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Background 

A ground source heat pump (GSHP) system located near Horsens, Denmark, has used heat from 

the ground to supply a single family house with space hea;ng and domes;c hot water since June 

2011. In this study it is examined: 

• How heat extrac;on affects the ground temperature. 

• Whether con;nuous heat extrac;on may have an effect on the system’s long-term perfor-

mance.  

 
 

What is a GSHP system? 

A GSHP system is depicted in Figure 1A and consists of: 

• Borehole heat exchangers (BHE), which are boreholes containing a U-shaped pipe and have 

subsequently been filled with grout (Figure 1B). 

• A heat pump, which is connected to the pipes installed in the BHEs. 

• A heat carrier fluid, which is circulated within the pipes. When the fluid’s temperature is 

lower than the ground’s, heat is transferred from the ground to the fluid. 

 

 

 

 

 

 

 
 

 

 

 

 

Study site 

The GSHP system consists of two 99 m deep BHEs with a distance of 22 m between them. The 

hydrogeological condi;ons at the site are characterised by lean to fat clay with a low thermal 

conduc;vity (c. 1.4 W/m K) and a negligible groundwater flow.  The ini;al ground temperature 

was measured in May 2011 (Figure 4). 
 

Method 

A 3D numerical model was constructed using FEFLOW to simulate the heat transfer process be-

tween the BHEs and the ground. The daily heat extrac;on [MJ/d] during the first 3 years of op-

era;on (June 2011 to June 2014) was used as input data. The model was calibrated and validat-

ed by comparing the simulated values with:  

• In- and outlet fluid temperatures recorded during the first three years of opera;on. 

• Ground temperature measurement assembled during the summer 2014 (Figure 4). 

The model was then used to predict the in- and outlet fluid temperature and ground tempera-

ture for an opera;on period of 20 years. 

 

Figure 1 A) Ground source heat pump (GSHP) system. B) Borehole heat exchanger (BHE). 

Results 

The simula;on shows that: 

• The temperature of the heat carrier fluid drops a minimum of 1°C aMer 20 years (Figure 2). 

• The ground temperature in the vicinity of the BHE decreases from c. 10°C to 7.5°C aMer 20 

years (Figure 3).  

• The borehole temperature decreases c. 1°C during the first 3 years of opera;on and drops 

further 3-4°C aMer 20 years (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

The reason for the high temperature decrease aMer 20 

years is due to the fact that the ground temperature does 

not fully regenerate to its ini;al state during the summer 

seasons. The regenera;on process is very slow because of 

the soil’s low thermal conduc;vity and the lack of signifi-

cant groundwater flow. As a result, the ground in the vicin-

ity of the BHEs is “depleted” of heat. However, despite the 

significant drop in ground temperature, it is es;mated that 

it will not severely affect the long-term performance of the 

GSHP system. The likely consequence is a 10-20% reduc-

;on in the heat pump’s performance. 
 

Conclusion 

It is concluded that even though the ground around the 

BHEs may undergo thermal deple;on to some degree, it is 

not likely to have any significant affect on the long-term 

performance of a GSHP system. 

Figure 2 Simulated borehole in- and outlet temperature for an opera!on period of 20 years.  

Figure 3 The ground temperature in the vicinity of the two BHEs at !me steps: 0, 1.5, 3, 6.5, 10, 15.5 and 20 years. 

Figure 4 Simulated and measured borehole 

temperature. 
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