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I. A £

A AGAPEe] Ag21Ql avlo|A A= w2 a5 W
SolIA AW T F-JAAAE Al S 8loF Sh=th= Aol ek A2 4714 as
4 BAa) ANE TIa4as Eown T A4 Akl A HEA
0] SIS ok W] $388 22 ek 2 o2 3 H A
of o] § 8 5% 4 T, A
A PR 2 S S ek A 9] O]‘Q‘E% 20214 7]% 54.2%%
29 33.7%, 29| 35.0%, 1|2 45.4%0| B]&| =& Ho|t}hD) o] oA
Ag7]uk o] HEStEHA o 54T AL va48 Zpo]7} 4] ¢l 4HY
& Aeg=a.0] nlFo] o ¥ o] = 2o 7}k A4 7] wjmolth ERLEF Bl
=7k u] AR 9] Hgapo] wroba A o] Mg/ o] fdshs Sk =
U o] W SRR QI3 o] §-E sheto] At A o= A7) wio| ok A o]
A B A ol A5EH 9 o] 8E stk A& E I glen, 2011
71% =, G, =Y, = A o]8Eo] 24 72.9%, 44.2%, 50.4%,
46.0% =9l AS B of2fgt FAZE WA APH 1 Q= AS o 4 Stk
(EIA, 2023)

SH2o] AL th7] 2 ¢l $HAEEA 712 (System Marginal Price, SMP) S 2 Z A &
= =i 7FA o] A8 AN QA= Anf7EA of Hh = |0k, 2882 A7
7HAA7} e DAY FAA| = e 7hA o] A7hE Hgo] Al 7EA of] Al = vhey
4] =t sPAINE AARZE a5 AU AAE a5Aeh 22 FA 8 A B
Lofj7pAo] 274 o & vk E T St ek o] A A o
o] = AL AN S ARl 3gA 0= Qls|| H A7 v A A7Ee] 7}

1) Energy Information Administration(EIA) djo]gHo| A 7]H} Al&
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oA A] %4782 (Energy Storage System, ESS)= o] et HHAF<] 54 &
Aot A 28 FAIE B BA S = s Akt 34 A9l Aot ESS+= w24
85 v IAIFe R oA Y] 4714 ae/dS 7AdslE #ut of
Ut A o] B2 Aol o8- 4= Sl vl A o' 7|NIskA SIS
Alse = 71 ol 712191 352 98/ ZiAdoll= A 7]of & 4= QItK(Li et
al., 2015; Jeon and Mo, 2018). 2253t o= A HA| A E oA A #Q] ESS= &
SEole 4 Bl o) 3 B S oju|e Aelow £
451k, olsh ool WA wstol Hehelz ol 2ol WElelLithium fon
Battery, LIB) I 0] 5 7}%] 7]% W o 10 Ao 1 ga L ESS x}OJO]E}

LA o] Wt 2o whe} o] £ 7] 7350 94

|z jofe} o] Bjept S410.2 o] e

2) HEAQl A2 A a4l 712717 ehikghs SRt ok 2 LNGE A 9
&) gHAI7HA o] AR E]7] wjite]l =W ste] Wk 7HARSEL Hola] B4l 7]&7]7E ¢
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Y o] 8ES 7HAdsh7] Hsf ESSe| F3) o]H 7]50] B 83} R
AL} o] 58 T o2 A o] HgE A =2 tie= A Rl g
7Isol v S8k =2 102} A8 o 72 A 2ol A 2036 F71A] B 43E:
65.7GW, £3 34.1GW R o] AgLE o] gJom Bz 7|&0 2= 717} 82,185
GWh, 77,282GWh= % 37l Hol o =of Qlet. whebA ejofga F=f o &
45498 R YYTESSTEo AsIe) 3E5S 4Ug 431 o)t fl A
101] ol g avpA o2 FuljsteA| 7 A AR BEA Al v - S8e 84
= Aol E]-(A]—%li/k}-x]_t H.2023).
ol A 2HEA SAjo] wialE S BANY ESSO| 27 283}
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v 3 734 7194 s Aol QlolAl ofm et 22 o] BRIA|E Auf H A} ot
ok RSA & e 3 27HA] A-EEE AR S, SHE A AR o
V= RIS = e 248 ESS Y 29 841Q] & S deEfs A8siA A
Heaaro FH2t 8uA 9] Aol wet ESS 2kl o] o} o)} ofj v g
olgA A& o2 FulE o leA BATT EA, Bt Al A Edel vidH
et 2.0 935 W= ESS @ AERe v a5 a s Al sk, 2of
of A7 o] WG =] AHA L P/ frAIshet B3 BAY7s3 2
R VA5 A5shat Ak Q) w3 S ek Aljbekal 21 AvE vk

SERTES fﬂsw TR, O EAIAH| L, kAt gro] ulehet Ape 7]k
& 3 ZLARE AH|20fo] 71HhA A FE AR sk T 2AKE
EASHE Ao WA B HI 8L A B S e Fa 8
Qlo]ct. o] 913 w27 Bl E%} O -2 1 o] g Aol A S £
YRS sjo] WA 425 1|5 ZAKEOR o A7z Alo] A ARgIe] F&A
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ARG 291 E RO 2 CPPE] kS BAalsith. of ATz e} vlm A
7o) 714 AR F7102 A9 AXZE 2BAR <Ad He) o] 80%7ero] CPPo
oJ3jA] §HHES 1 9tk Borenstein and Bushnell(2018)& uj=- j x| 2 24
ﬂ%iWﬂéﬂ@ﬂﬂéﬁﬂﬂﬂéi@ﬂdq%@é#HGNMMﬂaEQ
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WAFAAE d2lof] 735 S oAb A ofl B2 # o= At A 1) 83t}
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AT 57 Glek. whebA] ol shAsh|9lsh A A 0= ESS o] A2 17194

FgaH A2 ol A7) W

gjofad 2L 2 S 7|Hko & g okad uhA o] T 3] A2 & a3 =
2 m) =LA\ 7ko]) LB A] ]S B Rl S Ba U ek el HsH
7 20 Hg 3

[OE 1] OIEX EHYE UULUTIYH, 17-19 vs 2021

sl
g

At

(b) "20-"21

<44 1> AR B

log (Renewable, ; +1) = fp(Deterministic Cycles, ;) + v, ; (1)

v q
vt (1= DL v; = (1+ Y360,L7)¢, for eachirenewable source )
j=1 i=1

AL SRER L A 29 A 2] Y EE 7HA]=2-stage ARMAX(AutoRegressive
Moving Average with Exogenous variables)E Z-8-5} 4t} Qe A i= AAYEEA Y
Q Epgt 2, 18l v A17hS UERACE 412 KPX 9] 2017-2019' A1
E A= g 9 FYAES of8sISinh 1A A= A o] 22 5 (calender
effect) & SA1517] 3l ¥17F sine, cosine, U7k sine, cosine 5-2] Ato]S HRE 4

8-5}o] OLS(Ordinary Least Square) 5412 3}9it]. o]uf gjofg-& 7|4 0] A,
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VB YT UZF Aol Zo] ZAIS] TR L AL] L 2§ 5kl mH| My
= =0 28 Ao A= 1A 9] ZEa (v, )= 7|REe 2 7] 2]l ARMA 232
4:& 58819}, L& ARMA 23] lag operator S e}, o] vj e} E2o]
ik 24 AR(p), MA(q)3- AIC, SIC5-2] R|325 -8-5llA] 4-8-5F30th B3
2 ¥e mPo] FR A <E 19 <E 2>9} Pk
(E 1) EfYE 2 =H Zont
Stage 1 : OLS part Stage 2 : ARMA part
AEHHS coef t—stat AHHS coef t—stat
Ay 0.00926 12.24 mu 5.89E-05 0.005756
cy -0.0057 -6.65 MA1 -0.95284 0.006999
sy 0.01578 18.48 MA2 -0.55063 0.009205
cy2 -0.01195 -13.99 MA3 -0.20059 0.006839
sy2 -0.00057 -0.66 ARI1 0.82888 0.004195
daily cycle 0.26589 316.06 AR23 0.01597 0.006186
AR24 0.63868 0.004761
R2:0.795 Pseudo R2 : 0.876
(# 2) 34 =d £ Znt
Stage 1 : OLS part Stage 2 : ARMA part
AFH coef t—stat AHEHS coef t—stat
A3} 0.20272 232.54 mu 0.000107 0.02
cy 0.08243 66.86 MA1 -0.48887 -75.43
sy 0.03535 28.67 MA2 -0.20921 -28.34
cy2 0.01427 11.57 MA3 -0.11183 -14.85
sy2 0.00571 4.64 MA4 -0.08361 -11.39
ch 0.01152 9.34 MAS5 -0.04995 -7.78
sh -0.00101 -0.82 ARI1 0.95677 460.44
ch2 -0.00305 -2.48 AR24 0.1739 28.3
sh2 0.00108 0.87
R2:0.174 Pseudo R2 : 0.761
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ShH FAE B BEe 7IReR " 99 oS 2R
S 2 2ulS EEShe IS A 3EA =, AA), 284 ARMA =
WA ZF-0 2}

=
39
Z‘_Px}(white noise residual, ¢, 1») I —?I-O] 00]_1_ RFEAUATI S 15
L=
2

SRS v o2 ARMA 21 71%}2?: 1%74]4 ﬁ'x]'—%]-(yt,i)’é‘
A, o] 5 197 B} Aetaf A 24417 LA oS Z2abdE ma3ih
Aol A= o] TS 22 10008 A4 100077 o S22t [ 2]9F
Zo] m&eigich B A7 YL o2 T2otd =& PHES Jeon and
Mo(2018)< 7|REe.2 2851 3let. [17 20l A|A| = vhef o] 37 1000742
AEA 2 Z2akelo] UehE o oxjet BoHIAE r|ito s 2 o
A o] B2 EAJ-S HkelEholt)

o= v o

(32! 2] e o S 100071 Ol Z=2atd, GiEH

1 1
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o o
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01

B ATOA1= 20301 BHte] AP B Fg e @ Z RS 48
Shof BAfRlch BlopuTh $ Gake A10% A4 R A 0] 20309 B
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of whe} Z+7} 46.5GW, 19.3GW 285191 o1, o J A A 472 = 2031'd~2036'A
o] BgAIE S & 124.97GWh7} A= o] Qli=d| ESSQ| avtg Hrt JzlelA] A
HE7] 98} 2030 B &5 60GWh, FHHEY-2 10GWE 7St TH A
BRI E 2023).3)

ESS AR A= S A7 o kg n] ATk 32 ¢rof B price-taker 2
7bgict. Z12] a1 ESS ARgAloA] LA A Aol A AAH AI7HE SMP7} 445
£ A& 7Hgitt ojnf dUH A SMP= thd 2441 71of| thgh =2 o] Z4] ¢
A QLA ASAE AR 248 ASAR =28 gholth et bE
SMPE 34317 9]8) st=te] FFTAE 7o FH3E BEih [19 3]
2 20189 89 7 WAV FAHES VINe R =& FERolohd) of
30GWholstol| A 4249, o] 5 oF 60GWh7kA] Ak, 0] = ING R -5 A3
TEIAY EAS Bti A A A, 2022).

(12 3] 82 XA 25 =M
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0 auffee—
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3) Ao} dHa=F71EA Aol 203120361 A7) ESSC] oufx] U &
124.97GWh:20.85GW 2 5.99:19] H|go|t}. o] £:2|5 7|iko 2 Sk £S48}
(15 AR, 2023).

4) 201813 FFFATE 2 Aol A-82 olf= AL AR 712017-2019 2G5 o] A
ol 9low, 202019 o] FRULE A AHA7HE F5 AE7E ©7] e S/dE S A
35 B4 wkdst] sigteltt
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B ATE WA TR VMO R TH40L NG SEut vhlst 3
FURE A5 0= 2okl LA A Gtk A TR AL /O R AT
0] 712719 BRL 217 1.023348.00] 31 LNGHA 25T Wh g 3234
217187194 BBE 058734 436010k o Wk 2 AR S22 WA

2 o HO]E]-. ’6"1::1"6 _4 71 A AL ﬁl_ﬁl'oﬂ EH_O—} SMP
wzte) Z5 AAsl7| tizof 2k} A o] HFoh= ESS ARAL Ao A= 5 a%
bl 3 R S 1) ARUE el U AP NG e
A7t SHAEA o] =g, o]= =
o 2 Tl BAS] SR el olele] SRS AE40E A
5171 9190 5 550 712 T3 & Agalsie,

Lu et al.(2015)ol| A= S7HA AR T ol 4] BAFE A2 9] S oA A
agAo s thaedlelr] Qo AU AR 7S Hig e g S4 9 7] He
7]_75 3FeK(Price Low, PL)¥} HF4 9] 7]Z%0] E]= 7} AAFSH Price High, PH)S AJA|
SF3ITh. & 7HA513L o 5lol| SMP7E EASHH F-48kaL, 7HA AR ool SMP7} &
At AT 2R 2l A 0] ¢S = Aot} AtolA= F7H Q] v &0
SlohH ‘PH = PL/Z 4 88 9] #AE 7FAof 3 Halth o= 394 agol
90%¢1 7-$- PL=90/kWhol| A Z2435}9] 01, X243 PH=1002/kWhoj HFA o}
& ofujgith & Atof A= o] W ES 4851 ESSAREAF AL A H el & B
kil

o B0 WAE) 3 FUALEE0%0] 3714 G 5145
1 10%%5 5712\t sto] PLYF PHO) 714 & Y3t} o %l Lt
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[ 51 (13 419] SMP 2ol & uheho 2 30 o] 82 oz
o2 Sol, [18 41-(2)9] 141-124] 7743} Zo] SMPO] Afata} 5t e Aol
PLO| 9173 739 57582 Prob(SMP > PL) 2 Y Ic. o|u} SMPL= 45020
of sl A, o)z AL ] B o] TS W] ThFel ATEET |9
Fulo|th. W (13 41-(a)2) 184]~194] 743} o] SMP A4}t =7} PHE
o 9]o] £443H Prob(SMP>PH) = 1 2 877k WS-8 100%7} ek, o] &
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AESINGGN  Exploring Strategies to Maximize the Utility of Energy
Storage Under Uncertainty of Net Load: the Korean Case’

Jungyoun Mo™ and Wooyoung Jeon™

The traditional concern in the power market has been how to reduce peak
demand to improve long-term supply efficiency. Along with the expansion of
renewable generation, a new concern in the power market is how to respond
cost-effectively to the uncertainty of renewable generation. Energy storage is
a resource that can provide effective solutions to both these problems
through shifting load and providing reserve. This study analyzed the effective
use of energy storage when dynamic pricing and critical peak pricing under
different supply curves in the Korean power system in 2030 are considered
together with the stochastic renewable generation. The main results of this
study are as follows. First, under Korea's elastic supply curve, energy storage
have a greater incentive to provide reserve, and if the critical peak pricing is
applied, load shifting becomes an attractive option. Second, when storages
are used to lower the mean net load, then it does not represent true peak
reduction effect because it disregards the worst renewable generation
scenario. Third, the peak reduction effect of the storage should be evaluated
on the basis of maximum net load, and in order to effectively achieve reduction
of maximum net load, storage capacity should be effectively allocated
between shifting load and providing reserve is required. When an incentive
system, in which storage capacities are optimally allocated to increase the
efficiency of electricity supply, offered in the market, costs to achieve carbon
net zero can be effectively reduced.

Key Words : Renewable Generation, Uncertainty, Dynamic Pricing, Critical
Peak Pricing, Elasticity of Supply Curve, Energy Storage, Load Shifting,
Reserve Provision
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