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Abstract Solar energy is one of the most abundant renewable energy sources on Earth but there are restrictions on
the use of solar thermal energy due to the time-discrepancy between the solar-rich season and heating demand. In
Europe and Canada, a seasonal solar thermal energy storage (SSTES), which stores the abundant solar heat in the
summer and uses the heat for the winter heating load, is used. Recently, SSTES has been introduced in Korea and
empirical studies are actively underway. In this study, a 2,000m’ flat plate type solar collector and 20,000m’ of
borehole thermal energy storage (BTES) were studied for a greenhouse in Hwaseong City, which has a heating load
of 2,164 Gl/year. To predict the dynamic performance of the system over time, it was simulated using the TRNSYS
18 program, and the solar fraction of the system with the control conditions was investigated. As a result, the solar
BTES system proposed in this study showed an average solar fraction of approximately 60% for 5 years when
differential temperature control was applied to both collecting solar thermal energy and discharging BTES. The
proposed system simplified the configuration and control method of the solar BTES system and secured its

performance.
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Fig. 1. TRNSYS model of the BTES system
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Fig. 2. Weather data in Suwon-Si, Korea, 2013
(a) Hourly outdoor air temperature
(b) Hourly global horizontal radiation
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Table 1. Specification of BTES Qg Assle] e gelely] laA Fig 59 2L
Spec. Value
Volume of BTES(nr) 20,000 AlEH oA Aol g AABIATE AlEH oA Ao ~e
Depth of BTES(m) 4l Box-Benken @A IH[7]9] 723 97) o]zl
Diameter of BTES(m) 25 - _
o R40(0.142 W/m’K) H2 F7skel 5 2971 Al AAsoint.
Top-side insulation of BTES .
+1.8m soil
Number of borehole 60 Table 2. Operating modes of the solar BTES system

Configuration 3 in series x 20 Mod Solar collecting / BTES Load 1

Diameter of a borehole(m) 0.15 ode BTES charging discharging oad loop

Distance between boreholes(m) 2.5 1 OFF OFF OFF

Flowrate per a borehole(kg/s) 0.17 2 OFF OFF ON

Outside/inside diameter of U-Tube 0.025/0.02

pipe(m) 025/0. 3 OFF ON ON

Initial temperature of ground(C) 15 4 ON OFF OFF

Heat conductivity of ground(W/mK) 1.3 5 ON OFF ON

Heat capacity of BTES(kJ/m’K) 2,000

Working fluid water
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Fig. 6. Contour plots of solar fraction in heating of 1%
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