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Abstract 

The ground source heat pumps (GSHPs) of customers connected to the district heating and cooling 

(DHC) network can benefit both the customer and the energy company. However, operating the 

GSHP to minimize the cost of providing heating and cooling to the customer while ensuring the long-

term stability of the ground temperature is a challenge. This thesis addresses the challenge by 

developing accurate models of GSHP and optimizing the operation of the GSHP system using these 

models.  

The models presented in this thesis use field measurements to develop accurate models with low 

computational time. The main components of a GSHP system are the heat pump and the borehole 

heat exchanger (BHE). This thesis presents two approaches to use measured data to improve the 

accuracy of analytical models for BHE. The first approach is the calibration of the model parameters 

using this measured data. The second approach combines the analytical model with an artificial 

neural network model resulting in a hybrid model. The calibration approach reduced the relative 

RMSE of the analytical model from 21.9% to 13.9% in the testing period. The relative RMSE of the 

hybrid model for the testing period was 6.3%.  

We compared different data-driven models for heat pumps and determined that artificial neural 

network models have an advantage over traditional regression models when field measurements are 

available. The artificial neural network model was refined to better utilize the measured data. The 

refined models of heat pumps had a relative RMSE of less than 5%.   

The hybrid BHE model and an artificial neural network model for the heat pumps were used to model 

the GSHP system. The model was validated using four years of field measurements. The relative MAE 

for the compressor power and BHE power were 7.3% and 19.1% respectively.  

The validated model was used to optimize the operation of the GSHP system. In optimal operation, 

the cost of providing heating and cooling to the area was minimized from the perspective of the energy 

company while maintaining a stable temperature in the ground. In optimal operation, the annual cost 

of operation was shown to reduce by 64 t€ and the annual CO2 emission was shown to reduce by 92 

tons. 
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