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Abstract

The heating performance of a solar thermal seasonal storage system applied to a 1,320 m2 glass
greenhouse was analyzed numerically, and the economic feasibility depending upon the number
of boreholes was evaluated. For this study, the gardening 16th and 19th zucchini greenhouse of
Jeollanam-do agricultural research & extension services was selected. And the heating load of
the glass greenhouse selected was 1,147 GJ. BTES(Borehole Thermal Energy Storage) was
considered as a seasonal storage, which is relatively economical. The number of boreholes was
selected from 25 to 150. The TRNSYS was used to predict and analyze the dynamic
performance of the solar thermal system. Numerical simulation was performed by modelling the
solar thermal seasonal storage system consisting of flat plate solar collector, BTES system,
short-term storage tank, boiler, heat exchanger, pump and controller. As a result of the analysis,
when the number of boreholes was from 25 to 50, the thermal efficiency of BTES system and
the solar fraction was the highest. When the number of boreholes was from 25 to 50, it was
analyzed that the payback period was from 5.2 years to 6.2 years. Therefore it was judged to be
the number of boreholes of the proposed system was from 25 to 50, which is the most efficient
and economical.

Keywords: 3224 (Glass Greenhouse), BTES (Borehole Thermal Energy Storage), TRNSYS
(Transient System Simulation), Bl¥E A7+5<Y A| A"l (Solar Thermal Seasonal Storage
System)
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Fig. 1 2017 Weather data in Gwangju
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Fig. 2 Calculated heating load
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n:0.762—3.2787(%)—0.0129(%) )
Table 1 Type 1b parameter
Value
Number in series [-] 1
Collector area [m’] 861
Fluid specific heat [kl/kg K] 3.6
Tested flow rate [kg/hr-m?] 66.24
Intercept efficiency [-] 0.762
Efficiency slope [kJ/hr-m*-K] 3.2787
Efficiency slope curvature [kJ/hr-m*-K?] 0.0129

(2) BTES A|2H]
BTES A28 Type 557a (Vertical U-tube ground heat exchanger) & AF8-ctod El=]5}19 11, Borehole
9] Header depthi= 1.2 mo] ! 75 25~15071=2 AAsHATH”. 71eF ZpAIeH Al9S Table 20 eI

o714 Storage thermal conductivity2} Storage heat capacity+= BTES A|ARE FHAJok= 2] A 9] Aot
&S T

Table 2 Type 557a parameter

Value
Storage volume [m’] 2,625~94,492
Borehole depth [m] 59
Number of boreholes [-] 25~150
Borehole radius [m] 0.1
Storage thermal conductivity [kJ/hr-m-K] 72
Storage heat capacity [kJ/m’*-K] 2016
Outer radius of U-tube pipe [m] 0.0316
Inner radius of U-tube pipe [m] 0.0255
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) A £HEZ = F N0 7Y 2 FE55S 51-80k= Type 60f (Vertical cylinder storage tank)& A&
sto] el a, ZpAIEH Al Y-S Table 30l YERAZITH. o714 Height of flow inlet—13} Height of flow
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Height of flow outlet—

Table 3 Type 60f parameter

Value
Tank volume [m’] 85.5
Tank height [m] 4.5
Height of flow inlet | — BTES loop [m] 3.7
Height of flow outlet I — BTES loop [m] 0.3
Height of flow inlet 2 — solar loop [m] 0.3
Height of flow outlet 2 — solar loop [m] 3.7
Tank loss coefficient [kJ/hr-m*K] 3
Total surface area of heat exchanger [m’] 40
Heat exchanger inside diameter [m] 0.01587
Heat exchanger outside diameter [m] 0.016
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Table 4 Summary of simulation results in 5th year

Number of boreholes 25 50 75 100 125 150
Glass greenhouse thermal demand [GJ] 1,147 1,147 1,147 1,147 1,147 1,147
Solar energy gain [GJ] 2,327 2,558 2,649 2,690 2,725 2,754
Boiler supplement heat [GJ] 259 201 219 261 348 486
Solar energy extracted from Short-term storage tank [GJ] 556 452 450 451 459 431
Solar energy injected into the BTES [GJ] 886 1,169 1,290 1,434 1,533 1,617
Solar energy extracted from the BTES [GJ] 333 494 478 435 340 230
BTES losses [GJ] 553 664 788 952 1,098 1,227
BTES average temperature at year end [°C] 43.7 474 45.9 44.1 41.9 39.8
BTES efficiency [%0] 37.5 422 37.1 30.3 222 14.2
Solar fraction [%o] 77.4 82.5 80.9 77.3 69.6 57.6
Boiler
452 201
Flat plate Short-term greSlLal'lSosuse
COS"O‘;‘?{O’ Sttoarsge 1,169 | (N uBrzltE)Ser of | 494 e égi:?nacli
(861m?) (85.5m?) Borehole : 50 ) 1,147
937 664
Heat loss Heat loss

[unit = GJ]

Fig. 5 Schematic heat balance for the system with BTES in 5th year
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Fig. 6 Energy injected into and extracted from BTES system in 5th year
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Fig. 6 5\xFC] BTES A|A"of] F9) =11 F=Z5] = o4 A& Borehole 7=l whe} vebd Zio0] 1, Fig, 7
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Fig. 7 Heat efficiency of BTES system and solar fraction in 5th year
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Table 5 Initial installation cost

Specification Value
Collector area [m’] 861
Short-term storage tank volume [m’] 85.5
Borehole depth [m] 59
Number of borehole 25~50
Cost of solar panels [Won/m’] 503,000
Cost of short-term storage tank [Won/m3] 1,520,000
Cost of BTES [Won/m|] 131,080
Total initial cost [Won|] 756,386,000~949,729,000
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Table 6 Summary of economic evaluation results

Number of boreholes 25 50
Solar fraction [%o] 77.4 82.5
Glass greenhouse thermal demand [GJ] 1,147 1,147
Supplement heating load [GJ] 259 201
Annual cost savings [Won| 28,845,290 30,725,739
Initial installation cost [Won] 756,386,000 949,729,000
Payback period [years] 52 6.2
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