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Abstract 

Large-scale commercial buildings served by ground source heat pump (GSHP) systems generally require a large land area for 
ground heat exchanger (GHE) installation. However it is difficult to provide such large area around the buildings, especially in 
urban area. Additionally, a large-scale GHE may consume more energy consumption compared with a medium or small GHE 
system because of the significantly large transmission energy consumption in the closed GHE loop. This study takes a 
commercial building located in northern China as a case study and proposes three different design schemes: chillers plus 
municipal central heating system, a single GHSP system and a hybrid GSHP system with chiller and municipal central heating as 
supplemental heat source and sink. The simulation models of the three systems have been established in the platform of TRNSYS. 
An optimal control strategy has been found with the aim of lowest annual operating cost. The results show that the municipal 
heating system can be put in operation when the outlet water temperature from GHE is less than 4℃ in winter; the cooling tower 
would be open to assist heat dissipation when the outlet water temperature from GHE is above 33℃ in summer. In this case the 
GSHP can provide 42% of the cooling and 83.5% of the heating loads, respectively.  
© 2017 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Their energy saving and environmental friendliness during the last two decades in China. However, most majority 
of commercial buildings in China are generally cooling-dominated. For these cases, the GSHP system may reject 
more heat to the ground than that extracted from the ground on an annual basis, which causes a serious thermal 
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imbalance [1-3]. Increasing the ground loop heat exchanger size which could relieve the effect of imbalance can 
require a larger land area and increase the capital cost. In practice, it is difficult to provide a large land area around 
the commercial buildings, especially in urban area. Recently, hybrid ground source heat pump (GSHP) systems 
combined with additional heat rejecters have become an attractive energy saving measure for commercial and 
institutional buildings[4]. Another problem of the large commercial buildings is the extremely high transmission 
energy consumption because of the large amount of boreholes, and a possible alternative is to propose a hybrid 
GSHP system with a supplemental heat source and sink. 

A number of studies focused on the simulation and validations of the hybrid GSHP with a supplemental heat 
rejecter [5-7]. Some works have been done on the hybrid GSHP systems with a solar collector [8-10]. However, few 
studies have been conducted on the hybrid GSHP coupled with a cooling tower and a plate heat exchanger connected 
with municipal central heating system. This study proposes a hybrid GSHP with a cooling tower and municipal 
central heating as supplemental heat source and sink for a real commercial building. A conventional system with a 
chiller and central heating and a GSHP system are also proposed and compared with the new hybrid system in terms 
of the performance. Finally an optimal control strategy has been selected with the aim of annual lowest operating 
cost. 

2. Three different heating/cooling schemes  

The example project is located in Jinan City, Shandong province and it is a commercial building with a total floor 
area of 120775.45 ㎡. The building has two blocks, one is office building and the other is a hotel. The height of the 
building is 96.08m.  

2.1. Simulation of building loads 

The annual building air-conditioning loads are calculated by using the DEST simulation software, as shown in 
Figure 1. 

 

 

Fig.1 The annual hourly building loads (LOADc is the cooling load , kW；LOADh is the heating load, kW) 

It can be seen from Figure 1 that the peak heating and cooling loads of this project are 3174kW and 5061 kW, 
respectively. The annual accumulated heating and cooling loads of the building can be easily summed which are 
4470kWh and 5754kWh, respectively. It is obvious that the cooling loads of the building are much higher than the 
heating loads.  

2.2. Three different design schemes 

For a cooling-dominated commercial building, it is necessary to add a supplemental heat rejecter to the GSHP 
system to release excessive cooling load. On the other hand, a supplemental heater is also required to reduce the 
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borehole size to evoid a large-scale borehole. Therefore, a hybrid GSHP system with chiller and municipal central 
heating as supplemental heat rejecter and absorber is proposed. In this scheme, the GSHP system can satisfy the 
basic heating/cooling requirements and the excess heating and cooling loads can be satisfied by the chiller and the 
central heating system. In order to compare the operation performance of this new system with others, the following 
two conventional systems are also proposed.  

Scheme 1: Chiller and municipal central heating system; 
Scheme 2: A single GSHP system; 
Scheme 3: A hybrid GSHP system with chiller and municipal central heating. 
In order to design a reletive accurate GHE size, the thermal parameters of the underground should be derived 

according to a on-site thermal response test. In this project, the thermal conductivity of the ground is 1.872W/m·℃, 
the specific heat capacity is 1920 kJ/m³·℃. The initial soil temperature is 16.9℃. According to the annual building 
loads and the thermal parameters of the underground, the GHE sizes for the schemes 2 and 3 are obtained by means 
of a professional GSHP simulation/design program[11]. Table 1 shows the design results for the two schemes of 
GSHP system. 

Table 1 Design parameters and size of GHE of schemes 2 and 3 

 Scheme 2: The single GSHP system Scheme 3:The hybrid GSHP system

heating/cooling loads provides by GHSP 
systems 

Cooling loads: 5061kW 

Heating loads: 3174kW 

Cooling loads: 2024kW 

Heating loads: 2539kW 

The borehole number 1369 506 

Total required land area for boreholes (㎡) 21904 8096 

3. Simulation models of the GSHP systems 

In this study, the simulation models of the two GSHP systems are developed on the basis of the TRNSYS 
modelling environment. TRNSYS provides a useful platform for system simulation which consists of a large library 
of interconnectable TYPEs. The TYPEs that represent the modelling of components of the system can be easily 
interconnected. Fig. 2 presents the simulation model of the single GHSP system (scheme 2) in TRNSYS. The 
type900 is the model of the heat pump unit, which can simulate the operation process in a variable and partial load 
condition. The control strategies of scheme 2 are given as follows: 

A: The control signal of the heat pump and the circulation pump at the ground source side: start when the 
building hourly load is larger than 0.5% of the rated cooling/heating capacity of the heat pump. 

B: The control signal of the circulation pump at the load side: start according to the building cooling/ heating 
loads. 

Fig.2 Simulation model of the single GSHP system                                    Fig.3 Simulation model of the hybrid GSHP system 



https://isiarticles.com/article/90468

