
approximately 55%. Everything seems to indicate that this trend will continue in the coming
years. PORTPC estimates that, under an optimistic scenario, the number of heat pumps sold in
2025 could reach 20,000-3,0000 units. According to Pavel Lachman, the chairman of the Board
of PORT PC, five main reasons for the growth of this market segment can be identified. «The
first is increasing trust in innovative technologies such as heat pumps. The second reason is the
increase in environmental awareness of Poles, related to the study of the impact of air pollution
caused by boilers for solid fuel. The third reason is the noticeable increase in competition in
this market segment (air heat pumps). Many manufacturers choose these technologies as
solutions of the future and conduct active market activities in this field. Fourth, there is also an
increasing tendency to build smaller houses, without basements and space for solid fuel and
boilers, but increasingly comfortable. And fifth: the market for devices with medium and low
prices is growing the fastest. In many cases, the use of a heat pump can be compared, in terms
of investment, with the costs of installing a gas boiler or a biomass boiler (in particular, taking
into account all the elements of the investment: gas connection, flue pipe, boiler room or space
for fuel)”.

The strict policy of the EU, regarding the improvement of energy-efficient technologies,
forces manufacturers to be more responsible when designing heat pumps and bringing COP
measurements in accordance with existing standards [16].

Example: every European manufacturer of any heating equipment must indicate the
energy efficiency class of its product.

Class A — 50-80% more energy efficient;

Class B — 25-50% more energy efficient;

Class C — 10-25% more energy efficient;

Class D — 0-10% more energy efficient;

Class E — 0-10% less energy efficient;

Class F — 10-25% less energy efficient;

Class G — more than 25% less energy efficient.
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Therefore, if you compare the COP of different heat pumps, pay attention to which
«standards» were conducted.

For example, a manufacturer can make a COP measurement by measuring how much
heat the compressor produces — for example 4.5 kW of thermal energy — and how much the
compressor consumes — for example 1 kW of electricity. The resulting COP is 4.5. At the same
time, it should not be forgotten that the operation of a geothermal pump requires the almost
non-stop operation of at least two circulation pumps: a circulation pump for the soil circuit, a
circulation pump for the heating circuit. If we take into account the electricity consumption of
these circulation pumps, we will get the total electricity consumption of the system, for
example — 1.1 kW of electricity. This means that the COP will no longer be 4.5 but 4.09. Is
there a difference? [17-18].

Therefore, it is recommended to look for a COP value that complies with one of the
standards, such as EN14511 [19].

This European standard takes into account the power consumption of circulation pumps.
It also regulates at what temperature parameters at the input and output of the heat pump, it is
necessary to carry out purge.

Let's say you read the specifications for a good European heat pump.

The manufacturer is a well-known brand, all measurements are made in accordance with
EN14511 standards.

What should you pay attention to? Let's consider all the same circulation pumps [20-
21]. We have already understood that any manufacturer measuring their equipment
according to EN14511 must take into account the power of circulation pumps. But pay
attention to the design of the heat pump. What if it does not have built-in pumps, and the
manufacturer offers to purchase them separately. In such cases, the manufacturer, in order
to increase the COP, is interested in reducing the amount of electricity used by the
circulation pumps. Therefore, it takes into account the characteristics of the most energy-
efficient circulation pumps. But in practice, when you install such a heat pump, they will
most likely supply ordinary circulation pumps, because the use of the most energy-efficient
circulation pumps can increase the estimate by a decent amount.

In this regard, heat pumps with built-in circulation pumps have a more plausible
COP, because you actually get those circulation pumps that were actually taken into account
in the COP measurements [22]. The situation is similar with built-in boilers. If the boiler is
built-in, there is a minimum distance from the heat source to the boiler, correspondingly
less heat loss on the main pipelines. As a rule, systems with built-in boilers have a higher
energy efficiency class than systems with separate boilers.

At the moment, there is a certain number of industrial facilities in Ukraine that have
implemented schemes for the use of heat pumps with the extraction of heat from waste
water.

For example, in one of the sanatoriums, a NIBE heat pump is installed, which takes
heat from the sewage coming from the therapeutic baths. Since the temperature of such
effluents is high, the COP is also quite high. In private houses where even 10 people live,
it is impossible to get such a large volume of warm water from which the heat pump could
extract heat for heating. Therefore, in real conditions, the temperature of the carrier from
which we take heat (soil, water, etc.) cannot be high, and therefore the COP cannot be more
than 5 [23].

Conclusions. Conducted studies have shown the advantages of the WLHP system in
that excess heat can be used for the benefit of the building and people; installation of a low-
temperature heating and air-conditioning system in the building provides an energy class and
increases investment attractiveness; thanks to the system, full independent temperature control
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Is provided in each room; water/air heat pumps operate with a high energy efficiency COP,
resulting in lower energy consumption and lower operating costs. Studies related to increasing
the use of energy-efficient indoor microclimate systems that would meet the standards of SOR
and EN14511 are not exhaustive and require further research.
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BUKOPUCTAHHSA EHEPITOE®EKTUBHUX CUCTEM
3ABE3IIEYEHHSA MIKPOKJIIMATY NPUMIIIEHDb

IN'anunaa OQuiiHUK

Xmenvnuybkuii HayionarvHu ynieepcumem, Xuweavnuybkui, Ykpaina

Pestome. Posenanymo 3acmocysanns cucmemu WLHP, wo € anbmeprnamugoro 8dice icHylouum cucmemam
OnaeHHs:, KOHOUYIOHYBAHHS MA 8eHMUIAYI] NpuMilyensb pisHo20 npusHayeHHA. Bouna ooszeonse enopsoxysamu
IHOICeHEePHT Mepedici ma peanizysamu eHepeo3depizaioui 3axo0u y cekmopi meniocnoxcuganns. Ilpu sacmocysaui
cucmemu WLHP 6csi mennoma 6i0 Odicepell HAOMUWKOB0I Meniomu RpuMiujeHHs modice oymu 6idibpana 6
npUMieHHAX, SKI BUMA2alOms 0X0N00X4CEHHS, | nepedana 8 npuminjenHs, AKi Hompe6yioms onanenus. 3a paxyHox
Yb020 MOJICHA 3MeHuumy excniyamayivni eumpamu. Cucmema 0036015€, 6 CE0I0 Yepay, GKAOUAMU 6 3a2aNbHULL
B005HUL KOHMYP NPAKMUYHO 0YOb-AK020 CHONMCUBAYA, OOHOYACHO 8NOPAOKOBYIOUU THMHCEHEepHI cucmemu. Bona
MOdIce  OOHOUACHO Npayiosamu Ha o0xonodxcenns M nazpieanns; niompumyeamu inousioyanwho 3aoani
napamempu MiKpOKIiMamy He3aJeHCHO 8 KOJCHIU 30HI, 3a0e3neyygamu epekmugHuli 0OMIH Menyiogor eHepeieio
mide npumingenuamu. Cucmema cK1a0aemMsvcs 3 IHOUBIOYANbHUX azcpe2amis, 3'€OHAHUX MidC cOO0I0 3AMKHeHUM
800AHUM KOHMYpom. Booa, wo yupkynioe 8 ybomy KOHMypi, SUKOHYE (DYHKYIIO MENnIoHOCIA, a MAKodiC
nepepo3nooiine eHepeilo MidC pIsHUMU RpuminyenHamu 0Oy0ieni, 0yOyyu 600HOUAC O0JHCEPeloM MAK 36aHOL
HU3bKONOMEHYIUHOT meniomu. A menioHaonuwiKy y RPUMiueHHIX 0y0i6ni MONXCHA PO32A0aAmU He YUM IHUUM K
HU3bKO nomeHyitinumu Odxceperamu menomu. OOIPYHMOBAHO MONCIUGICMb 3ACMOCYBAHHA MENIOHACOCHUX
YCMaHo80K Os YMunizayii HAOIUWKOB0I Meniomu y NpUMilyeHHAX 3 Memol0 3MEHUEHHS MeN1060i NOMYAICHOCHI,
a Bi0N0GIOHO, i CHOJNCUBAHHS OP2AHIYHO20 NANUBA, AKE € OCHOBHUM ONHCEPENOM MENIOMU 8 NPUMILYEHHI.
Biosnaueno nepesazu cucmemu ma peKomeno068an0 GUKOPUCMAHHS 6 CUCIEMI MeNI08020 HAcoca Oiisl ymunizayii
HAONUUKOB0T MENIOMU Y NPUMIUEHHAX 3 MEMOI0 3MEHUEHHS MeNnioCnodxcuéanis. Posananymo saxoou, no6 azani
3 enepeoepexmusnumu mexnonoziamu 6 IHonvwi, Himewuuni, [lleeyii, wo exnouaioms GUKOPUCMAHHS MENI0EUX
nacocis. O3naiiomneno 3 ingpopmayicio wo0o npogedenns sumipiosanb COP enep200uiaono2o 061a0HanHs, o
peanizyemscs 6 YKpaini 6i0nogioHo 00 Oilouux CMamoapmis 3 Memor NOKPAWeHHs SKICHUX Xapakmepucmux
obnaouanns, saxe npucymue 6 cucmemi WLHP. Biomiueno nepesacu maxoeo piwienns y nopieusaHui 3
MpAOUYITIHUMU CUCeMaMU 3a0e3nederHs MIKPOKIIMamy npumiujets.

Knrwuosi cnosa: mennonacocui ycmanoexu, eenmunayis, cucmema WLHP, enepeosdepesicenns,
eHepeoepexmusHicmv, meniosa nomyoicHicms, mikpokiivmam, COP, konmyp.
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