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A 1% AE

1.1 a5 HiE 2 284

A AAXCR 24A7E HiES HIERP @Y e 2 AR He=il Q.
7129 Aol wEw 2AFe] 60%oldel s dm= s et
SFtH(Achtnicht 2012). o]=jgh 2} Am= Qe e ¥ & AsAflA Ue+s
opiteleArt 2 HIGS ARSI olRt e tiAsH] i8] AAAA =
AFEA AT Zobll W2 ke¥o] o]Fofxal it} &3] VIAFFAHEV: Electric
Vehicle)= S| Bag sh= Re 7|8 2Mdar Aistes Bz 7€
A7)k AsapEer A 25 AR 7] B¢ HlEste 247 s Ath(Meisterling
and Samaras 2008). °]2{?t olfr wiZel of2] =7lolA 7|Ee]l WaArH AEAte]
= 3g /MAHT= g AsAQl &27181 stolHeE A7|AEAHPHEV: Plug-
in Hybrid Electric Vehicle)o|t} HA7]|2Fs2E 7| 7Ryt BHgof 23 Qi b=
HA] op2l2 W2 ey AEAt HgES Holal AT 258714 2837, 30 7HA]
Bl AFA B SIS AA] vl
A g Az 287 ASAl d ALl B 27 AT o 48

AR e Qleh ol2gt AR s B u ArAEAte] shke

78/ RgS EEE okl Qoh T

rek

"ooln ofde ko AP sAm s A4 FEom s Shte] HrAw

=2 At TR WA 7)) ARl Sk QlEl] oflvA] AR slimitt

Lolsba ek, Se] WA e AL BE @AE A AFeo] Hold: ofE)



A&oll A9 omlgo] A7 Hal ot Eot =2 e 2y sh R H o

HlSS Eolal AUl o] HiFe solaat jit ot sAYUe A

A Astel A7) Axt HlE SV 7HE 4 dth ofFRt AdRelA A

ARl S7he AE a0 IR 7P "ok ol =7t Aol 2 FEOl

ot ol2fet WAIAR A7) 89 7k 7] At wlge] S7E= o]ofA|al Al

A9 AR S71e deol 7] A7) 88 Aol 9= nid. wEbA ol
ki

wAE diEshr] ffsll weft el AAEL . Tt W

AAASAY A A7 o Yot WA welsis AAASAY 24 &

0!

Al Az A7 2 e =Boh] SR Y WS
Aust Bash A B5 del dolHE Fof A% @ Ane & 5 Un
WIAEAL B0 a0k 299 92 71 A dE FRE 9L 5 ok =3
A% dolelE Fol A8 ol Agels APAAES] W ASFE 43T &
Qick. olefet WF WH dole: Adintct thEu meby Az 2
Afelatet chzck,

Ae wslet A7) adel e gl elME oleiwr HAe W%

doletg BEstod FASA ghe ol ofd AFsE FAE FF FAR A%

1

o

of
2o

0|

F4 o] asikt. oldT R At AY T 5 {7 BhRe] o2 Ko
s Sl AZIAEAY FEe AmE JElE Ao olRelxy dze
sAZHE So) Fo] SAEolo} ek,

olelgt AntE JelEold AR TG Lasgol] ohet U A%

2] (ESS: Energy Storage System)=Z ARge] 7Fssitt o|€7 wigg]lE 71 Z9HH

ol



AEAE AP dAAst] Ao FAE 7SS sk A9 JoidEE
Aol ARgAPE Zod w o] Jhsste& Sk A2 Vehideto-
grid(V2G)=tal gt} v2Ge] 7Bdxt #edrjed ml=ellA 1997def A AljH
Aog AZAEAE AEsgdo=zA gdgds s "ot 2 =wolkle V2Ge
Vehicle-to-Home(V2H), Vehicle-to-Building(V2B), Vehicle-to-Device(V2D)S EL5H=
Moz ARSI

V2G 71&0] SiAHAQl AR dEiwe] "agt ouyx A FAE 7IE
EAet= A71AFEAe] HiEEE Z83tthe Aotk of=fdt VaG T1&2 Q1A
ALRA, 71e4 o5& ThMHRt FAFCRE Fu AlolE ol AT Ego
3, o|A] m= 49 o] Egol Hil, AR 8ol =go] Hoh ES
izl it Hlg= wE Hub ofuel AMERRS] 7] au Hofok: ko] Hil
ofdzlell gt &=t ofvx] % 27 Hoke 7Kt ol @WAoEs
BAA ol5S 7 e 7137t HaL A7HCme WA AAES QHYA0 kol
Hoh ol2Rt o]52 Ax ARJE o5 olfjok V2G ARl Folehe HiE

HolzpoAl oI5 7HHRH. AVIAEAE &t olss de A AR
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1.2 A9 B3

A7AEAe] Bike A0 BAGl meol HAW = Age] ey
susiel AbgAt A7) @Fo] Zrleh g AEA ARl BAIS WA 2

wzoME o2t ZAIE 29 & e A7 WS AAISIAL A7 AF gt

= AREAF HlolEfo]l A-g-starat qit.

ol#let Aol 7hsshl fsliMe AVIARsA AREARS] AIRPE A7) AR,
A71Aksar 4 48, 78 F4 7 ARE 59 ARV dasity ot FHE
A AE HE dHolHE Sl =E°] Zhest ARAPT Al VAR AE
<A FRE dSskaL ARSA] dF HEes &
2 g 7hssiera ARPE 7RAAE 7] ARl
et AHE A= & Sk ek 2z ol AvE ==Y 4 Sle BYEs
TSt A dERARE FEll HE b ARSARS] B wiEl HlolE o A-8Rtt
olFA EE Rds viReR =] A A A7l o= AACNA wfet
A71AFsar 3 el whE ARPE 7] AR ARSARe] 7] ase] st

sl AwEy 247 g de e AYe ARSAe] 24 4 dee =Esk

S A7) 7H AAo] A ARl ok ANZE H7] Abgae] wet 7]
Qo] gkl AL A7) M AAS 7H Ante JelE Aol dr1aEre)
27 el gt REe el gk AAZ 1] ARl et 87 /2ol

cf27] whgel 7t AHgAte] A7l aFe ApAe] Hy| Au] AAEEE ohje The



h

Agate] A7) aF AAZelE e Wk o= A BYoR ER FsE]

O

Hzoll o2t AlY 2@ AY B e =E 4 Esk] 24 ARAe]
A71AEs2E 2A S3 Al W 2H 7] 48] AAlES EEskalAt jitt olFet
A A 2AER 7HE FAEA g2 $Hol olfiFE wel A7 auae]
HlRE S5 EE TFssith o dobh AntE J2|E Aol A7|ARSARE oA
A A= ol = e V2G 7leo] el olFolq ARl dit Ad 2ee

At olF FuezEe ol ALl HA A/AEA FHA 2AZS TotuA

d

ok 7129 AntE TREdA 2 S AlEeds Sol dold A7l a5 Vaa
oS

Flo] mdEl A9e] HH FA 2oEwo] olfolrl Aol W] a3g
HlmakchA 2 ALgALO] V2G Z1% melel ek HX WA JRsele olefst ke
2] e W) augw AAAEAL 9 52 7R Al o gl
ol malol] gollAl e AR WE T A9 mao] Aughe Bostel G
ANAEA A8ASE] 4 4 2AZY) 7Pt VoG 7180 7HE Bt
gt

Az gl BEE V2G 710 e Bestel AAER ASAE VaG

71l diet T oAt A RYe NSt otk WAl A 7
1
=

S5 LQI(DCF: Discounted Cash Flow) 7|2 €83t Fx} oi} AAyt

Lo

HEo] A4&8 #4H(Real Options) 7|H= &8 FA oA 242 UiE

mEs et V2G 7le2 ofd dE Hgol A 2 TleR de



mde] vug Fo 4B &4 T4 ngl A 94 Brlekad

0|

= St}
b mElg QkolA RS VoG Tleo] Tlo] wE AAA Jhx] REe 55|

e ANE Agste] A% WA ASASY VG & FAF oA BRE

of2gt & =9 542 A5 Figure 1.19F 2.
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1.3 =823A

2 = 6dor Y Agelde 71 O I A7 el B9
AuEn Aol 2HAr FE " dloly u A7IRbEARe] 24 4 A

g7 1 @il o A7E AWEg Augelds AAAsd H4 F

AAERT V2G 71e9 BAE 7RE B7HE o Sle BEe WSk ofof digt

e AR AL 27 b WERe TEE VoG Jle B4 2

WISl Aye At vpge s Aegode Ayt &% 8T AlAT

9 21

| &1



A 2% AE AT 2 0y

2.1 7le 9%

rel

A A B3 BA SEe] dig UtoR wWeE olfm Eejadl
SfolRes AAEAE HiEste] AAAFAE Sa A4S Sol =l

S5 AAEA 14 ol WHSIT AFESHE Aol Bo] e gl A

Kl

2 FHAa 78 A8 HEoR ols) Slel FlE melth
A7AGAE Tt ol5gto] ok o] A% AX2 ALgstel W71l
gae Srslels s1%o] vaaolth vaarh g oldel slaHel whRs

Aol A3 e FAISkE VoGt HEEHE Tl AH o] SAE= VIG

M)

A2 U= 5 Uth(Jones et al. 2021). AlFZHo|xl HEsH] UHFH V2G=
|&0]1 o] Qo= H7|AFER} A

Ao s WU VaH, A/AEAIN dER A/IE Hye V2B,

712N dEger A dee Hiie

N

A7V 271712 718 Bl V2D 522 80| 7Fssitt Vag 71&9

-
Qlt
1o
%
o>,
N,
)
Mo
<
DO
Q
ofo
r
N,
==
oS,
ok
o9
r
)
e
o
e
N
o
St
ofp
)
N
N,
N,
T
)
o

Aelp Aolo] FAES o st WA Aol 712 AT 2016).
V2G 7)) 4718 2 1997dEolAE ofde Ye mEwAs Tt s
A AAROR Va6 Tlee BET 4 Uk el diet AU 45A77t wol

ololA] T 91T olol] whet AP FRE A SjE Aolal ke

7o 2eAel 24 oolx A An) AP 24 5O ANH 29 94 Bast

10 -":l'\-\._i 'k|:'.|.!é



o[2fet V2G 7|0l kflo] HuhH ou] A HA| Ejlo] F= avet b7 A|=
A7|1A52t AFgAe] A7l @2 AoRS H|Este] b HMEW m3 Hal o

o] "ot

2.1.1 =4 7l& 3%

o] AAEAL REARe REDER Amd w2dl 20199 71E 04%
ngte] Eajsich H7|AEAe] HEEe] JhEd] 21 gXu ofde HgEol
uln)e AEjo] T VoG TRlE Al EAsA ekt

Bl zAGATANN GALN FEE 0% AL vhoR 20149
SRE 20159 128 7K VaG HIAEMIES 7ESle] Sashs ANARI)
AR YLK ZARDTY 2016). HA7AEA o] AFHUT H7|REAIA
WE U degel ohd Al AReld AgEE WHE TEAa

Aedistuet FEaelriasdoldt. 29 Wwe 1k MEd 7Me

ra

AHESHAlE ¢l HobAtele S sl miE] AFE R AREe] gRde]

ol AAY AIAFA AT AY AEE FH FHe] ok FeHLk

Zord FFately|edo| ] Kot e ool o 31 giprt £tk
71 oleloE AFREE 20179 7|F A7|AFEAY] HZo] 19t 4AgE xulslgln
=4 Qmapt & A 1 VoG 71 Wigt Zlevfde 3 AlE AntE
JEE AZARIE Bl on] Fddt AFo] AmEHSGITh ST V2GE AAR
Al&gstr] flsiAe AAEoof sh= MAIZE Ak (AAE 2017). FEIF S EFAY
2017EEE] BAloA] V2@ 7]&S Lol E43 & 9= dug AraEals L3

ol

11 -":l'\-\._i "T- - 1_i



olelofl  @ehrRbEatellA FH e EAIGE ofoleyYs HEil Z|obEat EV6
RelS Vehicle-to-Load(V2L) Al5-gict. HijE 2]
Aol Aejella vt Mapr71E

W BESIo] AFE & G Tl

e ol Agd A7E

Aegos By

A ) AlF AvHEe 3 6kWolth(@FH=AFEAATY 2021).

V2Get EE AEE Adsi v dEtglol F= AdEdel 928 A7t
ool dHE & o ST o] 8w wEe #Hen AR sauAE
ECHZ|2AE AT 2016). E ABAE AAAPeUr] e FeE AE

AAkstaL o]E MESAte] F 4 Qle YINIE[F(Net metering) A= HA] 2FskL
ot AExyol F Ze HFQo= 214Ul V2GE EFt VGI(Vehicle-Grid

Integration) ] Al AlgE Folrt. ==mie] gl VGIOl it

47 2§

e

el s VaGE Bstel 92 4 g WA AANES WK AaEa
gt Aeld B8e BE 1T A9 ASAE 9d FU BRHOE §140914

$2509] 7] @3ele] ololg W AEHonE FoAEA 107 Tk 858 Folo]
A} (Peterson, Whitacre, and Apt 2010).

A JA A7IAESAE Aol AL V2G 71l tiet WA R Er 201213 - F

Waellde Vv2G 7leol  AH8d"  AVIARsA LEAFE RSkl RF
FTol(ZIzAHAAL  2016). ERF YAME AVIAsARE ATl AEsH

OFA435}s= ‘Nissan Energy’ Al€=

12



et ARE AT ERE] A9elw VaG Jl&e] EUE meleas A Fof
Q. U AR AUNAE ool H2lo] FF /KT A7AEA Tofe] 28t 9
HZFS 27 AT 5 oA Y FAZ] WAEA qFel BYS AT
UCHAFAEAATLY 2021).

T2 A V2G 7]Eel dis] ¥ 7

R
30
R
.
N
ko
W
Lo
2
S
HT
o,
r

cas RO BN AY A1 §4E F@ A
3otk Kempton, Perez, and Petit 2014). o]&gt Ful5 P& o=r {A|617]
HAellde A2 Fo AVE Adcke AHCREE g & s Ao

EABtAoF St A ofrks Tl 2Rt o] a7t oA of it

13 "-:l; | 'kl-|- 1—-li [= 5



2.2 7|& =8 4+

2.2.1 A8 P= el A7|AE=) MY =4 A=

B2 =0l A7IAEAPE A A2 mle Gl wsiA olFolHH.
9191 ste|BR|E A7IAFsARt A7 AEAe] SR QIjt F7HAYl 7] AR
T8 Aol I F 55 ATl diek B gdy ouA E4de
7}1%%"/]'(Clement—Nyns, Haesen, and Driesen 2010; Pieltain Ferndndez et al. 2011).
SAEA] e Aol E09l slolHelE A7|AEA UM w3 25ke] 1.5H]
S7Fe 7P 1eF 60%7F AFgel £l stelEeE AVAsaketE =i
gt B 15% S7Fstal ofvx] &4 40% FARM ot 19l
stolHe|E WARsAel A7AsAe] ghite] g ®¥bE (Taylor et al. 2010;
Elyasibakhtiari et al. 2015) A= AFEE=H ol=let M7|2FEA S e

Azlel] S SEea g olerba) Eaigk GeEe nlals 2 AARE ARdeld

O0Ee & 4 AUl (Hedegaard et al. 2012). A7|AFsARe] FHE2 Hge de &40
e T 55 59 Ay telx ZAIE WA Al7|IL olF SiE sp] flgh
getog ohd &} AP § of7kAl Wie] EXRITHBozi¢ and Pantos 2015
Zeng et al. 2017). HZF X7|2pgate] Hgo] wol olfolA Hy X 4qo}
g0l B2 A Hi o]2 lef M) MY 2A7F YK Putrus et al. 2009).
A7 2E2ke] A 23 8+ 299 BT 99 mebd geitks 2

(Xing et al. 2019)°l4 H7|AFEA 23 HolHE “&olf HofFot

14 -":l'\-\._i 'k|:'.|.!é



FHo] FAEA 2 At olHet A= B ZA WSk So] m= M
et gk E271Q) stelByE H7|REAte] Aol BAl HA ke o =LA
LR o]2gh BA|HA] 22 S0 3ol HishM= &5 HlolHE o83t &4
122 A[EYo]AE S &2l & 4 Qth(Geth et al. 2010; Lojowska et al. 2011;
Muratori 2018). W& A2l A7|ARsAt= oA =HSle B¢ AREARY] F3o]
BAEA] Fow AFA|] ma A £8+ 50% oY VKA Hrh

A717-52E S At 1 gate]] oigh bRt A7 olFojRith AR =
A 2F°] tE w AlEelelde sl ARt A 7] T A2 A7|AEAY]
A 8a2 51.52% 7HA] Hefd 4 Uh(Cao et al. 2012). ©]2|_t H7|AHEALe] 2[4
A A2 T Ha, T A4, 49 5150t 540 uet dEfIt(Rahman et

al. 2016). Wl 7F#[e] S0l (Qian et al. 2011)°14 AA] HSl=dl; A HA=

AUAREe e AR, Al A AT Rze] weh gop A7kl FWe
AR, BRRjere ghol Al Ho] Here] EqkEl Hgfolch. o] Aol 7k F7 HMek

WE dE Asgel Hale 2 Akgate]l A7) e vlastdAw AgA A%

v

e EE2 olFofAA] ottt vt T2
1l A" FHe it

T GA A=A (Torres-Sanz et al. 2018). BTN SAE 22t 7H=S

doleE &8st ekt 22 4

WIere ddez Aedolds &

r°+"

A%

o

=1 a&

_1>~!

ol A7IAFsAr S AdEre Hal ol wE ABA TERRO] ek A5t

o|FoFEH AHIAF ELE 80.7% 1M 97.T%E FUFIA L AT &4 FAn

15 "':l"'\-_i _'\,,I_. i i



Aspgat AHgAe] BAE Tejd Bela9l slolHels WAEA FH 99 vl
7IHE AT EtH(Masoum et al. 2011; Hashemi-Dezaki et al. 2015). d7]AFs}2]
A 8 3% AL Ao nelg oldx BRIE F 4 e o gE8d mEe
(Khalkhali and Hosseinian 2020)°l4 A==t 1 Ay} T Y27 1% FH2

242 o A Fadel v8Ed ohs A% W 8F AN FSY

i)

71AFs2re] S 2AEs ft @71 A PEEH} nfolaz 2| AolA A
7o AFS Fo7] AT olAF AHS &8 L0t oyA] SA e digt A7t
ol ol B AL Ad) S AL v@ WA (Wenzel et al
2018; Mets et al. 2010). A= APFgol|A AZHE 7HAS 118g 2159 A7t 54
P2 (Cao et al. 2012)°14 4 ¥ a5 2Ee FF WA S
FAg}csl= WHS  (Clairand, Rodriguez-Garcia, and Alvarez-Bel 2018)°[l4]
A= ofedele A7IAFsAE T vl AE AT FHH FHLE A=
2utE S Aoyt A7IAFsA SHA] EYfe A9 4 T AlLH-O]
AFEHIAR  FHRNMY ST sl MR S AEsHe
43It Moghaddam et al. 2017; Y. Zhang and Cai 2018).

A S A=k Adulof] 9FS F+= o AR 717] ARGl digt A= o2t
Zo] oot FF HHo| oiFt HE dlolHE ARgSt] WA 717 A=
EEoP] A BEE et Aat md ZHte] Zh oux] 4aH] Algdeld Axtet

AA| 718 8 ARgo] FARITH Capasso et al. 1994). AF&A}F 85 XA} Hlo|H =4 H

FEE o TR RS olF Fofl viEIn A REs Foff ARFE A7)
AFEFS FEolUlE TH|YYIE (Widén and Wiickelgard 2010)°f14 A7% 11

ke

ol AA| 714 A7) g & BENEYUL olefet X AHE 2] 9l
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7R LY ofldR] AH] EFs Rter FAE HEol digt oA +8E
TFSAY vl= 5 FA= HlolEE ARgSte] oy JiQlem FA4H THYel
A8 AH]o thgh AlEglold B JPEE|QITH(Subbiah et al. 2013; Muratori et al.
2013). 7|9 BF 7|5t =9 Hdlof|A ARR] Y|eA 7o HAIE 5o Wl
(McKenna et al. 2017)°]4] A= et

EF AR BE Tl HlolE et AVAREAE ARl wRb A JA] EASH=T,
o] 2 o HolHazRH E2719l stelHit M7IREAte] S 48F
EEo] thedet S Aol e Hop medof mx= gl ditt Aot AR
Y& HolHE Fol E219l stelEE 7|RRsAte] ST Az 717]e) e
ASEFE EE0) ARME & A AR A5 Rdo] AR et 54

A2k et ATH Weiller 2011; Grahn et al. 2013).
2.2.2 A7|A5A FF FA AAEHT Vehicle-to-Grid 71&2] ZFAIF

7HA 87k Aol M2

~nte Jejel g B4 YEYZT} 85 A5d degon yEasze}

Q&ET} 127t dEA WS Qe @4 $& d@ae] B ol Avte

-1 1

T2E ollM m8de Fdstehe AAIRE 714 27 dalefEoe] A8o] "o ol
ol AHEAE Sl SEAe &R B olels & 4 Qltk(Samadi et al., 2010).

ofgiet AntE IEEo] 714 2 Rdlo] A o4 We 28T ave (Saad
et al. 2012)°olM= AASHIH. o2t AlY olgs EESte] AntE EEofA

AREARS] o A] AH] AAIEO]

i,
o)
il
S{E

(e}
o
o
)
et
[>
=
Im
I
iC)
I
2
X
<2
i
A
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A FA7F ZUH Aol ARgARe] 4| AAlEo] A = 7 Bt et Rk
7R SHch(Mohsenian-Rad et al. 2010; Yeo et al. 2015). AlY o|=o] HgH

BEE A718FS 18% P4 S BF A A8F o WA A A8

ﬂ"

N
%

32
Rl

H]S&-3 56l= PAR(Peak to Average Ratio)= 17% T4sh= A2 =
ozl 273 Fx7t =dH AFSole M7lad2 Ht 17%, PAR= 22% F71=
ZA45kAtk (Wade et al. 2010)0l4+= AntE T2|=o] ofuz] #% A=]7F =Q0E
73S AL 1471 AASHAT

olgfgt AmE TEE oA ol A A g H7|IAEAE sk
71&0] V2Golth. ol#dt V2G 7laS &Y ol wEb @2 4 Sl AAE
aiso] disl thgRt A7t o] F oAtk (Singh and Tiwari 2020; Nworgu et al. 2016;

Noel and McCormack 2014). V2G7F =¥ =2 A-¢ 571 53 H=fof| wpat 2¥zd

5.5%2} 6.7%2] A2 o]50] 2tk(Singh and Tiwari 2020). V2GS AAS ¢ AA|
2ol ek FAA o5 HAH £Ao] mE g 4 A HHEgE 451

REs AR A FAH oS0l YePdth(Nworgu et al. 2016). & H27F oA
W7 Fot Mot obd V2Grt Zhedt A7) Fot HAad Ae 54kt ds 5 Qe
olelo] FAZIA]= FAH 60702 Ho|th(Noel and McCormack 2014).

olERt V2G AJRelld A ouA aH] AMAER EAe S8sith ot

e BT ATE Tl Ao V2GR o8 sd AIAEATL 912 A 24
ol gmeiZot AbgA FEA AR BEO e & 4 9t XSt ¥ 54

glgol A HAAL o2t HH e Tl SFEel 261.9nHE=S] o]50]

al
AT Mets et al. 2011; S. Das, Acharjee, and Bhattacharya 2020; Amamra and
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Marco 2019; Sortomme and El-Sharkawi 2011). V2G AolA 7] 54 Fole
nag v
H=Fo] AA At Huang, Fang and Deng, 2020). V2G2} AAoflf =] o] Zo]
Aot tlolaz TRl A sl WS e90l g 97, 56 59
SF

o

Fard, Niknam, and Fotuhi-Firuzabad 2015). S2]71%1 sto|Ha|E H7|2}FAF7}t

S [e) = o T = = =
A, A £43 A MES YR AL B sl BEE 145

:

I

s
ra
filo
H
s

AR V26 7lse] EFH FHIQ stolHes A7IAEAY

N
iy
Mo
of

=

et A XY= QT Battistelli, Baringo, and Conejo 2012; Kavousi-

AUzl A BAR 2ol= mpolazm I EoN AVARsARY] A T e
Mssio] clret AAgeIIA] B A Bt oA JaelEe Bl w2 4
SJtH(Kamankesh, Agelidis, and Kavousi-Fard 2016).

olgfet V2GE ERRt AmE 2|t ARoMe ARAPE AROAl Fd=
A= A7 gwrh ot A2 A AR ®Eo] ZHssith ol AR
Stackelberg Al¥-= &-83t M2 A2AHlo] GAAS AFshe V2G +F A2 (J.
of. A8, A7ARsA, HEE |, odA] A%
A e AY= Fo *Fol olFolHH ouAu g S RFoA o]¢o]

He 290l 7hesta AYT &9l sle|HIE AYAMSA ARARAl BF

N
5
&
=
o
@
-+
=3
o
S
]
=2
R
2
ol
oL
38,

Ool5E F= ¥ AlY o] JPUESITHH. S. Das et al. 2020; Yu et al. 2014).
2.2.3 A7] 714 WS 18T V2G TlE BA BY: AE A HE

VaGE ob dAAHeR mgol wol olfoixx ol A ATt WA
orAler e AAe] st A7et Holxt ¥ HA Btel sl ol=ol Ak (Sovacool

et al. 2020; Li et al. 2020; Gough et al. 2017; Zhao, Noori, and Tatari 2016; De Los
Rios et al. 2012; Y. Kim and Lee 2015).
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ol FFE oA, olshEAA:, A Y, AlxHlo] V2GE E4st AE
i 7l s (Sovacool et al. 2020)°14 AFEQILE HE7IeE AMSAE
gez o dEAtet @i £ A5 Sl V2Gel diet 12, 23 A EEe
olsiEARE Zelstal 12719 olsiEARIet ol ook A Ae AR

A, GERE L9, AGOIIA B, 27 A o]

N

il

He] BXo] A5to]lS Tt o] FoJH KL et al. 2020). 2 Folx} HE vlg A

19

2R AN Astole] WA oA Helest ] FRe WAEAE SoE

AgHOld BAT WgE B4o0] olRojzck 1 A & 4oe] A9 A W

(Gough et al. 2017)°llA o]FojHct. AA| Holy 7|Hro= Algdold Hds 43

T A% Aot A8 didt olo] B wgw Bo] sesich A2 )

>,
o
=
2
£
%

L A% aEAVlR olSo] A saomes WS RS HAD
A ol V2GR QIR HiHY A Ash Hlge] 2 I et Ae
ug W] Ede] VaG 74E HAHS A% AR oSH e 2E
avtof it Hrte o]Fo{HtH(Zhao, Noori, and Tatari 2016). V2

G
e, AHla Age] A ARl disl AASHARL VG Vel AAlA, 24
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B =78 ATt 7 s AlsE W9l deleE Batol A6 FH8S
EE5UT 2N HETFS ANSED odd A7 Fw A7) EFY Ve
Aoz AAE Solnt LU7ks E AES oF & UAST T & Ak J1EY

=
WA, A7, SAAAAER ] B4 g, Qlme} ulg, oo ulg,

Hlg HolA f2ldt v2G ZlEe] HiRt ol& B7h= (De Los Rios et al. 2012)°fl4]
olFoifrt 250t 2F AH|AC] AME= AEAE 7PSk ool sy
Aledloldyt RIAE #A0] HFHFT WAV BAEAE tiE] e AsAt o
wte nlgoz 2o Psslal E3] V2G &0l U ol F Af HE9
N%7H e 7Idg & e Az Yyt o] VoG ez d%d
gofo] HMSHAIRE, V2GE  Ager VARt lidrIdRkEAre
T8-S HolHE Fd EESkl ol vl 2AY AW § &f HE2
W71 EAFEAFELE 10.2% %0 AFE ATHY. Kim and Lee 2015). ESH nfo]a=2
IEE Aol vaG AHe] FHA gAY Aol=E 2 ske BEk
FEAR o]Fof sHE A5t A=

29 43 & ol ot £%4 £ WPES ANSKA ABdeld e 2%

A= o Almehizia and Snodgrass 2018).

~

_l

147, 377 o] vz Alzwlel] ojs) o]RolHy B, FASTIZ A
W5 Soll e Mgs 242 Sagstilrt. ol Vool tiek Ak ufo]as

T2 =9] BAde NAA]

Yy
>
%0,
n‘o

(0]
KT
2
L

AT AA W PHA @F 55 YA JEE 4A% ArEAel

7Pssha mefRt WEAde sl wiEel AAE 7 Wbt o ddde=

oRolAE AB M /WS 71&0] WA Ag Aol BEG A7 IA
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koA o]F o Fth(Davis and Owens 2003; Siddiqui, Marnay, and Wiser 2007; K. T.
Kim, Lee, and Park 2014; Moon and Lee 2019). Ao 2]e] R&DQ] 2|4 Fatof
oA A& B AE A4S Z83 A= (Davis and Owens 2003)°fA]
olFof %
il
(Siddiqui, Marnay, and Wiser 2007)°4 AA] =St} o]
83t =] FEAe] dist A wrlel #Rb Ayl ddm 4 |

ARt A7ARSAE = AlZIeE A 7 Al o] FolHTHK. T. Kim, Lee, and

S
>

)

= 49 ol WHEe &8st a7 NE =7, A T A%
&

f
iy

of#fet Al M wde 7= R&Doll et X

)

3 e

o
>

[e) )
% 1:1/1‘_ E‘—?j—-_]a
*=
)

Park 2014; Moon and Lee 2019).
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Al 3% AHA FE HE goly 7k

A712Fs2e] 24 3 A=F

ooli AFHFo] AR A AEAY LA E A7t AW 5

O,
o (o]
ok
ril
o,
Mo

Aol spAdeton FEe wa rk webq A7AEAe] shike
Brlm stk elA|o olast M |AEAFe] MRS AH|AExp Moz ols) A
29| 5712 pHent. olafst PN AIAEAR AT desac] 27t A
Al A7AEAe] FHo] AR 29 W o Wol uehdth 17w
AAAEA7} A AAde] of®A de FEAL Aexte] 24 ] et
Fo} ch2s] MEe] 4 Ak A7)4EA

A8 A7 aFelE JFS vk Sol WA 717] Agw WS

ettt ok BE 7] 7HE2 AR

o

AGEE AP St A A ALgel 13 Aejo] RobAw A A ulg

o)

N

S7F Aol ol= <lsf Al ARGAR] 7] g 9 Q1Y 7] a5 A SIS
Zolot. Al27gelA AmE viel ol o]F sfidsty] 3t thRt dFso] MR
SRRt 71E0] AFSolME FZAste] FAo] WY AlA®lo|al A AAE H|-golut
A8 A7) @32 IH5HA] Lt (Masoum et al. 2011; Hashemi-Dezaki et al. 2015;
Wenzel et al. 2018; Mets et al. 2010). 3t (Sortomme and El-Sharkawi 2011;
Kamankesh, Agelidis, and Kavousi-Fard 2016; Cao et al. 2012) &= H7|*Fst

2 4 A AT W o A7 A8 AR sk et V1A A

- =

B
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SHo= QI FF2 A o] wet DebAY] wieel Hl8= AdstEe ARAE
vl A Al2E FSLE sk =7t Aol AEet T Efo] Fasi.

.ol

AV
N
o)
=2
X
c
20
N
B
B
ofy
r>~l
i)
i
it
2
N
N
20
2

o
H-]
ju)
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(o]
20
N
i
S~
o
S
o,

AAEA] 7P Sl ot Aol A Aeke 7] SAE FHRelAel
AAAE AR o S F1E ATOIAE 1et A7 EAlsA Rtk

ARG G e AR 7)) AGS BE AR A Rl welo]
oltt. WREA WA 717] AR et WF wEte] B e A7t He]

ok

l‘l

ER A2 AE TlolElE Ft AVIAREAR ARGl Bt A Yt

9

B TP TR AR AV19 A7) AEFS TG F AY s

1—

B

AEste] A7IAFsARY] FA S dERe AAske Aol TSk, tiEe] 7l

rok

ALl A8 BE HolES JoR @ AMAAES] A7) g B
AAEA] HH 32 AFS AMeA T B Apel BAL g BF
HolHg FoR Ae A 408 sk ookt 7SR B e me
1Ag A Axge] WA Bale F g AAge] Hy] ae] mlxs YR
WSR2t AgAe] WS W] wE HAo] 4 WS TEshs ARl
Bgo] Aol o2 98] WilA UAG HEZAS Fa) ofd A @
AgAte] BT dolHg BEE old dolHE takt A4 A% HolHg
B8 5 o2 Foll AR JPgY A A)1e] A7) AAget AAAEA A
ARYE Tiekgith ol AASA AR ARE S A7IAREAe

Agrt. o2 A4E A% F17]e] H7] AT AIAEA L A7 oz

ofr

o
.‘

o
_}l_l

A7V 53 detol] we A A7) a3 wsiel Wb A Aadle] mrs

G ok EF 2 AL ALY aFe A A FH ke
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ARGS9 1 dagel) sl Lol

3.1.1 74

Aol ez e ol pAdch s20ds A% 7719 e Sast

A712s2E Sl digk mda AAIR 3
tigt 4ol o]FofRitt. 340/ = A2 2=

25

sl Fto) AgA A HlolEe]

AAR.



3.2 L9

3.2.1 7PAIEA] H%t A 2

WAEAE A5 SRS % N, @ ZAST 2 A2 m & 2] A
el o] W2 baREe] A7 AgFe welsle] g AAAY Fd wEe

gt} ol £ T AZOR Uil AT 2t A rel1,2,..7) ol ZF AgAe

A

wrd BE A={,.,N,} oA A s ek ofmf AR m o] ARE ¢ o

I

She W5 o olr

A VAR RO A N, ol AEAE ART 4 s AR
A%e E={l,..,N,} otk 7 AZE ro] ojmat A7t 71715 olgsherls 87 m
o WF ¢ o et depicy B Aol Rdo] st g HAAES 2]
g e mek oAl AR ERtk (1) AWA 49 AT MR P
Syl AAs A S8 AT ol ARelth (2) FHA £¥ BEL
Sa7h AgAtel WEa aykd ek ohjel AZipER ThE Jl7lelth (3) AMEA
f9el «cde B4 Aol dofd W AgEE Alelth (1) UlEA §¥
DFL A%} 717]0] Abgo] B4 WFo] By o|Fe] Uejdrk (5) Al WA $32

B AgEA] 9w fylde] Hasky pE Wso] olfold el o

-

[e:

=)

1o MY 528 ZAE J7l0lTh Figwe 318 oAl £R9] AA71717L ofEA
718 AHESHAE Lehict,

Wgash 22 A% W2 7]

mln

o KRR ofwE WES she X} Agle
P Aol Tt olid 717] F Qe #7149 QY Fast 9r] YR A

ARgo] ARl meh A DA o= o AT B deelE e Y &

rlo
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oo He P2 AT APgETh AR W ARl whebd el B

A7 71719] 290l ALE] e Aol obnd AY|E AHls QAT AHeE

N Ccdet ol P wrEel Aee AFo] olfelAl Beh Agsty Aol
olRojx A ¢Fe Bl WA P, WES gt olejd 7]7]9] ozt

e,standby

AR} Qe

A Power

Cooking Washing Watching TV Time

e Reefri gerators Lighting Cooking e Washing —TV
(Type A) (Type B) (Type ©) (Type D) (Type E)

Figure 3.1 7FAAIE oA
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AREAE m & AR ¢ oA THEAAIE] diRt S 28E Dl e O1FFL RITHA
ol 2t A 7|7150 A Amo] Folu chat Po] HE Fssick
Ng
Dilppliance,m = ng’ x aé,m ’
P, if e is time dependent type,
where P/ =< P, ..., if € is 'type E'and in standby, (3.1)
D. else
. |1 ifeis using power,
"0 else.
A AREARE] ARE ¢ oA TRAARE] Wit W 2 D = A AR

Appliance
59| FAEOR QA% A7) AbgRe] qoln S Berel WA AbgAke] FhiAEe

et A TR D, © A AREARE] BE AZFOIM ] 7] ARGRFO] gl

Appliance —

wjel TRt Zo] E@ Fslck

Appltance Appllance m

(3.2)

2o

Appllamc Appllamc

3.2.2 A7AEA 4 a9 A

= HEoM AR AE Folle AFE ol8et ool X AVARsANE

AgA olefdt WES T ul dWHeleld A/E cugr BE 9@ &7t

v (km/h) 012 U] GO ¢ (km/kWh) @ o A7|AFEA= 42 of AREE
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14
Py =~ (3.3)
C

AR m o] ShRel A, AZHEE £AE ShY AAAFA] S 7] sl

(3.4)

WA gl FAel diE sbge heat ek A7AEA AR

S St wefe] HEadt VS FHolld EF
2~

o oofn
=
&
o
O
O{N
_>.i
.>rl
N
N
oft
By
Mo
09‘:‘
s
il
)
N
5
I
o
~
|
ot
o,
ol
A

4 A T

home,m ‘—-

=3 Zo] 2dHth:

® =1° £
home,m ~— “end start

1% 4 Aol p,, . AdeIHel 2%
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+PxT° (3.6)

fast away,m

Vv =P, xT.

m slow home,m

2 =74 (Kamankesh, Agelidis, and Kavousi-Fard 2016)= ETHZ A|7}A]

S HERe ARSI} A= S dZEF =1 2 o ZFsk= "d2 FHE
A&loli= H=FO 2 ‘charging as soon as returning’ (CAR) . AR =74 AR

_E['-_
7ol "t A1HE SHA gk Aol olFelrle Adefelnt. & dFolME CAR
Aol o7l ol o8 ¥ Joke 3¢ Y Eotes 497t 34 A%

AlZrol2tal ZH et wetd CAR =] S AlRF AIRES ohadt 2

tstart = max[t

arrlve]’ ' . (37)
where ¢ . is the arrival time of the EV

arrive

TR FH A2 w=2-2 ‘charging at night’ (CAN) HgFo = A2} 1=

AZtol obd 21AJ0flA 244] Aole]l FHE AFSE Aotk of=dt Xl

2
o

AT 214 ool Mol mATCEA 2149F 244 Aol RAsE &

ra
filo

AJEFSEAL 214] ofFof ARIthH =AAZR, . oF 244 Afole] FAfR S

HT

AlFRI. wEkA CAN A=flde 3 Al ARER gs Higoldl gE |

42 FEHEE UEt o2 Ao meshy thewt wrk
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2
f( start ) = a - t?t)art - b’

where a = max[21 ] b=24

> Tarrive

MR S A2F w=3-2 ‘charging when sleeping’ (CWS) Aoz T A|Z}

ok

AIRES Bt 1A BEEAL 3AI] AFEEE et mEts S AR AREe] g
s

W G thewt Pk

[1[1”
1 2 3
t(o 3

S ) =3 Nerh (3.9)

oMY FA AF Azte] AW AL AGATE FH FFsE ARE el
Az 34 £oFS FZAG webd A7 m o] A ol FA A o
2 QAR FAF Dy, & Tt AR TFs stk

! t
DEV w,m — P&‘low X gw,m )
where &' = L if t:l)art st< Z;da (310)
" |0 otherwise.

AgAre] Fsele R AR 07 gl ALHT F4 A HE
AAAEA FAF] A HA A8A m o AZF 1o FH AF 0
AEge © QA A7 ASF D, & THAEC] Agske W7 Aleet

Total,0,m ‘—

A7\ 252 S479] fol7] wizel thaat gk
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t
+DEVzom

]

D]t"ata/ ,m D;Ippltame m

wok W gaate] 17] Eael B0l QI A w7 (A7l Pols

TES AR & e Zlofnh webA ¢ AREe] Y] 850l #folil, i A

aFo] 7 d of AR m o] M w o2 FAPE W oFF MY 87 B, =
chea} o] Aprt
T
me = Z(D;bml,w,m X”t)—i—(Pfast Ta(::/avm ﬁ”’) (312)
t=1
AR m ol 74 TR A E A 8w B, £ 7HEE A7) sad A& 4
23 O Aoz 2 AR A 5 A o & A9 W) 23 5, L
2451} Hefolct
w, =argmin[B, (3.13)
ol#fet 24 T M2 A7l a5 B, °© AFSAR] e AEE] W
izl AHA BE uE Aot Be 7P A7|IAsAte] digt shE S e
Dy, = ZF AR A SRS FAtsto] At 4 Qlck:
N, T
Dy =22.D5, 0 (3.14)
m=1 t=1
mprjero 2 sk A e A7) eeike 7RAAIEe] Abgshe 71 AR

T ¥ T,
A :‘.I ] ll }

32



712 Sz AMEEE 7] AR ©ol7] wieel A (3.2) ¢ 4 (3.14)E

g8 theat 2ol AUt 7Pssith:

T Ny
DTotal = DAppliance + DEV = ZZ(D;ppliance,m + Dt ) (315)

EV,(u* ,m
=1 m=1 "
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3.3 BA

3.3.1 A2 35 HlolH

2 AFe AR AA BT dolEE BAECA olRolxl 2014
ABAIRAPREE  ARSSIATHEAY 2014). & 53,9764 ot dHlolHz 7
HlolEE 17 SASHY HRE vEsto] AgAre] WF Fso] ofFefAe AAE
102292 HoEe). weh =2oli thE dHold s4w 7 7AW ogoltt
A e olse EAR AI57ME oA PP 9 olsrEe 9=
ot & =welde olgAl FoIx 53,976719] HlolHe = ARSAE
HESRe ARESeln AA TAYL olFd ARLER #EsH BRI wHolgltin
7g Rt

ReoA T ARICE WrolA Qe AR FFHolHE BFe o

mEel BE BFS v 7] AEeR T 2 ofdrh mekA AR B
HlolHE N, /M0 B2 ZRIAE 74 ARA m= 7 ARE ol A BEits
St 7PRch AR m S BE AT 4 F o] WF aed B A wEpA
A m O] AZE 1A B ), =a Otk

2 =eold Zh AR FF2 FEelel P el ske A% 1=
RSP b A PEe] Jie N =11 otk FAEY 22 Table 3.1
Uehdt). AR B2 Al FAANAY B, HolMe] 25, olFer Uw +
At 2 d7E 78 AY Aa"e] FFSh] miEel FAACNAMY] gEs
ARetd PEo= WPRe 2<a<8 . SR ofdt Ut RE EEE

oot F5P7| "ol 7e &% a=9 & F7IIn. Eot FAR0l4 ] &
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HAEsh] whizell "ol dojus BE E52 9% a=12 FJHH mptor 2
ArolMe AsAF 2] T2 Fie AASY] wEel ols2 AR olsshe
A% a=10 , 7|8 olgpHer olFshs A a=11 22 o] FF Rl

il

T

Table 3.1: ¥J5 25
Code(a) P
! o)z
2 e
3 Q]
1 474
5 At
6 TV A%
7 A A48
8 2ot 74
9 Slet e
10 A5} 0%
11 71t o)

2 AFoNAE AMERE AAAREAE HlolE] = 53977Holt). o] BE AREA=

747k ZpA0Ee] % mElS ZRR| T QAL Z4zke] 7| ARSERS JHAch oldfje]] Al&dt
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7 Zgoll Holsk= AREAR 4ot AR 717 oA ARERRE A 5397THE
o g olfolZlt) ol AA =71 M8 AYYe] HolE PotHr] foiM=
AA| AMEALY] A7) ARgo] "asty] wjReltt. o] F H7AFEARE Afotal ol
FHol 7hse ARSARE 18,505%8olth. AZ|AREAE FAe| Tt EA2 olzfgl
18,5057 ¢l thalA] o]FolXitt.

Figure 3.2= SrollAl AWet ER/E 79tez 7} Azide] Zb Zgof Fofsh=
A2} 2 HolErh Figure 3.3 Figure 3.29] 7FAsH wjdoltt, gaAst Axpx]t
F2o] ArEel Wole Ao Hl9Al ywz Azl el glom Hole s
ek AArer HE 2Eel cqe et AAXE BE ol Fe, Y o]Fojxit
AEP2 BHE ofde] o]f|RaL TV A, HFEH AR, 2ot AEFY o7t
g5o BHE EZ & zyo] o]Fojdrt. MulFow opyyl AHY, E3] djiio]

AolM Eotee ARl 184 o]Fof W2 F7 &Fol ARt
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Time (h)

Away
——— Sleeping
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Dishwashing
——— Washing
—— Watching TV
Using computer
—— Listening to the music with audio
——— Other
—— Moving by car
——— Moving by other means
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3.3.2 AR BFol W2 Y suF 37

3.3.2.1 A% 717
o] RuolHE T RFEo] B qEAY AR vhe TeT 7
Az 7171 Alel e 7R QlAL offet Rl wWE 7] &HlE Rt 7
Azt 71719 gk w2 Table 3.2¢]
Table 3.2: 242} 717] 3
Code(e) Appliance Type a
1 i) Type A
2 zm 77 Type B 29
3 Zg &4 Type C 3
4 A7) A7) Type D 4
5 AE] Type D 5
6 TV Type E 6
7 HFE] Type E 7
8 ofe Type E 8
9 7€} 717] Type C 9
Wt gol F55 AR fAlshs Hl AR ZHIAIES 4 AA lefof
38 ]2 T}



sl WE] A7) AGTS AR BEel 9L WA g AR WY 4as

7RIt 27 71t A HelA olRolx)s &ES AR BRE &5l askA|w
At Aol wheh "ast g7t oh2r] wige] 7] ARG ERE thErh whebA
el 2= - P 201 2= A p L 08 ROIITE ERE AL
T A et v 550l Hiel B Zart g dieel] MY ARy W
e Py W O1FOIZIE HAIZG QBT Zo] g€ FRO] 7|71E0]
Qo] AR8E7] wigoel ZF AR Q2o disf fEAoR
ZFA A9 (Widén et al. 2009)°]] THEH BE ARgo] 27|77t HU%t Ag a2
Zretha JPgsteete Adtoll= & tol7h gltkh ol2fdt 71715 AR aEE
She BRtellRt A71E AR wiiRel «CF ZHAAIEClTh AlE7Iet A7) AlE7l=
et o gho] omE & AFS AXel| wiiel I W MY S8 WAsh=
DY 7PAAZo|t). TV, AFEEH, 900 59| o7} 77|e A 3 d5S
S off ARSEI ERE ti7AolE ti7]HEE AHlsks ‘ER ZRdAIFEelH. dollHE
Fa=ol 871e] EEol oA olFolAe HE &5S tf FHSH] Folr] whizel
of7]ell &okA] ¢ 7IeF el st 78 A7 77 FEE SRt FAA
o7 M EA ZES (Widén and Wiickelgard 2010)S #3511 Table 3.31 2t}
olfgt wiZf W4 TS Al (3.1) o tHYSHH ZF ARARS] ARFHE ZRAEC]
gt A8 25 & 5 9tk Figue 3.4% BE ARGAFO] AZMHE 7PAAES] A
2

Q5 9 e HojFth obAI7H08:00-10:00)F A AIZH20:00-22:00)0] H-&

Fige 352 YRUIFAN ABaE FU8 dRavpiroldt ok

ol ZASHE a1 A7) WETi ghde) 2o BAS Hold: eheth ol



A|71E HEste] Best) AAp)7lEe] EAska AR gte] Apolel osiA

s Zoe meld

STt A4 gt Bde So =29 A7) AeY B

AV A7t W2 H51E A

Table 3.3: Hj7i#HS 2k

Parameter Value Parameter Value
B 10 (W) K ashing 130 (min)
Bighing steer 12 (W) Lo 100 (W)
P 40 (W) B stanty 20 (W)
Bighiing night 104 (W) Bomputer.on 100 (W)
Zooking on 1500 (W) B omputerstandby 40 (W)
Uishwashing on 1225 (W) Brereo.on 30 (W)
K jiashing 150 (min) Biereostanby 6 (W)
vashing.on 404 (W) Fdiionat.on 11 (W)
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3322 AIAEA H4 53 A2 4

= WE ATl wEw ol B T &L= v=31.33km/h ©]al
ShoflA 7 wol =1l H7AFEA] AR} s} ofo]eYE Vo7 HI|AFEALe]
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ek AP A7) ARgero] mar,

Figue 365 ZE ASAPL 2 34 W o & A4y © AE &
AASA F0% YDy, & HolEth olejgt BAele el FAE s
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ARGARS] A7IAFsARY] SN T BRlE ARAF B2 RS ol8dhke
AZHE HoflA o] 7HsgE AlZtolnt. webA Table 3.4°1A= 7oA A7t
70l 7Fst 18,5057 9] AF wES oA Hul= ARRE, A 23 AR HrellA
Hls ARE oAl APHAR ue] ARSI AREAE BatdoR HolA
57.9%° AZEE Aol EUal 6.7%°] ARk 23 Skl 35.4%2] A2 HiollA

Hifid.
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Table 3.4 Hvt AM&AF B AlZE

& Hl&(%)
ol B A7 57.9
2 Azt 6.7
Hho A HUYl:= A7t 35.4

AEASe] H4 24 AL 9] A7) 23 Haslsls Aolth. A8t
P5 HE] o HH 27 Ake AuEs] o Pl ArAER EHol
et 185058 oA 3We] diEA AEAES Aei WA AgAE
AR HE AT BESE AGASS] Bad GARE Aol Sud ALgAs
A ARgate] Hls) Mol HiEE A|7ko] M1 ule] gl A|7ko] Wi 5] 2
AZvo] W ApgAfolth AMA ALAE Aold BulE A7} 24 A7) HolA
HUs A7 RS RWAel S AkgAe] Z74el ARgAolct olalst 7t fiE
AR [OH HRE AZE Aeeld ms A7 B sk Az Hms

Table 3.59} Ztt.
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Table 3.5: THE AMEAF BF A7H

H]-&(%)
AL
User 1 User 2 User 3
AollAq B A7t 60.4 38.2 50.0
27 AIZF 5.6 13.9 7.6
dho|A] HUj:= AJ7F 34.0 47.9 42.4

Figure 3.7 39| AMEAFS] FA|1AQ1 95 miel-S& YERATE Figure 3.7.(a)ollAl
S ASAL ofdzh A w BEEA A% olgska vl
AR oA ARE EYE B diES H]lth o] titkre] ekt ARgAte] A
oIt Figue 37.0)e14 Urehhs Sui) ALgdtel 9% dRe Ake wol
O}akT Hpell QI A7l e 54 Helh AMA] AFgAe] g HEL Figure
3709 Zol Uehbul A AlgApacis Ajee wol olgaln A
AREATEERE AFEE E olgRith Rl el AL =A W HEA S0les
e e B olzid AH8Ael F5 WHe 548 5o Figue 387 T2

AIZPE 7HRAARE ARGl e ¥ 2HF D

Appliance,m

o
)
>
s
+
39
0
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(b) User 2
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2 AFelME AREARE] 7] aae ARSI flsiA ok AE ARl A7)

Q7L AFES} g A™ FAR= Table 3.69F Zo] AZFAE FLESHT Table 3.7

Table 3.6: A7

= = 2l A%
A (6¥- 8%) Gmod (118-29)
9€-109)
o Hg) 23:00-09:00 23:00-09:00 23:00-09:00
09:00-10:00 09:00-10:00 09:00-10:00
27+ Bs} 12:00-13:00 12:00-13:00 12:00-17:00
17:00-23:00 17:00-23:00 20:00-22:00
10:00-12:00
q2 e 10:00-12:00 10:00-12:00 17:00-20:00
—’—O . | . . . : - :
13:00-17:00 13:00-17:00 99.00-23.00
Table 3.7: 7] 7FA(9)
Al = =, 7= A&
ko Hgl 57.6 58.7 80.7
Z7} Ba} 145.3 70.5 128.2
3 23} 232.5 75.4 190.8
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Table 3.8: ZF AFC] A A7) gF3 24 TH A=

7 A=k User 1 () User 2 () User 3 ()
CAR 8H4 1458 599*
CAN 637 1164* 600
Ccws 506* 1186 605
olgfet 2 T Heha Adshk= e He ARAECA A48 &
=] A7) a5 AdE=R t2r] wigol Adel whet M2 o] S A=k v 4

it olget A A HZF AEjo] ARt HIEL Table 3.99 Attt RE AEo
tisfiA ARl T5%0de] CWS HTFo] 27 Heko 2 vehh= A
ol T2 A7) Hot H7)E G ARgslal 7] 7HFo] W2 A7tef| FHE AlFske

Aol 97 wiolch AR ThREe] 9 AGAHs HZg ARk] Z2st

48 ANl = 1_]| e



o e S ABAE o] Soke Fo] itHow ofa AWAELS
Agete BES Wk ol WE ARk e Higol b HEel sphe AuA
QE AHgAte] etk oleid ditkie] A% WMoz Qs) AL A7) sl
o W3 ARle] Bk Wb CAR Aefolt cAN Aetow F3g oA Hw
kel AgAt A7) aFe] B WG A7l FHE AASHA Hrk B
hel cws Wl HH FA WL F ANSHe wFe] oBF AL uls)

e e olgt Sy AEe w3 At okl ARk 7o) A7 adel Holrt

Table 3.9: & A= H&

2F CAR CAN CWS
qF 5.77% 9.91% 84.32%
B o7k 6.13% 17.81% 76.06%
A& 6.30% 8.37% 85.33%

N
i

A7te] A71A Aol HH A Azto] AFLAS] EAL BEH AL Table
Aol AgASE AR E A2} SAEA

b QEolal JiolA e AlRte] WAl 2AIRES

ra

3.10¢} 2t} CARo] A =
Aoz HoA A= A7k

Be ME ohith CANel HH A ARl ASAEL WA dE AEast

rlo
ol

49 - 21l



FABA 2ARbe] ThE & eto] 4 F7 M2kl ALl s W el

—

Hils Aol At mirEter TR @2 HlEs AAske Cwsvt

iy
N
o
(e}

AgARES A HIE ARSAReE AR Fold Huie Alte]l Aal 2]

1—

Table 3.10: A=FH A2} B A]7H

H]E(%)
HES
CAR CAN cws
oA Hul= A|7F 51.3 46.0 59.7
27 A|IZF 6.4 9.9 6.3
dho] 4] R A|7F 42.3 44.1 34.0

A AL BE e B kS A

Table 3.119F Zrh. FAEA] 42 4 Mfor g 4 M=fe] Hluwo digt

% gick. olo] ujsh CWSeh CASE 2 Folh U] 4 S8l Bt 71l olt

3.8%°l =357 wiEell 71w Aol webA Ad"o] vHE 7Hs/do] k.

50 A 2-th



Table 3.11: Z2F 7t 6] =}o]

ek CAN- CAR CWS - CAR CWS - CAS
qF -34.2% -48.4% -21.5%
= -6.7% -10.2% -3.8%
A& -21.2% -35.9% -18.6%

o] wizel olE VlEer A S el AolE dokEd. Figure 3.92
Be AL BAEA] 92 ARl CArRS Adske Wi A S A=k
2t Ao wE & ARAR] shE A7 gwol dAniy AHEEA]

Holzntk, #2922 B oFelle 49.93%, A2ols 37.07%, =Y 7heole

)
o

13.09% dofo] Hr}. o5 1d T2 AHHETH 34.83%9] 97 Aofo] o]F]+=

=1

ol

T}

7

& 5 A AAST A= HA A A A" mhE A7) a5 Aele

=

)

sbemct At ol WA A9l WY 400} B SRt 487 ALo]
o] 5 Ae AR o2 AL WA A7ke] A7) AL o] WAL 5]
mjRolch, webd H7AREL Bge] mE 7] Qg0 ZUlet 13 4e9] FM=

48 4 A2k Fof mUE 2 5 ek
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Figure 3.10% A4 AHAe] 81 5eke] & A Anjake AZMER HojEr)
Ol 3 (Do + Dy ,) S ZOD ARTO] Hok A5 moz <l
7oA e] e 2l AHOR 31% FUISIYCh 7PAAEEC] iR opgolut
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Table 3.122 A7|2Fs2F T40] e 7499 gl& -5l s PARE HolEt
A71ZAHEA7Y ¢hg o PARS 1.630]1 AREAPE A S HRe AU HS
4.3%7% S7¥er 1.700] Hi= A& & 4 Uk sHAY weoF BE AREAL BAIEA]
e CARHTEZ AHEHS ¢ PARS 1.952 oF 19.6%2 J7FH B2 & &
Ark. weEbA 2A A degE Aok A2 A7absAr 4 801 =7 ]

nAE gEe LdlE o we S8siHE A & 5 o
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Table 3.12: Peak to average ratio

Z2F PAR
Appliances only 1.63
Optimal strategy 1.70

CAR strategy 1.95

3.3.3 UgE 2A

WAASA AS AAHOR TS P e AT WAATHY B

rr

o] Z otk watx A7|AEA BHFEA o] wE AgA A= n)F
ggkol| Tl Lotkr] Q3 Table 3.139F o] HgE<] w2 PARHSIE Lot

ol Figure 3.11% Zo] YeFHth 10%%o] Hygo] Hrhal strjete A e

ri

3.67% S7FoHA[NE o] BAER] ¢= A-fole= PARC| S7kste & & 4 Sl
gk A REAE 0%EFe] H A HA A7) AR 214% FUleh=d]

CARAZFS 9 749 PARVE L631H L&72 Z71e 22 B 4 ek st

M)

HA A ASE =T A9 PARZ 1459 Bt HgEo] Solds A9
AHE2 FHs] S7ke skl AHAIAH] REE TS 4 ok ST BE

Haggol disll draksate] 5ol FAEA edte A HEot A S dEe

54 -":l'\-\._i 'k|:'.|.!é



Table 3.13: 4t o] whE = AJAH] o

T

[}

A 7| A==
A7 A} PAR PAR PAR A7) A =}
H|-& (Appliance) (CAR) (Optimal)

10% 1.67 1.59 3.67%
25% 1.73 1.55 8.86%
40% 1.78 1.50 13.46%
55% 1.63 1.83 1.47 17.62%
70% 1.87 1.45 21.40%
85% 1.91 1.58 24.84%
100% 1.95 1.70 28.00%

2
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% s
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Agoll= ol ArRt A AR E H" HolEE Higer 7
AR ZHRAIE S Y aHlRe =SSO ARG Ale] E wEle] g7
el AZHE HE AR 7P g2y J-oE iR gk ARSARS ofd
== ol A4l oz Fovie AE ddS R 7] diEel Wele
THIAIES A ARSeE, &2 A AREE EHE & FZAEe] 571 A AYele
7ol B2 BEe okl W2 HIAIES ARSI miel w2 AV1E ARgshe
= & 7

& HelHE 245t A7IAFsAE ol8dt ol ARbE Aldsta ol

A

LSS

st
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ju)

tgez 74 ARgARe] A7|AEA $4 #8E EESIH ol o A7IAsAl
o] MY AAdlol| mX= JRRS AWESITE A7AEAE e Hgo] Hohd
A A 2HF2 &8 PARZE 2% S7RIY 53] SAHEA o2 54 A=l
CAR 730 A2 ol =oteat vkt S AR o] mwizo] b= ARgAtE
2 Hiseh Aol oz Foted I ARR2 HiRRe] ARSAPE B2 el

718 AHlSke AlRelH 371 7HAo] BigE Algte|tt. o]z AREARY] &2 A7

olelgt BAIE Al el BE dfEio] 2] OE 7} A48 Wa vt $7
A 7o) A7) gBL Mlwsle] Ao FL Hirsls HNH 24 AL

THIAIE AR, A71IARsAR S a8, AHold AVIARsARE S3do] Thed ARbE
ZHRAIAL tE e ofuiehtt. whebA Zb ARgAre] XA S A2 dE wiEof

et g "oy AEuig A2 25 ARl t2r] miEel Al webd Zt
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SWOE AT Aoro] AN V26 AFeIAE olefadt A FH M Fe Aol

2ol JelE9} VoG 714 BE sht olgel HE FaASw ol A
AOER o Fol7l AZglo|n A ARgALe] 7] AHgel et 717] 7] &
A7) 2ol zizpe] ofuiA] Av] 2AEE ARl G ulek oleid AR
22 HAe] U] av] 2AEY BAL AY ngoz wdo] Fhsslt
o B B0 AL AN HA FH A
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Algorithm 1 Iterative Algorithm for Optimal Solution

Initialize x,, VneN
‘While no user update their schedule do
For every user do
Solve local optimization problem
If user changes schedule Then
Update X, and broadcast to other user
End if
End for
End while
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Table 5.1: &4 7}2Jo] wigt o]g (el 4 9)
Al 1 2 3 4 5 6 7 8 9 10

V2G 1220 [ 2320 | 3473 | 4622 | 5672 | 6473 | 6803 | 6327 [ 4564 [ 821
Wait 1132 [ 1728 | 2389 | 3149 | 3767 | 4021 | 3655 | 2295 382 0
V2G -1006 | -321| 362 986 | 1463 | 1659 | 1376 [ 328 [ -1898
Wait 100 [ 214 459| 682 773 641| 153 0 0
V2G -2577 | -2170 | -1800 | -1516 | -1400 | -1568 | -2191 | -3514
Wait 0 0 0 0 0 0 0 0
V2G -3676 | -3456 | -3287 | -3218 | -3318 | -3688 | -4475
Wait 0 0 0 0 0 0 0
V2G -4440 | -4340 | -4299 | -4358 | -4579 | -5046
Wait 0 0 0 0 0 0
V2G -4966 | -4942 [ -4977 | -5108 | -5386
Wait 0 0 0 0 0
V2G -5324 | -5345 | -5422 | -5588
Wait 0 0 0 0
V2G -5563 | -5610 | -5708
Wait 0 0 0
V2G -5721 | -5779
Wait 0 0
V2G -5822
Wait 0
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Table 5.3: &4 712l that olg Azkee AEA(RSL A 9)
Al 1 2 3 4 5 6 7 8 9 10

V2G 1220 [ 3183 | 5545 | 8297 | 11355| 14490 | 17232| 18706 | 17368 | 10607
Wait 1481 | 2644 | 4167 | 6267 | 8454 | 10363 | 11397 | 10463 | 5745 0
V2G -1471 | -321| 1019 | 2507 | 4033 | 5368 | 6085 | 5434 [ 2143
Wait 200 | 465 | 1080 | 1737 2312 2621 | 2341 | 923 0
V2G -3176 | -2524 | -1800 | -1057 | -407 | -58 | -375 | -1977
Wait 0 0 0 0 0 0 0 0
V2G -4248 | -3896 | -3534 | -3218 | -3048 | -3202 | -3982
Wait 0 0 0 0 0 0 0
V2G -4916 | -4740 | -4586 | -4503 | -4579 | -4958
Wait 0 0 0 0 0 0
V2G -5327 | -5252 [ -5212 | -5248 | -5433
Wait 0 0 0 0 0
V2G -5576 | -5557 | -5575 | -5664
Wait 0 0 0 0
V2G -5725 | -5733 | -5777
Wait 0 0 0
V2G -5811 | -5832
Wait 0 0
V2G -5H858
Wait 0
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Table 5.5: 4 7Hl tigt o] AxR-H2 HEd (29l A 9)

Rl 1 2 3 4 5 6 7 8 9 10

V2G 1220 [ 1539 | 1777 | 1899 | 1862 | 1611 | 1079 | 180 [ -1189 [ -3158
Wait 7931 916 979 | 959 | 830 | 556 93 0 0 0
V2G -494 ( -321 | -232| -259| -441| -828 | -1481 | -2475 | -3904
Wait 0 0 0 0 0 0 0 0 0
V2G -1844 | -1780 | -1800 | -1932 | -2213 | -2686 | -3408 | -4446
Wait 0 0 0 0 0 0 0 0
V2G -2904 [ -2918 | -3014 | -3218 | -3562 | -4086 | -4840
Wait 0 0 0 0 0 0 0
V2G -3730 [ -3800 | -3948 | -4198 | -4579 | -5126
Wait 0 0 0 0 0 0
V2G -4371 | -4478 | -4660 | -4936 | -5333
Wait 0 0 0 0 0
V2G -4863 | -4995 | -5196 | -5484
Wait 0 0 0 0
V2G -5238 | -5384 | -5594
Wait 0 0 0
V2G -5521 | -5673
Wait 0 0
V2G -5731
Wait 0
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Abstract

Economic Evaluation and
Optimal Operation Strategy of
Vehicle-to-Grid Technology

based on Users’ Behavior Pattern Data

Sangmin Yeo
Department of Industrial Engineering

The Graduate School

Seoul National University

Eco-friendly vehicles, such as plug-in hybrid electric vehicles (PHEVs) and
electric vehicles (EVs), are becoming increasingly common as a response to
mitigate the environmental problems associated with fossil fuel use. The increasing
number of EVs has both advantages and disadvantages. The aims of this paper
are to identify potential problems resulting from the large-scale diffusion of EVs,
investigate methods to reduce these problems, and develop a model for economic
analysis. In particular, vehicle-to-grid (V2G) technology is explored as a way to
help solve these problems, and optimal EV charging scheduling strategies and

economic values for V2G are derived using actual behavior pattern data of Korean
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users. On this basis, an optimal investment model is proposed. From user behavior
pattern data, electricity consumption by time, EV operation time, and the
available time for EV home charging can be derived. Behavior pattern data can be
used to derive users’ electricity consumption by time because household appliance
use depends on activities. Based on the driving time of the EV, charging demand
can be calculated, and information on individuals’ location by time makes it
possible to determine the time for home charging. Based on these results, the

optimal charging strategy is derived by comparing the electricity bills of each user

for three different charging strategies, with the electricity rate policy fixed by time.

The impact of different charging strategies on the power grid and user electricity
bill is examined, and the effects of the optimal charging strategy are evaluated.
Based on the user behavior pattern data, a model is developed for determining the
optimal EV charging strategy for each user with a real-time electricity rate policy
according to users’ total electricity use on a smart grid system. When users share
their electricity consumption schedule and the electricity provider determines the
electricity rate in real time from users’ total electricity use, each user’s electricity
bill is affected both by his or her own electricity consumption schedule and by the
electricity consumption schedule of the other users on the smart grid system. This
situation can be formulated as a game theory situation, and each user will make a
decision that maximizes his or her payoff. An algorithm for finding the Nash
equilibrium in this game model is developed. Through this, the economic value of
the optimal EV charging scheduling algorithm for a smart grid system is
evaluated. When V2G technology is introduced into this smart grid system, where
EVs can be wused as an energy storage system, the optimal EV
charging /discharging scheduling is derived, and the economic value of the V2G

technology is evaluated. V2G technology, which can help mitigate the problems of
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power grid overload problem and EV users’ electricity bills, is not widely used yet
for reasons including the low market share of EVs. In this situation, an economic
analysis model for V2G technology adoption using the discounted cash flow
method and real options method is proposed. Since the real options model
considers volatility, it enables more flexible decision-making and has a higher
value than the discount cash flow model. These attributes of real options are
suitable for the adoption of V2G technology, which has a highly uncertain future
cash flow. Through this model, under various circumstances, each user conducts
an economic analysis of V2G technology and decides upon investing in V2G

adoption.

Keywords: Economic analysis, Game theory, Real options, Infrastructure
investment, Electric vehicle, Vehicle-to-Grid, Simulation, Optimization, Industrial
engineering
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