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The importance of energy saving and the high requirements of indoor thermal environment provide

opportunities and challenges for the development of the heating, ventilation and air-conditioning (HVAC)

field. Among them, the chiller system, ground source heat pump (GSHP) system and variable refrigerant

flow (VRF) system because of their own advantages have been widely promoted in the HVAC field and

market. However, it’s too expensive to compare the operational performance of three HVAC systems in

actual projects or existing buildings at the same time. Therefore, the study carried out simulation modeling

of chiller system, GSHP system and VRF system at the same time for a building in Wuhan area, which was

realized through EnergyPlus environment. The operational performance of the three systems is

quantitatively analyzed and compared from the three aspects of HVAC energy consumption, work

performance and indoor thermal comfort. The results show that the total HVAC energy consumption of the

GSHP system is smaller, and the air temperature adjustment ability and indoor personnel thermal comfort

are better.
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1. INTRODUCTION

Energy shortage has become an urgent problem in
modern countries. According to statistics, building
energy consumption accounts for nearly 40% of
global energy consumption!’?. Among them,
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Heating, Ventilation and Air Conditioning (HVAC)
systems account for 60% of building energy
consumption and are the main building energy-
consuming equipment™¥. The development of
urbanization and the importance of energy saving
have brought huge challenges and opportunities to
the HVAC industry®®. Many new HVAC



technologies have been promoted with efficient
energy efficiency and comfortable indoor thermal
environment®. Among them, chiller system, ground
source heat pump (GSHP) system and variable
refrigerant flow (VRF) system have been widely
promoted in the HVAC field and the market with
their respective advantages.

Chiller system has always been one of the most
important systems in the central air conditioning
market. Under the trend of continuous expansion of
the market size, chillers still maintain a relatively
high market sharel”. According to the 2019 China
Central Air Conditioning Market Report, the market
share of all models of chillers reached 18.06%!®). The
GSHP air conditioning technology can utilize
renewable soil heat (cold) energy resources”. In
addition, GSHP system has the characteristics of
significant energy saving, environmental protection
and improvement of air conditioning quality®’. VRF
system meets the heating and cooling needs of the
building according to the change of the flow rate of
the control refrigerant, and it can also heat and cool
different areas at the same time!'”!. The three HVAC
systems have their own advantages and
disadvantages, but they cannot be compared in actual
applications in existing buildings.

This study carried out simulation modeling of the
Chiller system, GSHP system and VRF system by
using EnergyPlus. Furthermore, the performance of
three HVAC systems in Wuhan area, such as
operating energy consumption, air temperature
adjustment accuracy and indoor thermal comfort, is
quantitatively compared and analyzed. It provides
information and suggestions for the design of HVAC
systems in engineering projects.

2. DESCRIPTION OF SIMULATION

2.1.

To ensure the accuracy and scalability of the study,
a typical single-story building in the EnergyPlus case
is selected, as shown in Fig. 1. The single-storey
building has 5 hot zones, a core hot zone in the
middle and four surrounding hot zones. The whole
building is 30.5m long, 15.2m wide and 3.0m high,
with a 0.6m air return chamber above it.

Building overview
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Fig. 1 3D view of the simulation small building.

Table 1 Building envelope and thermal properties.

Buildin Thermal
envelo % Material conductivity
P (W/mK)
100mm Polyurethane 0245
extruded board
Roof .
150mm Reinforced
1.95
concrete
' 75mm Polyurethane 0245
Exterior extruded board
wall 150mm Reinforced 1.95
concrete )
30mm Polyurethane 0245
Floor extruded board
00 150mm Reinforced 1.95
concrete )
Internal 200mm Aerated concrete
0.26
wall block
30mm LowE glass 0.9
Windows 6.3mm Air gap /
30mm LowE glass 0.9
Door 100mm Grey glass 0.9

The simulation was carried out in Wuhan. In this
study, the thermal properties of the building envelope
and indoor load density were set with reference to the
"Design Standards for Energy Efficiency of Public
Buildings" (GB50189-2015). The specific settings
are shown in Table 1 and Table 2. The HVAC system
in the building only operates during the cooling and
heating seasons of the year. Summer (cooling season)
operating hours are set from April 15th to September
30th, and winter (heating season) operating hours are
from January 1st to March 15th and November 1st to
December 31st. Among them, the indoor set
temperature under cooling conditions is 26°C, and
the indoor set temperature under heating conditions
is 20°C.



Table 2 Internal loads density setting in Wuhan area.

Internal load Unit
Occupant density 0.11peopel/m?
Light power density 9OW/m?
Equipment density 15W/m?

2.2. HVAC system model description

This study simulates the chiller system, GSHP
system and VRF system in the same building model.
As shown in Figs.2-4, the three systems are all
primary return air systems. In the chiller system, the
indoor load is borne by the independent fresh air
system and the 5 air pan systems. The chiller and
boiler determine the water flow according to the
demand load and exchange heat in the cooling coil
and heating coil to meet the indoor set temperature.
In the GSHP system, the indoor load is borne by the
central fan system and 5 indoor reheating coils. The
heat pump unit switches the direction of the water
loop through the reversing valve under different
seasons, so that the heating coil or heat exchange in
the refrigeration coil. In the VRF system, the indoor
load is composed of 5 terminal air pan units, and the
5 terminal air pans are connected to a common
outdoor unit. The refrigerant in the pipeline

exchanges heat with the indoor air to meet the indoor

Indoor Unit 3

setting temperature.

Outdoor Unit

Cooling |
Coil

Fig. 2 Illustration of VRF system.

In order to make a reasonable comparative study,

the fan efficiency (£y) and motor efficiency (E,) of

the three systems were set to be 0.7 and 0.9
respectively under the dynamic pressure of 600Pa in
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the same running time. At the same time, the working
pressure of all pumps in the GSHP and Chiller
system is set at 5000Pa, the rated power (P.) of the
pump in the cold water loop is 250W, and the rated
power (P;) of the pump in the hot water loop is 350W.
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Fig. 3 Illustration of Chiller system.
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Fig. 4 Illustration of GSHP system.

3. RESULT AND DISCUSSION

This study mainly compares and analyzes the



performance of the three HVAC systems from three
aspects: system energy consumption, air temperature

adjustment accuracy and indoor thermal comfort.

3.1. Energy comsumption of HVAC
Fig.5 the total
comsumption of HVAC and outdoor dry bulb

shows monthly energy
temperature changes of three different systems. The
total HVAC power consumption of the three systems
is larger in January-February, May-September and
In addition,

November-December. power

consumption peaks in January, July and
August.While the time when the total power
consumption of HVAC is lower appears in March-
April and October. This is related to the operating
conditions of the units in different months. For
example, the total HVAC power consumption of the
three systems in July to August (cooling conditions)
and January (heating conditions) exceeds 4GlJ.
Comparing the total HVAC power consumption of
the the total HVAC
consumption of GSHP system is the smallest except

March, October and November.

three systems, energy
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Fig. 5 Monthly HVAC power consumption and outdoor dry

bulb temperature of the three systems.

The total energy consumption components of
different systems are different. Fig. 6 shows the
energy consumption of each component of the three

chiller system have better air temperature regulation
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HVAC systems. The total energy consumption of the
VRF System consists of three parts, namely cooling
energy consumption, heating energy consumption
and fan energy consumption. The total energy
consumption of GSHP system is a more than that of
VRF system, which is the energy consumption of
pump.The total energy consumption of the chiller

system is higher than that of the VRF system, and

the higher part is the energy consumption of water

The  total
consumption of the GSHP system is the least, which

pump and heat recovery. energy

is 37.13GJ, and the total energy consumption of the
VREF system is the most, which is 40.34GJ.

I:I Heat Recovery Pump Fan
[ |Cooling [ |Heating

VRF

GSHP

System

Chiller |

Energy Consumption (GJ)

Fig. 6 Energy consumption of each part of the three HVAC

systems.

3.2. Set-point unmet hours

The accuracy of air temperature regulation is
analyzed by set-point unmet hours. Set-point unmet
hours means that the air temperature of one or more
hot zones during this hour does not meet the set
temperature range. In short, the air temperature
during this hour is higher than the cooling design
temperature or lower than the heating design
temperature. The temperature range is the set
and the
tolerance in this study is set at £0.2°C.

temperature  tolerancel®), temperature

Table 3 shows set-point unmet hours of each
HVAC system. The total set-point unmet hours of the
GSHP system and the chiller system are both Oh, and
the total set-point unmet hours of the VRF system is

ability than and the VRF system. Consequently,



these two systems can reach the set temperature of
indoor cooling and heating more accurately during
working hours.

Table 3 Set-point unmet hours of three HVAC systems.

VRF GSHP  Chiller
Set-point unmet hours
during occupied heating 83 0 0
period(h)
Set-point unmet hours
during occupied cooling ~ 70.5 0 0
period(h)
Total set-point unmet
hours(h) 153.5 0 0

3.3. Thermal comfort

Predicted Mean Vote (PMV) is an evaluation
index to characterize the human body’s heat and cold
sensation, which represents the average heat and
cold

environment!!!,

sensation of most people in a certain
The PMV index divides human
comfort into 7 levels. The closer the PMV index is to
0, the better the thermal comfort of the human body,
as shown in Table 4.

Predicted Percentage of Dissatisfied (PPD) is an
that the

dissatisfaction that represents the percentage of

indicator predicts percentage  of
people dissatisfied with the thermal environment.
The quantitative relationship between PMV and PPD

1S:

PPD = 100 — 95exp [—(0.03353PMV* +

0.2179PMV ?)] (1

The rooms in the building are selected for indoor
thermal comfort analysis. Fig. 7 shows the average
annual PMV and PPD of the three systems. The
average value of PMV of the three systems is
between -1 and 0, and indoor personnel feel
comfortable and slightly cool. And the average PMV
of VREF is the largest (closest to 0), and the average
PMV of Chiller is the smallest (farthest from 0).
However, the PMV value is positive or negative, so
the mean PMV does not represent the thermal
comfort of indoor personnel throughout the year to a
certain extent. It can be seen from equation (1) that
PPD is proportional to the square value of PMV and
has nothing to do with the positive or negative value
of PMV. Comparing the annual PPD average of the
three systems, the average PPD of GSHP system is
the smallest, and the indoor personnel have the best

thermal comfort.

T T T L)

—+—PMV —=—PPD

-0.75 +

-0.80 4
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Chiller GSHP VRF

System

Fig. 7 Average annual PMV/PPD of three HVAC systems

Table 4 Thermal sensation corresponding to PMV value.

+3 +2 +1 0 -1 -2 -3
Th 1 Slightl Slightl
e@a Hot Warm ety Comfortable ety Cool Cold
Sensation warm cool
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4. CONCLUSION

In this study, a building in Wuhan area was
simulated and modeled with three HVAC systems,
including a chiller system, a GSHP system and a
VRF
temperature adjustment accuracy and indoor thermal
comfort of the three HVAC
quantitatively

system. The energy consumption, air

systems were

analyzed and compared. The

conclusions are as follows:
1) The total HVAC energy consumption of the
three systems in Wuhan in January, July, and
August is relatively large, and the HVAC system
the

Controlling and optimizing the HVAC system

has largest energy-saving potential.
can save a lot of energy.
the HVAC the

performance of the GSHP system is the best

2) Among three systems,
from three aspects of energy saving, air
conditioning capacity and indoor thermal
comfort. On the contrary, the performance of
multiple online systems in these aspects is
relatively poor.

In the HVAC system design of the actual

engineering project, various aspects of the

3)

performance of the system can be analyzed and
through the

consumption simulation software. This method

compared building energy
can be used to select the most suitable system

scheme.
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