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Abstract

The eco-friendly energy town of Jincheon is Korea’s first renewable energy-based energy
self-sufficient town that utilizes multiple renewable energy sources, such as PV, solar thermal,
geothermal, and sewage heat to achieve power and thermal energy independence in the unit
region. In this study, the thermal energy system of Jincheon, which has been operating since
2017, was analyzed. The thermal energy system consists of a seasonal thermal energy storage
connected to approximately 1,600 m? of solar thermal collectors and a midnight thermal energy
storage connected to approximately 150 RT heat pumps. Based on data from 2017 to 2020, the
heat supply status, expected profits, and greenhouse gas reduction effects of the thermal energy
system were analyzed. During the target period, 483 MWh of heating heat, 167 MWh of hot
water, and 113 MWh of cooling heat were supplied on an annual average for the last three years.
These findings confirmed expected profits of 95.6 million won/yr for hot heat and 1.3 million
won/yr for cold heat. In addition, the renewable heat supply resulted in reduction of 156.7 tons
of CO; eq./yr greenhouse gas.

Keywords: B} & (Solar thermal), 2] &(Geothermal), 5H% (Sewage Heat), -8 (Heatin
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Table 1 Specification of thermal system

Category Specification

Geothermal HP : 175 kW x 1 (R410a)
Water source HP : 181 kW x 2 (R134a)
Geothermal hole : 150 m x 24 hole

Flat plate : 399 ea (798 m?)
Evacuated tube : 198 ea (808 m?)

Double wall structure, Stainless lining
4,000 m’ (24.7 m x 16.7 mx 10.3 m)

Block heating system Circulation pump 13 ea, Heat exchanger 5 ea, Expansion tank 3 ea, Header 2 ea, Piping

Midnight thermal energy storage Located in management center wall area, 200 m’

Geothermal/Water source
Heat pump

Solar thermla collector

Seasonal thermal energy storage

Public
Childcare support center health center

Photovoltaic panel m

Solar Thermal !

eighborhoad
park

Youth center
Sports park EEE

Yard

AN
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Table 2 Specification of public building in Jincheon eco-friendly energy town

Category LI. = | h

Publichealth ~ Childcare =~ Management

Highschool Library Youth center
center center center support center

Gr‘zf:lz;‘rea 10,432 1,986 598 916 387 1,460 998

1% basement 1% basement ol « 1¥ basement - -

Floor 4" floor 1* floor 2" floor 1™ floor 1 floor 2" floor 2" floor
Building 3,872 1,565 279 916 319 730 499
area (m°)
3, ety

AR Aol e Sod A= ol 78 SLuE2] A= vl 25, 4E, 7

o
58 ARSI, SBAE S 5l DA D 97 4RSIt 30 £ TR Holelg S5t

T High schoal
Outdoor
[ma] N - e
b g o L B m
- = 2 Slga —
’ ; j ' [
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Evacuated tube af T
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m £ -
T 1 | - ‘ Childcare
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I- m v
. — 1IN
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e T . Fl1 5 g = E '?cemer
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Fig. 2 Measurement sensor diagram
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Table 3 Specification of measurement sensor
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(Unit : °C)

2.4

Winter (11 ~2)
2.1
4.1
4.8

Fall (9 ~ 10)
203
19.0
215
19.9

Summer (6 ~ 8)
28.1
29.8
28.3
28.3

T

Spring (3 ~ 5)
15.5
15.9
15.0
14.7

2017
2018
2019
2020

Table 4 Seasonal outdoor temperature in Jincheon eco-friendly energy town
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Fig. 3 Production Efficiency of flat plate and evacuated tube collector
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Table 5 Yearly heat suppluy amount (Unit : MWh)
e Central supply Bidirection heat transaction
Heating Hot water Cooling Heating Cooling
2017 306.4 78.2 106.9 0 0
2018 508.3 123.6 160.3 0 0
2019 468.5 112.9 187.6 35.2 335
2020 472.2 102.6 152.9 47.5 553

20173kl 47 AEQ] nle o2 AAAQ] dHsk= 7H4ste.or, 2019d7} 20202 oFL3F A

S0 FY AN FFY g aol Atk

24 A AL K eFL0| A AP R E Bl Q1T 55120l FFT W/ 71507 7|4

W27 e Alteint. GEaEel e Tl 71 A9 AT S E AL A &

:l}li
kil
)
i
p
i
i
>
ni?
§
=
O
o
()
.D
rulo
2
z
8
o

(1) 7]
= gsFEel tiet 7=l 4(1) 9] LPGERl LPGE7H 1,832 9/kg 7t F3HA] 10%7} H5li7] gfo=
ATt

LTI (kWh) kcal 1 kg
] 860 “TPCEF \ Tocal ()

R
") 20] 2,900 W<l A|AH] ofjo] A0

= =
= 7|Eo s YIsaEl meE andEE ﬂl‘*o}oﬂofﬂ ABIAEF AR A (2)eF E.

- Alz=glof o) 21 A &) A & (W)
AU A =TI (kW) Al*;ﬂoﬁﬂ%a%%%a(m 2

58

Journal of the Korean Solar Energy Society Vol. 41, No. 2, 2021



213t

ox

OZ[ERZ WY AR EOIHR| AL 2 E0 2 HSR 2|

g

ojuff A ABlA=RE A AHg HHRD O A= egAlE 285l FabA] 10%eF H&F 7=
3.7%7} Al gtoz deidas A2 ARSI, AdE dedase 54 105.7 9/kWh, B2}
74 65.2 Y/kWhatt L.

2017¢5E] 2020712 A1 2

N

r
-
rlol

oAzl Faet ¥/2B%el mE 7|2l Table 6 2.

Table 6 Expected Earings of heat supply (Unit : million won)
Year Hot heat supply Cold heat supply
2017 61.71 0.89
2018 101.40 131
2019 93.30 1.48
2020 92.24 1.19
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Table 7 Effect of greenhouse gas reduction

Greenhouse gas

3 c s .
Year LPG (m’) Electricity (kWh) (ton COneq.) Pine grove (ha) Passenger car (ea)
2017 16,463 8,295 101.1 9.34 42
2018 27,053 12,434 165.6 15.30 68
2019 24,891 14,557 153.8 14.21 63
2020 24,607 11,860 150.9 13.94 62
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Table 1A Outdoor temperature (Unit : °C)
Jan. Feb. Mar. Apr. Ma. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
2017 04 24 8.3 16.0 223 259 29.8 28.7 23.1 17.5 6.9 0.0
2018 -1.8 0.1 10.3 15.9 214 26.5 313 31.5 23.6 144 9.2 0.9
2019 0.3 2.9 9.1 14.2 21.7 25.5 29.0 30.3 24.8 183 9.8 33
2020 3.7 4.8 9.8 13.0 214 274 272 30.2 23.9 15.9 9.3 1.1
Table 2A Solar radiation quantity (Horizontal/Inclined) (Unit : kWh/m?)
Jan. Feb. Mar. Apr. Ma. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
814 1126 1437 1527 1948 188.0 1239 1414 141.8 1104 88.0 85.5
2017 1062 1365 1623 1602 1913 1777 1174 1428 1562 1326 108.6 1158
833 109.6 1432 163.1 179.1 189.1 187.0 1624 141.7 1205 86.0 83.5
2018 113.6 1335 1554 1652 1723 176.0 1802 159.5 150.1 1384 1074 1128
2019 95,5 1028 1363 1533 2154 1854 1526 1673 1187 1155 88.3 71.9
123.7 123.0 148.6 1556 2078 1734 1425 1662 1248 1342 1105 93.7
ST 76.4 984 1562 1914 180.0 1793 1344 1266 1308 128.0 84.4 85.5
95.8 120.1 1726 1957 1714 1644 1241 1236 1389 1509 1082 115.0
Table 3A Seasonal Thermal Energy Storage heat supply amount (heating/hot water) (Unit : kWh)
Jan. Feb. Mar. Apr. Ma. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
017 3,497 27,135 41,073 33,235 7,575 0 0 0 0 9793 61,097 92,344
19 146 1,707 2262 3459 5721 7,667 14,146 13,650 10,071 9,272 10,066
2018 46,939 9,252 15,207 43,026 10,908 0 0 0 0 12,637 66,237 91,987
6,311 5,685 4888 3,766 10,377 17,698 19,420 18919 16,458 9,065 4,502 6,461
2019 47,735 8,166 24,530 44,991 5,708 0 0 0 0 6,406 6,5671 101,440
7,553 5,879 5218 4,523 19,548 12,410 12,069 10,265 5,856 16,365 5,815 7,386
o 27446 13,909 17,761 48,206 19,858 0 0 0 0 22,055 63,723 90916
5,085 4451 5007 3,899 7,201 37,135 19,511 4,438 3,648 4,258 3928 4,044
Table 4A Midnight Thermal Energy Storage heat supply amount (heating/cooling) (Unit : kWh)
Jan. Feb. Mar. Apr. Ma. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
017 18,767 2,063 237 36 2,128 0 0 0 0 0 115 7,260
0 0 0 0 2,82 20511 32303 31,838 16,469 2,946 0 0
2018 54,280 88,374 65,595 1,792 181 0 0 0 0 87 377 1,470
0 0 0 0 9,022 26,224 42,500 50,816 25,616 6,079 0 0
46,744 60,388 48,068 7,310 148 0 0 0 0 0 263 956
2019 0 0 0 0 18,399 30,043 42977 50,761 27,812 17,630 0 0
ST 51,335 64,627 46,791 4,732 44 0 0 0 0 0 775
0 0 0 0 8121 28873 30927 36,865 37,652 10,426 0
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