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ABSTRACT This study conducted an economic analysis of renewable heat energy by estimating the levelized cost of heat production
(LCOR) of ST and GSHP and comparing it with the cost of alternative fuels. The LCOH of ST ranged from 396.8 KRW/kWh to 578.7
KRW/kWh (small-scale), 270.3 KRW/kWh to 393.3 KRW/kWh (large-scale), and 156.3 KRW/kWh to 220.7 KRW/kWh for GSHP.
The economic feasibility of ST and GSHP was analyzed by comparing the calculated LCOH and the fuel costs such as gas and
kerosene prices. Moreover, scenario analyses were conducted for installation subsidies under the current system to examine the

changes in the economics of renewable thermal energy.
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Nomenclature

LCOE
LCOH
BOS :Balance of System
CAPEX : Capital Expediture

: Levelized Cost of Electricity
: Levelized Cost of Heat

OPEX : Operating Expenditure
ST : Solar Thermal
GSHP : Ground Source Heat Pump
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Fig. 1. LCOH by countries
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Table 1. Lit review — LCOH

Contents Value (USD/kWh)
Solar Thermal Water Heat 50 — 310
Solar Thermal Combi System 45 - 210
Electric Ground—source Heat Pump 30 — 110
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e, X ES|EE X (Electric Ground—source Heat Pump)

= 9F 30 USD/MWh~°‘= 110 USD/MWho & velyict

(Table 1 2F%). E3], &% LCOH Zit= Z7PEE A
33t 2folE HO]F_ 3ol =7F 5/d-& YRt LCOH 4
o] Wasirh= AL AT = AU

2 =29 432 2704 LCOH Ay w3} LCOH
AP Al Fagh dAled 9 AR Aol dis] Au R, 3
oA RS A 8sto] LCOHE AMgstaL, AAY &
A& Rskgith. Alagoll = =&3 LCOHO| tigh Al
& ZAo] gt Y82 thRaL, niuf A5 &4
ATEIE fofshal AAR S AASHIT.

oo

rr

eS8 Levelized Cost of Electricity, LCOE)
< GubAor i du| oA AATE AT (kWh) |
ARl Aot ouix AHEe vt &

ol ouA| &zt A wlaef de] 2ol= v

2ot} g raguE A gk
WL ARSHE St g0 gole 4
Q= FEBMIAHS(LOOH) 7 5w, ofehe] 4] (17} 2

OPEX,,
CAPEX, + Z
=1 (1+7)

Amountof Heat Production, ,
i=1 (1+7)!

Ao i oUAA(EYE % A& UEhlaL, t=

/|
PEAS, re BRI OJulgic), Z7|EA S Capital

2024, 3 Vol.20, No,1 53



O|xHAd - ZUH

Expenditure, CAPEX)& Q7| AA|H]-&, BOS(A|AH
T=517] S8l Sol7he Be ) B, AXHIE, 7
EHE (501, olAmE 5 X3 T AH| AA] 2ol
A BAShE B8-S Rkl FRARIES ] &
oA BASh= vl o= Hew 9 fAEHE 55
xgheitt, FRrEERe A 54 518(Rate of Degradation)
I} o]-§-E(Capacity Factor)< U4 & 11T, L2

£-A)H]-&(Operating Expenditure, OPEX)2 AH|=

> W2 o H

nlg, ]E]-_‘J—_]-JL—_]-H] ;g@r;s_}r:}, uk# © 2 LOOE Al
= ] ARA] B2 B a5 o] BRI
oA FHA R R A8 FE

A
@)ool A= ‘41 7| FA] B2 ABHA]

o A9 SN
ol A7 w2l HAHLE-L TS elsket.
2.2 XI=

2.2.1 ™=

LCOH AHYS- flallAl+= Az 0] "Haskar, [z
d7of| whe}t LCOH AP ZAub7| gefr] 7| wjEo) 43k &
A2AE AAsk= Ao] F831HTable 2 F=).

Table 2. Prerequisites for LCOH calculation
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Table 3. CAPEX of ST (30 m?)

Contents Value

Discount Rate 4. 5%

Rate of Degradation 0.5%
Lifetime 20 years
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Value (&J/kW-m?)
Contents
Flat Vacuum tube
Equipment Cost 316,667 366,667
BOS Cost 166,667 166,667
Installation Cost 150,000 150,000
Others 450,000 446,667
Total 1,083,333 1,130,000

Table 4. CAPEX of ST (200 m?)

Value (§4/kW-m?)
Contents
Flat Vacuum tube
Equipment Cost 350,000 400,000
BOS Cost 165,000 150,000
Installation Cost 192,500 192,500
Others 355,000 355,000
Total 1,062,500 1,097,500
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Table 5. OPEX of ST

Value (Z/kW-m?)
Contents
30 m? 200 m*
Total 70,000 22,500

740,950 keal/m? 3, 2335
B2 AR 7ol ejFd
By Aot 23y Au) Zkzke] g YAk 296,380
keal/m?+ W, 353,904 keal/m?- W02 AMYE|QC} EjoF
o Au)o] A7t & wrdeke & ek AH|ES 40%2

28310 &SI THTable 6 %)

Table 6. Amount of Heat Production (ST)

Value (kcal/m?-year)
Contents

Flat Vacuum tube
296,380 353,904

Amount of Heat Production
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Table 7, CAPEX of GSHP

Value (KRW/RT)
Contents House Building
5RT 50RT 300RT | 1,500RT
Bquipment |, 100 000 | 800,000 | 646,667 | 568.000
Cost
BOS Cost | 4,000,000 | 3,700,000 | 2,953,333 | 2,582,000
Installation |, 10 600 | 500,00 | 400,000 | 350,000
Cost
Others | 6,000,000 | 5,000,000 | 4,000,000 | 3,500,000
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Value (KRW/RT)
Contents House Building
5RT 50RT 300RT 1,500RT
Total 173,000 200,000 160,000 140,000
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Table 9. Amount of Heat Production (GSHP)

Value (KWh/RT-year)
Contents
Flat Vacuum tube
Amount of Heat Production 6,275 3.585
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Table 10. LCOH of ST (30 m?)

Value (KRW/KWh)
Rate of Heat Utilization
Flat Vacuum tube
80% 578.7 4959
100% 462.9 396.8

Table 11, LCOH of ST (200 m?)
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Fig. 2. Cost components of ST LCOH (80%)
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Table 12, LCOH of GSHP

o Value (KRW/kWh) Value (KRW/kWh)
Rate of Heat Utilization
Flat Vacuum tube Contents House Building
80% 393.3 337.9 5RT 50RT 300RT 1,500RT
100% 314.6 270.3 Total 156.3 220.7 186.8 169.8
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Table 13, 2018—2020 Gas pirce

Year KRW/MJ KRW/kWh
2018 16.7
2019 17.2
2020 15.5
Average 16.5 146.9
Table 14, 2018—2020 Kerosine price
Year KRW/Liter KRW/kWh
2018 942.3
2019 961.7
2020 853.8
Average 919.3 223.3
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Fig. 5. Economic analysis of ST (80%)
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Fig. 6. Economic analysis of ST (100%)
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Fig. 7. Economic analysis of GSHP (100%)
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Table 15. LCOH of ST — 50% subsidy (30 m?)

Value (KRW/kWh)
Rate of Heat Utilization
Flat Vacuum tube
80% 421.5 358.6
100% 337.2 286.9

Table 16, LCOH of ST — 50% subsidy (200 m?)

Value (KRW/kWh)
Rate of Heat Utilization
Flat Vacuum tube
80% 239.1 204.5
100% 191.3 163.6
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Fig. 8. Scenario analysis of ST (80%)
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Table 17, LCOH of GSHP — 50% subsidy

Value (KRW/kWh)
Contents House Building
5RT 50RT 300RT 1,500RT
Total 1181 164.9 1422 130.8
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Fig. 10. Scenario analysis of GSHP (100%)
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