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This paper takes a groundwater source heat pump in the region as the research
object and based on field research, experimental tests combined with
comparative analysis, the data on its operation is monitored and analyzed in
terms of operation, energy saving, and environment. The results show that the
cooling temperatures of the test rooms were all below 26°C, the average
coefficient of performance of the units was 4.61-4.93 and the average
coefficient of performance of the system was 3.08-3.27. In addition,
compared to conventional water-cooled chillers, 466 tons of standard coal
could be saved in one cooling season, resulting in a reduction of 1,150.8 tons
of carbon dioxide emissions, 9.3 tons of sulfur dioxide emissions and 4.7 tons of
dust emissions The savings in operating costs are 793,000 RMB. This shows that
the groundwater source heat pump has good energy efficiency and economy. The
research results obtained in this paper provide a reference for improving energy
efficiency and optimizing the operation of the groundwater source heat pump
system. It is of great significance to the application of groundwater source heat
pump systems in areas with complex geological environments.
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1 Introduction

The richer the water content of the site in the complex geological distribution area, the
better the water conductivity, the greater the thermal conductivity of the rock mass, and the
more conducive to improving the heat transfer effect (Liu et al., 2020a). But at the same time,
there are more factors that affect development. According to DZ/T 225-2009 Code for
Exploration and Evaluation of Shallow Geothermal Energy, the suitability zoning of shallow
geothermal energy water source heat pump mainly considers the lithology, distribution,
burial depth, thickness, water abundance, permeability, water temperature, water quality,
water level dynamic changes, water source protection, and geological disasters of the aquifer
(Zhou et al., 2022c).

The groundwater source heat pump system is a heat pump technology that uses
groundwater as a low-level heat source or sinks to heat and cool buildings in winter and
summer respectively (Ma et al.,, 2010). As a branch of ground source heat pumps, it is known
as a 21st-century technology characterized by energy saving and environmental protection,
and it plays an indispensable role in achieving China’s “double carbon” target, reducing
energy consumption, and protecting the ecological environment.
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As early as the 1940s, the application of the groundwater
source heat pump system in public buildings in the
United States, whereas the development in China occurred
somewhat later. The associated technologies of groundwater
source heat pumps were not developed and deployed in China
until the 1950s, and in the 1980s, groundwater source heat
pump technology research progressed gradually (Peng, 2013).
Up till now, the ground source heat pump technology has been
quite developed, with a great number of engineering projects
domestically and internationally, the technology has been
widely adopted and promoted (Sanner et al, 2003; Liu
et al., 2020b; Li et al., 2021a; Biglia et al., 2021; Gao et al,,
2021; Sang et al., 2022). The impacts of various parameters on
the performance of the groundwater source heat pump system
were investigated in Kim and Nam, (2016). The results show
that the groundwater level and temperature have the greatest
impact on the performance of the groundwater source heat
pump system, followed by submersible pumps and heat
exchangers (Kim and Nam, 2016). Moreover, factors such as
water flow rate (Zhou et al., 2022a), performance parameters
(Sang et al.,, 2022), porous medium (Na and Xia, 2021), layout
of pumping and recharge wells (Wen et al., 2022; Yan et al,,
2023) and pipe corrosion (Luo et al., 2022) play significant
role. Obviously, a great number of researchers also offer
optimization strategies for groundwater source heat pump
systems (Nam and Ooka, 2010; Lu et al., 2015; Zhu et al,,
2015; Zhen et al., 2017; Liu et al., 2019; Li et al., 2021b; Zhang
et al., 2022). Park et al. (2020) developed an optimization
model of groundwater source heat pump, which can calculate
the optimal pumping and irrigation speed of groundwater
source heat pump system, maximize system efficiency, and
have excellent economic and environmental benefits. Zhou
et al. (2022b) proposed recycling groundwater, and the results
shown that the performance of groundwater source heat pump
systems could be greatly enhanced and water wasted
(2021) proposed a
optimization approach, a model that can determine the

minimized. Park et al. simulation
optimal well location and pump/injection rate to find the
best installation and operation strategy for the system.
Halilovic et al. (2022) proposed a strategy for optimizing
the hair of the well layout of groundwater source heat
pump systems to maximize the utilization of thermal
potential of groundwater. Zhou et al. (2022a) investigated
the economics of ground source heat pump systems with
and highlighted the
significance regulation methods for
enhancing thermal and economic performance. Luo and

various flow control methods

of variable flow
Ma, (2022) proposed an integrated management strategy for
that
efficiency and coefficient of performance in comparison to

system operation significantly improved thermal
the conventional model. Granryd, (2010) derived a relational
equation for the optimal flow rate, on the basis of which the
evaporator and condenser flow rates were optimized to
maximize the COP of the system. Zhao et al. (2003)
established with

economic cost as the objective function, according to which

an optimization mathematical model

the optimal matching is obtained between each component of
the system, resulting in a significant improvement in heat
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pump performance. Kang et al. (2017) investigated a new
groundwater source heat pump system optimization method
to make the system more energy efficient and demonstrated
that the compressor power was reduced, the system’s energy
efficiency was enhanced, and the total annual cost was reduced
compared to the conventional groundwater source heat pump
system. Wang et al. (2019) suggested a new groundwater
source heat pump with pre-conditioner, and the study
proved that the new groundwater source heat pump has
excellent energy saving performance. Ma and Xia, (2017)
which the
the heat exchanger discharge

proposed an optimization technique in
optimization variable is
temperature and the overall goal of the optimization is to
minimize the system power consumption while meeting the
required heating and cooling demands of the building. The
results demonstrate that the optimization strategy is effective
in reducing energy consumption.

These articles combine theory with practice, analyze the
performance of the GWHP system, expound the influencing
factors of system performance, and put forward the
optimization model. However, there is a lack of research on
the benefits of the corresponding groundwater source heat pump
system. In this paper, the operation of the groundwater source
heat pump system in four residential community was monitored
over a 3-day period during the cooling season and the data tested
to show that these systems met the design requirements. The data
is also analyzed to calculate the performance coefficients of the
heat pump system, to classify it according to national codes, and
to provide a brief analysis of the reasons for the decline in system
and unit performance. The energy-saving, environmental and
economic benefits of these systems are also analyzed based on the
data, revealing the energy-saving and environmental friendliness
of the groundwater source heat and heat pump system. It
provides a reference for improving energy efficiency and
optimizing the operation of the groundwater source heat
pump system. It is of great significance to the application of
groundwater source heat pump systems in complex geological

environment areas.

2 Project overview and testing scheme
2.1 Project overview

In this study, the GWHP system is located in the karst area of
south China. According to the literature content (Wang et al,,
2011), in the project area, the aquifer permeability coefficient is
10.42-18.17 m/d, the unit water inflow of a single well is
5.59-10.20 L/sm, the maximum recharge volume of a single
well is 70 m*/h, and the groundwater recharge volume is
12,539,500 m*/a. The underground water is buried 60-115m
deep, and the temperature of the underground water is
maintained at about 18°C and is not affected by the outside
air temperature. The heat pump systems in the four residential
communities were put into use in 2012 with an air conditioning
area of approximately 116,500 m?, 135,600 m?, 187,500 m?, and
111,300 m* respectively. The building floors in the community
are five floors, with a height of 3 m and a utility room on the top
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FIGURE 1
System flow chart of the equipment room.
TABLE 1 Main equipment parameters of GWHP system.
Community Device name Model/Specification Performance parameters Number
A Ground source heat pump unit CVHG780 Rated cooling capacity:2981kW; input power:483 kW 3
Air conditioning circulating pump DEW/250-400A/4 V=500 m?/h; H=44m; N=90 kW 3
DEW/250-315A/4 V=550 m*/h; H=28m; N=55 kW 2
B Ground source heat pump unit CVHG780 Rated cooling capacity:2981kW; input power:483 kW 3
Air conditioning circulating pump DEW/250-400A/4 V=500 m*/h; H=44m; N=90 kW 3
DEW/250-315A/4 V=550 m*/h; H=32m; N=75 kW 2
C Ground source heat pump unit CVHG780 Rated cooling capacity:2532kW; input power:396 kW 3
Air conditioning circulating pump DEW/250-400A/4 V=500 m*/h; H=44m; N=90 kW 3
DEW/250-315A/4 V=500 m*/h; H=32m; N=75 kW 2
D Ground source heat pump unit CVHG1100 Rated cooling capacity:3436kW; input power:549 kW 3
Air conditioning circulating pump DEW/300-400A/4 V=500 m*/h; H=38m; N=90 kW 3
DEW/300-315A/4 V=637 m*/h; H=28m; N=75 kW 2
floor. The owner determines the form of the building’s final 2.2 Testing scheme
heating, which is typically fan coils or radiant floor systems. The
groundwater level is around —100m, and the groundwater is According to the requirements of the GB/T 50,801-

extracted from the ground by pumping wells, passing through
a cyclone desander for preliminary water treatment, and then
entering the heat pump unit for heat exchange before being
returned to the ground via a recharge well (Wang et al., 2011;
Hou et al,, 2017; Liu et al., 2022). Figure 1 depicts the equipment
room’s system flow diagram. Table 1 displays the equipment
configuration and main equipment parameters.
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2013 Evaluation Standards for Renewable Energy Building
Application Projects (Ministry of Housing and Urban-Rural
Development of the People’s Republic of China, 2013) and the
Guidelines for the Measurement and Evaluation of Renewable Energy
Building Application Demonstration Projects (Ministry of Housing
and Urban-Rural Development of the People’s Republic of China,
2008) (hereinafter referred to as the Evaluation Standards and
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TABLE 2 Test meter.

10.3389/feart.2023.1162303

Serial number Name and model Range Accuracy
1 Ultrasonic flowmeter (FLCS1012) D50~D400 0.02 m/s,£1.0%
2 Temperature and humidity recorder (RHLOG-T-H) —25~+55°C,0-100%RH +0.3°C,+5%RH
3 Thermometer (HM34) —20~+60°C,0-90%RH +0.3°C,+2%RH
4 Temperature measurement system (34970A) 0-100°C +0.2°C
5 Clamp electrometer (PROVA6600) 0-2000A,0-600V +2.0%
6 Three-phase power analyzer (HIOKI3469-20) 0-5000A,150-600V +0.1%,+0.2%
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Test results for room temperature and relative humidity. (A) The temperature and humidity of the sampling room in Community A; (B) The
temperature and humidity of the sampling room in Community B; (C) The temperature and humidity of the sampling room in Community C; (D) The

temperature and humidity of the sampling room in Community D.

Guidelines) regarding the test contents of the heat pump system, the
operation of the groundwater source heat pump system in these
residential area was evaluated during the cooling season. The test
contents mainly include inlet and outlet water temperature and
water flow on the ground-source-side and the user-side, the input
power of the system and water pumps, and the air temperature
inside and outside of the test room. The main test instruments are
shown in Table 2.

The test methods are mainly for the instrument to automatically
record data and manually read real-time operational parameters at
regular intervals. Use the ultrasonic flowmeter to measure the inlet and
outlet flow of the ground source side and the inlet and outlet flow of the
user side, and the temperature measurement system to measure the inlet
and outlet water temperature of the ground source side and the inlet and
outlet water temperature of the user side. The analyzer measures the
power consumption of the heat pump unit and the water pump. The

Frontiers in Earth Science 04

indoor and outdoor air temperatures were measured by a thermometer.
When measuring the outdoor temperature, hang the autograph away
from the building to avoid the influence of heat dissipation of the
building, and avoid direct solar radiation, which will affect the accuracy
of the measurement. The indoor temperature test is carried out after the
heat pump system continues to operate normally, and the temperature
test points are positioned 1.5 m above the ground and far away from the
influence of the indoor heat source.

3 Analysis of test results
3.1 Temperature

The heat pump system provides cooling to four communities,
and 10 rooms in each community were sampled for temperature and

frontiersin.org
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Temperature variation curves of circulating medium at ground-source-side and air-conditioning-side of heat pump unit. (A) Temperature variation
curve for Community A; (B) Temperature variation curve for Community B; (C) Temperature variation curve for Community C; (D) Temperature variation

curve for Community D.

humidity testing. The sampling results show that the indoor
temperature and humidity test values in each room meet the
design requirements, and the cooling guarantee rate is 100%. The
specific test results are shown in Figure 2.

The temperature outside of the test rooms can reach a maximum
of 34.5°C, and the average temperature was 25.4°C during testing.
From Figure 2 it can be concluded that the average maximum indoor
temperature of the test rooms is 25.5°C, which is below the design
cooling requirement limit. Meanwhile, the average temperature
inside of the test rooms is 24.5°C, which has a good cooling effect.

3.2 Cooling capacity and coefficient of
performance

3.2.1 Heat pump unit performance test results

Test the water temperature and water flow of the supply and
return on the ground-source-side and air-conditioning-side of the
heat pump, as well as the electricity consumed by the heat pump unit
during testing. And then, the average cooling capacity of the heat
pump unit and the cooling performance coefficient of the heat pump
unit can be calculated according to the following formula.

The average cooling capacity of the groundwater source heat
pump unit during the test period is calculated as follows:

Q = VpcAt, /3600 (1)

where Q is average heating (cooling) capacity of the unit during the
test, V is the average flow rate of air conditioning side of heat pump
unit, p is the average density of water, C is the average constant

Frontiers in Earth Science

pressure specific heat of water, At,, is the temperature difference
between the inlet and outlet water on the air-conditioning-side.
During the test period, the heating/cooling performance
coefficient of the heat pump unit can be calculated according to
the test results as follows:
Q
COP = N, (2)
where COP is the heating (cooling) performance coefficient of the
heat pump unit, Q is average heating (cooling) capacity of the unit
during the test, N; is average input power of the unit during the test.
After measurement, the temperature changes of supply and
return water on the ground-source-side and the user-side of the
heat pump unit with time are derived. The specific results are shown
in Figure 3. As can be seen in Figure 3, the water supply and return
temperatures on the ground source and user sides of the four
communities remained constant during the test. The supply and
return water temperatures on the ground source side of the four
communities were stable and unchanged, thus the ground source
heat exchange effect was stable. The system uses a constant
frequency circulation pump and the water flow rate on the user
side is constant. While the temperature difference between the
supply and return water on the user side of the system is
constant, according to eq. 1, the cooling capacity of the unit
under test is constant during the test period and the unit
operates stably. In addition, the maximum temperature difference
between the supply and return water on the customer side of the four
systems is only 4°C, and the average temperature difference between
the supply and return water is 3.7°C. It can be seen that the system
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TABLE 3 Refrigeration performance test results under actual operating conditions.

Test items Community A Community B Community C Community D

Air-conditioning side outlet water temperature of the unit ("C) 10.3 10.6 10.7 11.0
Air-conditioning side inlet water temperature of the unit (°C) 14.0 14.6 13.8 14.5

The outlet water temperature of the ground source side of the unit (°C) 23.4 25.7 23.1 26.0
Inlet water temperature on the ground source side of the unit (°C) 18.0 17.3 18 18.8
Air conditioner side flow of unit (m*/h) 410.0 430.0 560.1 510.0

Ground source side flow of the unit (m’/h) 350.1 245.5 394.1 298.0

Unit cooling capacity (kW) 1768.0 2013.2 2004.6 2,113.3

Unit average input power (kW) 358.3 425.1 415.5 458.1
Unit average performance coefficient (kW/kW) 4.93 4.74 4.82 4.61

Notes: The average performance coefficient of unit cooling = unit cooling capacity/unit input power.

TABLE 4 Performance test results of heat pump system under actual operating conditions.

Test items Community A Community B Community C Community D
Total cooling capacity of the system (kWh) 39,333.7 31,759.2 46,488.4 50,541.7
Total system power consumption (kWh) 12,789.8 9,936.0 14,215.3 16,425.1
Heat pump unit power consumption (kWh) 8,337.8 6,956.8 9,883.3 12,069.1
Circulating water pump power consumption (kWh) 4,452 2,979.2 4,332 4,356
System Cooling Average Coefficient of Performance (kWh/kWh) 3.08 3.20 3.27 3.08

Notes: 1) The total power consumption of the system = the power consumption of the heat pump unit + the power consumption of the circulating water pump.
2) System cooling average performance coefficient = total system cooling capacity/system total power consumption.

adopts the “large flow rate and small temperature difference”
operation mode. The corresponding “large temperature difference
and small flow rate” operation mode is more conducive to reducing
the system transmission and distribution energy consumption as
well as improving the system energy efficiency ratio.

According to the measured data combined with the calculation
formula, the average cooling performance coefficients of the four units
during the test period were 4.93, 4.74, 4.82, and 4.61 respectively, and
the specific test results are shown in Table 3. Based on the information
of the equipment parameters of the heat pump units in Table 1, it can be
calculated that the rated cooling performance coefficient of the heat
pump units can reach more than 6, while the actual operating effect is
only 70%-80% of the design working condition. This may be due to the
long-term operation of the equipment, the heat exchange equipment
and pipes of the heat pump unit have problems such as corrosion,
oxidation and scaling, resulting in the heat exchange efficiency of the
heat pump unit being reduced, thus making the cooling performance
coefficient of the unit not high.

3.2.2 Heat pump system performance test results

On the basis of the test results, the typical seasonal system
performance coefficient of the system is calculated by the following
formula:

COP; = %

YNi+3N; ®

Frontiers in Earth Science

where Qg is the total heating (cooling) capacity of the system during
the test, XN is the total electricity consumed by the heat pump unit
during the system test, XN; is the total power consumed by the pump
during system test.

The total heating (cooling) capacity of the system during the test
is calculated according to the following formula:

Qs = Z;q,AT,- and g; = V,pcAt; / 3600 (4)

where g; is the cooling capacity of the heat pump system in a certain
period of time, AT; is the duration of a period of time, V; is the average
water flow on the air-conditioning-side of the system in a certain period
of time, At; is the temperature difference between the inlet and outlet
water on the air-conditioning-side in a certain period of time.

Test the water temperature, flow rate, and power consumption
of the system on the air-conditioning-side of the system. From the
test data, the performance coefficient of the groundwater source heat
pump system is calculated. The average coefficient of performance
for each system during testing was 3.08, 3.20, 3.27, and 3.08. The
specific test results are presented in Table 4, and the proportion of
power consumption of the system is depicted in Figure 4.

The calculation concludes that the average coefficient of
performance of the GWHP system was 3.08, 3.20, 327 and
3.08 respectively, which meets the requirements of the limit value in
the “Evaluation Standard” (Table 5). Furthermore, given that the
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FIGURE 4

Power consumption composition proportion of heat pump system. (A) The proportion of power consumed by the heat pump system in Community
A; (B) The proportion of power consumed by the heat pump system in Community B; (C) The proportion of power consumed by the heat pump system in
Community C; (D) The proportion of power consumed by the heat pump system in Community D.

TABLE 5 Limits of performance coefficient of GWHP.

System cooling energy efficiency ratio EERy

System heating performance coefficient COPy

Limit values >3.0

TABLE 6 Performance level division of GWHP system.

Working Level 1 Level 2 Level 3

condition

Cooling Energy
Efficiency Ratio

EER,;>3.9 3.9>EER,>3.4 3.4>EER,>3.0

“Evaluation Standard” divides the performance of the GWHP system
into 3 grades (Table 6), with level 1 being the highest, the performance
coefficients of the GWHP systems in the test communities all belong to
Level 3. However, comparing Tables 5, 6, the performance of this
groundwater source heat pump system just meets the limit value
requirements and is among the lowest levels in the classification of
the code. Analysis of the reasons, the system after a long time of
heat performance decline, compressor
performance deterioration, pipeline scaling or corrosion, and other

operation, exchanger

reasons, leading to the energy efficiency of the system isn’t very ideal.

Frontiers in Earth Science

Nevertheless, the specific reasons for the degradation of system
performance still need to be corroborated by subsequent studies.

Tested and calculated, the test of the underground water source heat
pump units revealed an average performance coefficient of 4.61-4.93,
the performance coefficient of 3.08-3.27 for the heat pump systems, and
a system average that is 32%-38% lower than the average crew. What
effect is formed by Figure 4 heat pump power consumption ratio is: the
power consumption of the water pump is relatively large, accounting for
about 27%-35% of the total power consumption, which leads to the
reduction of the system performance coefficient.

4 Benefit analysis
4.1 Energy saving benefit analysis

Calculate the coal saving of the GWHP system in comparison to
the conventional water-cooled chiller, and analyze the energy saving
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TABLE 7 Cumulative cooling load calculation table of air conditioning in summer.

Temperature band (°C) Hours (h) Outdoor temperature (°C) Cooling load (kW) Cumulative cooling load (kWh)
26-28 361 27 529.55 191,165.9
28-30 344 29 1,588.64 546,490.9
30-32 337 31 2,647.73 892,284.1
32-34 305 33 3,706.82 1,130,579.5
34-36 282 35 4,765.91 1,343,986.4
36-38 235 37 5,825.00 1,368,875.0
38-40 152 39 6,884.09 1,046,381.8
40-42 95 41 7,943.18 754,602.3
42-44 38 43 9,002.27 342,086.4
44-46 1 45 10,061.36 10,061.4
Total 7,626,513.6

TABLE 8 Cumulative cooling load statistics table.

Community A

Community B

Community C Community D

Cumulative cooling load (kWh) 7,626,513.6

8,876,869.1 12,274,431.8 7,286,102.7

TABLE 9 Conventional energy substitution calculation table.

Community Cooling method Cooling Annual power Converted total coal Coal
load (kWh) consumption (kWh) consumption (tce) saving (tce)
A Groundwater Source Heat 7,626,513.6 2,479,843.5 1,001.6 98.5
Pump
Conventional water- 7,626,513.6 2,723,754.9 1,100.4
cooled chillers
B Groundwater Source Heat 8,876,869.1 2,886,410.1 1,166.1 114.7
Pump
Conventional water- 8,876,869.1 3,170,310.4 1,280.8
cooled chillers
C Groundwater Source Heat 12,274,431.8 3,991,164.5 1,612.4 158.6
Pump
Conventional water- 12,274,431.8 4,383,725.7 1771.0
cooled chillers
D Groundwater Source Heat 7,286,102.7 2,369,155.2 957.1 94.1
Pump
Conventional water- 7,286,102.7 2,602,179.5 1,051.3
cooled chillers

benefit of the GWHP system. The energy consumption of the system
only includes the power consumption. The actual power
consumption can be measured by a clamp-type electric power
meter and a three-phase power analyzer. The conversion rate of
electric energy and primary energy is taken as 0.404 (Li et al., 2023).

Frontiers in Earth Science

08

According to the Guidelines, the temperature-frequency
method is used to calculate the cumulative annual loads of a
building, based on the measured cooling loads of the system and
actual meteorological parameters during testing. The so-called
temperature-frequency method assumes a linear relationship
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TABLE 10 Calculation table of CO,, SO,, and dust emission reduction.

10.3389/feart.2023.1162303

Community Standard coal saving CO, emission reduction SO, emission reduction Dust emission reduction
(ton/year) (ton/year) (ton/year) (ton/year)
A 985 2433 1.97 0.99
B 114.7 2833 2.29 1.15
C 158.6 391.7 3.17 1.59
D 94.1 2324 1.88 0.94

between the envelope load (including solar and differential
temperature loads) and the outdoor temperature, calculates
the load at various temperatures based on this linear
relationship, and multiplies it by the number of hours at that
temperature to determine the cooling and heating loads at that
temperature (Long, 1992).

The BIN weather parameter is utilized for load calculation by
temperature and frequency method. The meteorological parameters
are sorted out according to hourly values given by the annual
outdoor dry bulb temperature or random weather model of a
certain place. Taking 2°C as a temperature interval, the number
of hours occurring in each temperature interval is calculated,
namely, the time and frequency table of temperature (Song and
Wang, 2015).

The summer building cooling load is calculated as follows:

Qour = Iy Zfour Qg (5)
In —tg
where Qoyr is building cooling load at outdoor temperature toyr,
Qgyis building cooling load at outdoor temperature tg, ty is building
summer interior design temperature, tz; is building summer design
outdoor temperature.

The procedure for calculating the cooling load of the research
area is outlined below. The detailed calculation process is
described using Community A as an example. The
meteorological parameters of the typical meteorological year
in the test area are selected as the BIN meteorological
parameters. The outdoor design temperature is 40.3°C, the
design cooling load is 7,572.5 kW, the outdoor temperature is
selected according to the typical annual data, and the design
temperature inside of the buildings is 26°C. Calculated according
to the above formula, the cumulative cooling load of the building
in the cooling season is 7,626,513.6 kWh. The specific summer
cumulative air-conditioning cooling load calculation table is
shown in Table 7 and the cumulative summer air conditioning
cooling loads for each community are shown in Table 8. The
formula for calculating the electricity consumption of the
GWHP, system in the whole cooling season is as follows:

_ SQu
COPgsy

Ey (6)

where Ey; is electricity consumption of heat pump system in cooling
season, XQy is the cumulative cooling load of the building
throughout the year.
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Comparing the GWHP system with a conventional water-
cooled chiller. The performance coefficient of the conventional
chilled water-cooled unit is 2.8. The comparison outcomes are
presented in Table 9.

From this calculation, it is concluded that the groundwater
source heat pump system saves 0.85kgce/m* in summer
compared with the conventional water-cooled chiller system, and
the energy saving effect is remarkable.

4.2 Environmental benefit analysis

Based on the results of the annual conventional energy substitution
amount for the project, the annual conventional energy substitution
amount for each system is 98.5 tons, 114.7 tons, 158.6 tons and
94.1 tons. According to the “Guidelines” and “Evaluation Standards”
on environmental benefits, the emission reductions of carbon dioxide,
sulfur dioxide, and dust are calculated respectively. The calculation
methods are as follows:

Carbon dioxide emission reduction is calculated according to
the following formula:

Qcoz = 2.47Qpm (7)

where Q¢o; is Carbon dioxide emission reduction, Q,, is standard
coal saving, 2.47 is Carbon dioxide emission factor.

Sulfur dioxide emissions are calculated according to the
following formula:

Qs02 = 0.02Qp, (8)

where Qs is Sulfur dioxide emission reduction, Qy,, is standard
coal saving, 0.02 is SO, emission factor for standard coal.

Dust emission reduction is calculated according to the following
formula:

Qrc = 0.01Qp, 9)

where Q¢ is dust emission reduction, Qy,, is standard coal saving,
0.01 is dust emission factor.

From the calculations in Table 10, it can be concluded that the
CO,; reduction, SO, reduction, and dust reduction in a cooling
season in this test area are 2.09 kg/m?,002 kg/m* and 0.0.1 kg/m?
respectively. The implementation of the GWHP system has clear
environmental

implications for air pollution control and

conservation.
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4.3 Economic benefit analysis

In light of the energy consumption analysis results, the power
consumption of the heat pump system in the cooling season is
21.29 kWh/m?, and the power consumption of the traditional chilled
water system is 23.38 kWh/m?, representing a savings of 2.1 kWh/
m’. Combined with the paid electricity price standard of the project
(0.567 yuan/kWh for this project), the cost of utilizing the GWHP
system for cooling in the summer of the four communities is at least
793,000 yuan cheaper than that of using the traditional cold-water
system.

5 Conclusion

This paper tests the GWHP system in residential quarters and
analyzes the performance, energy saving, environmental protection
and economic benefits of the system. The result of the study are as
follows.

(1) On the basis of the test and evaluation of the groundwater
source heat pump heating and cooling project in the residential
communities, the groundwater source heat pump technology is
effectively applied, and the indoor effect of cooling meets the
design and specification requirements, and the heat pump unit
and system operate stably.

(2) The average cooling performance factor of the four heat pump

~

units is 4.61-4.93, while the average cooling performance factor
of the heat pump systems is 3.08-3.27. The average energy
efficiency ratio of the heat pump systems is 32%-38% lower
than that of the units. The main reason is that the electricity
consumption of the water pump accounts for a large proportion,
which leads to the reduction of the performance coefficient of
the system. Frequency conversion measures should be taken for
the circulating water pump to reduce the power consumption of
the water pump and improve the coefficient of performance of
the system.

€

~

Compared with traditional water-cooled chillers, the four
GWHP systems tested can save a total of 466 tons of
1,150.8 tons of carbon dioxide
emissions, 9.3 tons of sulfur dioxide emissions and 4.7 tons

standard coal, reduce
of dust emissions in one cooling season, showing obvious energy
and environmental benefits, while reducing operating costs by
RMB 793,000, which has certain economic benefits.

Through the analysis, it can be seen that the groundwater source
heat pump system offers significant energy-saving benefits,
Within the

environmental benefits, and economic benefits.
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