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ABSTRACT The integration of renewable energy systems is important for mitigating the weaknesses of individual energy sources
and simultaneously fortifying their strengths. In the city of Jincheon, an eco-friendly town utilizes various renewable heat sources,
such as solar thermal and geothermal energies, for block heating. Seasonal thermal energy storage (STES) plays a key role in
integrating the heat sources. STES is charged mainly with the excess solar heat in summer and discharged in winter. Because STES
uses the sensible heat of water with a long lifetime, it is critical to minimize the heat loss from STES. In this study, the heat loss was
investigated numerically with a focus on the burial types of STES with and without an additional, surrounding concrete wall. The
monthly steady-state heat losses were calculated using commercial software while considering the temperature-dependent and
water-content-dependent thermal conductivity of the insulator and the thermal stratification of water inside the STES. The secondary
outer wall did not necessarily improve the thermal insulation and a water content of 9% in the insulator could increase heat loss almost
two fold.
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Nomenclature HBW : half burial with outer wall

FB : full burial SFB :sloped full burial

FE  : full exposure STES : seasonal thermal energy storage
FEW : full exposure with outer wall

HB : half burial
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Fig. 1. Renewable heat supply based on seasonal thermal
energy storage
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Fig. 5. Effects of water content and temperature on thermal
conductivity of the insulator
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Table 1. Parameters for numerical simulation
Category Value
height [m] 10
Wat
. ater diameter [m] 25
(in storage) .
volume [m”] 49087
height [m] 100
Soil diameter [m)] 100
(surrounding .
bottom temperature [C] 10
storage)
thermal conductivity [W/m-K] 0.5
thickness [m] 0.4
Concrete wall
thermal conductivity [W/m-K] 1.8
thickness [m] 0.4
Insulator thermal conductivity (9% water Fig 5
content) [W/m-K] &
temperature [C] Fig. 3
Ambient air Convection heat transfer 20
coefficient [W/m”-K]
thickness [m] 1.6
Air layer Convection heat transfer 95
coefficient [W/m?+K] :
BHstratification)= E|Fd A|AEofA gjofd X H7|9]

.z

W

e

(o] ]

AollA et el o], A9 45t 255 75t
7] 918 TRNSYSE o8t Al AlEdolds B
3PSt TRNSYS Algdold Adke AR S49=E5
SHEE HFE FL7), slEHE, A8 AAE =5t
< A28 ZA 9 ofuA] B s o= E dojiih
FE AL7IIM dold e FIx PFE S0l
AL, S PRt Ee SR AT sHRollA] ARl SHA
FEEO webA, g 8] KEly Wiy 54 gt

2018. 6 Vol.14, No.2 5



Y4E - O[FHE - 01H5 - SIS - OIS

=1

ohfet 4 848 LASHE Alo] ol = B0l 2
27} geplet, £ QoA AL gt e kg
OB WA WAGIN 23T Y33 L% BIE ol gk

o

o} "1 TRNSYS AJEo] o] AR 8- Hw o] 1=
= ol AN Aol

Fig, 6 TRNSYS AlEFo|AS & 2
oF s} 2k WIS Holgth AlEold AxfolA &
Az0] 438 2L IEOR TP 2 919 2wet
W2 5910 25 YR FAolqlt), & AtolAl= Fig.
6ol AAIE 23} 2ok 25 Alelof 107]9] o= +F
WoHA| 2= k& Weal, Z4H5olA] Bt =5 AMSH
S BN FURO| ST EEd S BEo] HEs
sttt Fig. 62 A9)s U2 BE A3k= COMSOL =
2O o]-gsto] Firt

Fig. 7 2= 4ol gt AlZt

¢

S CEEERS

fex ]
=

EEE R
AL o]tk S Zae|E ofFelHo] gl S WA
Ar a9 A SF LES)

= %Q’ Fig. 60“ I%E]‘ =
wR3el gARIt 8)7] L 109 227t oA,

100

80 |
70 F
60 [
50 |
40 |
30 f
20 ©

Temperature "C

~top -—bottom

1 2 3 4 5 6 7 8 9 10 11 12
Month
Fig. 6. Monthly mean temperatures of top and bottom of
stratified storage

150

| -+ Half burial with outer wall

[ —-Full exposure with outer wall
| —Full burial

100 | —+Slope full burial 7 S
Half burial T B
Full exposure S e

Heat loss (GJ)

1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig. 7. Monthly heat losses of the storage
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Table 2. Annual heat losses of the storage
Case Value [GJ]
Full burial (FB) 557.2
Without outer Slope full burial (SFB) 604.0
wall Half burial (HB) 753.4
Full exposure (FE) 871.8
Half burial (HBW) 777.8
With outer wall
Full exposure (FEW) 871.4
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