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Abstract Ground-coupled heat pump systems have been widely used, as they are regarded as a renewable energy source
and ensure a high annual efficiency. Among the system components, borehole heat exchangers (BHE) play an important
role in decreasing the entering water temperature (EWT) to heat pumps in the cooling season, and consequently improve
the COP. The optimal sizing of the BHEs is crucial for a successful project. Other than the existing sizing methods, a
simulation-based design tool is more applicable for modern complex geothermal systems, and it may also be useful since
design and engineering works operate on the same platform. A simulation-based sizing method is proposed in this study
using the well-known Duct STorage (DST) model in Trnsys. TRNOPT, the Trnsys optimization tool, is used to search
for an optimal value of the length of BHEs under given ground loads and ground properties. The result shows that a
maximum EWT of BHEs during a design period (10 years) successfully approaches the design EWT while providing an
optimal BHE length. Compared to the existing design tool, very similar lengths are calculated by both methods with a small
error of 1.07%.

Key words DST-Duct STorage(DST =), EWT-Entering Water Temperature(®.01& & 7-X%), BHE-Borehole heat
exchanger(A =€ u.3k7]), Optimization algorithm(Z 43} & 312]5F), TRNSYS(E #A| )
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Fig. 1 Schematic of the 19 boreholes configuration in
the DST model.
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Table 1 Simulation parameters for sizing of vertical
borehole heat exchangers

Parameters | Values
Building
Floor area[m’] 84
Number of households 120
Daily peak heating load[kW] 293
Heating HP COP 3.5
Cooling HP COP 45
Borehole
Borehole unit length[m] 150
Borehole distance[m] 5
Header depth[m] 1
Design EWT[TC] 30
Fluid specific heat[J/kg K] 3960
Borehole mass flow rate[kg/s] 0.2/unit
Pipe thermal conductivity[W/mK] 0.4
Grout thermal conductivity[W/mK] 2
Borehole radius[mm] 55
Borehole inner/outer radiusfmm] 13/16
Center-to-center distance[mm] 47.1
Ground characteristics
Thermal conductivity[W/mK] 2
Thermal diffusivity[ m'/day] 0.08
Initial ground temperature[C] 10
Simulation period[yr] 10
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Fig. 2 Daily building and ground loads.
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Table 2 Input and initial values for optimizing

Variables Classification Value
B constant 5m
Input Variable H constant 150 m
Tet constant 30T
Initial Values N design variable 40
f(N=1T,—EWT
where, EWT =g(Vyep) (4)
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