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Performance and economic analysis of borehole thermal
energy storage integrated heat pump heating system
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Abstract: Borehole thermal energy storage heating systems can deliver efficient, low-cost,
low-carbon heating by seasonally storing low-grade heat and upgrading it via heat pumps.
However, research on the long-term operating characteristics of borehole fields across
different scales remains insufficient. In this study, a borehole thermal energy storage
integrated heat pump system was developed in TRNSYS and simulated for 10 consecutive
years. The effects of heat-source temperature (30—50°C ) and borehole number (200—2000)
on storage capacity, heat loss, heating system performance, and economics were evaluated.
The results show that increasing the number of boreholes from 200 to 2000 significantly
reduces volumetric heat loss. Taking Year 10 as an example, for the 50°C heat-source case,
the storage efficiency increases from 75.0% to 85.0%, while the heat-loss ratio decreases
from 20.0% to 11.9%. In addition, as the borehole number increases, the distribution of heat
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loss shifts among the sidewall, top, and bottom boundaries. The sidewall share decreases
whereas the top and bottom shares increase, indicating that surface insulation becomes
necessary for large-scale systems to mitigate top-boundary heat loss. Heat-source
temperature and borehole field scale jointly determine storage efficiency and the system's
seasonal performance factor. Reduction of the heat source temperature may improve heat
storage efficiency, but it increases the power consumption of the heat pump. Therefore, low-
temperature borehole thermal energy storage offers greater economic advantages when
electricity prices are low and heat source recovery costs are high. The findings provide
guidance for borehole field sizing and heat-loss mitigation for seasonal BTES systems driven
by low-grade heat sources.
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Fig.1 Schematic diagram of a typical seasonal
borehole thermal energy storage integrated heat
pump system
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energy storage integrated heat pump system
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2000 85.0% 11.9%
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Fig. 10 The influence of heat source recovery costs
on annual expenses: (a) 200 boreholes; (b) 2000
boreholes
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