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Abstract

A heat pump uses natural energy from renewable sources such as air, ground or water. The
pump, acquiring thermal energy from the environment (75%) and using electricity (25%),
supplies it to the heated object. A heat pump-based system consists of a ground heat source
(heat is taken from it), a heat pump unit and an upper heat source (heat is transferred to
it). The refrigerant transfers heat from the lower heat source to the upper heat source.
The paper discusses types of heat pumps in terms of the use of the lower heat source. A
technical and economic analysis was carried out on the basis of two types of heat pump:
air-to-water and ground-to-water A comparative analysis of the results obtained results
will allow a real assessment of the system’s functioning.
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1. INTRODUCTON

Energy efficiency and new renewable energy sources are one of the most
important issue of the European Union (EU)’s strategy for sustainable growth.
Renewable energy sources such as wind energy (wind farms), solar energy (farms
and photovoltaic installations) and hydropower (hydroelectric power plants) are
widely used in the world. Heat pumps are one of the most widespread sources of
renewable energy in Europe [3]. Heat pumps are seen as a great opportunity to
reach the EU target for a reliable, affordable and sustainable energy supply [17].
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According to Gupta [4], heat pumps are only efficient in well insulated buildings.
Over80% of existing homes in the UK will still be standing in 2050. Heat pumps
are a promising technology for heating (and cooling) domestic buildings that
provide exceptionally high efficiencies compared with fossil fuel combustion.
There are in the region of a billion heat pumps in use world-wide, but despite their
maturity they are a relatively new technology to many regions [15].

According to Pollard & Berg [14], heat pump technology has been
promoted as being highly energy efficient, but there is often conflicting advice on
how best to operate a heat pump and variable information on how much electricity
it will use. Heat pump performance is not a fixed factor and depends on:

— the indoor and outdoor temperatures when it is operating
— what additional energy use is involved, such as use of the defrost system
— system loading — performance will be reduced if the heat pump only
operates in demanding conditions, such as being used to heat cold rooms
on cold mornings.
The bottom source circuit medium receives heat energy from the ground, water or
outside air and then transfers it to the refrigerant circuit. In the pump's evaporator,
the warmer lower source refrigerant gives up heat to the colder refrigerant. The
refrigerant evaporates, becoming a gas. The gas is compressed by the compressor
making its pressure and temperature rise. The heat collected during evaporation
and compression is transferred in the condenser to the building's central heating
system. After leaving through the expansion valve, the condensed gas lowers its
pressure and temperature and flows to the evaporator, where it again receives heat
from the lower source circuit medium and the process repeats itself.
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Fig. 1. Schematic diagram of the heat pump [5]

Carroll et all [2] indicate that heat pump performance is strongly influenced by
ambient conditions of the heat pump, the installation, and the building
characteristics. For this reason, their performance in real life can differ from those
observed under laboratory conditions.



378 Radostaw WIEKIERA

2. LOW - GRADE HEAT

2.1. Air source heat pumps

Air-to-water heat pumps can be divided into two types: monoblock and split. In a
monoblock heat pump, all components-fan, evaporator, compressor, condenser,
expansion valve-are a single unit [8].In addition, this pump can operate up to a
supply temperature of 70°C, so they are a good solution when upgrading the
heating system. An additional advantage of this pump is the use of natural
refrigerant R290 (propane), which has a low GWP (Global Warming Potential)
and is environmentally friendly. The monoblock pump has both indoor and
outdoor versions. On the side of monoblocks is their design that extends their
life[12]. The split air heat pump consists of two units: an outdoor unit and an
indoor unit, which are connected by refrigerant pipes. The external unit contains
components such as the fan, evaporator, compressor, and expansion valve. Most
thermodynamic processes take place in this module. The indoor unit has a
condenser, a 3-way valve, an electric booster heater and a hot water storage tank.
Split heat pumps are easier to make, and this makes them much more widespread
and less expensive [12].
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Fig.2. Monoblock and split pump diagram [4]

2.2. Ground source heat pumps

The ground has favourable properties for storing heat through solar radiation
energy, so it provides a stable temperature level for the lower heat source. Below
the ground's frost zone, the temperature remains at 6 - 13°C throughout the year.
In the second half of the heating season, thanks to the increasing intensity of solar
radiation and precipitation, the thermal regeneration of the ground takes place
until the next heating season. Ground heat pumps can be divided according to the
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type of exchanger: horizontal and vertical. Horizontal exchangers are inserted into
trenches below the ground frost zone. Vertical exchangers are placed in boreholes
that reach depths of 100m. In the boreholes or trenches, manifolds filled with a
medium with a low freezing point, such as a solution of glycol and water, are
placed [7]. Vertical collectors are located at a greater depth, and thus have a higher
and more stable heat source temperature. Comparing them with horizontal

collectors, they need a much smaller plot area.

Fig. 3. Horizontal collector should be made with such requirements as: "a" -
depth of pipe laying min. 20 cm below the ground freezing point, so about 1.2+1.7 m
depending on the climatic zone of the country, "b" - distance from the foundations of the
building 1.5 m, "c" - distance from water and sewer connections 1.5 m, "d" - distance
from the outer edge of the tree crown 0.5 m, "e" - distance from the foundation of the
fence 1.0 m [8]
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Fig. 4. Vertical probes should be made with such requirements as: "a" -
supply/return with a slope in the direction from the heat pump to the ground probe, in
sandy soil laid at a depth of about 1 m; collector vent at the heat pump, "b" - the
minimum distance from the foundation of the building should be 2 m, "c¢" and "d"- lining
pipe, used for loose material, with a length of about 6-20 m, diameter of about 17 cm,
"e" - distance from the foundation of the fence 1.0 m [9]

2.3. Water heat pumps

Water heat pumps use energy from groundwater, surface water or sea water to
transfer heat to the heated building. The pump works most efficiently when there
is a pond, river or lake near the house [11]. This arrangement provides the lowest
installation costs. If we do not have direct access to a pond, river or lake then two
wells are drilled for wells. The first of these is a water intake well, from which
water is drawn. A pump then extracts heat from it and transfers it to the building
[8]. The second discharge well receives the cooled liquid back into the ground.
The advantage of a water heat pump with in a system with wells is high efficiency.
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Fig. 5. Water heat pump [12]

3. MATERIALS AND METHODS
3.1. Site description

The paper presents a newly designed building in which various heating systems
were alternatively considered: ground water and air-to-water heat pumps. The
building will be located at 4 Szwajcarska Street in Zielona Gora, Lubuskie
Province. The visualization of the building is shown at fig. 6 and 7.
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Fig. 6. Visualization of an animal shelter, author: E.Pobudejska

Fig. 7. Visualization of an animal shelter, author: E.Pobudejska



TECHNICAL AND ECONOMIC ANALYSIS OF THE USE OF HEAT PUMPS 383
IN A PUBLIC FACILITY

It is a detached, two-story and non-basement building with very good thermal
insulation. The building is located in climate zone Il. The usable area for heating
is 1039.0m?, the designed heat load is 39.6kW. The analysis aims to present
technical solutions for the application of air-to-water and ground-to-water heat
pumps in a non-residential building.

3.2. Analytical methods

The article aims to choose the most favourable solution in terms of operating costs
and capital expenditures for type of heat pump for the object under consideration.
For this purpose, the applied calculation is based on a program from a pump
manufacturer called stiebeleltron. The following is a comparison of two types of
heat pumps.

4. RESULTS AND DISCUSSION

In this chapter the monoblock air-to-water and ground-to-water heat pump has
been described. These pumps are characterised by a high proportion of power for
heat at low outside temperature. They have low electricity requirements. All
properties have been shown in tables 1-4.

Table 1. Pump air-to-water used to calculate the lower heat source [15]

Producer STIEBEL-ELTRON
Type of pump 2xX WPL 47
Bivalent point -14.6°C

Share of heat pump power 79.4%

Share of heat pump coverage 99.8%

Normative outdoor temperature -18.0°C

Table 2. Heat pump with horizontal heat exchanger used for bottom heat source
calculations, Energeoprogram

Producer STIEBEL-ELTRON
Type of pump WPF 52 55,83 kW
Coolingpower- thermalefficiency 44.22 KW

Temperature difference in the lower

heat source circuit 3°C

Heat pumps at maximum heating capacity of the building show a high energy
efficiency class, which is presented in table 3.
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Table 3. Selected components of the lower source system

Name Element Quantity
Distributor WellGeo New Brado 1 pcs.
Exchanger Horizontal meander M40 11 pcs..
- Le_ngth of a single 206m
section
- Number of sections 11 pcs.
Propylene liquid concentrate for the
Factor preparation of a solution with a 1479.00kg
crystallizationtemperature -20°C
Run pipe HDPE100 @90 PN10 30m
Distribution pipe Not applicable for horizontal
exchanger

In table 4 the selection of components of the lower heat source system, along with
the necessary amount for the selected system to heat the building has been shown.
The table shows the required design calculations for the selected system. The
optimum flow rates and velocities for the circuit are described.

Table 4. Calculations for the selected lower source installation

Name Value Unit
Flow rate in the run-of-river pipe: 13.80 [m3/h]
Velocity in the runway pipe: 0.77 [m/s]
Flow in the exchanger pipe: 1.25 [m3/h]
Speed in the exchanger pipe: 0.35 [m/s]
Required ground area for the horizontal 2 602.00 [m?]
exchanger:

The capacity of the liquid solution water charge: | 3 410.00 [dmq]
The amount of bottom source factor: 1479.00 [kg]
_Calculat_ed .re5|stance in the lower source 4733 [kPa]
installation:

4.3. Ground-to-water heat pump with vertical exchanger

Calculations for the selection of the lower heat source vertical collector are
shown in tables 5-7. This include heat pumps at maximum heating capacity of
the building shows high energy efficiency class (table 5), the selection of
components of the lower heat source system, along with the necessary amount for
the selected system to heat the building under study (table 6) and the required
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design calculations for the selected system are shown. The optimum flow rates
and velocities for the circuit are described (table 7).

Table. 5 Pump used in the calculation of the lower heat source

Producer STIEBEL-ELTRON

Type of pump WPF 52 55.83 kW

Cooling power- thermal efficiency 44.22 KW

Temperature difference in the lower o

A 3°C
heat source circuit
Table 6. Selected components of the lower source system

Name Element Quantity

Distributor WellGeo New Brado 1 pcs.
Vertical 440 (4 pipes with a

Exchanger diameter of 40) 10 pcs..

Length of a single section 111m

Number of sections 10 pcs.
Propylene liquid concentrate for

Factor ;he preparation of a solution with 2844.0 kg
crystallisation temperature -20°C

Run pipe HDPE100 @90 PN10 30m

Distribution pipe Distribution pipe HDPE 100 50 1500m
PN10

Table 7. Calculations for the selected lower source installation

Name Value Unit

Flow rate in the run-of-river pipe: 13.80 [m3/h]

Velocity in the runway pipe: 0.77 [m/s]

Flow in the exchanger pipe: 1.33 [m3/h]

Speed in the exchanger pipe: 0.21 [m/s]

Total active length of the vertical exchanger: 1106.00 [m]

The capacity of the liquid solution water charge: 6 560.00 [dmd]

The amount of bottom source factor: 2 844.00 [ka]

F:alculat.ed .re5|stance in the lower source 36.39 [kPa]

installation:
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5. EVALUATION OF ECONOMIC EFFICIENCY

Many authors indicate reasonable investments in renewable energy sources in the
case of public utility facilities since the payback period is well smaller than the
life span of the technology [1, 16]. In order to calculate the energy prices for the
heating system in the building, energy suppliers’s current prices were applied (tab

8-10).
Table 8. Prices of fuel, energy carriers
The cost
The of the The cost of
amount of | energy 1 kWh of
kWh per | carrier heat
Type of heating system SCOP | unit [gr/kWh] | [gr/kWh]
Air—to—water, underfloor 4.32 1.00 202.8 67.8
heating - 35 °C
Ground-to-water underfloor 4.93 1.00 292 8 59.4
heating - 35 °C
Table 9. Operating costs in the variants analysed
Annual
Investment options cost
[zl/year]
Heat pump air-to-water underfloor heating - 35 deg. C 39770
(SCOP =4.32)
Heat pump ground-to-water underfloor heating - 35 deg. C 34850
(SCOP =4.93)
Table 10. Payback period of the investment in the analysed variants
Total
Type of heating system | investment costs | Annual cost | Investment payback
[21] [zl/year] time [years]
Air-to-water 302038 39770 5,0
Ground-to-water, 318074 34850 8,3
horizontal collector ’
Ground-to-water, 345020 34850 13,7

vertical collector
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6. CONCLUSIONS

The investment costs of the installation and use of a heat pump show significant
differences depending on the lower heat source.

After analysing two types of heat pumps, it was decided to choose an air-
to-water pump, primarily due to investment costs and limited land area, an air-to-
water pump was chosen. To limit the space, a monoblock was located on the roof
of the building. The choice of air-to-water and ground-to-water heat pumps is
influenced by the size of the plot on which the building is located, the type of soil,
the climate zone and the financial costs incurred. Air-to-water heat pumps are a
more popular and less expensive solution, there is no need for additional soil
testing, excavation for collectors, or expensive drilling.

When comparing air with ground source heat pump in terms of operation
and maintenance costs, the ground source heat pump is superior to the air source
heat pump. The decision in choosing a ground source heat pump may be
discouraged by the more expensive cost of the investment, technological
installation and the sacrifice of a significant area of the investor's plot.

Economically and energetically, ground-to-water heat pumps are more
efficient and economical. The ground temperature is fairly constant throughout
the year, so these pumps can heat a building more efficiently at extremely low
outdoor temperatures. It is an efficient way to heat a building that provides low
operating costs, low heat loss and stable operation regardless of the outside
temperature.

REFERENCES

1. Adamski, M, Siergiejuk, J and Ojczyk, G 2014. Heat pump installation (John
Paul Il Centre, Krakow). Technical Transactions Civil Engineering, 3-
B/2014, 3-10.

2. Carroll, P, Chesser, M and Lyons, P 2020. Air Source Heat Pumps field

studies: A systematic literature review. Renewable and Sustainable Energy

Reviews 134, 110275. doi.org/10.1016/j.rser.2020.110275.

EHPA. The European Heat Pump Market and Statistics Report. 2022.

4. Gupta, R, Gregg, M and Williams, K 2015. Cooling the UK housing stock

post-2050s. BuildServEng Res Technol 36(2), 196-220.

doi.org/10.1177/01436244145662.

<https://grupainstal.pl/>.

<https://mezoko.com/pl/n/65>.

7. <https://nowatermia.pl/gruntowe-pompy-ciepla-przeznaczenie-dzialanie-i-
wlasciwosci/>.

w

oo



388

Radostaw WIEKIERA

© ©

10.

11.

12.

13.

14.

15.

16.

17.

<https://portpc.pl/opis-technologii/>.
<https://vaillant-partner.pl/abc-energii-odnawialnej/dolne-zrodlo-ciepla-dla-
pompy-ciepla-sondy-czy-kolektor/poziomy-kolektor-gruntowy-pompy-
ciepla>.
<https://vaillant-partner.pl/abc-energii-odnawialnej/dolne-zrodlo-ciepla-dla-
pompy-ciepla-sondy-czy-kolektor>.
<https://www.globeco.pl/odnawialne-zrodla-energii/pompy/wodne-pompy-
ciepla/>.
<https://www.instalacjebudowlane.pl/10267-23-84-powietrza-pompa-
ciepla--split-czy-monoblok.html>.

Pavlova, A, Hansen, J, Obermeyer, H and Pavlova, | 2016. Geothermal heat
in a heat pump use. IOP Conf. Series: Earth and Environmental Science 43(1)
012025. doi:10.1088/1755-1315/43/1/012025, 10P Publishing.

Pollard, A and Berg, B 2018. Heat pump performance. BRANZ Study Report
SR414. Judgeford, New Zealand: BRANZ Ltd.

Staffell, I, Brett, DJL, Nigel, B and Hawkes, A 2012. A review of domestic
heat pumps. Energy & Environmental Science 5(11), 9291-9306.
doi.org/10.1039/C2EE22653G.

Tangwe, S and Manyi-Loh, C 2019. An economic-cost analysis of
commercial air source heat pump water heater in the University campus.
17th Conference on the Industrial And Commercial Use Of Energy at: Cape
Town, South Africa, 160-167.
<www.stiebeleltron.pl/toolbox/waermepumpe>.

Editor received the manuscript: 07.10.2022



