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The goal of this research is to evaluate the efficacy and practicality of
installing a ground source heat pump (GSHP) with an air source heat pump
(ASHP) in a residential setting. The results of this comparison were obtained
by monitoring each of the systems in two almost identical residences in Perth,
Western Australia. There is an open-loop groundwater system in the previous
home. Each residence has one family whose air conditioning system has its
own set of operational needs. The cooling capacity supplied and coefficient of
performance (COP) as a function of seasonal changes in ambient
temperatures were determined using data gathered from both residences over
a two-year period. For both heating and cooling, the GSHP system COP was
found to be greater than that of the ASHP system. Furthermore, these two
performance measures were independent of ambient circumstances in the
former, but they exhibit a noticeable ambient dependent trend in the latter. The

GSHP had an average COP of 4.0 for heating, regardless of external
conditions, while the ASHP COP ranged from 2.0 to 3.0. Conversely, the
GSHP had an average COP of 3.2 for cooling, whereas the ASHP COP ranged
from 1.4 to 2.9. It is found that GSHPs result in significant operational cost
reductions and a significant decrease in greenhouse gas emissions when a
borewell is part of a home.
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1. INTRODUCTION

Based on the Australian energy regulator [1], electricity markets in the twenty-first century exhibited a
rising tendency to 210 TWh until around 2008-9, and then a small decline to 195.7 town to date. However, the
residential and commercial sectors accounted for around 13% of total energy use [2]. Consumer reaction to
rising power rates, the introduction of energy-efficient equipment, and smarter house design are all possible
causes for the drop. This development might be interpreted as a sign of Australians' eagerness to implement
more energy-efficient measures in their houses. The trend, no doubt, encourages Australians to consider
alternate ways to heat and cool their houses, as heating and cooling may account for up to 40% of a household's
energy usage [3].

Adoption of ground source heat pumps is one approach to minimize energy usage (GSHPs). GSHPs utilise
the subterranean environment's consistent temperature as a heat source for heating and a heat sink for cooling,
insulating heating and cooling equipment from diurnal and seasonal temperature changes [4]. This feature
should be considered in conjunction with a reduction in the amount of energy required to operate GSHPs as
well as making them more environmentally friendly [5]. The direct use of geothermal energy has been
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widespread in a variety of industries globally [6] in general, and in Australia in particular, including the heating
of swimming pools [7,8].

The usage of GSHPs for home heating and cooling is now on the rise [9], particularly in Australia. For
example, in 2012, a project using GSHP systems was launched in Melbourne, with the goal of boosting the
geothermal sector in the state [10]. In 2019, the Fairwater master-planned residential development in
Blacktown, Western Sydney, installed a AUD 1.7 million commercial-scale demonstration of renewable
ground-source heat pumps [11,12], this project [13] in Australia focuses on residential clusters for heating and
cooling purposes. High capital costs, uncertainty about the ideal design, and poor customer confidence can all
be deterrents to adopting this technology [14].

The design of various forms of GSHP requires a geological study [15]. Water quality and quantity must
be examined beforehand, especially in open loop systems (as is the case in this study). There are two types of
GSHP systems: open-loop and closed-loop systems [9]. GSHPs have been compared to traditional heating and
cooling techniques in prior research. The GSHP's COP for cooling was found to be 32-54% greater than the
ASHP's, while the augmentation for heating was 36-38% [16]. The basic energy consumption of the heat pump
system is 71% less than that of a reference installation based on conventional gas-fired boilers and water
cooling machines, according to a study of an aquifer thermal storage system in a Belgian hospital [17]. The
heat pump COP during the cooling phase is 6.0-10.9 at partial load, while the total system COP is 4.3-7.4,
according to a research conducted at Pusan National University in Korea to evaluate the performance of a
ground source heat pump (GSHP) system. The heat pump COP at partial load during the heating season is 4.3—
8.3, whereas the entire system COP is 3.0-6.2. [18]. The closed-loop GSHP and variable refrigerant flow
(VRF) systems installed in ASHRAE Headquarters in Atlanta were described by Southard et al. [19]. They
observed a significant increase in heating COP of 4.6 for the GSHP system compared to 3.1 for the VRF
system, and a significant increase in cooling COP of 3.3 from 2.1 for the VRF system. A study was carried out
to see if high conductivity phase change material (PCM) could be used in the borehole heat exchanger of a
GSHP to shorten the borehole length and increase the COP [20]. The maximum COP values of a GHSP
computed assuming an ideal reversed Carnot cycle for cooling mode increased by about 81 percent with PCM
and by 112 percent with graphite enhanced PCM, according to the results of its studies.

Molavi and McDaniel [21] conducted a comprehensive evaluation of GSHPs for retail buildings in the
northeast of the United States and found that, while they all offer environmental advantages, a lack of
understanding and risk assessment is preventing broad adoption. Self et al. [22] reviewed open-loop systems
and validated their advantages over alternative configurations. In a school facility during the winter season
2008, Song et al. [23] compared GSHP with an ASHP. Their research discovered that ground temperatures at
a shallow depth of 2 to 5 m are considerably impacted by outside temperatures, but ground temperatures at
depths below 20 m remain constant at about 16°C. According to this study, the GSHP has a COP of 5.1 for a
heat pump and 4.2 for the whole system, which includes the work of the circulation pump. The total COP of
the GSHP system is 31% greater than the ASHP system. The greater COP is attributed to a 10°C higher
temperature at the evaporator for the GSHP system, resulting in a reduced pressure difference for the refrigerant
compressor.

Michopoulos et al. [24] compared vertical GSHP to conventional systems in single and multi-family
dwellings in numerous sites in Cyprus with varying climatic circumstances. These technologies were looked
at for both heating and cooling purposes. In two typical residential structures in Cyprus, simulations were run
to calculate the amount of power consumed by both GSHP and conventional systems. The findings reveal that
the major energy savings for GSHP systems are significantly dependent on geography, with reductions of up
to 33.6% in colder locations and 23.5% in warmer places. It has also been discovered that energy savings are
greater in multi-family homes than in single-family homes.

The heating performance of three vertical closed-loop water-to-air GSHP systems built in three new
single-family detached houses in Innisfail (80 km north of Toronto, Canada) was monitored, examined, and
assessed throughout one heating season by Abdel-Salam et al. [25]. The findings demonstrate that GSHPs can
fulfill peak heating demands without the need of an additional heating element. The COPs for the three seasons
are 4.2, 4.0, and 3.4, respectively. The comparative results reveal that the sum of the running expenses of the
GSHP system is roughly one third of the present heating and cooling systems in a refurbished campus building
in Korea [26]. The influence of various system factors on GSHP performance is investigated using a computer
model [27]. Based on a comparative economic evaluation that was performed to examine the feasibility of
employing a GSHP in lieu of traditional heating/cooling systems and an ASHP, the conclusion suggests that
GSHP is economically advantageous to conventional systems. The Solar Energy Institute at Ege University in
Izmir, Turkey, on the other hand, investigated the cooling performance of a vertical GSHP system installed in
a 65 m?2 room [28]. Due to the oversizing of several system elements, the cooling coefficient of the GSHP
performance and the entire system is relatively low when compared to other heat pumps operating under
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conditions at or near design values. While there is no question that GSHPs offer significant environmental and
operational benefits, the price of drilling, pumping, and piping, as well as their running costs and heat
exchanger derating, have been stumbling blocks. In the residential sector, a holistic assessment is required,
taking into consideration all aspects. Through a simulation on a typical house in Cyprus, Christodoulides et al.
[29] addressed this characteristic and found that GSHPs were unlikely to be cost-effective due to payback times
of the order of 20 years. Despite the GSHP's greater initial cost, the benefits of lower CO, emissions and lower
operating expenses may outweigh the disadvantages [30].

A study of the literature suggests that GSHPs may not be a viable alternative for household usage, owing
to the high expense of drilling. When a borewell is included as part of a home's reticulation or water supply,
however, such expenditures are practically eliminated for GSHP operations. This is the scenario in Perth and
its environs, where there were 190,000 garden bores in 2017 [32]. In India, this is also the case in many
metropolitan areas. Bangalore, for example, has 400,000 authorized borewells [33]. Heating and cooling are a
need in all of those metropolitan communities. In addition, using water for GSHPs offers the advantage of
using that valuable resource at a net zero level. There has been relatively little attempt to support a comparison
of GSHP and ASHP in the residential sector through real measurements in this context. In Perth, two almost
similar houses were built next to each other, one with a GSHP in open-loop mode and the other with a
traditional ASHP, to cover this gap. A comparison of the two systems' performance is based on real-world data
collected over more than two years and across all seasons. It has been demonstrated that there is a significant
direct saving of energy and related expenses, as well as environmental advantages as a corollary.

2. METHODS

The physical systems consist of two almost similar neighboring single-story residential houses with
frontal views as shown in Figure 1, constructed in 2016 in Perth, Australia.

Figure 1: An illustration of two houses that are nearly identical. Left: ASHP, right: GSHP

Both houses were constructed on a 375 m? plot of land with a built-up space of roughly 270 m? and were
facing west. They are physically identical and depict a typical Western Australian house. Each home features
four bedrooms, two bathrooms, a movie room, a double garage, and a kitchen/living room area. The external
walls of the dwellings are made of two bricks with an air gap between them. In the majority of Perth
metropolitan residences, this is the construction style. Both the inside and outside of the residences are finished
in the same manner. Both homes have Colorbond® steel roofs that are insulated with R4.1 insulation. The
ceiling is 10 mm plasterboard with a 1.5 kW solar panel system installed. The front of the home has a double
lock-up garage and the laundry is behind it. The main bedroom is located at the front of the house. The second
and third bedrooms, as well as a second bathroom that separates the fourth bedroom, are located at the back of
the home. The movie room is located next to the fourth bedroom.

2.1. GSHP System Description

The GSHP system utilises a standing column well (SCW), also known as a doublet system, to access and
return groundwater as a heat source for heating and a heat sink for cooling. As shown in Figure 2, the GSHP
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system includes a Water Furnace NVK-012, 15 kW GSHP unit, a Caprari CapSub-3 System 2 model 30-65
submersible pump with a nominal power rating of 900 W, and a SCW structure. For this system, a 200-mm
diameter borehole was drilled to a depth of 57 meters, with the water table at 34.4 meters [33]. At a depth of
35 meters below ground level, the returned groundwater is reinjected into the aquifer. For heat transmission
between bore water and the refrigerant, a concentric tube heat exchanger is utilised.

The capabilities of the systems in both houses varied by 3 kW, with the capacity of the GSHP house being
greater. The builder and equipment provider took these decisions, presumably to be cautious because GSHPs
were new to the market. Both homes employ centralized all-air systems with their own air handling units
(AHUs) and terminal units. AHU fan power is used into COP calculations. This concept sought to decrease
water stream short-circuiting while simultaneously lowering drilling expenses. The temperature of the
groundwater is relatively steady at 22°C. Perth's aquifers have typically good water quality for geothermal
purposes. The Yarragadee aquifer has a wide variety of salinities, from fresh to brackish. As you travel deeper,
the salinity level rises. It is about 1 g/L up to 1100 m below ground level, and 30 g/L at 1300 m below ground
level [31]. The water quality at the research site is excellent, with a salinity of 0.25 g/L, low risk of iron staining,
and no risk of acid sulphate class [18]. As a consequence, at the specified location, an open-loop GSHP system
is appropriate.

Figure 2: The GSHP underground water source arrangement using a doublet system

2.2. ASHP System Description

A Samsung Duct S AC120HBHFKH/SA indoor unit and an inverter-based Samsung Duct S
AC120HCAFKH/SA outdoor unit with a refrigerant charge of 2.9 kg of R410A and a standard cooling
capability of 12 kW are installed in the ASHP home. This ASHP system is a split ducted unit, which may be
found in many Western Australian houses.

3. INSTRUMENTATION

The Onset HOBO RX3000 Remote monitoring station was utilised as the data logger. The devices
employed a cloud backdrop that allowed data to be accessed via the HOBOIink portal; data was captured every
15 minutes to accommodate for sensor response time. The sensors in both residences were calibrated by Delta
Building Automation. The data logged from the HOBO RX3000 remote monitoring station was reviewed to
ensure that the readings were correct.
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FCU inlet and outlet temperatures, ambient, living room temperatures in both dwellings, and groundwater
inlet and outlet temperatures were all measured at 15-minute intervals for the GSHP. Outdoor temperature
sensors were shielded with a solar radiation barrier (Onset RS3B).

4. ANALYSIS

After the downloaded data was filtered, only steady-state data for at least 45 minutes was used for
comparative studies. Data was additionally removed when the FCU inlet/outlet temperature drifted by more
than 1°C from the previous value or when the estimated FCU inlet/outlet absolute humidity changed by more
than 1 g/kg of dry air to avoid including data during unstable operation. The average power factor of the
variable-frequency-drive based GSHP was 0.79, whereas the power factor of the inverter-based ASHP system
was 1.00. (both measured with Fluke 1738).

4.1. Heating and Cooling Capacities

The ASHRAE psychrometric calculation approach [34] was used to compute the specific volume,
absolute humidity, specific enthalpy, and specific heat of moist air. Wangara, Perth meteorological data was
utilized to determine ambient conditions (atmospheric pressure, temperature and relative humidity). By
numerically integrating instantaneous data over 45 minutes, the average heating and cooling capacities were
calculated:

B 1 45min ﬂ ~ 1
Qh_45min .([ (Vjcp(tz tl)dT [€h)

1 45min
Q- = Z5min ! (%)E(hl‘hz)‘(wl—wz)hwz]dr @)

The heating and cooling capacity' uncertainties were estimated using the technique provided by NIST
[35] and determined to be 7.5% for heating and 8.2% for cooling, respectively. Electrical power input was also
handled in a similar manner.
4.2. COPs

The coefficients of performance (COPs) are then calculated as follows:

COR, - — Q_ ®
- P.dzr
45min g
COP, ~—— & @
-  dr
45min

0

Because electrical power measurement has a modest margin of error, the total relative uncertainty in
COPs can be anticipated to be similar to that of heating and cooling capabilities.

5. RESULTS AND DISCUSSION

Over the period of two years, Figure 3 illustrates the heating and cooling capacities of both systems.
Despite the fact that the temperature settings and housing are same in both homes, the systems' capabilities are
drastically different. This can be attributed to actual heating and cooling loads caused by resident usage
patterns, which are determined by the number of people living in the home, the number of zones that are
actually used, and interior sources such as refrigerators, microwaves, gas stoves, television sets, computers,
and so on. The dispersion in the data is due to diurnal/seasonal variations in cooling/heating demands on the
systems. Residents in the ASHP home appear to be more conservative in their settings than those in the GSHP
house. The difference in the nature of heating/cooling demands between GSHP and ASHP households is
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something to notice. Figure 3 depicts the qualitative behavior of the two systems in relation to the surrounding
circumstances. The ASHP home follows the ambient temperature with a modest trend. As a result, a preferable
criterion for evaluation will be the COP, which will be discussed later.
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Figure 3: GSHP and ASHP heating and cooling capacities at varied ambient temperatures.

Figure 4 shows the COPs of both heating and cooling systems throughout the course of a two-year testing
period. There is substantial dispersion in the data since each data point is associated to diurnal and seasonal
external factors such as sun shine, cloud cover, variations in surface conditions of surfaces, ambient air velocity,
and so on. The usual error bars associated with the data are presented for one point in each case. As previously
noted, ambient temperature has little effect on the COP of GSHP, fluctuating only by around 0.8 between
heating and cooling, which is near to the theoretical limit of 1.
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Figure 4: A COP comparison of GSHP and ASHP at various ambient temperatures

On the other hand, when it comes to ASHP, there is a clear tendency of increasing with ambient
temperature during heating and decreasing with ambient temperature during cooling. Only when the outside
temperature is near to the groundwater temperature does the COP of the ASHP home match that of the GSHP.
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In general, GSHP systems are projected to have higher COPs than ASHP systems throughout the course of a
year's operation, resulting in decreased power consumption and associated indirect emissions. This is especially
true in Perth, where the summers are extremely hot and the winters are quite cold. The COP's trend lines are
also displayed in Figure 4.

The COP of the GSHP house has risen significantly for both heating and cooling, as shown in Figure 4.
Based on this, it is anticipated that the GSHP home would have saved around AUD$1050 per year in energy
expenditures if it had not switched to ASHP. This equates to 3646 kWh of power at a cost of 28.8 cents/kWh.
Based on 0.7 kg of CO./kWh for Perth [36], the environmental advantages will be around 2.5 t of CO2 emission
reduction. Based on 7 t/dwelling/year [37], this represents a 35% decrease in greenhouse gas emissions. It is
indeed simple to calculate how much of a difference GSHP would make if every home in Perth had a borewell
for reticulation. Installing a GSHP in an existing home with a borewell might potentially provide substantial
financial and environmental benefits. In addition, the influence of groundwater quality on the heat exchanger
and pipelines in GSHP systems must be evaluated over time. However, the water quality in the current research
was sufficient to avoid derating during its operation.

6. CONCLUSIONS

The purpose of this study was to compare the performance of an open-loop GSHP system to a traditional
ASHP in the residential sector of Perth, Western Australia. Each category was only compared with one
dwelling. When utilized for both heating and cooling, the GSHP system performed significantly better than the
ASHP. The GSHP system has an average COP of 3.2 for cooling, which is almost independent of external
temperatures. The COP of the ASHP system, on the other hand, varied from 1.4 to 2.9, depending on outside
temperatures. Similarly, the COP of the GSHP system stayed virtually constant at 4.0 for heating, but the COP
of the ASHP system varied from 2.0 to 3.0 depending on outside conditions.
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NOMENCLATURE

c velocity (m/s)

Cp specific heat capacity of moist air (kJ/kg °C)
h specific enthalpy (kJ/kg)

P power (kW)

q volumetric flow rate (I/s)

Q cooling/heating capacity (kW)

t temperature (°C)

v specific volume of moist air (m3/kg)
W humidity ratio (kg/kg of dry air)
Greek letters

¢ relative humidity

T time (min)

Subscripts

1 inlet of FCU

2 outlet of FCU

a ambient

c cooling

h heating

in input

w2 saturated liquid water
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