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Abstract 

Based on some environmental monitoring building, design parameters of GSHP system including comparison of heating and 
cooling source scheme, outdoor geothermal heat exchanger design and cold storage and discharge system design, etc. In 
comparison with the traditional air conditioning system, such as water cooled chiller plus urban heat supply network scheme, the 
energy saving rate comes up to 40.5% and the energy efficiency is significantly increased. 
© 2017 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

GSHP system was the highly integrated system engineering. Only after the scientific and reasonable geological 
exploration，feature tests of the soil heat, optimum design of the system and strict construction standards, the aim 
of an optimization overall and high efficiency could be achieved. Based on some environmental monitoring building 
in Jinan, detailed introductions to design of GSHP system and cold storage and discharge system were given out.  
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2. Engineering design and discussion  

2.1. Survey of the building 

The building was located in Jinan, Shandong province. The gross building area is 20,600 m2 with the height of 
74.7m and the frame-shear wall structure, as seen in Fig.1. It is a class I high-rise public building with 17 floors 
above ground, 2 underground (including refrigerating station, pump house and fire-fighting pool on the second floor 
and substation rooms and garage on the first floor. And the kitchen, restaurant, the auxiliary room and laboratories 
are located in the eastern and western podium building, respectively. The design parameters of air conditioner are 
shown in Table 1.) 

Fig.1  Effect drawing of the building 

Table1. Interior design parameters of air conditioner 

room 
Design temperature/� Relative humidity/％ Fresh air rate 

/m3/(h.person) summer winter summer winter 
office 26 20 60 50 40 

restaurant 25 20 60 40 20 
R&D center 26 20 60 40 30 

hall 26 20 65 35 20 
 

2.2. Scheme comparison of cold and heat source 

 

Fig.2  Annual dynamic load of the building 
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Annual dynamic load of the building can be calculated by use of the software of Dest, shown is Fig.2. The 
maximum cooling load was 2040kW at 8:00, 2nd July and the maximum heat load was 1800kW at 8:00, 21st 
January. And the building was located in Lingang development zone, a newly developed area in eastern Jinan, and 
had not been connected with the urban heat supply network. Furthermore the difference between cold load and 
winter load was relative small and suitable for the use of ground source heat pump system (GSHP). The scheme 
comparison of different cold and heat source is shown in Table 2. Obviously compared with other cold and heat 
source, the average running cost of GSHP system was much less and the capital pay-off time was shorter, although 
the initial investment was huge. Based on the above analysis, two sets of crew type ground source heat pumps were 
chosen, with its refrigerating capacity and heating capacity equal to 1054kW and 2068kW, respectively. The system 
flow chart is shown in Fig.3. 

Table 2 Scheme comparison of the cold and heat source of the building 

Cold and heat 
 source 

item 
GSHP Water chilling unit and 

gas fire boiler 
Water chilling unit and 

urban heat supply network 
Direct-fired LiBr 
water heater unit 

Initial investment 
yuan/m2 (air conditioning 

area) 
480 320 380 310 

Comparison of running cost  

season summer winter summer winter summer winter Summer and 
winter 

Energy in use power power NG power Heat 
network NG Diesel 

oil  
unit kWh kWh m3 kWh /m2season m3 升 

price（yuan） 0.8 0.8 2.9 0.8 32 2.9 7.5 
Fuel cost 

(yuan/m2season) 10 15 10 42 10 32 63 78 

Annual running cost
（yaun/m2） 25 52 42 63 78 

Payback period（year） 0 6 6 4.5 3.2 

2.3. Outdoor geothermal heat exchanger design 

It could be confirmed through geological prospecting that limestone mainly covered the pipe laying region. 
Drilling difficulty and cost would be increased to some degree because of the crevices between the ground and 100 
meters underground. Some data measured through heat response experiments are shown as follows: Soil thermal 
conductivity is between 1.462 and 1.711W/m℃，which results in a higher heat exchange capability. And the heat 
transfer capabilities of single U type and double U were equal to 40-45W/m bore length and 47-52W/m bore length 
in winter. While those of single U type and double U were equal to 65-70W/m and 75-80W per bore length in 
summer. Thus the total sum was 38760m with 323 drill holes (120m deep and the aperture of 150mm). Double U 
tubes (De25) contained 64 loop circuits (De63), and each loop circuit was connected with six U tubes. The reversed 
return system was adopted in outdoor buried pipes, in which pipes are divided into several groups connecting with 
the water separators and collectors on buried pipe side. As is shown in Fig.4, the soil temperature increased with the 
augment of running time, because of the imbalance of the heat transfer in summer and winter. The maximum 
temperature of soil was raised from 30.5℃ to 37℃ after 20 years operation. 
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