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ABSTRACT

Due to the ambitious carbon net-zero target by 2050, deployment of variable renewable energy (VRE) sources has been
accelerated. However, the duck curve problem caused by massive generation of solar photovoltaics increases the possibility
of VRE curtailment, leading to increasing power supply cost due to reduced capacity factor of VRE. This study estimates
hourly amount of VRE curtailment and analyzes an energy storage system (ESS) as a viable option to mitigate curtailment
based on the Jeju Island power system in 2025. The power system optimization model called PLEXOS is used to estimate
the amount of curtailment, and a profit maximization model is applied to analyze the economic feasibility of ESS. The result
shows that the economic feasibility of ESS was higher when applying system marginal price (SMP) 0 KRW/kWh when VRE
is curtailed compared to the case of applying SMP on the mainland. At the ESS capacity that can achieve 25% total
curtailment reduction, an internal rate of return (IRR) of 4.99% is achieved; with a lower ESS capacity, an IRR of 6 ~8%

can be achieved. This result suggests that ESS is a viable option to reduce VRE curtailment to an appropriate level to operate

such a power system efficiently.
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Fig. 1. PLEXOS optimization framework

Table 1. Jeju power system input in 2025
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Table 2. Formulation of ESS profit maximization

24

min Y, [SMP, ;¥ (X' + RE « X)) (Eq.1)

Xt(.‘}/,L‘r Xt[.h/fst =1 , ' '
subject to
SMPM = SMPt(?i +b - (Xt(.tiz%—k Xtdlzs) (Eq.2)
LCB,, < X" < cP (Eq.3)
LCB, ;= min(CP,CT,,;)if CT, ;>0 (Eq.4)
LCB, ,=0if CT,;=0
—min(CP,MD, ;) < X,* < 0 (Eq.5)
24 _
0< Y (RE « X"+ X") < EC (Eq.6)
t=1

X >0,X" <0 (Eq.7)
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Table 3. Variable description for cost minimization

model

Variable Description

X, charging energy at day i, hour t (MWh)
X discharging energy at day i, hour t (MWh)

RE ESS Roundtrip Efficiency

SMP reflecting ESS charging at day I,

SMPu | our ¢ (KRW/iWh) o ’
SMP”,,[ Initial SMP at day i, hour t (KRW/kWh)

b Sensitivity of SMP by demand (KRW/MWh)
CT; Amount of Curtailment at day i, hour t (MWh)
LCB;; Lower Bound of Charging at day i, hour t (MWh)

CcP Charging/discharging Power Capacity (MW)
MD,, Maximum possible discharge at day I,

' hour t (MWh)
EC ESS Energy Capacity (MWh)
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Table 4. ESS economic validity analysis, Land SMP in case of curtailment (100 Mil KRW)
. ESS ESS ESS Revenue
Curtailment . Revenue | Revenue Revenue Total
. Power Energy | Capacity from AS Investment IRR
Reduction . i from from X from AS | Annual NPV
Capacity | Capacity Factor . Capacity Cost (%)
Rate Arbitrage Cp value Revenue
(MW) (MWh) (%) Value
100% 515 3090 2.20% 5.9 718.4 17.1 2.0 743.4 14,821.7 | -5,151 0.02%
75% 190 1140 5.80% 12.5 265.1 17.0 2.0 296.6 5,756.0 -1,898 0.79%
50% 100 600 10.40% 14.5 139.5 16.9 2.0 172.9 2,878.0 -629 1.82%
25% 40 240 23.00% 14.3 55.8 15.0 1.7 86.8 1,151.2 -22 4.28%
Table 5. ESS economic validity analysis, SMP 0 KRW in case of curtailment (100 Mil KRW)
. ESS ESS ESS Revenue
Curtailment . Revenue Revenue Total
. Power Energy Capacity Revenue | from AS Investment IRR
Reduction ] A from K from AS | Annual NPV
Capacity | Capacity Factor . from CP | Capacity Cost (%)
Rate Arbitrage value Revenue
(MW) (MWh) (%) Value
100% 515 3090 2.40% -0.5 718.4 17.1 2.0 737.0 14,821.7 -5,234 | -0.05%
75% 190 1140 6.30% 14.0 265.1 17.0 2.0 298.1 5,468.2 -1,591 0.84%
50% 100 600 10.70% 20.6 139.5 16.8 2.0 178.9 2,878.0 -551 2.17%
25% 40 240 22.10% 18.6 55.8 16.0 1.9 92.3 1,151.2 49 4.99%
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Fig. 8. IRR of ESS by varying capacities, Land SMP

http://www.ekscc.re.kr



® SMP O KRW e Breakeven (4.5%)
8.00%
6.00%
®: ook ) =
< 4.00% — -
£ 2.00% ..
0.00% L |
0% 20% 40% 60% 80% 100%
-2.00%
Reduction Rate of Curtailment(%)
Fig. 9. IRR of ESS by varying capacities, SMP 0 KRW

5. 28 A AAKH

£ AFoAE 20259 AFAGAARE o2 A
E“V\E“ A5t gE o]83f %-ﬁﬂaﬂlf-‘i S FA31a,
ESSE EAIHES Hol HHo= &8 49 BA
Aoz Bt fige] € &+ 21% A £t EEA
3t A] SMPE 097} 2% SMPZ AS5Hoz ga}lil,
ESSE&HE EEAHE SEEE AU LE Uiro]l &
At B4 A3 EEAJIFLE 25%E 24T + A
£ ESS&Fo] sMP 09 AlutE| o] H-8d 3% A
o] §HEH, §2] SMP7} HEE= HFE &2 ESSE&%

of tisiA ALY AAGo] S4E= AR YEpyt B
PO E IRRE AT A9, © W2 ESSEFAE
ESSE ©l 3840o= auls}oq 6 ~ 8% 2=%9] IRR &4
T b AoE Uegth B3 52 YA FATE
9] 7% ESS9] o]&-Eo| HolAA AAAo| sttot= A
oz ZAE e, ESSY Yol8FS HRAHA 59
|E2 oA &&3tttd AAgo] o wobd ox|7t
Qe Aoz EAH

2 AFAI}= ESS7 VRE EAgE A3tol disf 7
Aoz efget tioto] B £ USS ARSI 7|E
ESS&= #7}7}217} 2 FopA 0 At BRAHA
Aoz F2 SEEJAT, g BEF F71E 9AR
EA7F AR 1 A gto] F7lotHA 47t SMP A}
7t AL B 7129 BRAHA 85 Hgtohygt Fsjo]
A GEEL ESSE 3806 AAdS @48 &+ AS A
o2 Yepgr} 2030 NDC ERE GA4517] aiA 717t
& mlgo]l VREZ} 7|stE4Aor 371 AL 1est

H, ojn] 7leHom FFo] © ESSE HgHolal a8

r‘iﬁ

[e]

Journal of Climate Change Research 2022, Vol. 13, No. 1

ol HHZFALH F30] AU Apglo] F Aoz

ALAL

o] =52 HYThoHL SHs AT H|EHAME: 2020-1934)
Aol oJ3te] ATH Y.

References

2050 Carbon Neutrality Committee (CNC). 2021. The 2nd
general meeting.

Deane JP, Gracceva F, Chiodi A, Gargiulo M &
Gallachéir BPO. 2015.

security. A framework and a multi model approach,

Assessing power  system

International Journal of Electrical Power & Energy
Systems, 73, 283-297.

Denholm P & Mai T. 2019. Timescales of energy storage
needed for reducing renewable energy, Renewable
Energy, 130, 388-399.

Edmunds R, Davies L, Deane P & Pourkashanian M.
2015. Thermal power plant operating regimes in future
British  power variable

systems with increasing

renewable  penetration,
Management, 105, 977-985.

Golden R & Paulos B. 2015. Curtailment of Renewable
Energy in California and Beyond, The Electricity
Journal, 28(6), 36-50.

International Energy Agency (IEA). 2018. World Energy
Outlook.

Jacobsen HK & Schroder ST. 2012. Curtailment of

renewable

Energy  Conversion and

generation:  Economic  optimality —and
incentives, Energy Policy, 49, 663-675.

Jeju. 2019. Carbon Free Island 2030

Jeon W, Lamadrid AJ, Mo JY & Mount T. 2015. Using
Deferrable Demand in a Smart Grid to Reduce the
Cost of Electricity for
Regulatory Economics, 47(3), 239-272.

Jeon W & Mo JY. 2018. The True Economic Value of

Supply-Side Energy Storage in the Smart Grid

Customers, Journal of



ESS7 | MHOILIX| E2REt ZAS Sot 288 MEL HHNH 715 2 9

Environment - The case of Korea, Energy Policy, 121,
101-111.

Kang MH, Chae SH, Ahn JH & Kim EH. 2017. Analysis
on Required Capacity of Energy Storage System to
Mitigate Wind Power Fluctuation, Journal of the
Korean Solar Energy Society, 37(6), 59-68.

Kim SH & Myung HS. 2019. The Study on the Method
of Distribution of output according to Power Limit of
Renewable Energy, Journal of IKEEE, 23(1), 173-180.

Korea Power Exchange (KPX). 2021. Electric Power
Statistics Information System (EPSIS).

Mc Garrigle EV, Deane JP & Leahy PG. 2013. How
much wind energy will be curtailed on the 2020 Irish
power system?, Renewable Energy, 55, 544-553.

MOTIE. 2020. 9th Basic Plan for Long-term Electricity
Sypply and Demand(2020-2034).

http://www.ekscc.re.kr



	ESS기반 재생에너지 출력제한 경감을 통한 효율적 저탄소 전력체계 구축 모색 - 2025년 제주도를 중심으로 -
	ABSTRACT
	1. 서론
	2. 선행연구 분석
	3. 연구방법 및 자료
	4. 분석 결과
	5. 결론 및 시사점
	References


