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ABSTRACT With the rapid expansion of renewable energy in Korea, the curtailment caused by grid limitations has become a
challenge, and the heating sector remains heavily dependent on fossil fuels. This study proposes a sector-coupling strategy involving
combined heat and power (CHP), heat pump (HP), and thermal energy storage (TES) technologies as a practical way to address these
issues, and quantifies the flexibility and fuel-cost savings associated with this strategy. A mixed-integer linear programming model
with two-stage lexicographic optimization was developed with 540 scenarios, considering various HP capacities, renewable capacities,
grid-hosting ratios, and LNG prices. HP technology is limited to consuming only surplus renewable electricity, ensuring that the
system operates solely on internally available renewable electricity. The results show that adopting an HP at 10 MW reduces
curtailment by up to 96.3% and fuel costs by 42.7% at an LNG price of 75,000 KRW/Gcal. HP-TES integration decouples CHP from
thermal demand, with a correlation of between 0.772 and 0.430, thereby expanding the flexibility range from 6.73 to 8.07 MW.
Furthermore, 63% of HP energy absorption at 10 MW is enabled solely by TES, confirming TES's role as a prerequisite for large-scale
HP operation, rather than as an auxiliary component. Payback periods of 0.78-1.43 years indicate the economic viability of HP across
all capacities.

Key words Sector coupling(X €] 7 = 1)), Power-to-Heat(d 2]- ¥ 3}), Heat pump(3] E % 32), Combined heat and power( 1§ $Har-4)),
Thermal energy storage(Z & =), Renewable energy curtailment(Z]AY of| L A| &2 A|o])

Nomenclature u,, : CHP on/off binary variable

Py : CHP electric output, MW Py, - heat pump electric consumption, MW

D, : CHP thermal output, Geal/h Pey,  + grid export power, MW

P.r : curtailed renewable power, MW
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hp,,, :heat pump capacity, MW
re., :renewable energy capacity, MW
re,.,; :normalized solar PV generation profile (p.u.)
Ing,... : LNG price, KRW/Gcal
Nyt : PLB thermal efficiency
Naais - TES charging/discharging efficiency
curt,,, : curtailed energy without HP
curty,, : curtailed energy with HP
: CHP heat-to-power ratio
: electricity-to-heat conversion factor, Gcal/MWh
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Table 1. Equipment specifications

Equipment Parameter Value Unit
Dehp0 22.0 MW
o 45.0 Geal/h
CHP o, 13.2 MW
« 0.0756 Geal /| MVR
Motal 86.00 %
T 117 Geal/h
PLB
Mot 83.29 %
hp,,, 0-10 MW
HP
CcoP 3 -
SoCmax 355 Geal
TES :
hnax 85 Geal/h
Grid grid 30-80 %
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Table 2. Scenario parameters

Variable Range Unit
hp,q, 0-10 MW
TCeap 22-66 MW
grid 0.3-0.8 -

LNG,,;.. 50,000—100,000 KRW] Geal
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Table 3. Fuel cost savings and investment analysis by HP

capacity
Fuel | Fuel | CHP | PLB

HP 1 Cost | Sav. | reduc, | reduc, | SAPEX- | Payback
10° 1 ; . 10°

MW krw | % % | wew |
145.5 - - - _ _

1229 | 15.5 22.1 17.5 17.3 0.78
104.5 | 28.2 31.7 41.8 34.6 0.86
92.7 36.3 39.3 55.6 51.9 1.00
86.3 40.7 43.2 61.8 69.2 1.20
10 83.4 42,7 45.9 65.8 86.5 1.43
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Table 4. Decoupling and flexibility indicators by HP capacity

HP Corr Corr Tge;rir(;al Dlzc:;\)/(n FlIJ:x
MW | (honp.Dr) | (Penp, SMP) % MW MW
0 0.772 0.396 52.2 2.07 6.73
2 0.694 0.363 37.2 1.83 6.97
4 0.570 0.338 36.5 1.31 7.49
6 0.467 0.347 35.7 1.10 7.70
8 0.439 0.356 34,3 0.73 8.07
10 0.430 0.370 35.0 0.82 7.98
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