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The Economics Value of Electric Vehicle Demand Resource
under the Energy Transition Plan’

Wooyoung Jeon*, Sangmin Cho** and Ilhyun Cho***

ABSTRACT : As variable renewable sources rapidly increase due to the Energy Transition plan,
integration cost of renewable sources to the power system is rising sharply. The increase in variable
renewable energy reduces the capacity factor of existing traditional power capacity, and this undermines
the efficiency of the overall power supply, and demand resources are drawing attention as a solution. In
this study, we analyzed how much electric vehicle demand resouces, which has great potential among
other demand resources, can reduce power supply costs if it is used as a flexible resource for renewable
generation. As amethodology, a stochastic form of power system optimization model that can effectively
reflect the volatile characteristics of renewable generation is used to analyze the cost induced by
renewable energy and the benefits offered by electric vehicle demand resources. The result shows that
virtual power plant-based direct control method has higher benefits than the time-of-use tariff, and the
higher the proportion of renewable energy is in the power system, the higher the benefits of electric
vehicle demand resources are. The net benefit after considering commission fee for aggregators and
battery wear-and-tear costs was estimated as 67% to 85% of monthly average fuel cost under virtual
power plant with V2G capability, and this shows that a sufficient incentive for market participation can be
offered when a rate system is applied in which these net benefits of demand resources are effectively

distributed to consumers.
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<Stage 1: Deterministic Part>

log(%‘e—:]yf,,,;-i- 1) = fp(Deterministric Cycles, ,, 71 %t,i) +u, (1)

log(El FF, + 1) = fp(Deterministric Cycles, ,, 71, O+ Vi )

<Stage 2: ARMA Part>

p i q )
Vt.,i : (1 - ZOZJ‘LJ)Ut = (1 + EHJL])Ef (3)
j=1 ji=1
- Deterministic Cycles; : 13, 9Fd, 24A17F, 12A)7F 527]¢] sinex} cosine AXH
-vy,; ¢ Stage 1 F4419] H(residual)

- € ; - Stage 2 74| 2] WAZ-S XX White noise residual)

A= A$-9(2015)

246



T ulgahs AL AFE Y AL YoM fx 0w s
A BHEE Fol7] i) Hs) Eao] BrHsstc tEo] 1,000719] Zzutelo]

7Hle SRS HEE = e e diE Z2ukde RS BT T T

(O3 3) eyt 22 574 tHE 24A12F 0|5 Z2OtY - IEE g

—-2ed -1sd median 1sd =——2sd —-2sd -1sd median 1sd =——2sd

. _— .
S — A N\
- -
(@) 5 (b) s
<R 4> P EET AT F o5 T2t H g4 20309 AYE
U] 2500 WEA T HIIAS Kol T ik, B /12H WAL 258
7F 7R Aol MR 7] H(duck curve) BAH0] FE AL AS BRelE 4 9]
o gho.= ATl 2e Sode) S ARl AT WA F7ksHe Bt B0z ol
A H Aol BT BEAIAY 2717k AL E 2508 o8 v §ESH §
4 A2 BN YA O 2G5 H=A7L F Rolt

© 247 o



HRY- ZARI- U
AN = II In = T
(33 4) 20304 AEE =2 05 =20t FFX|
——— 7|25 —sd -1sd median =————+15d =———+25d ——— B4R ——-2sd -1sd median =———+15d = +25d

110000 110000
100000 100000

90000 90000

£ 80000 € 80000
2 70000 2 20000
g s
4 4
i) eo000 60000
50000 50000
40000 40000
30000 30000
12345678 9101112131415161718192021222324 123456789101112131415161718192021222324
Al INEL
Hz] EHrz_oI 0:1_2_7}_;] ]:HEO]
(a) =4 i b = aE
-—=7l2x8 2sd -1sd median +1sd +2sd -—=7|2=9 —-2sd -1sd median +1sd +2sd
110000 110000
100000 100000
90000 90000
£ sooe £ s0000
= =
5 70000 5 70000
G ammeemiemmmmomemmea &
b 60000 _____ o TN % 0000
—
50000 50000
0000 40000
30000 30000
12345678 9101112131415161718192021222324 1234567 89101112131415161718192021222324
AlZH Az
O % pyRle] O % hyate)
() 7F=4d dixd (d) A% x>

3. 714 84 As 2 JA

A7) 3 3802 0) 7] 53} 40 A1 90 =] 7] o] G B8] 7] o
AN Q713 a9 7112 AA A 07 B4 SalAe 4713 éﬁyoﬂrﬂ
3B 412 ] Aoko] Wkl Elojop sh). <17 5> 7t A|7ka R AA| 4713 5 54 5
Hl g 9 59 0] 8L BolzTh B4 ul & 4&#%3%% A 3% zd_sq A
ARFI} 2|4 AIRFE whd A EESIATHEAR, 2017; AFATL, 2018). | %Xd_ﬂl
g maotele A8e)4 A4 deEsacld dudesact 4713 desas
=

HR0IHYARE 7|HFO 2 582 gt S|
&

+
2 EEwtelo] B#2.19A17H/ Q] FHANE HEHA &5k o 7 v

=

a}ole A gahel 79 FolX) e AFAEE FHAL} F 23] B 49 o8
= o o:]
T il

® 248 »



Ollfx|et HHstoll H7|xt +=XFES] BMA THX| 24 9Xt MELEE SHe=

Qg 5 HMIIxt &M & ¥ HlEg =20t

SHEIE%)
o

234567 8 9101112131415161718192021222324 12345678 9101112131415161718192021222324

2t AlZH

(1) T4 vl& 225 (b) =3 v Zaalo

B QAT A= 1713} 42041919] Alo] WA e AAY 2 FATOU)E 283t 4
29l A3} VPPE H83 S EH Q) HRAL B ga) A Ao WA e 7|3 407
29| 74317} o)A Gebr| =X B4tk VPP A2 S Ax7} o] A
Q713 A 9l0] AL 212 0 2 A ofa X5l TOUS) 49 AT AN 237 72
o} o] o] ¥hS-al = Aol that 714o] W s,
o1é QA 1A AN @A FRE WA AL $Q 30 FEE ugon
3} 10A1 21, Rl 8417, 1Re} 64172 FHstdrt o] 7

20305] it e 4%6% TR 4205 HRIAEOR o] HE 4= 9]

2

e
-4
EN
il
[\ ]
S
r‘?
o

AAE2EA 27 - 034 Zwr Aot 2 Aol A 24 E . s st A
7P Bl auA 2 E A8to 2 A aaA o] Ae Sl Fdast
= 1o} F3g o g 24319k
A agA o] % @‘%‘l F 01%*—71] RF33R=A] %@’6‘}—3— A
A0 A = Aol A e
TRl Rg-ske] A 4
ARE13%2 2834 A

[¢] 1
Al R R A e o] JEj= Ahr o] A= ekt F4o] d57] ul

of| Dubey et al.(2015)2] B &o]| 7| 28 4] A EEFEE 2= A0 R 715192
™, 71 P = <19 6 (b)>3} Zro] 35| TOU A7kl ol §h-g-gh ZH7Fo] AR g ef 4
g7t SHE FEHR A A7 8-S ol R e AR FASHI:

249



ET0U+2

1234567 8 91011121314151617 181920212223 24

Azt

(a) 4 TOU 7% (b) TOU 7]¥t Agz=a &
(H 1) MI|RF 7128 ®AREA
2020 2030 2034
Ay 52 52 52 km
PP 5.43 5.43 5.43 km/kWh
AP oA ALEF 9.58 9.58 9.58 kWh
uje g & 46.8 69.3 69.3 kWh
A FYPAH 2.19 2.19 2.19 hr
Sl FH8lE 7:2:1 7:2:1 7:2:1 T8 g
A7) 2 192,101 3,000,000 3,000,000
Depth of Discharge’ 70% 70% 70%
oJo] of| L] | ARR-TF 1,839.6 28,729.3 28,729.3 MWh/day
PF 2A &5 8.5 8.5 8.5 kWh/hr
P A Lx 8.5 8.5 8.5 kWh/hr
FUH 5 90% 90% 90% kWh
% HiElg] 8% 8,990.3 207,826.3 207,826.3 MWh
LAS A7A 98 3AE, £4423(2019).
2.8 A3 St 9t 6F EVATOlol 2, SM3, 4§, It R, HE BMW i3) B
3.8 Aol Ut qle 6% EVARF HHESE sigy 29 23, 20309 §5F2 A%A

4% Z718 A8
TEPAZTH2014) 7|8 2.

5. q1 1l H2019).

. IRENA(2019).

:'>

4) 2011-2020d 7]7+ %1

AHt9.9%9] &
pPCERE LR

ilﬂﬁﬁﬂ_

Z7hgel 712804, 2ol e 71 %o
o4 QB SFEIRG %2 TR,

27120 40% 2

° 250 »

2 A9

= 710

?jl;(



Ollfx|et HHstoll H7|xt +=XFES] BMA THX| 24 9Xt MELEE SHe=

<3 1>220204, 2030, 2034 0] A7) 4e] HFzT 7] %4 A 2AS 8
SA BelFar gick. B T e s2km/Y, FEHH] 5 43kmAWhE 28514
3t U X G 9.58kWh S 2 g3k, v el 2] -2 20204 713 Al 5o Tl 3
Q1 29 6% 17130 Wl e] S WS 4851900, 203049 2034140 vl ] &
PO ABF 4% F7HE AEAGh SEH S FG U5 TS 120
27212 A8, S FHE SR WA FAAILE ool A A
o ATt ¥ o710 HAI9F Ao Ik Bl S AL TS Froh g 3.5kWh/A|
2k, 95 TRWH/AIZE, 4 SOKWh/AIZE o]k, 71§7Hs vl ) 1] %2 5K Depth of

w18

Shth A AAE S SAHES A 85iA Bt $HA See 8.5kWhE AR

ShooE, FYHRLL 90%S 2§ 3Her.

L Aele 44

2 AT AT A Tl <3 220} 2k 2713 S22 1910] 7H = Qut
o A9o] that Aloj4=zo] obdsS, Aol A7} wo] Bo] HeA L
of QP Aol ofaelof ghess Ao EM el 74X 7} 8 Aolehs o] Uukael A
7] BAATG o] 5 Hom BA] $lsA & Aol A 27 the

22714 S-S LRI} A EA s

.

(E 2) 24 Auze 43

Case 1: Base case A ﬁzz}-ljﬁ e o9 W2 | e RS
Case 2 TOU AAE 25A %izﬂ[é\{jﬂ)lx} A% s o v
Case 3: VPPI F7HALAA }(\7];’3 %’ﬂGﬁ;—V)%EH FHAA =o =o
Case 4: VPP2 %7]14%4}]-(3])17)}?%?\?‘ &%\jg G?HOFXJ_ Al o9 =2 | vl =

251



AA, A7 2 a4 ol it Al oS Frel e uf A1) 71| 7F o B A EeEfAl=
HABEIE o] & fIoiA AA| AlojpEs 47HA] BAE Case 12 A7 2} 4 sfjdo
AR =2 322 w(As-Is), Case 23=TOU7} 2-&-E]o] M 7|2} =27} ApHHA o 2 vh-S-
&, Case 3+= VPP7} A-8-&] 0] G2V(Grid-to-Vehicle) 7| &2 A| A 2=} o]| 2|5} 2]
ZAA| 07} 75w, Case 4= 9 A] VPPSlof| G2VETE o} 2} V2G(Vehicle-to-Grid)
7]go] A-&E o] S R Aoj7h BF 7Hed w2 7 25k GAT. Case 39} Case 4=
VPP7|&5 7|Hke.2 7|2} e Aklo] §317Fseh AHehe Aske 7y skalar, A
71237 538 FolA| ke Wl A el AR o ok 7 stinh EA, A=A
AN IR B = 7|2 24440 7EA]7} o QA GebA=A] A Hl.
o= 37HA] 9= Frstol A A 7|0 = 20209 0] S A B
(7.5%), 2030 0] 271222 H]Z(20%), 2034E 0] 2.0 1] 3(26.1%) ©. & L H 0] KA
shaict

_

-
PN
it

=
QLI BAH 0.2 Aloj 4 0] 1 ) AHelo] A58 4 9l

"rk jHd A7 oA h S B85 f RS2 Aol vlEsHA A Al=

FHIE Hlt webA 2 Aol A= 4 Aol 2 A7 ]A e xtdo] Algol=
ool A S 7] TS| ARt vl AT mH e FATOEMN &g A7)

Wi

b Aele] 742 R4S

2. A43} A% 2H

<% 7>, <% 8>, <71 9120204, 20301, 20344 22e] Bl &
T BEEE A 99U Z2utelo] Juj RolEct Y 1YL o
40 12900 AE HolErh 20209 e} F B 4
B o] EEERK| 4] gtk A7) 3} Bt 4 Et Wobd AH 402 Case 13

ol & HolA|= AT Case 4014 V2G5 -85 &t SRpxdo] o] Fo8 44,

e

)

oX > U 1% pe m

252



ollLfx et HHstoll T 1At =AM HMA JHx| 24 9t M58

bty

Ak

by

Mh

(a3 7) 20204 L

.10¢ _Expected Generstion by Fus| Types

Hous
<cl>

10 _Expected Generstion by Fuel Types

alaol
=2

(a& 8) 20304

¢ Expected Generstion by Fus| Types

Hou

<Ccl>

10* _Expected Generstion by Fuel Types

[ 2 18 24
Hours

<c3>

* 253

Mih

vk

bty

2o, oEE

.10¢ _Expacted Generstion by Fus| Types

Hous
<c2>

10* _Expected Generstion by Fuel Types.

DZ2of, 6EF

Expected Generstion by Fuel Types

2 18 2
Hours

<c2>

¢ Expected Generstion by Fusl Types

= NIE]



(7Y 9) 2034H YUY Y UH T2, OIS HEY

g¢ _Expected Generstion by Fusi Types. .10 _Expected Genarstion by Fusl Typss

Mk
MAh

H;urs Hours.
<cl> <c2>

Expected Ganerstion by Fusl Types. .10 _Expected Genarstion by Fusl Typss

Mk
MAh

<79 8>3 <T17 9>= AR FEE BolFaL gl o AAAY BFEo] w2 <11
9>ol| A ZIWEA 0 & g7 H o] 37]7} Bl & =Rt Case 30 4] VPPE &85 F4
o] o] Fo1 % ¢ ejFFUH O Q3| =27t 7MY W2 10413417 of] S-5o]
SE= AE & 4= Qlth Case 4004 &= F-5-8E W72 a2k 0] ARFHS E-8-aliA]
Hto] & FHEAIA A <T1E 8>0]|A] 16~194]0f] EA|5H= tf F-E-2| FEL%QE 1~5
AR o)A H o <1F 9>°ﬂ*1% 712k oAt o] SRaA e T2 A
3 = A7 a9 %Eﬂ
AR ] H5AdE %Xﬁ] ok W Z 2424 %Eﬂ e AE HoErh
<H 3>, <F 4> <3 5>= 7720204, 20304, 2034 W o] = gl m o] 2 %5 AT}
£ 80| A] Hofzct W ska) ofu] 2 B oA 7 ol e He A7)k etk
o thgk AlojEo] Eoldas P Q du|ggko] 2 gtk Aot 3712 A%
] Case 19] 4] B Qdu]&eFo] z+2+117,280MWh/Y, 373,358MWh/2, 513,12 1MWH/
U HEA Aol U] vlFo] S7FE o] & A o0& g-g3sty| $Igt ou] =k

)
re
I
rlr
puc)
o T
1o
O
m°“
4
¥0,
_Q
o

T
l\.)
]
(U]
~
um
é

® 254 ¢



Ollfx|et HHstoll H7|xt +=XFES] BMA THX| 24 9Xt MELEE SHe=

2 571 e ofuf A7) 3} =8 441 o] A|ojap0] TOU, VPPI, VPP22 &2
= AR &) Hede B o2 FAAIAA dRdugEFe] fgaste Als
%= Qlth B3] VPP2o] A= 221 76,3 14MWh/ Y 13,854MWh/2, 1,33 IMWh/ U 2 A}

5] A¥}2 o2 F g ofu|gaFo] FhEh ol A7) A} oA Yo] VPP A o T;,L

o
A7he AL LR 552 Sl 7he e 7 e A A of digt <

lo
o
,

A
2

my of
i

rlr
oot
on

oy
>,
i
>,
>
o
2
o)
>.
O]
o
-
s
rr
oftd
)
i)
u)
0%
o
o
olN
N
P,L
N
S
M
o
IS

] Oﬂ/ﬂ A ‘E‘i*li‘g‘ EFHE2 A w2 o v Hl%ﬂi —TLE—7P§3}

\ %
rJ
o

ol ol 9] 413850l Felah agol o ol Aol 55101 4%
S A B Ffe} |51 0.8 H] 9] SN 7RO o He Hatol 1l AnbolA] 7]

QIateh. ofu] 2l v 8- o W ou|elako] ubA 0.2 A7hEl Aol o 4= Qo] 4=

229 Alof ol Leb4E F25) sk 22 & 4 gk 53] VPP27} 285
—E—*J%WW zosogﬂ2034% FETHY|A) 42 A o] AT A4S clu|ul g 55
o] 242} 1,107k 91/} 1,5229 9k 91/ 2oi 4] 420k 91/, 69t 2/ A2 A 9] 1/100

b I Y
.
oz At A2 ST 4 S0

Case 1 Case 2 Case 3 Case 4

el 9,425 9,432 9,450 9,434

m%%fa Efj g 53,508 53,508 53,607 53,540
[E(MWh/;{)] AEQHEH 1,864,137 1,864,127 1,864,106 1,864,464
A Qou|g 117,280 117,249 94,451 76,314

HEH H| 83,242 83,232 83,237 83,114

[E@g%%/%]) ST 348 339 280 27
Sdu) g 83,590 83,571 83,518 83,340

255



(H 4) 2030 LY UMY, ofH|" A 2HIE 24, HER Y

Case 1 Case 2 Case 3 Case 4

A 105,768 106,268 106,169 106,169
U]‘gﬁfa e fgdd 139,048 139,647 139,531 139,531

= =
[EMwhal) | AEaE 1,808,654 1,807,523 1,807,740 1,811,395
Zdu)g 373,358 353,954 183,259 13,854
1SS e 86,591 86,283 86,357 85,276

H|-&
=i KR

(E(T /)] o] En)L 1,107 1,060 543 V)
Lgu| g 87,698 87,343 86,901 85,318

o
HO

(E 5) 2034 2 UMY, ofH|2 A 2HHIE 24, 6EE tHrd

Case 1 Case 2 Case 3 Case 4
il 148,855 148,855 149,421 149,421
m%?f o Efj Qg 189,077 189,077 189,734 189,734
= =
[E(MMWh/2))] AHELurA] 1,801,945 1,801,966 1,800,746 1,806,948
Doy [ 513,121 513,211 259,385 1,331
EIgIE= 97,838 97,715 97,283 94,911
H|-2-

[E(uﬂul 00_]/01)] ofu]=u)g 1,522 1,522 769 6

sd =
Son|g 99,360 99,237 98,052 94,917
A71A =8 Aol Bh= =G0 G 5 W v]-8-1) v gh] 82 L5
A AR E g @7} gk <19 10>22034d 7} Case 2 2 B840 AT 5 2 u] &

[¢) [¢)
A7t olu el & AR ke v A Belch BT 1714 e A

& a T A olvHv]E 737@45 = AR YERT: ol AV 8

Bl-8-2 A AEA HEd Aol tiet A/ g A o = ARG A ofju]2lu)-8= 1t
Ao gt 22| ke sfjof g ofuf 2|45} & EH% 7 Fotol ) o w] Al E
< ofH &of ejo] o A7t E=g, o] Ao B} ofu|FTA o]  J¥=
M= 847t e 5 LNGE R 9] ] 5o] 7144 24 17J U LNGREd o] kA

g 79 )=} ]3] A7k SMP Rl S Zol x| 4] H]o] FatolHe] Hel

256



Ollfx|et HHstoll H7|xt +=XFES] BMA THX| 24 9Xt MELEE SHe=

oju|shA| ok =3t @A 102 tf7]of|u] 2 7] <t 3,0009/MWhS) =F0 2 3714
51l ofu|g 7Aool of et 7| 3jH|§-o] e oz vidH ou|g iAol A8-d A5
oA H A5 Ho2 o] ol 4= qleh whebA] S A A|AF o A= e Ak o]
Als-sh= H ol A dlu|gu] g3 danrt o A4 4= Qlch

<Y 1ol AAY A1 g BB AL Lol ARARE B
7] SIoHH AEE B E A i 2717 240 |G AL ENE 2T F B

kel

5
& HgoN QB U8 AT E o2 i U WS RSkt Aol
VA BEEE 2713 g el FhelA 0.2 v waly] 915 203014 2034 2]
A AL 7105 20000 2l 22300k o

i
do
:?L
>
[\ ]
[an]
(U%)
(e}
e
r[o
™
2y
N
o
olN
4

/g
w
in

o
oo
1=}

R

HIE42 (Y
ha
P
E
E

Case2 Case3 Cased

Qg 1) Had YL 28 +&2 S HIEEH Hlu

w2020 wm2030_p6.4% m2034_pdTHh

HEeE )
N
E
L
E
E
@
3
in
4
i

2

M

1]
=
o

T
=

..... 36,70

1, 3112 721
20,000 9,04110,487 11 071
3,277
o v -

Casel Case 3 Cased

TZ|A o

5) AR A WEAR 22104 g 7H A

® 257 o



H5z0] Bol A4 A7|7 0 490] Wol 7|5, Alojszo] H s WOl
o] Fpoli= B 71Kz 2.2 pEpte}. Case 20141 2020131 2034 0]t o] & 77}
32779/ 97} 10,4879/ 9 Q) WH Case 4ol 4] g oS 2k2} 36,709/ 7} 114,74
Wl Ao Uehgth, AU A BE4go] £e4E B HY] 8L Rol T
ol fihx o 2 sk H7)7 10| Helo] wolA|u, ol ofu]e] AT gl
VPP29] 749 o] o] Zjo|7h B A4t A0 AT 4= ek

|

3. A71A delg £39 A BA
B oA 1713 4 QA QA ol & 2 Y Hol e BAaigi). i ol
A A7)7 420249 oo ofuliz 427 9lo] sk

SARA o Aol A| i S 2| o] E wj AR|AP7}7RA] = FH | 7ks He o= ofsd

B
| A
| &

<c2_p10%> <c2_p30%> <c2_p50%> <c2_p70%>

e 1 Expectud Gaomess per y_ Expected Gevaraton by ol Types 10t Exporied Genersionty FuslFypes

<c3j.fl.0%> <c3j30%> <C3,E’50%> <c3_p70%>

10t Exposte Garwration by Fe Types ¢ Expectad Gererstin by sl Types. ¢ Expoctes Ganerstonty P Types 10t Expacted Gurersion by Fu Types

<c4_p10%> <c4_p30%s> <cd_p50%> <c4_p70%>

® 258 ¢



Ollfx|et HHstoll H7|xt +=XFES] BMA THX| 24 9Xt MELEE SHe=

<27 13>2-20301 720349 A 7|2} =24 Fhof & o L W83 A RS
HolE): 243} Ry oM s axbde 53 v-84d JAHEA S a
< Q4 E Ao g o] RojA)7] dlito| A holeo] wole s Y H&
BAARI= 34 E o tig o2 Btk FHE HolEth 30% ol A 2030
L Case 2, Case 3, Case 47} 217+ 4,797/, 15,269/ 55,939/ o] HolS H ofF
11,20343-2 7171+ 9,762 Y/, 18,713/4, 73,562 /4 0] Aa & W ojztt 2030
E32034d of| A A=A VPP2E] HOJo] Y-53] #al, 7 7EUE T & AATA
o] 20341 0j 4] ATf A0 2 & Wol S mojErh

(O3 13) A FHEE MIIX Y A (H/8)

—t—case? cased cased i cazel case3 cased

120,000 120,000 114,744
100,000 100,000 101,235
92,582

80,000 83,095 80,000

o/E)
/)

=

73,562

i

0o s0.000 55,938 o 60,000 57,490
S0 40,000 42,374 1 40,000 46,092
) 33,688 m 82,659
20,000 24784720461 22,980 20,000 22724424508, 18 713
15,269 s
Soa1, : L399 0437 4 7907 10 : . 455896:— 81860 5,615
64%  10%  30%  50%  70%  100% 47%  10%  30%  50%  70%  100%
BV EG 2 vV EGE
(a) 20304 (b) 20344

QbA B 713 A Bl GG H7|RE AN 2] AFT 5
ol B4 Alolch, ST H71%} o] 84 Aol Al AL A1 FH o

(R - o)
> 1 o qlf oW
o

Lo d
A2 A Aol A 4 0AH M| G- A7 2 HS Ao e,
71348 4 AARUBFSHE d] QLo A WASHE Bl Goli S 374X o] ik A

A, VPP 2P| o] 9l A71245 Fol A A 29 AN FAL Sa3t7] SlafA]

= Z71AR A aggregator) 7} B 8 5teh. FANAFARFS] g o OF 5,321 00

=)

) SRR KW 43,00099/kW, oY Z] AAHF kWhig 2ol 60A] 7o) o3l 85¥/kWh. 272} g o g 8.5kW
) 37 £S5 R S 15% H4(AA) 30%0) 44k 2030122034 20| HA) 24 A ko 2 FojEL

® 259 o



skl 48313
A, A7\ A7 82 S Als S o 714 0 52 A= vl E 2] vpRElES v
Stoqof gttt <717 14>=2030'd Case 40]| 4 7172} = 844 o S 2 v e 2] o]
U A =FS0C)E Kozt H2A A2 S0C T2t o] 7| oighs Hoja=al, 9]
ofef 2 253 uhgh A2 v 2] o] 224 S WAl ]7] HsliA e 27t
ZHeljof s Sl HEHa Kol ofuf 24 A4l SOC 7| Hgh Z2upel 9
Rk 2 3:4ke] 24o]7F SOC LY W-e- -5 vrEh oL Z1of) Bl shA] uijE 2] vher}
WA= AL R D = ek <3k 6>0f M Al AE A7|AF =844 Frol&E SOC ¥
&2 10% 715 41kWhol A41100%7] 2 20. IkWho| o} fhef o] wre5 71 7] 2}t
o 2] ARS-Eo] s2obA A SOC HE3 1 Z A A k. 97|14 =498 Al e84 &
St WAshs dd A7k Bt =3 72 wE2] SOC H5-3(9.58kWh/ )2 =4t
o= We= 7|NhO 2 vl e 2] vt u]g-o] 2G| ofof gitt. = b Algof] of ek <= b
TH]G-2 10% Fod8-2] 79 oF 18,8189/, 100% Zol&-2] 79 ¢F 6,334/ U=
BT
AR, A712F =84 e Al gohe bl T

Qlek. VPP AJLke] 6.0] -9 A7) 37} 23

£

gl

Aot 248
oA G=

al end of pericd, KWh

Emergy @ end of perisd, KWh

Inergy

b

1 b=k, % h =21 k=i = i3 x, =2i
[] PP WL SRR W | | R
il

0123435678 900010205041 5160 TUBI9202 1222524 12345678 9100112130419161 TISI9202 1222324
Houg Hour

(a) case4-10% Zolg (b) case4-100% 2tolg:

Z © 2 7}A), Paran Energy 7| QW R AR 7149k 24 4.
7) kWh viE| 22 B]-8 $61/kWh, v €] 2] 41 10, & 1,2009/USD #-(BNEF, 2019).

° 260 »



ol XIS HMastof| ™I|RF XS FMIA JIX| 24 9xt MEegAlE Sele=
(E 6) ™7|Xx} HiE{2] SOC HEZ1} + O0t=ZH|E, 20304
SOC ¥HE= SOC &+HE= & ubd H]§
(kWh/<d) (kWh/) ()
p6.4% 41.6 32 19,237
p10% 41 31 18,818
p30% 38 29 17,277
p50% 33 23 13,829
p70% 26.8 17.2 10,346
p100% 20.1 10.5 6,334
st} o] BHul g HFBIA 2T ) 2ol whIat R QoW FAN o] HEL Al
AT} o] HBZAL 7o 2 2|20t ofo] ZAE|ofof o] uo] & ¢lpe]
& Hlojdtt. shA|Rk o] FE-2- ohA] B4 FNAIG A} =R o} vl Ef 2] npin]-E-t
Hrggh = ol S 7[Rk & o] =y ¢]o] o] &RV} BH-S 7T Wk F50] & HAR]
Aol e 94 29l TekS FohH 22 el 1elr b s,

e 4713 B BTl A4 Bl el e A7)30] Fa 71
2 QoA FQUE w02 o|shT 4= glek 2 ATLe] B e Zado] et /HA S ulg
©2 Q7147 56 HE Yol A FRAL RN 2711l 7HE BAlehs
Ao]7] wjZof 12] = QA= H]-8 02 q1eshA] gt

<ET>22030 AlLke o)A Akl Aot el 2] ukmu) g 7|ukat e n] g}
o] HoJof| A et = elS A el 4] HofErt

(& 7) 79iH| 1t =ml, 2030
(g FoAuE &)
case 2 case 3 case 4 case 2 case 3 case 4

p6.4% - 5,321 24,558 9,041 16,496 68,024
p10% - 5,321 24,139 5,807 15,140 58,956
p30% - 5,321 22,599 4,797 9,948 33,341
p50% - 5,321 19,150 4,231 5,958 23,224
p70% - 5,321 15,667 3,616 4,116 18,022
p100% - 5,321 11,655 3,617 2,486 9,325

261



o
M
=)
©

203072034 FHAE 7|HEe 2 T2 el Ao <1y

Zroled wWo] e o A A Eizo] fhofo] ol s i 2

5145 o] 5}2tohie AR HOlth, 4K 0 R B THsE Hol 80 30%E 71 F

i 227 20] 20301-& TOU 4,797/, VPP1 9,948/, VPP2 33,3419/

210312034 1-L- TOU 9,762 21/4, VPP1 13,3929)/%, VPP2 42,661 %)/ Qo|c}. Y+
4

15>9]

Eaty=[e] X
T

4

A

S
T
o

A 9,950¢/¥®) 2] AL 11 831H VPP2= ¥H|-8-2] oF 67~85%2 A 7TA]
A2t SoF0]7] Wfitel] HHH| G2 F4akT S oAl Hofd SR fle]
= Ao 2 gekEch 5149 TOULF VPP1-S Y £ )o] ¢F5,0004/4~ 13,000
Y 7o) Yol o] §A1E2] Bu|Gol| that Q1Ajo] wrekA] el f2le] th
o145 A o & wehElh, E3k2034'd 0] 227 0] 0] 2030 KT} 0F 30% 7} = 0.1 o]
FF AN ) WiFo] wol SRS H7)3 artele] Helo] B Fold 4 9l
< AT

(33 15) HMI|RF £QAHY EHOISY Y &M 2030 vs 20341
= C35e2 case3 cased =—ir=C3sed case3 cased
120,000 120,000

. 100,000 . 100,000

a 7 93,686

EP' 80,000 o EEJ' 80,000 30

= 60,000 58,956 = 60,000

;:D‘ 40,000 s ;:D‘ 40,000 42,661

H 23224 H 30300, 4,777

20,000 16,406. g . 18,022 20,000 17-406- .
s it 08 e e T S PTR
64%  10%  30%  50%  70%  100% 47%  10%  30%  50%  70%  100%
v ENE V&0 E
(a) 2030 (b) 20344
V.82 2

B AT G5 Aol A 78 AL FFENN A7 saRtdo R g
735 o2t BAA AR5 T2 A FEA AYAIAF 2 A 5 BYS 7|Hho s 54
8) =4 FAH A 173.8/KkWh(E A1, 2019), UHAAREH 9.58kWh, 304 #-&-

© 262 °



OIS HAtsto 7|k =LAMHel ZXA JiX| 24 oxt MEsgAE Sz

A3} A7) 2k 42 A 10] o] & ubdu] g Hat ol o of ul 2wl 87 7
B uPYEls o2 ekt B3 A713 S glel digk Aol
2 7RI VPP o] 554 042, T2 1 Aol A w
ol Fold4E AR E A o2 tebrlth 2 A A7t A4 SR AR o3

o] 3 7}&&3 LNG &7 2:9] o] 852 3H25HA] BaL o] d ¢
A sk Aeirle o w2 TR oS B Fof itk ZH%* NHAE
OS2 AFTE7] 9t Kk v a&2 s 2 AF st 2 Oﬂ A AA]
oA S BE3h= Aol o] 2%t A b
o ol Aglol 7IESHA SR A Sol9bA Vs T o e E sk gt
x7go) dasiek

A, AR AT 22 pekRt ofjW] 2 e aibA o g shE sy A=
HE A2 A 7o) Algsith. FA o2 2-8+F 214 AAPollu A Hleo= &
8-5= 104 7] o] = 9] 7 H= 3,100MW Sl H] ©0]+=2030'd Hpol7}2034'd of] wi=gk
AYA 2" A= B Aol A 2435 % 50] - K238 oFolch Y| A 7} Al
Aoz sd A o)5 A 2 Yok vl Bagh oo qf i o wlHst
Al 7180k 3taL, o] & S5 BHs}7] ffel A= oflv] ] AL <] 7] sju]g-o] ke A L.
2GS AL Aol Fa st A Q) Hafr| i YA7HA2 Ae] FA)
= 2SS 713u]o] ubg = A] et BrHEstE A olebA % L aofu|Y ol
S7reh wf A ]l efu] Fgo] g %E}. ool B ae o Ak whFo] o8|
S-S FaiA = maE el A o}wl L= —7} é&aﬂu]a—% w8
© 2 313} QA= A2t )7} ol gt A|7F
HE Ao | A] oS 7|9kt CIE] %Ogoﬂ 1‘416,_} AEL Pasict

AA, 7123 2ot ohefet EAte d-§=E Fol7] feliie Hep i
=3t VPP Qlze} Ho] Fasirh & Aol AuHekSzo] S7HAY A 2 sfAl

PN
o
-
m&

N
N
lo
Kl
oX,

m
)
O
ru[o

[\

~

Pl

\1

f

A

ol

_H

s

M T
ﬁ i)
4 =
o
N, o
FjE—ﬁ:
19

ﬁ

263



A8t
A3}

37|

= O
= =1

H

o
HH
ol

A

3

A =]

A AFHTA I 4

2~
T

3

fe.

S

ol 2

F A AN A] 7R oA 2] A 2

ks
Rl

OJA| ul 7} obd @AY} = Uk A

[e)
t

of A A g

Al

o] AR gt Aot} &

|

A3k 317

ol &

7]8ko. 2 7]

o
e

J)
—_

Fof 2]

R

2%

AT B A A7

Aolek. o]

L
R

5

SES
LA} AAH 02 88 4 9l A

=
=

[e]
=

Gk

K5

B
=

L
.

LS
ol
o

4

;OE

0

vy

[References]

A5,2014.

=)
LU

715

d

, T AE AR A R

3
AFRASAIAFAE, TA3A] of| L Z] 7] A B, 2019.

o._‘—
R

2

SEHHTE, 20141 A5

2030 =7t 221, WAFA oHE, 2019.

2} 22571 A2, 2017.

7 A8
AFAF/IALR, TA9L =572 A1 2, 2020.

72

EX
°©

A

]‘

|

4712 7]

A2, A S AR ARIEPSIS), , 2020.

3]
1499, 282 el A5y sy 7

5

1Y

e

o3, KEEI 7| 2L 2 114, 2015.

=
=

712, AYRFLZ A7 AL, 2019,

=
2k, 2020.

A IE, (AR S e, v

R, 12050 7] A Rk

o

o} A8, 2017

o

=]

B 3HA

712}

T4} o]
Bruninx, K., E. Delarue, H. Ergun, K. May, K. Bergh, and D. Hertem, Defermining the impact of

264



AMIA 7ER| 2M: 9} T

ollLfx|et HHstoll M7 |xt =X

renewable energy on balancing costs, back up costs, grid costs and subsidies, KU Leuven,

2016.
Dubey, A., S. Santoso, M. Cloud, and M. Waclawiak, ‘“Determining Time-of-Use Schedules for
Electric Vehicle Loads: A Practical Perspective,” IEEE Power and Energy Technology
Systems Journal, Vol. 2, No. 1, 2015, pp. 12~20.
IRENA, Electric-Vehicle Smart Charging Innovation Landscape Brief, 2019.
Jeon, W. and J. Y. Mo, “The True Economic Value of Supply-Side Energy Storage in the Smart Grid
Environment - The case of Korea,” Energy Policy, Vol. 121, 2018, pp. 101~111.

Jeon, W., A. J. Lamadrid, J. Y. Mo, and T. Mount, “Using Deferrable Demand in a Smart Grid to
Reduce the Cost of Electricity for Customers,” Journal of Regulatory Economics, Vol. 47,

No. 3, 2015, pp. 239~272.
Lee, J., J. Lee, and Y. Wi, “Impact of Revised Time of Use Tariff on Variable Renewable Energy

Curtailment on Jeju Island,” Electronics, 2021.10, 135p.
NEA, Nuclear Energy and Renewables: System Effects in Low-carbon Electricity Systems, 2012.
Tuohy, A. and M. O’Malley, “Pumped storage in systems with very high wind penetration,”

Energy Policy, 2011, 39p.
Ueckerdt, F., L. Hirth, G. Luderer, and O. Edenhofer, “System LCOE: What are the costs of

variable renewables?,” Energy, Vol. 63, 2013, pp. 61~75.
Zamani, A. G., A. Zakariazadeh, and S. Jadid, “Day-ahead resource scheduling of a renewable

energy based virtual power plant,” Applied Energy, 2016, 169p.
Zimmerman, R. D. and C. E. Murillo-Sanchez, Multi-Period SuperOPF Problem Formulation, 2013.

Zimmerman, R. D., C. E. Murillo-Sanchez, and R. J. Thomas, “Matpower: Steady-State
Operations, Planning and Analysis Tools for Power Systems Research and Education,” IEEE

Transactions on Power Systems, Vol. 26, No. 1, 2011, pp. 12~19.

265



[FE]
(2 4 1) MPSOPF 2xat4
min n
Gitsk’ Rit . LNSjtSk ZT ZS L Trtsk‘{zl [CGi(Gztek)+ [nczts (Gitsk - Gitc)
s teT sE /¢ e
- )
+ Decits (Gz'tc ztsck ] + Z]VOLLJ LNS( Gf’itsk7 Rtsk)jtsk}
JE.
+Zpt2[0 7t+CR(u‘)+CL( )
teET  iET
+ CL it ]+ Z pl‘ Z Z Z [an‘ its2 Gf,tsl>+
s2€ 8" s1€87 e 2
+Rp;(GM‘52 m‘sl) +f (psr’ sd)]
(22 ® 1) MPSOPF H4 Xo|
Variables Description
T Set of time periods considered, n, elements indexed by ¢
B Set of buses in the system, n, elements
St Set of states in the system in period ¢,n, elements indexed by s
s Set of contingencies in the system in period ¢ and state s, n, elements
K . )
indexed by k
Jish Set of generators in the system in period ¢, state s, and contingency k, n,
elements indexed by i
sk Set of loads in the system in period ¢, state s, and contingency k, n,
elements indexed by j
Tk Probability of contingency k occurring, in state s, period ¢
Py Probability of reaching period ¢
Quantity of apparent power generated (MVA), active and reactive injections
Qtsk /
(pi,f,sk‘ + -1 q/tsk)
G, Optimal contracted apparent power (MVA)
Pk Set of voltages in period ¢, state s and contingency k, n, elements for each
bus in the system
ptsk Set of angles in period ¢, state s and contingency k,n, elements
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Variables Description
Ditsk Active power generated (MV), 0 refers to base case(s), n, elements
o Optimal contracted active power (MW), n, elements
BE e B Upward/downward deviation from active power contract quantity for unit ¢

in post-contingency state k of state s at time ¢, n, elements

(%) Cost of generating () MVA of apparent power

Inc,,(+)" | Cost of increasing generation from contracted amount

Dec,,,(+)" | Cost of decreasing generation from contracted amount

VOLL, Value of lost load, ($)

INS(+),,. | Load not served (MWh)

R < Ramp, | (max(G,,,)—G,.)", up reserves quantity (MW) in period ¢

Ci(+) Cost of providing (-) MW of upward reserves

R, < Bamp, | (G, —min(G,,,))", down reserves quantity (MW)

G (+) Cost of providing (+) MW of downward reserves

L; < Ramp; | (max(G},,,,)—min(G,,))", load follow up (MW) ¢ to t+1

c(+) Cost of providing (+) MW of load follow up

L, < Ramp, | (max(G,

its

)—min(G,,,, )", load follow down (MW)

G (+) Cost of providing (-) MW of load follow down

Rpj(-)" | Cost of increasing generation from previous time period

Ry, (+)" Cost of increasing generation from previous time period

Upward/downward load-following ramping reserves needed from unit i at

81010 . . .
) time ¢ for transition to time ¢+1

omaxt gmax— | Upward/downward load-following ramping reserve limits for unit i

£, (p,» p.y) | Value of the leftover stored energy in terminal states
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94 2-stage ARMAX estimation results

1H4): OLS model

2¢H4): ARIMA model

A4 coefficient t-value A4 coefficient t-value
Intercept 0.20272 232.54 MU 0.000107 0.02
cy 0.08243 66.86 MAI -0.48887 -75.43
Y 0.03535 28.67 MA2 -0.20921 -28.34
cy 2 0.01427 11.57 MA3 -0.11183 -14.85
sy 2 0.00571 4.64 MA4 -0.08361 -11.39
ch 0.01152 9.34 MAS -0.04995 -7.78
sh -0.00101 -0.82 ARI 0.95677 460.44
ch 2 -0.00305 -2.48 AR24 0.1739 28.3

sh 2 0.00108 0.87
R : 0.174 Pseudo R* : 0.761
2= 5 3) Yy 38 28 5% Zn
g HhA: 2-stage ARMAX estimation results
1H4): OLS model 24 ARIMA model

A coefficient t-value A coefficient t-value
o 0.02162 28.26 mu -4.55E-08 0
daily cycle 0.2414 284.57 MA 1 -1.00637 -140.92
MA 2 -0.55784 -57.54
MA 3 -0.18022 -25.88
AR 1 0.81883 186.99
AR 23 0.03174 5.13
AR 24 0.69651 156.8

R? : 0.755 Pseudo R : 0.834
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