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Abstract: Borehole thermal energy storage (BTES) technology has been identified as a key
solution to the mismatch between waste heat generation and utilization. Accurate
determination of the thermal physical parameters of soil is paramount for the reliable design
and optimization of the BTES system. To address the limitations of the conventional thermal
response test (TRT), such as the requirement for constant input and the inability to accurately
estimate the volumetric heat capacity, a method for inverting the actual performance of the
BTES system based on the duct ground heat storage model and measured operation data is
proposed. The particle swarm optimization algorithm based on the inertia weight method was
employed to minimize the normalized comprehensive root mean square error (RMSE) to
invert the initial soil temperature, thermal conductivity, and volumetric heat capacity. An
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experimental platform was established for the cross-seasonal heat storage and heating
system of buried pipes. Following a three-month heat storage period, an increase in the
average soil temperature was observed. The heat storage body of the buried pipes exhibited
an increase from 12.81°C to 16.09°C . The average daily heat storage capacity was
determined to be 344.99 kW-h, and the total heat storage capacity was found to be 32.08 MW
h. The application of the proposed inversion method reduced the prediction error of the
average daily effluent temperature from 1.28% to 0.39%. The prediction error of the average
soil temperature decreased significantly from 5.16% to 0.27%. Consequently, the
comprehensive RMSE decreased from 2.00°C to 0.80°C. An independent assessment of the
validation period further confirmed the superiority of the proposed inversion model. Compared
with the initial parameters, the average relative error of the discharge temperature predicted
by the inverted parameters decreased by 54.2%. The relative error of the average soil
temperature fluctuated below 0.5% throughout the process, with an average relative error of
0.24%. The comprehensive RMSE for the inverted parameter predictions was 0.58°C ,
comprising RMSE,,, and RMSE_;, of 0.25°C and 0.05°C, respectively, representing a 71%
improvement in prediction accuracy. A comparison of the initial parameter conditions obtained

soil

using the TRT with the optimized inverted parameters reveals a significant enhancement in

the predictive accuracy of the model for the actual system performance. This study proposes

an efficient and reliable method for precisely inverting soil parameters using measured data

and effectively predicting the actual system performance.

Keywords: buried pipe heat exchanger; buried pipe thermal storage; inversion model;
performance prediction; dynamic simulation
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Table 1 The range and step size of the optimized

parameters
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Fig. 3 The principle of the cross-seasonal heat storage heating system
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Fig. 4 Layout of the equipment
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Table 2 Main equipment parameters
Wk ZH
#1HGENA GSHP-13, 4 SUHIHGE 15 kW, il E T3 4.5 KW, HIEIK TR 3.1 m¥h, A K& 2.58 m¥h
PRI GSHP-20, # SUHIHE21 kW, il E TR 6 kW, HIFMKFE 2.1 m¥h, K 3.44 m¥h
EHOKH HBL1.5 m?
IR PH BB AR % AR, B4 m?
LEW/ PSS HUE TIE 10 KW
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Table 3 Borehole properties
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Table 4 Experimental error
e @f i ﬂi ﬂi? §§§
HFEREHRET W= 02~20mYh  — — 1%
R RET R 4~95C — — 1%
TR ¥ -50~100C  +0.5°C 9.37C 8%
TR E KA RE -40~80C  20.5C  9.7C  6.19%
THERIR R W 0~100% +2% 54.32% 3.68%

IR, AR I R AR A Lt 8
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B A AR ERIREE BT, B AR LT ER
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Fig. 8 Soil temperature during calibration period
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Fig. 9 Daily heat storage during calibration period
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Table 5 Parameter optimization results % 141 . 10.5
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t 13.08 12.57 C Fig. 11 Soil average temperature variation and
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