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1.1 Role of Transportation in GHG Emissions Reduction
KNA(1%("'410/1%(+";/11"*%!"=54(";/ &Y ?(;/+54(";"4/1+%&'4(1 1%&; (34/"L; " 4/>1"* %!
KI'%(/;"41;$14#% (271 22%/&7!"/""+!://0;$!'503%"&; " /% (2 TA%&*/4$42719% (+5% & 8YHIFGRX

A
!



DREE:/;$7LY%+1:/115(%+%/+18; ("40+1+&%/; ("4+1;/11+'(;'%2"%+1'4120"1%!54%$" & 71=:PY%(+1"/14(1%(1'4!
&*"%68%!"*96143h%6& "8%1421$"=""/21"*0/! BRAG BHH6=5%(;'0(%!("+%!"4IFil @ A* %! FilA1*: +13%6%/!

IV A0(HZ++%++=9%/1Q54 (1421 *VBRALBO(/=%6/ ;$19:/%$I4/1NS"=; Yol %,/ 2061 B*" &I B; +!
:2(%%113718:("40+BB(/; " 41:$1248%(/=%/'+!"I&$01"/21*%IM@I@!"/"* %\ N 45%/*: 2%/ BRIEG(1!
/110617 1&ONNZ2(%%=%/+DRSC>1DRERG/"L % 113T+06IM/" % 111:" 4/+ IV (;=% B4 (P 4/8%/"'4/!
A/N$"=:"%17:1206) MIVAM-@!
<:+9%114/I"%H#AQIFGRXI=A1DUBE+0$+>1"14(1% (! 41, &*"%8%! * %! &: (34/1%="++"4/+]
24:$+N';(2%'+124(1$"=""121"%1:8%(;2%!2$43;$!"%=5%(;'0(%!"/&(%; +%!'4IFil\ fF\J1I&Y%/;("4g-1?(4=!
"0/013;+95" /%! Uil I&6/; (41, FUNIII&6/; ("Ag-1B*"&*1"+1:/1960'%/+"4/1 421* %1 &O((Yol ! (Yol 1+> 194!
54" Sl (Y1410 (;/+5A('; " 4/1+%& 4(1421%%!148% (;$SIM@ I @V EF1%6="++"4/+1/%%1+!'413%!FH
59%(&%/137IFGXG>!;+1+*4BiEUre 3@!C*%(%; +"/I'%(=+1421'%&*/4$427);+1+* Aiglive 4>!
(%/%B;3$%+1/%%1+!'4154'%/" $$71&4/'("30'%! TG!5%(&%/"'4B; (1 +IFilN+&%/; ("41%="++"4/!
(%108 4/+@!K/!"™%1;3+%/8%6142106224(+1'41+";3"$ L0l =4+ 5*05("&1&4/&Y6/ ;" 4/1421e:e+>1;8%(;2%
2$43;$!'%=5%(;'0(%!("+%!;348BIHOH (" $!$%8%$+!"+!5(4h%& Vo 1! SHA6LEXI@ XiN"/1"+ 061 $4/2!

'%(=1," @%@ ?'%(IFRGG-!, ORFBRIIPA(1=4(%! 1%";"$+1;:340" +8%/; ("4+1:/11;++0=5"4M-@!
!

M Transport (28.78%) ™ Commercial (2.65%) ™ Residential (2.45%) Industry (7.96%)
M Other (11.22%) H Power (46.94%) 6DS!

Emissons (GtCO2)

0 1 L] T L] 1 L] 1
2015 2020 2025 2030 2035 2040 2045 2050

Time (Year) I

I"HSYO&I I SY& () (+),-.!, (+(01)2/"34, 1, 1"HSY6&'(J*+1"



® Renewables (3(),'08%) . H Carbon capture and storage (17.28%)
m End-use fuel switching (14.63%) End-use fuel and electricity efficiency (31.50%)
6 = Nuclear (6.50%)
5 P
N
O 4 e
O
=}
e
€ 3 -
]
n
2
SR
1 - 2DS
0 L] L] L] L] L] L] 1
2015 2020 2025 2030 2035 2040 2045 2050

Time (Year) I
"#S%&!"#1$1"%& ' ()*+*,-".*)/0123/1*)4"/*56074"891441*)4".&73'/1¥)4

1.2 Hawaii Energy Scenario
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m United States = Hawaii
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1.3 Hawaii Clean Energy Goals and Targets
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1.4 Global EV Scenario!
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1.5 Research Objectives
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CHAPTER 2. !"#$%8&#'%$(%%$)"$*

2.1 Studies on PHEV Electricity Load (Energy) Impacts Using Different Charging Scenarios!
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EV Charging Profile Description
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EV Charging Profile Description
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2.2 Studies on PHEV Economic and Emission Impacts
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2.3 Electric Vehicle Charging Studies in Oahu
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&*:(2"121$4&: "4 * 4=\ 4(1BA(P-31'%(718&;5;8"7):/11"=%1:8;"$;35%! 2&(t (2"/2 @) %*"&$%!
&*:(2"/21+"=0%;"4/+1B%(%!"*%/15%(?4(=%110/1%(!'B4!+&9%/;("4+[| 3B+ I 0B!, &*; (2% +!

24 +H154++"3$%0! +14+44/1:+ 4% 71 (%o &H1H06" (18 (2"121$4&; "4/ 14(145"=;$! &*: (29611061 3%6+']
"=0/h+110("/2*06B"/14B!B*%/1"0%7!;(%15$0220611"/1; 14061 &*; (2"/21$4&; "4 @!

K/ 4+14+'017>1'BA1=41%$+!1421*06154B% (1+7+'%=!B%(%!"=5$%=%/'%1@'E/%!=41%$!;++0='
#)14B/%(+15:"1117/;="&1%$%& ("&"715("8&Y%+1%D0; "4 1*" +'4("&: $I*40($7!=;(2"/;:$!&4+"" IFGRS>!
SLIHIE * (21211 LY AN&*; 2% %+ 0615(" &%+ @ A*Y%14+06(10+9%11;1+055$71&0(8%!24(1%$%& ("&
3;+06114/1*%!5(45%(" Yo+ 421 %1 E;*012%6/%(; " 4/1+ T+ %=, "1&$01"/219%60"+"/21B"/ 11/ 11+4%; (!
06D0"5=06/"->1;/1145"="L%11#)1&*; (2"/21"*(402*40'" 05! 1;713;+ %% 114/1*"+1+055$ 7| QO R%HD>!

&*:(2"/21;55(4:&*%+B%(%!&4=5:(%1@!

3.1 Electric Vehicle Data Characteristics
A*%!#)!1=41%%$!1%8%$45%1!"/'"*"+1=41%$>!"1%/"?"%+!;/1!1%8%P$45+!+%8%(;$!"=54(";/'"'8%

(%5(%+%/'1;1$; (29%61#)12$%%' @ M+"/2!"*%!: AJIFGGH!1;';+%">!; 1+ (T4 EMHt4 712!
45%(;"4/+1%0'(;&'%1!1;":14/1:$$! %! ("5+1=;19%!37!"/1"8"10;$!18%*" &$%+14/1"/1"8"10;$!1; 7+ @!J%8%

"19%/"2"%1@!J"=5$%!=41%$+1421#)(%5$: &Y6=0%/"+124(1"* %1 24++"$120%6$18%*"&$%+BI6 (%! *%6/18
41%1=41%$I&A((Y%+54/1"[21'41%; &H18Y6*" &SY6!+ LI &S; ++ @ 1#; & 1#) 1B: +1:++0=0%11"41*:8%!: I RGG!="¢
%6598 ("&1(;/2%>1: /192" & %/ & T3 +% 1141+ 1: (11=41%$+124(1%: &H18%*"&$%6!+"L Y @' <: +%114/1"*
="$00+11("8%/1;/ 11 %!1'75%14718%*" &$%>1"*061:=40/14219%$%& (" &" 71" 1B40$113%!(%D0" (%114/1%:
896*" BB " ?1+0612:+4$" %N 1"%+96$18%*"&$%! BY%(%! (%5$;8%11371:/14)1B: +11%'WESb 1 @ Z$$!5.
#)18%*" &BUT +1BY6(%6! 06/ 1; ++"2/% 11'41;120%;+"3$%1&*; (2"/21+ CHEIBBIR>! %68%S$!F;>14(1 %8%$!
F3-11965%/1"/21054/1*%1$4&: " 4/1421&*: (2"/2! *4=%14(1BA(P-@ ' A*%+%!+%5+!: (%!1%+&("3%1!"/1=4
196':"$13%$4B @' A*%+%618%*" &$%! 2$%6%6"+1; (%6!* %6/ |~ AT B BFIEL 14 YE3%6!+96(8% 11371 *%%6!
54BY%(1+7+%E@

|

FG



3.1.1 Electric Vehicle Data and Assumptions
A*%!1;"4/;$":40+%*4$1A(;8%$!J0(8%7!,1:AJ-1"+!;1/:"4/;$1+0(8%7!+54/+4(%1!37!"*%'M@J@!
\%5;('=%/"14?!A(;/+54(;" 4N \EA-@!'1:AJ'5(48"1%+!&4=5(%*%/+"8%!1;/1'48%$!;/1!
'(;/+54(;"4N5;" % (/+!" "% IM/"%11]";'%+@ ! A*"+11%";"$% 1" (;/+54(";"4/'1;";1" /8% 4( 7" +!
503%$"&%$7!;8;"$;3%$%!;/11&;/'3%!43";"/%11?(4=""*%!1:AJ'B%BSHRA(!"*%!+'017!7%;('FGGH@!
LAJV(G/H54(0 MANL; 1 %$5+!(;/+54(;"4115%;/1%(+>!;&;1%="&!(%+%;(&*%(+>!;/1!54$"&7!
=;P%(+!'"410/1%(+";/115%(+4/;$!"(;8%%!3%*;8"4(!;'I"*%!"/1"8"10;$!;/1!*40+%*4$1!$%8%$>!;/1!
1 87L%!"*%!"(%/1+!"/V(;8%$!&*;(;&' Yo ("+"'&+148%(1""'=%>!(%3$;' %! *%!'(;8%$!3%*;8"4(!B"*1'*%4!
1%=42(;5*"&+!4?1"%!'(;8%%$%(>!;/1!"*%!1%=42(;5*"&+'B""*!'(;8%%$!48% (I"'=%@!
|

3.1.1.1 NHTS Dataset Characteristics
A*%!1:AJIFGGH!+0(8%7!B;+!&4/10&'%1!48%@ARD%("41!?(4="];(&*IFGGW!
*(402*%1Z5("$IFGGH!+4!1"*;"1"051+%;+4/;$!'(;8%$!8;("; " 4/+!; (Yt &85 (Yo +%0/ BT EDH0(8%7!
&48%(%1!;$$!=%=3%(+!4?1+%$%& % 1*40+%*4$1+!?4(14/%!1;7>!;+P"/2I"*%=1"41$"+'l; $$!"*04!'("5+!'
=;1%!4/''*;'15;("&0$;(1+'017!1;7 @!A*%! (%+0%$'"+!;1&4$$%E& " 4/14?1+/;5+*4'+14?14/%! 1;714?1'(;8%$! ?4
RXG>RSal*40+%*#$P@0(8%7!*,¢B%$!1;7+!;++"2/%1!1?4(!;$$!+%8%/!1;7+14?!"*%!B%%P>!
"1&$01"/21*4$"1; 7+>1'41(%5(%+%/'!'(;8%%!;&(4++'B%%P1;7!;/1!1B%%P%/1!8;(";"4/+ @!A*%!1;";!B;+!
&A4%$%$%&'%1!?(4=!1+0(8%7!"/'%(8"%B+!?(4=!;$=4+"RXG>RSa!*40+%*4$1+!;/1' TXR>FaX!5%(+4/+!",
+'%+1;/11*%N\" +'("&"1421M$0=3";>6Y(1%("'4!(%5(%+%/";$$!2%4 2 (;5*"&; $h¥GB1Z!' 75" &;$!
F40(1'(;8%$!1;7!"+1?(4=IS[GG!Z]!4?21"%!1;7!;++"2/%1!10/"$I T[XH!Z]!4?1"0%!?4$3$4B"/2!1;7@!
VA40(!=;"11;"1?2"$%+!;(%!;++4&";'%1!B"*1"*%!IFGGH!I:AJ!1;" H%'[
|
1. Household File:!\;";!&4$$%&'%1!?(4=1%;&**40+%*4$1!,4/%!(%&4(1!5%(*40+%*4$1-@!

2. Person File:\;";|&4$$%& %112(4=1%:&*!"/'%(8"%B%11*40+%*4$11=%=3%(!,4/%! (%&4(1!5%:(!
5%(+4/4@

3. Vehicle File:\\;';!&4$$%& '%1!?(4=1%;&*1*40+%*4$1_+!18%*"&$%+!,4/%!(%&4(1!5%(1*40+%*4$1!
8%*"&$%-@

4. Travel Day Trip File:\\;";!&43$%&'%1!?4(1%;&*!"("5!;1*40+%*4$1!=%=3%(!=;1%B@/&D$;(!
'(:8%$11:7),4/%! (%&4A(115%(V'(;8%$!1;7!15%(+4/'("5-@

FR



! PERSON FILE ! TRAVEL DAY FILE

o NA[HIA/%)(%&A4A(1! o NAL[+141%)(%&A(1!
! 5%(15%(+4/ 5%("'(;8%%$!1;7!
o NE(&'U("+"&+!47! . 5% (+4/1'("3!
| 5%(+4/% I o \;"$7I'("5+1:/11*%"(!
HOUSEHOLD FILE! o CAPY%(IKI?4(=;"41 &%, (&% ("+" &+

o \("8%(IK/?4(=:"4/!
. RAJIHIAI)(S&A(LISY \C8Y%(K/24(= "4
*40+%*4$1! o NO+'4=%(1+"+2,&" A

. 40+%*4$1! ! ' !
&>, (& %("+" &+ ! VEHICLE FILE

* [ 40+%*4$1!=%=3%(+ |, |
o NALH14/%)(%&4A(115%(N |

! ' 8%*"&3$%!

I L[ \51(%$;%11'41%,& %1421 %!
*40+%*43$1_ +!18%*1&$%+

* |;P%>1=41%3$>17%;(

* Z/10;$"L%1!8%*"&$%!+"$%01

o E14=%'%(!(%;1"/2+

I"HP%&" "HS%&" (()"*+,+"-.10"&, 123, 2K G
!
VA% (%+%: (&*1:/:$7+"+15(%+%/'% L 1*06(%6>1* 061 1. +96'12"$%+1) %*"&$%!12"$%! -/ 1IA(;8%$!
'("512"$%61°9813%6%6/10+ %1 @! A*%6+%6!2"$%+1"/1*061\3;+96124(=; 1B%(%!43";"[%112(4=!"*%!: AJIFGGH!
B%3+"%@

1. Vehicle File (VEHV2PUB):!A*%!+;=5$%!+"L%!4?!"*0%!1;":+%'"+I TGH>RUT!(%&4(1+@!A*"+!1;":+%'l
&A[";"[+!;(40/11UR!0/"D0%!1;":1;"("30'%+!"41(%5(%+%/'1%:; &*1*40+%*4$118%*" &$%o+!
&% (:& Yo ("+" & MBAE!=4/21;$$!"*%1:" ("30'%+>1+"01;" ("30'Vo+ ! +1+*4B/1"/1A; 3$%!U'*:8%!3%%/!
0"$"L%1!"/I""+04'7! - EMI#K\>)#:K\>)#: Ap9#>IAQZ)\Zp>IA\Zp\ZA#> /1 1<#IAIK #-@!
Z$FA02* I 1"+ 1 141,311+ %' >ISUXI8%*" &$%! (%6 &4 (1+!2(4=1::B;""1; (%! $+41"/&$01% 11"/ %!
1, +%'®@

"#$%d& Description of I"#$%&"' ($&driables

FA



Variable Name Variable Description

'EMJ#K\! #'2*'11"2"1*40+%*4$1'K\!/0=39
)#:K\ | )%*"&$%!/0=3%(10+%1!?4(!'("5
)#:Ap9# ! )%*"'&$%!"75%

AQ2)\Zp! A(;8%%$!1;7!1;'%!B"*1=4/*1;/117%;(!
A\Zp\ZA#! A(;8%3N\;7IN\;714?1C% %P

<#JAJK # <%+'1%+"'=;'%!47?!;//0;$!="8%+

. Travel Day Trip File (DAYV2PUB):!A*%!+;=5$%!+"L%!4?1"*"+11;";+%""+|IR>RUa>TFR!(%&4(1+@'A*

1;;+%'"&4/';"[+'RRF!0/'D0%!1;";1;"("30'%+!"41(%5(%+%/'1%; &*!"("5!;1*40+%*4$1!1=%=3%(!

*111+H017@!, EMEK\SD#K\S)#ApI#>NQ)QqV e> A\Zp\ZA#>IAQZ)\Zp> JAQAAK]#>!
HIAKJHSI\CH AK#>IAQIIK #J>1AQ) q]KI>1ZCZp:EJ#>IAQK9IMQO>IC:pAE>!C:pVQE]-@!
Z$ 40251+ 1AL 1L+ S IRSHAT! ("5 (%&A(1+12(4=1:B; ™! (%! $+41"/&$01%11" /%)
1496 @00+ 2"%$ 1 +IABOL+% 11" \=4(%!1%";"$!3%$4B@
!

A*%I'BAIY++%/" 11, +06'12"$%+1&4$$%6& % 112(4=1"*%!: AJIFGGH!'(;8%$!+0(8%7!1;';3;+%!

B%(%!$"/PY%11B"*19%;&*14"* 0 (10+"/21"06!&4==4/18:(";3$%+: EMJIHK\>)#: K\> 1/ 1)#: Ap9#!; +1;$+4!
+AB/1"11(% 2% (Yol SRR X F@E0(124:$!B; +1'4143":" /1118 4=5$%'%!$"+'1421'("5+1=;1%1371%; &*!
8%6*"&$Y%0!" /1" V1+0 (FTBRLEL" /2! BX ) %*"&$%!2"$%!;/LIA(;8%$!1; 7!'("512"$%+1&;/13%!$"/P%1!B"*!
0;8*14"%(10+"/21*% 1 EMI#K\L/11)#:K\I&A==4/18;(";3$%+@! Z!+%D 0%/ & VG2 &84 +"/2!
A5%(;"41+>1:+1=%/" 4/% 11" "% /% @Wh&." ABY(%!5%(?24(=% 114/ %1: 348%! 1, +%'1"/14(1%(!'4!

060" &1 01(%D0" (%111;;>1"*;"1: (%!/%&Yo++; (PO A5V 421" +1(%+%; (&*1+'017 @

3.1.1.2 Data Extraction from 2009 NHTS Dataset

1.

2.

VEHICLE TYPE: K/!'*"+1+'017>1"061'75%+147?218%*"&$%+1"*'l: (%! &4/+"1%(%1!; (%! 1"8"1%11"/'41240
&;'%624("HoX TIH++AB/1"/! I'HSYHE@I V6! *40+%6*4$118%+"&$%61 2$%%6' B*" & (%5(%+%6/'1;1=:h4(!
54(" 4/ 142101 (;/+54('; " 411+ % & 4(12$%9%' ! (%! (Yo+54/+"3$%!124(1:(40/1IXG Y 14210 IM@.J!
e(%%/*40+%!12; +1%6="+HEBHV6+%6!8%6*" &$%+1;(%6124411&:/1"1; %+ 24(1%$%& ("?"&; " 4/>1:/1!
*0+1B%(%6!&*4+%/1"I*"+1+'017 @

"HSYIE HS%& ()*(+,"+-"./0123/"45'(567$

Variable Name | Description Code/Range

Y ApO# ! A75%!4?1)%*8.$] GRINZ0'4=43"$%N&; (N+;"4/1B;24
GRI:/,="1">1&: (24515 ++ %6/ 20K -
GTIrJI54(+10"$"718%*1&$%
GS!r19"&P05!"(0&P

VEHICLE ID: K/1"8"1018%*"&$BH"/1%;&*1*40+%*4$%!"1%/"?"%1!137!;!0/"DO%EB2"!
10=3%(@!A*"+18;(";3%%!&;/13%!?40/1!"/134™*1"%1)%*"&$%! ?"$%!; /11" %! A(;8%$\; 7!A("5!?"$% @

FT
!



/01505 (4&Yo++"1215* + 96T %&A(1+&A((Yo+54/1"/21'418; SERGIZ55(45(";' %! +P"56>!f
ag!,Q%?0+%1-1:AMg!,\4/s'IP/4B-1*;:8%13%%/!1"+&:; (1%1

"4V HSY& ()* (+,"+-" J01#"23'(345$

Variable Name Description Code/Range
)#:K\ | :40+%*4%$1! GRFWIr:40+%*43$1!)%*"&$%!0+%
)%*" &$%!IK\ '("5!

DRIVER IDENTIFICATION FLAG: A*%!(%+54/1%/'+B%(%!;+P%1!1Q8454$2 2! *%7!B% (%! %!
1("8%Q(1;15;++%6/ 208 (1% "15: (" &O0S; (1'("5!"/1"%!5%(+4/;$$714B/%118%*"&$%!, 9E)- @ E/$7!"*%!
(%&A(1+1%8"1218;(";35%!8;$0%+14 2 fGREHFAOIRL! +11("8%(-|BY(%6! &4/+"1%(% 1124 (1" +!
+017@!A*"HBLA/%!'41%/+0(%!"™; %o;&*!'("5!371%; &*18%*" &$%!B;+"/&$01%114/$714/8&%>!

MHSOAR IS8 (&)*+), +1-.-/012+34%&456"

Variable Name Description Code/Range

\Q)QgVe! JO3h%&'B;+! GR!r!J%@P254('%1!;+!1("8%(1 24 (1"
1("8%(14/1"*"+! A(;8%N\;7!'("B
'("5!

ANNUAL VEHICLE MILES: A%!3%+'196+"'=:'%1421*0%!://0;$!="$%+!1("8%/!371%: &*180*"&$%
43':"1%112(4=!" %l <#IAJK #g!8:(":33% @' A*"+1"+1:11%("8%1!8; (": 3P BIBH$45%1137!
*OHE;PIQ"12%!1:"4/:$!": 3@ \%("8%118;("; 35%6+!: (%! 4+%618: (":35%+IB*"&*1: (%6!/4'15(Yo+ Yo/ 1"/!
%011 AJIFGGH!+0(8%7!D0%-+" 4//;"(%130'!:(%!&(%; % 1| SAY8aT(%6/;="/2!
DO%-+"4//;"(%!8;("; 3$H1&4=3"/"/21=0$"5$%!8;("; 39! 3M % ("8"/P*%!8;(";3$%! ?(4=!
060'%(/;$1+40(&%6+1 4% (1"*;/1'*%1+0(8%7!D0%+" @A YY4/;$!1%";"$%11%05$;/;"4/!
:340'*4B1%; &*1421'*06119%("8%118;(";35%+!" /1061 : AJVL; " +96'1B;+1&(%:;'%611&;/13%!43";"%1!
2(4=1"%NY%("8%11):(":35%+N\%6+& ("5 A8 4/ HXGD

|

MHSOAR | I"H$%68, (&) +), +-./0123.+45%&567"

Variable Name Description Code/Range
<#JAIK'# <%+'1%+"=:'"9514] GBFGGGGG
110;$!'="$%+

FS



5. TRIP START TIME: A*06(;8%$!1;7!'("51+";(1"=08%143""/%112(4="*% It IAQAAKGH(": 3$%!
11"+ (%65(%+BT I*="3";(71"=%R4(=;", GGGR!"*(402*IFSGGI*40(+-@
!

MHSYRL! I"H$Y68. (&) +),+-./..012+34%&456"

Variable Name Description Code/Range
JAQAAKH A("5IJAZQA!"=9 GGGIBTXH
"N1="8" (7!

6. TRIP END TIME: A*95(;8%$!1;7'("5!1%/11"=961143";"/%112(4="*0%It#\AK]#_!8;(";35%!;/1!"+!
(%5(%+%/ VLIS E"S™: (71"=9424(=;", GGGR!"*(402* FSGG!*40(+-@!
!

Table 12! I"#$%&'(&)*+), +-.1/01-+23%& 345"

Variable Name Description Code/Range
#\AK]# | A('5I#IN™M=0%!"/1 | GGGBTXH
="$",(7

7. TRIP TRAVEL DATE: A*06ItA\Zp\ZAHS;(";35%!2"8%+!"*%6! 7%;(1:/11=4/*1421*0%| A(:8%$!1;714/!
B*&*1'*:'15:("&0$; (I'("5!B; +1=; 1% @! A*%!8;$0%+!; (%! (%5(%+%/'%1!"pppp]] 24(=; @!A*%!
8:$0%+1(;/2%!?2(4="];(&*IFGGW!'41Z5("$IFGGH@

|

MHSYAR . "HSI6& (&)*+),+-1/1 -0+1206&234"

Variable Name Description Code/Range
A\Zp\ZA#! \;'%1421A(;8%$! | FGGWGFGGWRF>

8. TRIP TRAVEL DAY: A*%ItAQZ)\Z(8;(";:3$%!2"8%+!"*0%!1: 7142101 B% %P1 4?21 %I A(;8%$!1;714/!
B*"&*1":'15;("&0%;(I'("5!B;+!=;1% @ ! A*%!8;$0%+1(:/2%! 2(4=IGR!'41Gal (%5(%+%/"/21J0/1; 74!
J;'0(L1:7>1(%+5%&"'8%$7@

!

HSYHR | "HEV& (&) +),+-./01/1+23%& 345"

FX



Variable Name Description Code/Range

AQZ2)\Zp! A(;8%%!1;8L;7! GRI!r1J0/1;7!
4?2'B% %P GF!rj4/1;7! !
GTIrA0%+1;7
GSIrC%1/%+1;7!
GXIrIA*Q(+1;7!
Gcuirv('y; 1!
Galr!lJ;'0(1;7!

9. TRIP DESTINATION: <;+06114/06!'("511%+"/;" 4/ 4% 1tC:pAE1S; (":3$%!2"8%+1"*06150(54+%!
421 %("5@

"#S$%R ! "#$% &' (&)*+),+-./01+23%&345"

Variable Name Description Code/Range
C:pAE ! 90(54+9%4(! GRIrt:4=%!
1%+"/;"4/1471 | RGINCA(R!
‘("N RRIrle4!'41B4(P!

RFIINQ%'0(/"'41B4A(P
RTINZ"%/1130+"/%++=%%"/2N'("
RSIIE™*06(1B4(R%S$; %41

10. TRIP START LOCATION: A*%!tC:pVQE] 18;(";3$%!2"8%+!"*061$4&; " 4/1?(4=1B*"&*1"%!'("5)
4("2" ;%1 @
MHSY! I"HY6& (&)*+),+-./0123+45%&567"

Variable Name Description Code/Range

C:pVQE] ! “4&;"41?(4=! | GRIrt4=%!
B*"&*!'*%!'("S! RG'I"C4(F”
+:('%1! RRIrle4!'41B4(P!

RFIINQ%'0(/"'41B4A(P
RTINZ"%/1130+"/%++=%%"/2N'("
RSIINE™*0%(1BA(P!(%S$;'%61

!
I
11. DWELTIME:!A*"+18;(";3$%!2"8%+!"*%!&;$&0$;'%1!"'=%!;'11%+"/;"4/!,"/!="10'%+"HB*"&*!
&;$&0%;'%1I?2(4=1"*%!"("5!+";(""'=%!, JAQAAK]#-!;/1!"*%!'("5!1%/11"'=%! #\AK]#-@
|

MHSOAR. | I"H$Y68, (&) +),+1-.1012.+34%&456"

FU



Variable Name Description Code/Range

\C# AKJ# ! A$80$:%11A"=9] GRSTH
,="10'%+-1;"1 EHIrl14" :+&%(';"1%!1
o)

3.1.1.3 Identification of Location of Charging
!

1. CHARGING LOCATION: A*"+!"+1:12"08%1; % 11'419605$"& " $ 71" 1%/ 271$4&; " 4/+|B*"&*1840$1!3%!
0+061124(1#)1&*;(2"/2 B (T8 (A8Yo++"12145%(; " 4/1B;+10+%11'41" 1%/ 27 1$4&; " 4/+1B*%(%!
&*:(2"121&40$1154'%/"";:$$714&80(>1%"*% (!, 1BA(PI4A(!; *4=% @ E *%(154'%/":$1&*;(2"/2!
$4&; "4/ +>1+0&H]:+1+*455"/21&%/' Yo(+1%:8%1/4'13%%/1&4/+" 1% (% 11" 1" +1+'017 @!

|

MHSHR | "HSY0& (&) HIIHSN& ),  I"HS'%&'

Variable Name Description Code/Range

AZQetq EAZAKEI| “4&;™ 4/ 421#)18*;(2"/2 | t:4=%_!
tc4(P!

A*%I5(B5(48%0++"12145% (" 4/ +1&S; ++"2"% 11061806+ &S0l ("5+11;+96'13(4; 1$7!" 4 BAIL4=;" ]+
LA=%%_ SHCA(P@A*%!=:"/150(54+61421+" +1&F;++"2"&; " 4/1B;+1'41" 1%/ 271* 05| 8%*"&$Y%o+B*"8,
&40$1154'%/":$$7!3%!(%5$:8% 1@FUW)AIIFGGH!L; +%'15(48" 1%+!'("5150(54+%+147!
0;&*!'("514/1* %1 +0(8%711; 7>1B*"&*1; (%! (%5 (%+%/ % 1137 Vot By (3 BB 1+*4B/1"/!

I"HSVHS @F0618%*" & B! ("5+IB*"&*HUBYRYL+"/; " 4/1;+1*4=%! C:pAEIGR-}/11B%(%!

5:(P%1!"*% (%! 24(1=4(%!™; /I F1*40{:8%!3%%6/1&4/+" 1% (%1, +1&:/1"1; Yo+ 24(1*4=%
&*:(2"12@KNA(1%(I'41+5%8&" PIRABSTT*%+00! ("5+>1*9%61n:ZQe#q EAZAKENS; (":3$%!B; +!
051;'%11'41t:4=9%_ @E"$:($7>!18%*"&$%!'("5+IB*"&*1*:8%!10%6" (I'("511%+"/: " 4/+1(%54('%1!; +!
tC4(P_)C:pAE!NRG>te4!'41BA(PL,C:pAE!INRR->1tQ%'0(/'4!B4(BC: pAE!NRF->Z"%/1!
30+"/%-++1=06%"/2NY(GpAE!INRT-SE*% (IB4(P!(%$; AT :pAE!INRS->1*;8%13%%/!

&A4/+"1% (%11 +1&;/1"1;'%+124( BBSR %61 &*; (2" 12 @\ AR e#q EAZAKEIS; (*;3$%!B; +!
051;'%1I'4HCA(P_>1"/14(1%('4 (%5 (% 4%6+06!5; (" &0S; (18%*"&$%!" ("5! (&4 (1+@!

|

3.1.1.4 Identification of Times When EVs Were Parked at Home or Work

10(;"4/1;'1B4(P'4(1;"1*4=%>1"*%!?"%$IPARKING_STARTTIME!"#ZQmKIleqg#\AK]#_>!;/1!
tAK]#99ZQm#\ IB%(%!&(%;'%1!;/1!;11%1!"41"*%!'(;8%%$!1;7!";3$% @ !A*%+%!?"%$1+!;(%!0+%1!'4!
"19%/"?71"*%!+"125%!$4/2%4E%!; /1! @B4(P!&*;(2"/2!B"/14B+!"*;"1&40$1!54'%/";$$7!4&&0(!
%:&*11;7@!



IH#$YAD! I"#$%&Ton of '#$%&'()*'#* %+, N"#$"%&'

Variable Name

Description

Code/Range

9ZQmKIeqJAZQAAK]

="$";(7

9;(P"/2IJAZQA!"'=%!"

GGGEBTXH

"H#$YED! "#$%&' (&)*+PARKING_ENDTIME "#$"%&'

Variable Name

Description

Code/Range

9ZQmKIleg#\AK]#

="$";(7

9;(P"/21#I\ I"=%!"/!

GGGETXH

Table I" | "#$%& (&) + ) #$%& ()$* I"#$"%&"

Variable Name

Description

Code/Range

AK]#g9ZQm#\

A4$A"'=%! ="/0%+->!"0518%*"&$9 GRSTH
B;+!5;(P%1!;"1&*;(2"/2!$4&;" 4Y

<+ LA YIBAE: A A& (2" 1251+ 1=00* 41 +1; /11 ++0=5"4/+10+% 11'411%6'%(="/%! %o+ %!
5;(P"/21B"/14B+N""=%+$4'+!'413%10+%1124(1&*tBIBI3%%/11%+&("3%1!"/1=4(%1%";"$!3%$4B @

IB4(P!, M ZQe#q EAZAKEICA(P-1:/11B%(%!5;(PY%1!"*% (%! 24(1=4(%!™;/ F1*4B(8%!
3%96/184/+" 1% (%1 *BH%a(!, 9ZQMKIeqJAZQAAKIHLI%/1!"=%! 9ZQmKIeg#NAK]#!
A219%1"=06$4'I" 051 8%*" &SBHP LI BA(P5$:&%!"+11% % (="/%11 2 (4="FD41e8%!

HNAKJ#- 14721%0%618%*" &$I&O((%/"!'("5106: &*IBA(PL/ 11061+, (1"'=98, JAQAAK]H#A 2105
896*"&$% _+1"==061";'%! /%S BE+Y0! ("5+124(1";'15; (" &0$: (18%*" &$%!BY% (%! +%6$%E& % 11" /!

“01/%0'1"==%1";'%!'(@!(P"/2!;|B4(P5%$;8%!"/&$01%64! 24$$4B D31 "8"+"4/+]

A. Over-day Parking:!A*%+%!;(%!"89*"&$%4t! ;(%!5;(P%L!B4(P!;/1!"%"(15;(P"/2!+";(" !
"=04,9ZQmKIeqIAZQAAKHE ('+!+4=98'=9%13%'B%%/! RF[GGBRR[XH#3:/11%6/1+!
,9Z0mKleg#\AK]#-13%B%%/'RF[GG!BRR[XHB4?!"*00!+;=%!1; 1@ %!'4";$!;=40/"!
421"=%15: (P%1!; 1B4(P!"+1&;$&0$:'%112(4=""*0615;(P" /2%, 9ZQmKleqJAZQAAK]#
1115 (P"/219%/11"'=%! 9ZQmKIeg#NAK[#12"%$ 1+ @UK]#GOZQmHA_12"%$1!"+!
:&&4(1"/2$71051;'%1!;/11"+!1&4=5;(%1!B"*8%!8;$0%!?(4=""*%!t\C# AK]#_1?"%$1!?4(!
&A1+ & AL $80S; "4/ 421 WBKIHGIZQME_12"%$118;$0%6!"+!"=54(';/'1;+1"/1+4=%]

FW



"I+ 18 Yo+ ORCH AKIH_18:$0%143"" /%11 2(4="*041":$11: AJIFGGHI 1 +98="2*1/4']
*:89%613%69%/1;+8%(";"/ACH AKJ#!I @

B. Overnight Parking:!A*%+%6!: (%!"8H*" &$%%4! ;(%!5;(PY%1 | B4(P:/11*%" (15;(P"/2!
+:( 1"=04,9ZQMKIeqJAZQAAKHE: (‘+1+4=%"=%!3%'B%%/! RF[G GRR [ XH5;/1!
06/1+105!"/1*051/% 0" (;8%$! LAF@Y 4';$1: =40/ 1471 =%!5:(P%1!; |B4(P!"+1&;$&0$;'%1!
2(4="%0615;(P"/21+";('"=9%4,9ZQmKIeqJAZQAAKIHLIS; (P"/21%/1!"=%)!
,9ZQMKIeg#\AK]#12"%$1+@ BEWHOZQMHA_12"%$1!"+!:&&4(1"/2$71051;'%11:/11"+!
&4=5;(%1!B"*1*0618;$0%! 2(4=I"%I\CH AKJH# 27" %BEA(+ %/ & PENE; $&OS; " 4/147!
*OORAKIHAIZQMIA_12"%$118:$0%6!"+1"=54(" /1 +1"1+4=0%1"/+":|& PG K ]# _18:$0%!
43" 1% 112(4=1*01"" S AJIFGGHIL; ;+04="25'1/4'*;8%13%9%/1;+&%(";"/%1!
\CH# AKJ#!r! eH@®

2. Home Parking: A*%6!8%*"&$%!'("5+B*"&*1* QI DI0/ " 2" %o 11, +1&:/1"1; Yo+ 24(1&*; (221!
*4=01 N:ZQe#q EAZAKEI:4=%-1 ;/11B%(%!5;(P%1!"*%(%! 24(1=4(%!"*:/\F1*4B{8%!
3%96/1&4/+" 1% (%1 *H%a(!, 9ZQMKIeqJAZQAAKIHLI%/1!"=%! 9ZQmKIeg#NAK]#!
42101 =06$4'1 061 8% &SBHPID LI *4=0o!"+ R6'Yo(="/%112(4=!"%!%/ 1" EBOAK]#- 147!
*0/018%6*" &SMR.O((%6/'!' ("5 P6; & A=00L:/11* 01+, (1"=% | JAQAAK]HE?!'*%618%*" &$% _+!
"==051";'%!/%0"'("EES 7! 4+%!'("5+124(1"*;'15; (" &0$; (18%*" &$%!BY% (%! +%$%& %0 1!" 1B*"&*1 0!

"==001";"%!"("3D!(P"/2!;'1*4=%""/&$01%T%! ?4$$4B"fAD31"8"+"4/+|

A. Over-day Parking:!A*06+%!;(%!"BRE*"&$Y ! ;(%!5;(PYALI*4=0%!:/11*0%"(15;(P"/2!
+:(' 1"=94,9ZQmKIeqJAZQAAKYE: (+1+4=%"=9@% B%%/\RF[GGBRR[XHS3;/1!
%/1+9ZQmKIleg#\AK]#13%6B%%/|RF[GG! BRR[XHEBA4?1*% 1 +;=06!1; 1@ %!'4":$!
=40/'1421"=%15;(P%1!; | B4(P!"+!&;$80%; % 11?(4=1"*0%!5; (P"/214=04
,9ZQMKIeqJAZQAAKIHLIS; (P"/21%/1!"=%! 9ZQmKIleq#\AK]#-12"%$1+@!A*%!
tAKGOZQMEA_12"%$11"+:&&4(1"/2$71051;'%1!;/11"+1&4=5;(%BBB'$0%! ?(4=!"%!
NC# AKJ#_12"%$1124(1&4/+"+ VNEBEB&OS; " 41421 * WK]|#qIZQm#\_1?7"%$1!8;$0%!"+!
"=BA( I A=%!" 41 8%+ U NCH AKJ#_18:$0%143""/%6112(4=1"+051":$11:AJ!
FGGHIL#%'="2*1/4'1*;:8%13%%/!;+&%(";"/%ACH# AKJ#!r! 6H@

B. Overnight Parking:!A*%+%!: (%!"8H*" &$%5%+! ;(%!5;(PY%1 B4(P:/11*%" (15;(P"/2!
+:(' 1"=94,9ZQmKIeqJAZQAAKKE: (+1+4=%"=%!3%"'B%%/| RF[G GIRR[XHS3;/1!
06/1+105!"/1*051/% 0" (;8%$! LAF@Y 4 $:=40/'1421"=%15;(P%1!; IBA(P!"+&;$&0$; % 1!
2(4="%0615;(P"/21+";('"=9%4,9ZQmKIeqJAZQAAKIHLIS; (P"/21%/1!"=%)!
,9ZQMKIeg#\AK#12"%$1+@ BEWHOZQMH_12"%$1!"+:&&4(1"/2$7103¢ W61 @!
&;$&0%;" 41421 WK]#GIZQMH\_12"%$118:$0%!"+1%0' (YeHUSTI*=6I5; (" &0$; (!
& +96142148% (/" 2% 1*4=%%15;(P"/2>: + WM AK]# _18:$0%!124(1"%+%!+5%&"?"&!'75%147!'("5+!
43" 1% 1L12(4="*061"" S AN FGGHI L+ + K4 +&9% (1%L NCH# AKJ#!r! eH@

FH



3.1.2 Vehicle Characteristics/Driving Pattern Analysis

3.1.2.1 Vehicle Type

KN™*"+1+'017>1"%!'75%+14?18%*"&$%+!"*;'1; (%! &4/+"1%(%1!;(%!1"8"1%1!"/'4!1?40('&;'% 24 ("%
A*YB; ++%/2%8%*"&$%! ?$% %' B*"&* (%5 (%0+%/'1'*%!=;h4(1&*0/P!14?21"*%!'(;/+54(";" 4"+ % &'4(1 ?$% %
:(%!(%+54/+"3%%!?4(1;(40/1LIXG Y 14?21"*%IM@ J'e(%%/*40+%!2; +1%="++"4/+!;(%!"™*0+!"*%!5%(?%&'"!
&;/1"1;'%+1?24(1"*"+1+'01T @

"HSOH8. 11"HSY6"&'S" () * (HHHSYOI BHSVO&H () *&++&, #- JOH#1223#
I"H SUHEHSY0’, ()*H)+,-&".,)*/O]

Vehicle Type Number of Vehicles Percentage
Z0'4=43"$%N&;(N+";"4/1B;24/ RGauUST XT@HGY
)/, ="">1&;(24>15;++%/2%(- RUXRa W@FaY
J54('+10"$"718%*"&$% SSGau FF@QGhY

9"&PO5!'(0&P TRSaU RX@aUY

3.1.2.2 Daily Vehicle Miles of Travel

A*%!/0=3%(14?!="$%+!1("8%/!37!;!18%*"&$%!"+!;/"=54(";/"&(""%("4/""/!0/1%(+";/1"/2!;/1!
58;/"12""*%!8%*"&$%!&*;(;&'%("+" &+ @' Z&&4(1"/2!'4!"*%!:"2*B; 71J";"'+" & +IFGRT>!(%%$%);+%1!37!"*¢
M@JI@N\%5;('=%/"14?2\A(;/+54(";" 4N %1%(;$!:"2*B; 7! Z1="/"+'(;""4/bXSd"*%!;8%(;2%'/0=3%(!
4?21="8$%+!"(;8%%$$%1!5%(!18%*"&$%!?4(1'*%!7%;('FGRT!"/IM@J@!B;+'RR>TSU!="$%+!B*"&*!"+!; (£
="$%+!5%(11; 7@WL;";+%"10+% 1! 24(1"*%! (% +%;(&*1+'017>1"*9%!;//0;$!/043%(H%+!"(;8%$$%01 !
5%(18%*"&PYH0!B*4$%!IM@J!B;+!1%'%(="/%1!"4!3%!;(40/1'RR>SXX!="$%+IB+* " & F(@D£L !
TR!="$%+!5%(!1;7 @'K/'&A4=5;("+4/>1?4{*BL110;$!8%*"&$%!="$%+!47?""(;8%$*5HI8%
,"1&$01%+!;$$!&$;++%+!4?1 8%V 011BY '*%!1]";'%!1472!:;B;"\;"; I<44B-GRBSU'd ! 3%!
:(40/1'H>GGIB*"&*!"+!;(40/1'FS@Ua!="$%+!5% S5 4 @XT Y 14?1*0%!'4"; $!18%*" &$%+!"/&$01%1!"/!
*H+H01711("8%!$%++!" /I TGI="$%+!5%(11;7>1B"*I"*0%!=4+'1&4==4/11;"$71="$%;2%!(;/2%!3%"/2!
FAE-X1="$%+!;+1+*4AB/M"#$%&' . A*"+!"+1:/1"=54(";/"5;(;=%'%(!"/""*%!+'017!;+!'*%!/0=3%(147?!
="$%+!1("8%/!137!8%*"&$%+!"+!/%%1%1!'41&;$&0$;'%!"*%!%/%(27!(%D0" (%1!?4(1&*;(2"/2!"*%!8%*
3;"%(7T@!

M"H#SUR "#P% &' (%" %0*+,-%" . +-%/"0&'$%--%0a26 238!4"

Average vehicle miles DOT FHWA 2009 NHTS processed
travelled per vehicle [51] Dataset
U.S. - 2013
Z/0;$ ! RR>TSU RR>SSEX
\;"$7! TR@GW TR@TU

TG
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!ll#$%&l !ll#$%&lll()$*&+ll’&)ll(!_.

3.1.2.3 Driving Range

NM=5;(%11'41"*%!&A41" %/ $IM@I@>!:;B; " 13%"/21;1&*;"14?21"+$;/1+1*;8%!$"=""%1!11("8"/2!
(;12%+@!<;+%1BKXe!=4+"1$"2*'>1=%1"0=>!;/11*%;87!10'7'#)+I'%/11'41";(2%";!(;/2%'47?!;340"!
RGG!="$%+14/1;1?0$$7!&*;(2%1!3;"%(7>!;$*402*!(;/2%'=;7'1%5%/1!4/'+5%&"?"&! 1("8"/2! &4/1"" 4/ +
JL*: 3"+ @I1Z/N ST+ +114/%!11&A4A=5;("121*%! 1("8"12!(;/2%+14?1=4+"1471"*00 | & DOBOLK/!
#3%&'("&!)%*"&$%+!=41%$+!4?'FGRS!;/IIFGRX>IB*'&*!"/&$01%+!134*1<; "% (71#)+BH#) +-1;/119$02
*T3("1L1#)+!,9:#)+-1*,8%!; BB0S%&' ("&!1("8"/2!(;/2%! FPIRR "$%+!;/ LI X!="$%+!(%+5%&"'8%$ 7!
bXUlbXa@!Z$*402*1=4+"1421"0%!=;"[+'(%;=!;?74(1;3%$%#)!=;(PYHT"$7!?; 381 %(!"*%'RGG
="$%I#)1(;/2%A%+$;1B"*1"+1]141%$!I!*;+1=:/;2%11'413(%; P!"/'41"*%IFGG!="$%!(;/2%'#)!=;(P%'>!
;$*402*1"*%15("&%!*;+13%%/14/1*%!%05%/+"8%!%/1@!C"*!(%&%0/';18;/&%+!"/1(%+%;(&*!"/'3;" % (7
'%&*4$42"%+>1""%!;0'4=43"$%!"/1LO47SH+1'413("/2!114B/"*%! &4+': /11 $+4!"/&(Y0; +%0! * %!
1("8"/21(;12%!+4!;+1'41=P%!%$% &' ("&! &; (+!=4 (U2 1BBB4'%/"; $! &0+'4=%(+ @I Ao (!'4!
(%5(%+%/'1"*%!=;"/+"(%;=1#)!=;(P%'>!"*%!1("8"/2!(;/2%!?4(1#)+;/11"*0GZBB&'("&!Q;/2%!, Z#Q-!
"[1"*01&;+% ! RH)+>1B;+1?"0%1!'4!;!=;0"=0=14?'RGG!='$%+@

TR



2015 Toyota Plug-in Prius (PHEV)

2014 Honda Accord {PHEV)

2015 BMW i8 (PHEV)

2015 Porsche Panamera S E-Hybrid (PHEV)
2015 Ford Fusion Energi (PHEV)

2015 Ford C-Max Energi (PHEV)

2015 Cadillac ELR (PHEV)

2015 Chevrolet Volt (PHEV)

2014 Mitsubishi i-MiEV (BEV)

2015 Small Electric Drive (BEV)

Electric Vehicle Driving Range

] 11 Miles

|0 13 Miles
15 Miles

16 Miles

| 20 Miles
20 Miles

37 Miles

| 38 Miles

62 Miles

68 Miles

2015 Ford Focus Electric (BEV) | 76 Miles
2015 BMW i3 (BEV) | | 81 Miles
2014 Honda Fit {BEV) | | 82 Miles
2015 Chevrolet Spark (BEV) | ] 82 Miles
2015 Volkswagen e-Golf (BEV) | ] 83 Miles
2015 Nissan Leaf (BEV) | | 84 Miles
2015 Mercedes Benz B-Class (BEV) | | 87 Miles
2015 Fiat 500e (BEV) | ] 87 Miles
2015 Kia Soul (BEV) | ] 93 Miles
2014 Toyota RAV4 (BEV) | ] 103 Miles
2015 Tesla Model S (60 kW-hr battery pack)(BEV) | | 208 Miles
2015 Tesla Model S (85 kW-hr battery pack)(BEV) | | 265 Miles
0 50 100 150 200 250 300

Driving Range (Miles)

I"HS%&TI"HE%& ()& *%+)&$%" ()-)./"ONL./%2

3.1.2.4 Battery Capacity
!

A*%I'T5%1421HB%& ("&)) %" &$Y0!*;+1; 11" (%&1"=5: & 14/ %61 3;"%(71&;5;&"7147!;18%*"&$% @!
<" (71+"L%+1"22%(1&&A4(1" 21 4% 75%1421%0%618%*"&$% @ VA (1%0;=5$%>1"*%!3;"%(7!+"L%!4
+0&*!+IAY+$; 101" HI&A/+"1%(; 3BT 1% 2% 0 (1'%;/1;| &A= 5E&3; &P 1$" P /1" %; 2@ A*%6(% 24(%>!
122013, %( 7185, & T A1 % %1 1"22% (Yol 1&$; ++%+14218%*" &$%! + -+ IBR" UBVA!2.1-!

&A/+"1% (%L1 /1" +1+'01 71" +1"=54(" /B 1% ("4 1%'Yo(="1%!"*%61%/%(271/%% 1% 1 41&*; (2%! "*%!
#)+@!QY%54§FUDX TIBO3$ +*%611371A*0619;&"2" &4 (*BY%+'11;"4/;$1:34(;'4(7), 911 -1*8%!

3:"06(71&:5:&" 71421%:'15: (" &0%$;(18%*" &$% @ A*0+>1/4B!3: % (71&;5:& ™" %+124(1%: &*18%*" &$%1 &$: +
&:/13%!1%'%(="/%1!371&4=3"/"/21"* 06 {%/%(271%??"&" %/ &7 Q| B =t $VA 48"/ 21 ;/2%6!;+!
19%'%(="1%11"/1*%! 1("8"21(;/2%!+%&"4/1;348% @ ! A*0%61+"L%!14213:"0h(7124(18;(" 40+ &S ++%+1421#)-
0+%11"/I*+1+'0171"+1+*4 B/ 1HSYe8: @

TR



Table I" I"#$%& ("#))*+*%$+(",$-".,//%&("0*1%" ++2&-*$"/2"3%A4%+5%"6(7%

. Energy Efficiency | Battery Size of EV with
Vehicle Class .
[kWh/mile] 100 miles range [kWh]
N=5;&'13%1;/ ! G@FU FU
1"l 6+"L%!+%H1;/ G@TG TG
]"1 6+"L%!IM) G@TW TW
VOB5"L%!IM)N9"&PO5!A(0d G@bU SuU

I"HSY&! HFABH*0H18: (" A/+1"/1<; " %( 713 L%/ 11 *061%$%&, (& 71&4/+0=5""4/1"/IPC*|
5% (IRGG!="$% =PAIHS& ("&)%*" &$%!=41%$+!:8."$:35%!"1*%IM@ I @!=;(P%' @ A*961&*;('1"+!
(G12%11" 11 18(Yo;+" 12140 % (1421 % 1) 1=41%$_+1%$%& ("&"71&4/+0=5"4/I"lPC*NRGG!="$%+@!C""
FalPC*1421%$%&'("&"7184/+0=5"4/15%(IRGG!="$%+>!"*%!FGRX!I<]C!"TI=41%S$!'%6/1+!'41*;8%!"*%!
3%+'1%27"&"%/&7!" "% &O((%/'|=;(PY4BI 2% %$% & ("&" 71&4/+0=5"4/"\PC*NRGG!="$%+!
8:("%+13%'BY%%/1*%!8: ("40+1=41%$+11%5%/1"/214/I" %61 75%14218%*" &$%!:/11(;/2%+1?(4=IFalPC*!

'AIXFPC*I5%(IRGG!="$%+@!A*%!1;";1?24(I""+1&4=5;(;""8%!;/;$7+"+B; +& 4 $$9K&B0 1! ? (4=!
!

T



2015 BMW i3 (BEV)

2015 Chevrolet Spark (BEV)

2014 Honda Fit (BEV)

2014 Honda Accord {PHEV)

2015 Toyota Plug-in Prius (PHEV)
2015 Volkswagen e-Golf (BEV)
2015 Fiat 500e (BEV)

2015 Nissan Leaf (BEV)

2014 Mitsubishi i-MiEV (BEV)
2015 Kia Soul (BEV)

2015 Ford Focus Electric (BEV)
2015 Small Electric Drive (BEV)
2015 Tesla Model S (60 kW-hr battery pack)(BEV)
2015 Chevrolet Volt (PHEV)

2015 Ford C-Max Energi (PHEV)

2015 Ford Fusion Energi (PHEV)

2015 Tesla Model S (85 kW-hr battery pack)(BEV)

2015 Mercedes Benz B-Class (BEV)
2015 Cadillac ELR {PHEV)

2015 BMW i8 (PHEV)

2014 Toyota RAV4 (BEV)

2015 Porsche Panamera S E-Hybrid (PHEV)

Battery Size (kWh) And Electricity Consumption (kWh/100 mile)

22kwh]
27 KWh
20kwWh

@ Battery Size {(kWh)

28 kWh

@ Electricity Consumption in kWh/100 mile

29 kWh
[6.7 kWh
29 kWwh]

[@ARWh

29 kWwh |
[ 2akwh]

29 kWh

T 2awwn]

29 kWh

T oawwn)
[ 36kwh]

30 kwh ]

30kwh
27kWh]

32 kWh]
23 kWh
[ 17.6kwh]

32 kWh |

32 kWh |

35kWh |

35 kwh ]|
37kWh]
37 kWh ]

16.5 kWh

T7.6kwhl

85 kWh

38kwh]

40kWh]
A1kWh]

43 kWh]

41.8 kWh |
44 kWh

28 kWh ]

52 kWh

T

T T T T T T
] 10 20 30 40 50 60 70 80

kWh

90
|

I"HEI6&" I"#YV8 (") +&" -.10"$12"34&5%*5+0%("67189::%6* 71" - [<=p>"*4&0

3.1.2.5 Potential Charging Windows/Time Slots
V(4=1"%*"+'4("&;$!18%*"&$%!'(;8%$! 1;B(B&Th++"/2!;$24(" =+ BIAQ+%1!'415%(?4(=!
45%(;"41+1"14(1%(1'4!11% ' % (="/%!"*%!$"+'14?!:$$!54'%/"; $!1&*; (2"/2!"'=%+$4'+NB"/14B+!;8;"$;3$%!
24("'BAI&; %24 ("%+14218;(2"1215$:&%145™ 4/+[IRCI*4=9%1&*;(2"/21;/1IFCIB4(P5$: 8% HL" 2 @!
=006"*41+10+%]1%!1%+&("3%1!"/!+%8&.141.4 @' A*%!54'%/";$!&*; (2" /2!"'=%+B4/ TAB+!B% (%!

434"1%11?2(4=";/;$7L"/21"%!1;'

;1;340'1"'=9%! B*%/!'*%!8%*"&$%!"+!5; P U64=2%!4(}'1"*%0!

B4(P5%$;&981%(; 1*4=0%!"("5!4(!B4(F'("5!(%+5%&"8%$7@

3.1.2.6 Timestamp Transformation
A*%!I"=%+$4'+NB"/14B+!B*"&*!*;8%!;!+";(""'=%!;/1!;/'%/ 11" 2PB*" &*1"* 0o 1#) 1" +!
5;(P%1!;"*4=%!'4(!;""*%B4(P5%;&%¥0b54'%/";$!&;/1"1;'%H?4(1% " *% (*4=%!4('B4(P5%;&%!
&*;(2"12@'A*%+%!+";("1;/11%/11"'=%+!;(%!%0O5(%++%11*%(%!"/'"*%! ?24(=;"1421="8"";(7!"'=%+";=5+!
J11%:8%!:12(;/0%; (" 7'$%8%$!14?1%; &* ! ="/0HMEFY6 ! BAP! (%54 ('% 1 1*96(%26!%8%/'"'=%!54"/'+!
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*:8%!3%%/!(40/1%4!1*%!/%;(%+'TG"/0'%!"'=%+",=5 @!A*\F12/+!"*%!54'%/";$!&*;(2"/2!
B"/14B+!I"4ISW!"'=%!"/"%(8;$+!4?1%; &I TW%!10(;"4/>1?4(1;/7'5;("&0S; (' (;8%$! 1, T@

3.1.3 Charging Characteristics

3.1.3.1 State Of Charge (SOC)

JEN"+119%7?"/%1!;+!"*%!(;"'414?1"*%!;=40/"14?1%/%(27!(%=;"/"I2!"""*%!3;" % (7!'41™*%!"'4";$!
%/%(27!"/'"*%!3;"%(7'B*%/!?70$$7!&*;(2%1@!K" &;/!3%!1%'%(="/%1!3;+%1!4/!"*%!/0=3%/(14?!="$%+
1("8%/'37!"*%!8%*"&$%!;/1!"*%!8%*" @$BHARI % 1#) @ Z++0="/2!"*;"1;'I'*%13%2"/["/214?!%;&*!
'(;8%%!1;7>1"*0%6!13;"%(714?1"*%!5; ("&0$; (1#)'=0+"13%!?0$$7!&*;(2%1! JEMRGGY ->1%+"=;"4/14?]
JEN"+1"=54(";/';+1";"1B40$1!*%$5!0+!'41%+"'=;'%!"*%!+";'%!421"*0%! 3;"%(7";?'% (!;'("5!"+!
0/1%(";P%/@

coc (THSAMHSHARASYN IHSUEWHSNG
' < I"H$Y"HSHYOR HSY ) ;

HIH14'0 171061 1("8"/215;"%o(/1;/;$7+"1-*4B 4061 /0=3%(1421="$%+!'(; 8% $S%I&Y(;8%$!1; 7!
370:15;("&0$; (1) @IM+"/21"50%1'4":$1;=40/14?1%/%(271/%%1%11371"*%13;"%(7124(1™;'
5;("&0%;(1'(;8%$! 11&;/! 3%1% % (="/%@

3.1.3.2 Energy Requirement for Battery Charging
A*%!:=40/"14?1%/%(27'0+%1!37!"*%!3;"%(7"4!"(;8%%$!*%!'4";$!/0=3%(14?!="$%+!1("8%/!"/!
*'15;("&0%;(1"(;8%%!1;7!&;/'3%!&;$&0%;'%1!10+"/2!"*% 1 24$$4B"/2!% 05 (% B€)4/' 3%$4

I"H$%& (1"#$%&

"H#SM"H#IHY’ #SY%
!

IHSYRIHS | ( )x!!"##$%&"#"$%&'

I"#$%&Q!"#$
"H#HSYOR'HS% &' W HIHY&D'

HS%RTH S N HI"HS%E Y (

!

A*%!'4"$19%/%(27!1%%1%11'4120$$71&*;(2%! *%6!#)!3;"%(7!"+18;$&0S; %110+"/21*%!;348%)!
%D0;""4/1B*%(%!*%!%??"&" %0/ & 71241 %!3;"%(7'&*;(2%(!;/1!3;"%(7!4896('HA4CI20SS!
&*;(2961&7&$%!"+1;++0=0611'4| SLFNENKY"+1;$+41;++0=0611"%1"4'$!3;"%(7!&;5;&" 7!"+120$$7!
:8,"$;35%!24(10+%!"/+'%; 11421*9%610+0;$!"/10+'(7!5(;& " &%6!4210+" /21" (%+*4$113;/1+14?IFG Y 'AIWGY
bXTOXWE/14(1%(1'41%0'%/11%13;"%(7!$" 2% @' A*%!+017!;$+41;++0=0%+!";'18%*" &$%+1&*;(2%!4/
A1&Y15%(11;71;/11%%!+;=58%111;71"+1(%5(%+%/'; "8%I421*%" (I'75"&; $1 1("8"/215;" % (/> +41"* %!
&*,(29%!"*%7/%%114/1"*"+18% BEBYE 1% D0; $I'4!*%!'4",$!;=40/"1421%3$%& (" & 71&4/+0=%1!
10("/21*"+18%*" &E19% @

3.1.3.3 Charging Levels
!

);("40+1&*;(2"/2!1$%8%$+!*;8%!3%%/!0+%1!"/1=0$"'5$%!1"??%(%/'!+'01"%+@!J'01"%+!&4/1(
"N"bXHoUGG8%!0+%1!T!&*;(2"/2!$%8%3$+!+0&*!;+!;-IR@S!PC!,RFGNZ">IRXZ-13-IF@G!PC!,RFG!):
FGZ-!;/1&-'UPC! FGWNFSAN&EZ @!J"="$;($7!"*%!+'017!5%(?4(bUREB%!"/'(410& %1
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$%8%%$+14?IR@S!PC!,RFG)>RX!Z-BE@BRCI IR @a!PC!,FSG)>SBTZ@ b URt %/ 2" %o +!
*(U%!$%8%$+14718*;(2"/213;+%114/1*%I84%":2%!:/1154B%(1$% 8% S HIHGMARD "/

I
HSYA8 I"HSYB& ()" +,-./0.

Type Power Level
"%8%$!R[!RFGH)Z" R@QFF@G!PC
"%8%$!F!,$4B-[dFS@E) Z* F@IV@W!PC

"%8%PF2*-[|FGEH SG!)ZA U!'IRXIPC
"%8%$! T[!HEMB!) 2% URX!Im@HUmC
"%8%$!I T\ (2"12[IUGG)\ URXm@SGmC

A*%IJA&" %' 714?120'4=4""8%!#/2"1%%(+!,IZ#-1*,8%!3%%/!"/+'(0=%/";$!"/11%8%$45"/2!=;h4(!

+111;(1+H24(1HSYE& ("&1) %o+ &$Yo+; BASTR " L HS% &, ("&)) %*"&$%+@ | A*96! JBITREHE(L!
"['(4108%+1;18&4==4/1#)NQ:#)!:/11+055$71%D0"5=0%/"18%*"&$%!&4/10&"8%!&*;(2"/21=%'*411'4]
2:&"$" %01&4/ 108" 8%1&*: (2"[21421#)NO:#)18%*"&$Yo+!" /N 4(H1 Z=Y% (" SZ@IRMUAF I/ 1; (1!

192" /%-+1*%124$$4B"/21$%8%$+14 DIVYIR B2

|

AC Level 11IE/ 634;(11&*:(2%(IB"*IRFG!)Z >@;+%6!RFIZ!(;'%!B"*:IRXIZI""(&0"14('RFG!
)ZASIRG* +%IRUIZI(;'%!B "+ IFGIZIN(&0™1B"*1&4/2"20(; " 4/154B%(+14?\R@SS!PC!:/1!
R@HF!PC!(%+5%&"8%$7@

AC Level 2:IE/ 84;(1IFGW!'4AIFSG!)Z ER+%!05!'41:/11"/&$01"/2IWG!Z @' ASA41!
&*:(2%(1&41?"20(;" 4/15B%(1$%8%$+142I T@T!PC!;/1IU@U!PC!*:8%1&0((%/'1+%""/2+14?IRUL;
1ITGIZN(%+5%&""8%$7 @

DC Level 1:/A*%!#)1J055$7 1#D0"5=9%/"1 #)J#-1"/&$01%+IBATRI&*; (2%(IB"*IFGG!'4!
SXGHB™*1:1(;'%11&0((%/'105!'41:/11"1&$01"12IWG!I Z>1B"*1&4/2"20(; " 4/154B%(19%8%$+
42IRH@F!PC!,(%+"1%/";$-1;/1ITUIPC! 503$"&-@

DC Level 2:/A*%#)1J055$7 1#D0"5=%/"1 #)J#-1"/&$01%+IBATRI&*; (2%(IB"*IFGG!'4!
SXGHB™*1:1(;'%11&0((%/'105!'41:/11"1&$01"12IFGGIZ>1B"*1&4/?"20(;" 4/!54B%(105!'4!
:/11"/&$01"/2IHGPC@

Z$*402%18%;(2"121$%8%$+1&;/154'%/ " $$71(%;&*105! AIRH@FIPC>!=4+"1421"*01#)+1&0((%/'$7

:8;"$;35%!" 1" %IM@JI@!=;(PY%'* BUWAN&*: (2% (+14?2I T@T!PC!;/ 11U @UIRES 4B/ /IV"20(%!
RHIXUBXa@!:"2*%6(1%/11$000(71IM)+!$"P%! A%+$:1J>1A474";1QZ) S>]% (8% 1%6+I8%6HH <
34;(11&(2%(14?!RGIPC @1 (K%6(1"41(%5(%+%/'*%!$; (2% (1#)1=;(P%'1;/1134™1"%! (%o +" 1%/ "";$!
118A==0%(&";$H)1&*;(2"/2145" 4/+>1" %! %8%S$IR!:/11 %8%$! F1&*;(2"/2!1$%8% S HSYAB "/
*:8961306%6/10+%1!"/1*"+1+'017 @
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I"#SUIR 1"#$%E&' ()" +, (*)-!

"068%$IF | CA(P5$;&%N

NM==%(&";$

J"12$%!9*:+%>
RU!Z=5>ITGIZ+5

Charging Charging
Level Location Power Supply Power Level (kW)
RFG)!z*
"%8%3%'R | Q%+"1%/":$ J"/2$%!9%;+%> R@S!'PC
RFZ=5!
Q%+"1%/";$ FSG)!z% ZcIT@T!PCHA; (11*;(2%(!

<clU@U!PC&&4;(1!1";(2%(!

Electric Vehicle Charging Rate (On-Board Charger)

2015 Chevrolet Spark (BEV)

2015 Toyota Plug-in Prius (PHEV) |

2014 Mitsubishi i-MiEV (BEV) |

2015 Small Electric Drive (BEV)

2015 Chevrolet Volt (PHEV) |

2015 Ford C-Max Energi (PHEV)

2015 Ford Fusion Energi (PHEV) |

2015 Cadillac ELR (PHEV) |

2015 BMW i8 (PHEV) |

2015 Porsche Panamera S E-Hybrid (PHEV) i

2014 Honda Fit (BEV) |

2014 Honda Accord (PHEV)

2015 Fiat 500e (BEV) |

2015 Nissan Leaf (BEV)

2015 Kia Soul (BEV) |

2015 Ford Focus Electric (BEV)

2015 Volkswagen e-Golf (BEV) |

2015 BMW i3 (BEV)

2015 Tesla Model S (60 kW-hr battery pack)(BEV) |

2015 Tesla Model S (85 kW-hr battery pack)(BEV)

2015 Mercedes Benz B-Class (BEV) |

2014 Toyota RAV4 (BEV) |

|
|
|
|
: 3.3 kw
|
|
|
|
|
|
: 6.6 kW
|
|
] 7.2 kw
] 7.4 kw
|
: 10 kw
]
0 2 4 6 8 10 12
Charging Rate (kW)

V"20(RHD #5968, ("8) %6+ &S 1A (2"/21Q: Yo+

3.1.3.4 Charging Infrastructure/Mode

ZN%8%S$IR /11" %8%S$IFI&*;(2"/21$%8%$+1;(%!=4(%!5(;& " &;$$7!+0™;3$%! 24 (1*4=%!
06/8" (4/=%/"1B*%6(%; + I\ Y8TBRY; (2"/2!, &A==4/$71&; SSWUN/; +'1"*: (2"/2-1"+1=4+'1+0";3$%!
24(1503$"&14(18&4==96(&";$1&*: (2"1219%/8" (4=Y%/'+ @' %8%SIRI&*: (2"/212%/% (;$$ 7! (%6 ?%6(+!'4* %1 0+
14+ /1:(11*40+%*4$1140'$%' B*06(%: +1 068%$IFI&*: (2"/21'75"&;$$71422%(+1&*: (2"12124()(%+"1%/"$!
[55$"&;" 41+ (402*1;IFSG!)|ZNISGIZ=51%$%8& ("&;$1&" (&0">!,&4==4/1"/I*40+%*4$11&" (&0"+10+%1|
24(1%%;8BLO'7!;55%"/&%+1+0&*!: +11(7%(>1+'48% | AFSI(FGW!) 196$96&' ("&: $1+%6(8"8&%6!$" /%1 24(!

8&4==%(&";$!;55%$"&;" ABIXD!
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"HSYHE "HSY& ()" *)+&Y%6,-&./-.&0

Charging Procedure
Charging Level Mode Home Charging Workplace Charging
"%8%SR@SPC RGY GY
"%8%$IFT@TRC RXY FGY
"%8%HR. lU@UPC axy WGY

KB (1% (1'41%:8%1:11962" /"% &*; (2" [2145™ 4> 1" 1" +1"=BA(':[ 141 ++"2/18; ("40+1=41%+147!
&*:(2"121'A1% "% (1*4=%%14(1BA(P5$:8%61&*; (2"/21+8%/; ("4+N 45" 4/+@ | A*%!8%*" &$%! &*:(2"/2!
55(4;&*1+'(0&'0(%!"™*:'1B;+!"=5$%=06/% LI"/I"*"+1+'0L 7"+ -+ 1HB '#$%8 @!Z N %8%S!F!
&*:(2"121%;+142'%/13%69%6/1&A/+" 1%(% 11*01=4+'184==4/148%(/"2*'1&*:(2"/2145" 4/1" [1*40+%*4$1 +!
bUURA/+"1%(" 21"+ %61 2: +184(: (2"/21+5%% 1+1:/11*061: 18:/:2%61421/4" /%% 1"/21:/71%O'(;!
&*:(2"121"12(;+'(0&'0(% @' Z&&4(1" /DB O+ 4=9%(+104%6H"1% /" $!&* Y@(+124(1; (40/116G
WG Y 14210 (2" 214+ %o++"4/+1; 11ZM % 8% S FI"+1*0615(% 2% (YA SHU " CO@ U 21 &*; (2"/2!
$968%$!=41%!: +-+*4BIERYRIIBY6 (%) &*4+06/"413%13(4; 15718 4/+"+ %/ BBIFBU UL !
"124(=;$11"+&0++"4/+IB"HI#)10+%(+@
ZI$T+"+114/%I14/1%0%!11::14+;=5$%10+06 11" /1" +1+'01 7! +1+*4BI#BQ0> 1 +*4 B+
$=4+IX@XAY!/LIX@FRY!421*0%6!'4" $18%*" &$%+>1B*"&*!: (%!54'%/":$18:/1"1: Yo-+124(1*4=%
&*:(2"12>1;(%!5;(PY%11"/1*40+%*4$1+10/"'%((05'%1$7124(IRSI*40(+1;/ LIRS @X!*40(+1(%+5%&"'8%S$:
B & "HI5("=:("$ 71061 " =061 *018%*" &$Y%%!B; +15; (PYL148% (/" 241" 061 * 40 ABIB(R 4/
(%'0(/+1*4=%1?(4=IBA(P@!J"="$;($7!;++*ABHIN& >$=4+RG@WWY!;/1IIRG@UFY!421*%
'4":$18%*"&$Y%o+>1B*"&*1: (%!54'%/";$1&;/1" UGBAP5S;8%!&*;(2"12>1;(%!5;(P%1!" /| B4(P5$;&%+!
0/"/'%((05'%1$7!24(W@XI*40(+!:/ LIHI*A0(+1(%+5%& 8% $ 7> B &*I"+1&4/+"+%/ 1B"*1+":/1: (11427"¢
=12+ @IA*0+];$*A0241H) AB/Yo(+18*; (206! *BHHA" &SY0-+ 1 I¥A=0p15 ("= (TR AL "/21&*:(2"/21;!
B4(P!&0$154'%/";$$71%0'%/ 11" %" (196$%& ("&! 1("8 Y MEI2HE.0++% 1%y 11 $+4!
$$AB+1"06=1"410+ 001 SABAE 1%6$%& ("&"7110("/21*%!1; 7@

6% - - 100%
L 0%
5% - 7
L 0% &
T =
-~ - 70% @
4 4% u>_
$ L 60% O
] &
> 3% A L 50% S
e} 3
5 - a0% 8
T 2% A a
g - 30% g
2 s
o - 20% ‘—;
L 0% §
(&)

0% 0%

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours Parked At Home
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I"#$%&" . Distribution of vehicles parked at Home!

12% - - 100%
M- / L 90%

10% A
/ L 80%
s I L 70%
/ L 60%

6% - T L 50%

F 40%
4% A

Number Of Vehicles (%)

/| F 30%
/

295 | | /’ - 20%
‘ H F 10%
oo AL AU NN NN RN NN NN H,ﬂ.ﬂ,n,n,ﬁ ,,,,,,,,,,,,,,,,,,,, o

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours Parked At Work

I"HS&" | I'HE%"&'S" ()*(+*,-."[0-#+12%3-4*2$*5(%3102/-

Cumulative Percentage Of Vehicles (%)

|
A% 24$SABYRO5+1+0==;("LY%"*%6145%(;" 4/+15%(?4(E%1]

1. ZI$"+1421+/1:(1"L%11#)1=41%$+1B;+1&(%: % 11'*; 18&40$113%!0+ %11 41(%5$:8%!
2:+4%"/1%N1"%+%$!8%*"&$%+ @ B A BE%+ Y+ !; | RGEV6!(;/29%6!:/11;15; ("&0%; (!
%?7"&"YH&T @

2. M+"1201(/29%1 4215 @ (A8Yo++"[21450%(; " 4/>1: ;S T+"+1421%0%1' ("5 1": 3$%!B: +15%(?4(=%1!;/1!
*001$4/206+15% ("4 1+ B*9%6/1%: &*18%*"&$%!"+15: (P%1!; 1*4=0%614(1; |BA(P!10("/B*%!+'017
1;'%!B;+11%'%(="/1%1@

3. VA(*%!8%*"8&$%+!™;1&40$113%!(%5$;&%6 1137 ) +>1*06=4+'1+"="$; (1+';/1;(11#)!"/1*%1$"+'
B;+1:++"2/%IB; +%114/8%*" 8&$%!'75%NES$; ++@

4. A*061'4"$1:=40/1421%/% (271 1" +/%%1%11371%: &*1#) 10("/2!%61+'01711;71B;+!"*%/!
&;$&0%;'%1@

5. K'IB;+1++0=0611""1%:&*18%*"&B90%113%! (%5%$;&%1!37!:/1#)>IB"*I'B41%0&Y%5" 4/+]!
896*"&$%o+1"*;'11(48%!=4(%!"*:IRGG!="$%-+110("/2!"* VBTG S6 8% &$%o+!"*:'
19%%11=4(%%/%(27!":/1*%71&40$1143";"/12(4=!;" %8%SIF31&*; (2% (1 10("/2!*%" (1$4/2%+'
"=0h15:(PY%1!:; 1*4=%14(!; 1B4(P @! A4Y®! (Y%o+0$""/21#)12$%%'1 1"+ ("30"4/1:&&A(1"/2!'4]
*0H1$A&; " A/141&%;(2" 21"+ ++AB/ 1A 3SIBNE

|

"#$YRB!"H#$% &' ($H SV &IBHS&' V() &*+$&,-+&.

Charging Location Number of Vehicles % of Total
4=0%17*;(2"/2 ! RTaRSU uw@UaY
C4(P5%;&%!"*;(2"/2 UFXUU TR@TTY
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Ad'4

RHHaRF

RGGY

6. \%5%/1"/214/1"*%!'4"$1;=40/"14?1%/%(27!/%%1%1!137!;15;("&0S; (1#)>!;/11"*%!$4/2%+'!
:8:"$:35%!5;(P"/21"'=%!;"1*4=%!4(!;'IB4(P>12%;+"3"$" 71421&*:(2"/21%;&*!"/#B"10;$!
0+"/21$%8%$!R>IF;14(1F3!&*;(2%(+!B;+!1%'%(="/%1 @ A (MHCEERS% 1+ RFIPC*147?!
&*:(2"121;111"+15;(P%1!;' IBA(P124(ITI*40(+>1"1&:;/_"13%!:++"2/%11'4!; @WSBS!F ;-
B4(P5%$;&%!&*;(2%d!&;/14/$7!3%!;++"2/%1!;IU@U!PC!,$%8%$! F3-@*( 3BT >!"2!;/!
#)1/%%1+IRGIPC*14218*;(2"/21;/11"+15;(P%1!; 1*4=%1 24 (IW!*40(+>18*;(2"/2!"+1?%;+"3$ %!
0+"/21%"*%(1$%8%$!R!,R@S!PC->IF;|, T@T!PC-14(IF3!,U@U!PC-1&*;(2%(+@

7. A*%IRHH>aRF!#)+!1B%(%!(;/14=$7";++"2/%1!'4!;14/%!421"*%I T12%; +"3$%! &*;(2"/2!+'(;' %27>!
:&&A(L2!'41*0%1&*: (2"/211"+'("30™4/1+*4B/" ' "#$%& @

8. A*00l:++"2/=%/147!;12%;+"3$%!&*;(2"/21+'(;'%27!'41%; &*I1#)!"/1"%!#)1 2$%% ' B; +15%(?4(=%1!

+24$$4B+]

a) Z$P!"*%l#)+1"*;'1&40$113%!&*;(2%1!;'1*4=%!;"" %8%S$!R!B%(%!"1%/"?"%1@!Q;/14=$7!
++"2/1?2(44,=4/21"%!18%*" &$%+!;++"2/%1"41*4=0%!&*;(2"/2!'4);&*"%8%!"*%!:R!

59%(&%/";:2%@

b) Z3$!I"%!(%=;"/"I21#)+!'"*;'1*:8%/ _'13%%/!;++"2/%1I'41:R!"™*;"1&40$1!?%;+"3$7!3%!

'F;15%(&%/';29%8 @

C) ZSSIHVBG=;"I"214)+1'*;18A0$112%;+"3$713%!18*:(2%11; 1*4=0%614/1:1" % 8%SIF 3!
&*:(2%(1B%(%!;++"2/%11;1 %8%S$IF31&*; (2% (!'4!=; P%!"*%!: F3I504(8&%/; 2% @

d) A*%!:348%!5(48%++IB;+!(%5%: %11 24(1H)+1"*:1:(%I15: (P%1!:1BA(PIB"*ICF:!;/1!
CF3>1;'IB*"&*154" /191 2$%%'I B +1: $$4&; IBIA5 ("' %$ 7! &&A(1"/2 SV

11 "#$%08 @

3.2 Oahu Grid Characteristics
3.2.1 Hawaii Electricity Load Profile

A*%I*40($71%$%8& (& 71$4;111; ;1 5AKIBY6(%!43";"[%112(4="P2$!42IV#QN 24(=!aRS!
bUWREL(!"*%! 7%: (1%/1"/2!F GRB$%& (" &10"'$" "%+!B"*1://0;$!5%; P11%=:/1148%(!FGG]C!;(%!
(%D0"(%1!'41%$%& (41" &:$$T712"$%! *"+124(=""41* %IV % 1%(;$1#/%(27!1Q%20$; '4(71M=="++"4/| V#Q
010106/ 114 21%; &%; (@4 (1"%!50(54+%6!421=41%$"/21"*%1#)1&*;(2"/21$4; 1!, (%5(%+%/'061!"/1:$?
*40($71"=061"/Vo(8;$+-1"/1* %61 +:=061" =01 +&; $%6!: +1*: 1421+ 7 +'%=11%= /B SYEEDD6 1 1+;$7!
*40($711%=;/111;1B%(%!43";"1%112(4=!"*%!*40($7!1;:+% @

SG



TIME OF DAY (HOUR)
B8 I"H#SY&" ()*+,-*-+."/0$1"2,03-()

3.2.2 Hawaii Electricity Price Profile
A*%I*40($F!1(2");3'&4+"14?1%$%& ("B U3, " [%11?(4=""*%"*40($7!3;$;/&"/2!;0*4 ("' 7!
1(%;1+7+'%=1$;,=31;11;";>15(48"1%1!"/I""%!V#Q N ?4(=!bBBRA (!"*%! 7%; (!%/1" /2| FGRE $%1!37!
*001%35%&'("&!0"$" "% +>1B*" &* 124 (1" %IK+$; /114?21 E;*O!"+ 1" HBIR& I =5;/7!,:# E->IK/&@!
VA4 (1"™*"+IB4(P>!;++0=%!"*;"1&0+'4=%(+?;&%!*40($7'17/;="&!5("&%+!"*;'l;(%!%DO0;$!"4!"*%!=;(2"/;$!
&4+'14215(410&™ @' A*%+%!5("&%!8;$0%+!;(%!%05(%++%1!"/10/TNU(P NIIEINGH +%0!47?!
=41%3$"/2>1""=688%(;2%1!*;$?1*40($7'%$%&F(&%!1;";!B%(%!43";"/%1!?(4=1"*%!*40($7!
L+%'@®
]

MARGINAL PRICE OF ELECTRICI

0:00 | 1:00 | 2:00 | 3:00 | 4:00 | 5:00 | 6:00 | 7:00 | 8:00 | 9:00 | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00 | 18:00 | 19:00 | 20:00 | 21:00 | 22:00 | 23:00
TIME OF DAY (HOUR) I

Figure 23!"#$%6&" ()*+,-*-+."1,-*)"/ 01-()"

3.2.3 Existing Power Plants!
KB4 (1%(1'41"*%!+'017!"*%!%??%&'14?!$;(2%!+&;$%#)! 1%554 7=%/"1"41"*%!%$%&' ("&" 712("1>
P/4AB$%12%!;340""*%!&0((%/'1%3$%&'("&" 712("1!"+!18";$@!!\;';!;340';$$!%0"+"/2154B%(I5%;/'+!;/1!

SR
!



2%6/%(;'4(11; 5 1+0&*): +1&;5;8™ 7>1%06;'1 (% : 1'% & 454271, 5("=%! 248:/11%/%(271+40(&%-124(!
E:*01B%(%143":"/%1124(1"* %1 7%; (19%/1"/2IFGRF>12(4=1"06 2B HBIHE1 1#K Z8HF ThaGc
B*"&*1: (%! %61#/% (27 K/24(=;"4/1Z1=""+'(;"4] _+ #KZ-154B%(15$;/1+0(8%7!1:":31+%+@
VA(;$S!*06158:/+15(48"1"/21"'%(=""%/"1+055$714?154B%(!, % @2 @>!B"/114(1+4%$;(->I'*%!
=40/ 14?154B%(15(4108&%11"+!1%5%/1%/'14/* %! +5%&" 2" %1 1*40($71&:5:&"712:8'4(@ ' A*%o+%!*4(
&:5:8"712;&'4(+11%5%/114/1"%!; =40/ 14?1B"114(1+0/$"2*1:':15: (" &O$; (1+"%! 24(!;!
&A((Yo+54/1"/21"=%%1471*0%11:7 @A*0+>1"%1'4";$1+05557142154B%(12(4=!;/1% G494 'V (
(%/%B;3$%!2%/%(; " 4/'5(Ah%& 1" +1:12(;&™ 41421 % 1"+, $$% 118:5; & 71421 0415$; '], "/+:$$%1 !
&:;5;&" TIWI*40($718;5;8" 71 2;& @ %!*40($7!54B%(I5(410& "4/, &;5;&" 712:& 4(-124(1"* %1 %0O"+" /2!
B/11:/11+4%;(1\"+ ("30'%119)!;/111%/ (;$1)'; "4/19)154B  %(15$;/+!"/\E;*0!B%(%!1%("8%1!?(4=!

42180+ 4=9%("%11+4$;(!, 1"+ ("3019)2>! X ]C14?1&4==05(&":$!+4$;(I:/HHIC]!4?1B"/1@

\;":1:340'*0615(" 8961421961 20%$10+%6 11" /1061960 +"/2154B%(15$;/ +1"/IE;*01B; +1;$+41
43'"1%112(4=baR@!A*%! (% BHRO+%1120%$!5("&%+147!3"41 60 (OLS8"2*1+0$20 (1 1"%+%$>!
0$'(;64B1+0$20(11"%+%$!, M I\->1$"D0%?"%11/;'0(;$12;+!, le->1$4B1+0$20(1?20%$!14"$!, IVE->1=%1"
+0$?20(170%$!4"$!, JIVE->1;/11$4B!+0$20(1"/10+'(";$120%$14"$! " IKVE-1? (R BEMS S O1# +
VA(%&;+1\;;1421*%IFGRT!K/'%2(;'%11Q%+40(&%!9$://"/2! XKQIX-1Q%54('1503$" +*%6 11371 %!
B HS%& ("&IN=5: " Yot aF @ 1 $15 (" 8961 24(%& ++1BY (%6143 [%112(4=1255%/1" 01 Z[IA; 3$%!
ZR1503$"+*06 11" 1" %IM@J @ #/% (27 KI?4(=;"4/\Z1="1"+'(;" MAT HKZEH % (27 EQ'$44P!
FGRS!,Z#EFGRET@!);(":38%!45%(;"4/1:/11=;""%/:/&Y6! &4+ +1421* 0418 ("40+1%0"+"/2154B%(!
5(4h%&+!,%@2@>'B%:; (1;/1'%;(1&4+'+-1BY%(%143";"[%112(4=1"* %14/ +4$"1; % LIM/" IK/24(=;"4/!
VA(=+"/'Z55%/10'm!, JO558T1%! QU%-+A40(896!Z++%++=%/'-1421* %I FGRTIK/%2(; %1!Q%+40(8%!
93$://"/21, KQ9-1Q%54('>1503$"+*%6 1137106 1:: B [1#$%& (" & 4=B a1 ?(4=1A; 3% W @F 147!
HOBIZ++0=5"4/+'41*%1Z//0:$1#%(27E0'$SA4PIFGRS_1503$"+*%611371"*06! M BVRA(H/%(R7!
Z1="1"+'(;" 41! #KZ-baT@®

|
A*%!:&'0;$!8;(";:35%!84+15%(1]C*1421%6$%& ("&""712%/%(;' % 11371:/1%0"+"/2154B%(15%$:/'1&;/13%!
&;$&03; %11+

#$ &I H#SUI T I 1]

IHE &N 11 TIHSI T 11" 1 1]
Y I L D 1 4G §1UMHS 1 IMHS 1S MMBeu! "¢ 11
C*9%(%!
8:(";3$%04q=q&A4+"11):(":3$%145%(; " 4/1:/11=:"["%/;/ &% &4+ +1%: &*1% 0" +"/2154B%(15(4h %8,
VN]C*- !

20%$0&4+111V0%$! &4+ yN]J'0-
*0:'q(;'%Ir1:%:"1Q;'%!421%;&*1960"+"2154B% (I5§L'ON]CH- !

SH



3.3 Model Notations
A*%!=41%3$+!;(%!?4(=0%;'%1!10+"/2!Z]9 'RF@F!;/1!;(%!+4$8%1!0+"/2!K<]'K Ee!"9 #n!
E5"="L;"4/'J" 01"4'RF@ XI@R@4?!"*%!=;"/1%%$%=%/"+!"*;"!;(%!/%%1%1!'4!(%5(%+%/";/7!
&4/+'(;"1%1145™="L;"4/'5(43%%=!;(%!
*  Sets:!\J%'+!12%/YE$7!(%5(%+%/";/7'0/4(1%(%1!&4$$%E& " 4/14?143h%&'+!(%$;' % 11'41*% =4 1Y%
K/1"8"10;$!'=%=3%(+!4?!""%!+%"!;(%!47?'%/'(%5(%+%/'%1!37!"/1%0"/2!8;(";3$%+@
* Parameters:!9;(;=%'%/(+!(%5(%+%!/";/7!/0=%("&;$!8;$0%!5%/("'/%/'!'4!"*%!=41%$@!A*%7!
5(48"1%!"/50'11;"1?4(1+432!"*%!45™="L;"4/!5(43%$%24@
* Decision variables:\%&"+"4/!8;(";3$%+!;(%!;!+%"4?!D0;/""%+!"*;'1/%%1!'4!3%!1%'%(="/%1!

%0O5(%++"4/1"*;"1"/1"&;'%+1*4B!%;&*11%&"+"4/!8;(";3$%!&4/'("30'%+!'4!"*%!8;$0%!'4!3%!
45"="L%1@!A*%!24;$!4?!"*%!43n%&"8%!?0/&"4/'&;/'3%!'4!=;0"="L%!4(1'4!="/"="L%!+4=9%!
10=%("&;$!8;$0% @

* Constraints:"/+'(;"['+!;(%!=;"*%=;"&;$!%05(%++"4/+!";'1&4=3"1%%!5;(;=% 'Y (+!
J111%&"+"4/18;(";3$%+!'41%05(%++!$"=""+14/"*00|54++"3$%!+4$0"4/+ @

3.4 EV Recharging Scenarios
3.4.1 Price-Taker Model

3.4.1.1 Optimized Charging

A+1=419%8,$7L%%! +&%/;("41"'B*" &*1#)1&0+'4=%(+!;(%!4??% (VB (ZY2!5("&%0+!
1%5%/1"/2\4/V*%1;(2"/;$!&4+"14?15(410&" 12%P% &' ("& 4>,V *% 7'&;/! (Y%10&%!"*%"(14B/!&4+"!
371&*;(2"/2!;' "'=%+!B*%/!"* %@ ("&%!4?1%$%&'("&" 7" @SABHH '+ B* %" YAV /;="&! 5("&%o+!

5("&BPY(B*;(2"/21=41%8$);"=+1'"41:/:$TLY0V *06154'%/": $1+:8"/2+124(1#) &0+ 4=%%6(+137143":"/"/2!
145" =;$18*:(2"/21+&*%10$%! 24(1%;&*18%*"&$%! BER AR5 (" 89630 /4'14/1;1$: (2%
06/402%1+&: 3% A1&*: /2961 0615("8%61421%$% & ("&" 7 @!

!

w2 L%+H1*00148% (55! &4+14?1&*;(2"/210+"/21*% ! =; (2RABIA ?1%F% &' ("&" T @' A*%! 1%&"+"4/
8;(";3%%!f#)q"*;(2%gPBg>!5(48"1%+!"/1"8"10;$!&*;(2"/2!+&*%10$%+! ?4(1%; &*1#)!10("/21%;&*14?!"*¢
SWI*BA0($7!"'=%+$4'+1'41(%5(%+%/"1%;&*14?21"*%IFSI*40(1+'017!1;'% @!A*"+145"="L%1!#)!
&*;(2"121+&*%1088154'%/";$$7!(%10&%! & 24 (+&0+'4=%(+!37!0+"/26¥"=B;(7"/2!/;'0(%!
4?21"%1%$%&'("&" 7!5("&%+@!

|
3.4.1.1.1 Objective Function
A*%!43h%&" " BU& " 4/'4?V*"+1=04"*4 1 H!

"#"1"$% Z L HS%&kwy T IMIHSON#SIH ) I I"H#S%&" 1tp "y !

O I"E#S%E&™(
P I"#$%&™

ST



A& N "HS%P&' ()*+$*,- T "#$WB #SYI&H S V0!

(VEHCILES, 10=3%(14?!mC!4?!54B%(!(%DO0" (%1124 (1&*;(
TIMEPOINTS)! %;&*18%*"&$%!,8-110("/21%; &BA%h'>11-147!
1401711, %@

#)g"*;(2%qPB

M"#$A& "H#SN& " &S () HSWB HSY08H S V0!

\ZA#J! 1! M/"DO%IK\I24(19%6;&*1 | I"#$Y%&Y6H ()*+,-(.%/0(
+:=5$%11;'%!"/&$01%1I"} I"H$%&™1()*+,)*-./* 0!
*0b1+'0171@ I"#$%6&™"1() |

AKJHOEKIAJ | '>14 )i $"LI&A=3";"4/+1471 | I"HSY&IbH (H)*+H*-./D1

.:l:%+$4l!K\!’._!;/1!1;7!’1_!
I*;II;(%'II/&$01%1!II/I|*%|
=41%3@

SS



"HSYHE, I"HSYBE (Vo) HSIB H HSW HS W HSYo!

Parameter Name | Indexed over | Description Definition

"IHS00&! ()*&+,- || 'HEW&MI( | "HEN&'()*&+$,-./$-08 | I"HS%&YoH (#)*+#,*-./01
electricity derived from "#$%&'%() &*#$%0+,&-#
"#S%E&' &IH#(P)*(+,*-$ "#3$%&'()($*+,
I"#$%8&'(%)*+%&&%, (-.(
"#P1%%E& (#)* #+,-1
"#$%&'()'%*'&t | "#$%&™I( ! | "#$%&' ()"#S%&™!() I"#$%&Yo ' (#)*+#,*-./01
"#3%& &' $HE(S()F*+,%(
M"#1"$"%&' () *+'(,-1*."
"#3$%"&1$'()*+,

3.4.1.1.2 Constraints

A*%I5("&@P%(145"="L;"4/'=41%3$!"/&$01%+!"*%!?24$$4B" /2! &4/+1;"['+[!

[

3.4.1.1.2.1 EV Constraints

A*%L: =142 00 1H)1&4A/+'(;"/'+H1'41141*%1 24$$4BY/2[

a) A*%!&*;(2"/54B%(1$%8%3$!?24(1%;&*1#)!"/1;154'%/"; $1&*;(2"/2!"'=%+3$4"1+*40$1!3%!$%++!"*;/14(!
%DO0;$!"4!"%!=;0"=0=1&*;(2"/2!(;'%!"*;'I"+];$$4B%1!?24(1'*;"15; (" &0%$; (18%*"' &$% @' A*%!
=,0"=0=1&%*;(2"/2!(;'%+!"*;'1*;8%!3%%/' &4/+"1%(% 1" /4#1(%+%;(&*!+'017'R@S!'/PC>IT@T!PC>!
JLIU@U!PCL;/11*:8%!13%%/11%+&("3%1!"/11 %5+ &Yx3.1.3.4@*%!=;0"=0=1&*;(2"/2!
(;'%!"+!;++0=%1!'"413%!L%(4'B*%/!"*%!#)!"+!/4'15$022%1!"/I'41"*%!12(" 11?4 (1&*;(2"/2@

PHS%&N" 1(1"F# I 1T H§%&™ 1 (I 1"H#$%&™I( !
!

L1 H"H$%&!" |4y | vehicle! "#$%&™!_max_"#$% 1" | g, VI | "HS%&™ | ]
ML H$%&™ (!

A*%1&4=54/%/"+1*;8%!3%%/!1%+&("3%1!"/1"*%!";3$%H!3%$4B@

IHSIME 1" HSY68 " LSV (VHEY8! () +&

Name Ind?’ xing Description Definition
variable(s)
) K#J! 8 M/"DO%!K\L;++"2/%11'4! | "#$%&%o#' ()*+,-(.%/0(
%;&*1#)1"/1&$B01%1!"/""*%!| 1"#$%&" Yo#()*"'+3$,-.+/01
+017@" "#EHE%H % &' () *+*# % &L)-9
"#$%& " %#()*"'+3$,-.+/01 !

SX



"HSUHR I"HSYBE (U6) ") H HSU& (VS8 ()*+&(#,}-

Parameter Name | Indexed over | Description Definition
"#$%&™ (B)"*+3$,( | "#S%&#()* | ""#$%"&'()&*+ #-*& R@S 6"#"$%&harger!
_max_power_kw! | I"#$%&"1() | | "H#EN& ()" +, -+ #I%N™ | 1"iy$o0a # $%HS%"& (&

#3%&' )"+, (-&.("-1$"Y 1"#$%a"#"$%b Charger!
"H$%&™ (1) $*'+$,"-. $*+/" | |
"#$%&'()*+',++*-./0." I
"#$%&' ()*+!("#$"9a"#$
I"#$%&' % (#') (*+,$'&%"-(
I"H$%& Yo ()!"*+,-*)(

" $1%6$&!($)* "+, *
"#$%&"()*+,"-,$.8)
I"#$%&'%()&'*+), 4

|

b) A*I=;"/1: =14 HIQA[+ (1" +1'A1=; PY1+0(%!™*: 101+ 0=14 21 UBISI&*: (2121 14/9%!"/1;$$!
*OB154'%/" $I" =061+ $4+1"/1;/715;("&0%; (1'(;8%$! 1; 71" +1%DO0;$! 41" % 4", $1%/%(271/%% 1% 11 24(!
06;&*1"/1"8"10;$18%*" &$%6>1B*"&*1*: +130GDUBIGHLS" %112 (4=""* %61 *"+' 4("&;$11("8"/215: "% (/!
111"+ &0++9%611"/1"%51%; ($"%(1+ %" 4/+@

11" 1Charge! 1" yuy UxUI"#SO6&R" 11" 11" 1 1 I"HS0&I™# # 11"# 1
(e NE#S9%&™(

HSOHE, I"HYBE (96)"*) H HEU& (VHSY68E ()*+&(H, 1.

Parameter Name Indexed over Description Definition
I"H$96& (8&&)&)*+" | "#$%&™ ()*"+' "HS%& H()H* +, Yo ++-+-'&#' | "H#S%&Yo#'(
[ M'#3%&#()*( ! | "#P%&'&H" (&) *&'+(,'#SH | "HPI%HE& ()¥!

| I"HSY6& ("H#)*$'+,)+"$-).+/0)
I"#$968&%'()*(+*),&(-. (/012

3.4.1.2 Business-As-Usual (BAU) Charging
K/1"*06!30+%+G+8)+0;$!&*;(2"/2!+&%/;("WHAB/%(+!;(%!;++0=%11'41&*;(2%!"* %" (1#)+!
("2*'1;?2'%(1"*% 7! (%;&*!"*%" (1?"/;$!11%+"/;" 41!, *4=%!4 (| BE@R ! &*;(2"/2!"+!;++0=%1!'413%2"/!
"==061";'%$7!;'I"*%!+";("14?21*%!+"/2$%!$4/2%+' WY Po; &*18%*" &$%0!"+!5; (PYHIG 4 (!;']
B4(P!10("/2!"*%!+'01"%1!8%*6RIW ' A*"+!+&%/; ("4!"+1=41%F$$%1!'4!(%5%$"&;'%! *%!/4(=;$!%05%&"9



&*:(2"1213%*:8"4(1"1B*"&*I" 01" =GB; (7"/215(" &%+ 42 2% (% 1" I U BFRUEA1 %S 141/4']
22068 106 1#) 1 4B /% (+18*:(2"/211%& "4/ @

A*%130+"/YGHD+QSI&*; (2"121+&%/; (" 41" +1"=5$%=9%/"% 1" /I % |G PEBH=41%$!37!
=:10:$$714%""121%15; ;=% Yo (1 #)q/*: (2%qPB _-1'41:11967;0$'18*;(2"/21(%2"=%!"*: 1&*: (2%+;'l
*0p1=:0"=0=1(;'%>1+ (/21 1%06106; ($"%+'1&*: (2% B"/14B1;/ 1184/ " [0%-+1: &(A++!"=0%654"['+1:/1!
&*:(2UB"14B+10/"$!"%1%/%(27!(%D0" (%=%/"1"+120$?"$$% 1 @' A*%!=;0"=0=I8&*:(2"/21(;'%!"+!
++"2/%1119659%/1"/214/1*%1&*: (2%(10+%1!" @ % @ > Y BRIG(S PGB PHBEIFTI PC14 (1" %8%S$!F3!
8U@U!PC!B*%/I5$0 B4 G!B*%/1/4'15$022961@ 186! +;=%!+9%' 142184/ +1;/1143h%&"8%!
20/&"4/%,(YH0+% 141" /1+ %68 "48.4.1.1.1 @ A*%!=41%S$!"+1+96'05!" /1061 +"="$;(12(;=%BA(P!;+!"/!
fA5"="L%11&*;(2"12g>1%0&%5'*06(%!*%!8; (";: 35%! (%5 (%o-+%6/" /2! "*%% O HEPIEAMEPR!
(%D0"(%1124(18*:(2"/21%;&*18%*"&$%!,8-110("T206: &A1 1-1421:1+'01711;'%!
G (2%APB_-1"+1:15:(:=%'%(1"/+'%; 114?1;11%8&"+"4/18;(":.3$% @
|

"HSUHE, I"HSYBE (U6) " (I HS Vo8 A" #$Yafodel!

Parameter Name | Indexed over Description Definition
#)g™*:(2%gPB (VEHCILES, 10=3%(14?!ImC!4?!54B%(| !"#$%#"&according

TIMEPOINTS)! | (%DO0"(%1124(1&*;(2"/2! | "#H$%#%8Y%6' (J# %o +,
06;&*18%*"&$%!,8-110("/2) "HS%& H()* (+$%& H#(,1
06;&*1"=054"/"1'>11-1421:1 | I"H$%&'($&)*'+,-(,&
+01711;'%\@ I"#$9%! 1!

!
3.4.2 Supply Curve Model

3.4.2.1 Optimized Charging
|

K/N"*04+055%$7!&0(8%!=4494*!"*%! (%+&*%10$;3$%!$4;1! #)!$4;1-1;/11"*%!54B%(!
2%/%(;'%1!37'%:;&*12%/%(;'4(1*;8%!"*%!?$%0"3"$"71'41&*;/2%!"/1%; & 2 BYERIY% ! *%0!
3%+'145"="L%1!&*;(2"/2!+&*%10%$%! ?4(1%;&*18%*"&$%0>!="/"="L"/21"*%| &A4+" AFGRATDN 2! #)
=41%3$!+*40$11+;""+271"*%!1?"0%1!+7+'%=1%%$%&'("&" 7'1%=;/1! 1 {UAUBLAIA%!1;7!;/1!
:$+41"%0618;("40+14*% (1&4/+'(;"/'+ @' A*%!=41%$ ! HBBY & K 4=1%012%/%(;'4(+!B*"&*1*;8%!
*0!1$4B%+'1&4+"14212%/%(;"'121%$%&' ("&™ 7! 1" =0454"'@!

&A+1421&+:(2"210+"/21*018: (": 35%! &4+1421 GV 8196 1212%/%(; 4(>!:+!
(%5(%+%/'%11371:1+'%55%11+055$7! &0 (DBEBAEIEY0!"+143';"[% 11371+, &P"21%0"+"/2!
2%/%(; 44"+ &Y/ 1"/214(1% (1421 %" (18;("; 35V BAG 1"+ ++0=0611/4''418; (71B"*I':0%" !
40'50'1$%8UBHS%&" (%5(%+%/+!*%!+055$71&0(8%!472!*%!E;*0154B%(1+7+%=>IB*"&*1+*4B+!
*0p)=; (2" $1& A+ +142154B%(15(4 108" 4/1:/11*%612%/%(; "4/1&;5;&""%+14212%/%(; " /215$;/+>]
B*"&*1:(%6!(%65(%o+%/ %I +'%651" /1061 &0(8% @ A*%6! 2%6/%(; " /2158:/'+1; (%1 1"22% (%6l % 11371+ %!
'V&*A$42 T TI0+YELNA(I"*%120%$! 0671 &4/+0AFB@1 %&"+"4/18: (";38%!F#)q"*: (2% PBg>!
5(48"1%-+1"/1"8"10;$1&*;(2"/21+&*%10$%+!24(1%: &*1#)110("/21%; &*1 47 G- HQ GRMI*:9B+$4'+!
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2(4=1%%1296/%(; 4(+1B*"&*1%: 8% 01$ABYo+'1&4+14712%/%(; " /21%$ W& ("&" T @!!

AR H145"="L %1 IH)1&*;(2"/21+&* % 1QFIB(48"1%! & 4/+"1%(;35%6!+;8"/2+124(134'*!
&O+ A=Y (+I11%1+7+%=145%(;'4(!,0™"$" 7-1371;$$4B"/21&0+4=%(+I'41&*; (2% "'= %o+ B*%%/1" %!
06$%6& ("&" 71" +1296/%(; %112 (4=1$%-++19605%/+"8%!12%6/%(; 4(+1;/11"*%!+%(8"&%!5(48"1%(137!;$$4
+06(8%!$4;1+10+"/2129%/%(;'4(+1B*"&*1; (%! (%S$; "8%$7!$%++1% OBUIE&BYEIIA(+40(&%!47!
0%6/%(21@Y6!"=54(' /' $T>1""+1=41%$!&:/1+*4BI* 045" =;$1&*:(2"/215$;/1;/11&4+'1+:8"/2+]
B*06/1"0(%6!: (%6!%/40 25 1)+ 414520 1=; (2"/:$1 &4+'14?154B%(15(4 108" 4/1%:; &H*40(@
|

1200 -

1000 4 Biodiesel
=
2
S 800 -
S~
=
‘g 600 - High-Sulfur : Diesel Fuel
Q Low Sulfur Fuel Oil (LSFO)
£ 1 ]
0 400 -
©
2 Municipal Solid Waste

200 - (Msw)

Wind and Solar l Coal
0 T T T T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Supply (MWh)

!
I"#$%84!"#$%%&" ($)*+",-"./[+"0LBower System!

3.4.2.1.1 Objective Function
A*%143%& " "BY& " 4/'421"*"+1=0%"*4 14!

I"#"1"$% z LIHSY08 ()F+ g, | IHG O6& UG 11 1L ISR 1M 11, 1)
I I"#'$%&'$(
(O NES%E&™ ! (

HSOHE | I HBY& (V- U H HHS Y68 () * BHSY0!

Decision Variable Indexing set Description
Name
\"+5:'&*e%/ ! (GENERATORS, 10=3%(147?'|C!14?2154B%(!'4!2%/%(;'%!?(4=!
TIMEPOINTS)! %;&*1%0"+"/2>11"+5;'&*;3$%!54B%(15(4h%(
10("/21%;&*1"'=%+$4'@
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ASIAS, "HSYBE (%6) HHHSYE " (J* RHSY0!

Parameter Name Indexed over | Description Definition

IHS & )+ (“H(J0 | M#$%&'S( ! | "HEU&' (&) HS+,-. $lE I"H#S%&YoH' (#)*+#,*-./01
HE%NE&S'()*+,),5-$ | I'HEU%H'&'()"™)

I""#$%!&'()*%&+)"1$4 variable_cost_mwh =!

I"#"$%&'B()*+,-) "H#$"%& () (*(+),-.

I"HE%&'()*%0'$)+"&) | "#S%&' () ((((CCCCCCeeeee

variable O&M.! I"HBY6& ()*+,- JIOH1+2+
I"HSY&HS"

I"HSY&" ()< ++++]

3.4.2.1.2 Constraints
I

A*%!1+05580(8%!45™="L;"4/'=41%3%$!"/&$01%+!"*%!?4$$4B" /2! T!1+%'+142\&4/+'(;"['+[!
|

3.4.2.1.2.1 EV Constraints

[

A*%L;"=1421" 0 1) 1&A/+'(;"/'+1"+1'411 4101 24 $$4B" /2]

[

a) A*%!&*;(2"/5B54B%(1$%8%3$!24(1%;&*1#)!"/1;154'%/"; $1&*;(2"/2!"'=%+3$4"1+*40$1!3%!$%++!"*;/14(!
%D0;$!'41"0%0!=;0"=0=1&*;(2"/2!(;'%!"*;""+!;$$4B%1!?4(!'*;'15;("'&0$; (18%*"&$% @ ! A*%!
=,0"=0=!1&%*;(2"12!(;'%+!"*;'1*;8%!3%%/'&4/+"1% (% 1!"/V'*"+(%+%:;(&*!+'017'R@S!PC>T@T!PC>!
J1 WW@U!'PC!;/11*:8%!13%%/'1%+&("3%1!"/! 1%5% ViR %48.1.3.4@ | A*%!=;0"=0=1&*;(2"/2!
(;'%!"+!;++0=%1!'"413%!L%(4'B*%/!"*%!#)!"+!/4'15$022%1!"/I'41*%!12(" 11?4 (|&*;(2"/2@

"H#E%&N" (1" " 1"4#$%&™ (M) n!TIMEPOINTS)!!
!
" 1"#$%& " ing ! M"H#S%&QTH#E%& 1"# 1"#$% 11"y 111 1 VEHICLES!!
e e "#$%&™( !

A*%1&4=54/%/"+1*;8%!3%%/!1%+&("3%1!"/1"*%!";3$%H!3%$4B@

SH



I"#$Y@B! EV Decision variable !"#"##$%&" ()*&#$%!

#)q™(2%qPB (VEHCILES, 10=3%(!4?'mC!4?!54B%(!(%D0" (%1124 (1&*;(
TIMEPOINTS)! 06;&*18%*" &$%!,8-110("/219%; 834404 '>11-147!
1401711, %@

Table 39. Sets used to define EV Constraints!!"#"##$%&"'()*&#$%0!

) K#]! 8 M/"D0%!K\I;++"2/%11'4! | 1"#$%&%#'()*+,-(.%/0(
%;&*1#)!"1&$01%1!"/!"*%!| VEHICLE_CHARGE_WINDOWS:
+'017@!! {v: (v, d, dwl_strt, dwl_end)!E!

"#$%& " %#()*"'+$,-.+/01 !

I"HSYE, I"HSYBE (VoY HSIB HSY& (Yort ) -+"(,1-. (| HLI"HHSY6&™ (1" H$ %!

'#$%&™ ($)"*+$,( | "#P%&H()* | "#$%N"&'()&*+#-*& | I a"#"$%&harger!
"H#P$1%&' ()1 P 1"#$%&™() ! | "#3%E& ()!1*+,-+ #$%* I"IA$608" #" SYHS %" &' (&
"#3%& ()" +,(-&.("-1$"1§ 1"1#$%8 evel 2b Charger!
M'#$%&™ (1)'$*'+$,"-. $*+/" | |
(t,d). "#$%&$SH' ()*(+% | 1
"#$%&'()*+!(,-+!-#Glay
"#$%&'%(#") (*+,$'&%"-(
"#$%& % ()!"*+,-*)(
"#'B1%B& ($)*"+,*
vehicle’s potential
"#$%&'%() &' *+),4

I

b) A*%!="/1;"=1420*"+1&4[+'(;"['1"+1'41=; P%1+0(%!'*; 106! +0=1421"*0%!'4", $1 &*;(2"/2114/%!"/!;$$!
*06154'%/";$1"'=%!+$4'+!"/1;/715;(" &0S; (1" (;8%$! 1;7!"+19%DO0;$!"4!"*%!"4";$!1%/%(27!/%% 1% 1! 24(!
%;&*1"/1"8"10;$!8%*"&$%>1B*"&*I*; +13%RAIH(6" /%011 ?(4=""*%1*"+'4("&;$! 1("8"/2!5;" % (/!
1;11"+&0++%11"*%!%:; ($"%(1+%&"4/+ @
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LEVIHS%&I" |y 1T IHS%&" 1tpl 1" 1y | | "H$%&I™#"# "% |, I
() en#s9%8&™(

IHSYHR "HSYSE. (VoY HSY& YoSH() Y%+, Yo-'*" 8. [)* &I W CHZH B rve I #$ %!

Parameter Name Indexed over Description Definition

I"H$06& (&&)&)*+" 1 | "H%&™ )"+ "H#S%& H( )+, Yo+ +-+-'&#' | I"'#$%&Yo#'(
[ "#$%&#()*( ! | charge each vehicle (v) "#$# | "#3!%#&'()*!
[ "#$%&'("#)*$'+,)+"$-).+/0)
"#3$%&&%'()*(+*),&(-.(/01.2

3.4.2.1.2.2 Load-Serving Constraints

|

A*'+1&A4/+'(;"['/(%DO0" (% +!"*;"154B%/(12%/%(;'%1!?(4=""*%!%0"+"/2!54B%(!5%;B%+6$%0!'4!
+;""+271"*0%011%=;/1!?484B%(110("/21%;&*!"'=B4"/' 14?1"*%!1;7 @!A*%!'4";$!+7+'%=1$4;1!;'1%;&*!
"=00+$4&4/+"+' 421001 %R Y6& " 7154, 1!;/11*%1$4;1110%!"'41&*; (2'#2H!;'1'*;'15; (" &0S; (!

"=0b4"[' 1421001 1; 7 @W+%(8%!=;(2"/+1*;8%!/4"1 3% %/ &4/+"1% (% 1!"/I"*"+!B4(P!?4(1+"=53%$"&"'7!30'!
B"38%!&4/+"1%(%1!?4(1?0'0(%'B4(P@!

PHSYOR" I(IMHICI I I HS%& (!

e rE#g%e&!™ |, 110000 I HMIH#S% RS,
NI
! Z "#$%&'()*+ |y M
IS8 $(

IHSYR ' SYRYOH () Yo* (8 (*%b, - Yo(/+"* (0%#1-.2(3+. QEFHGHHSEI& " () &HSY6!

Parameter Name Indexed over Description Definition
I"IH#$%&'()*& Yo+ ! "#$%&"!( ! "#$%&S'S)*" (") +&',-%.&% /1 "#$%&Yo#'
each timepoint (t,d).! I"#$19%0#&' ()*!
3.4.2.1.2.3 Maximum Dispatch Constraints

|

A +I&A[+'(;"%/+0(%+!"*;'I"*%154B%(15(410&%1!137!"*%!%0"+"/211"+5;'&*;3$%!;/113;+%%$4; 1!
2%/%(;'4(114%H441%08&%%1!"™*%"(1/;=%5%;'%!&;5;&™7@!V4(15$;/'+15(48"1"/2!" "% (=""%/"1+055$ 7!
4?2154B%(1,%@2@>'B"/1!14(1+4$;(->"*%!=,0"=0=";=40/"14?154B%/(!"*;"1&;/!3%!2%/%(;'%1!;';/7!
5,("&0$;(1"=%+$4""+112(;& 4\ 421 %"+, $$%11&,;5,&" 71421158/, [+ ST IS,
&;5;&"7'?,&' 405+ 30@
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A& 1A I A $%&'S( I T I"A#$%&™I( I !

H& () |y | I HSYO8 IS I I
I"#$ 1" 1"#$S mw, |
LI LES mw, ] p! I 11068, !
!
HSAR 1" H % &YoH ()' Yo (&t (*%o N HBY6 &Y' (B) "+, .10)+1"$0+)'I"#$Y%eSitbply Curve I"#$%!

Parameter Name | Indexed over Description Definition

568" S() | GENERATORS! | I'#$%8%'()*$+,-().-/' | I"HS%&YeH (#)*+#,*-./0
I"H4$"H96&" (%0)*+,%$!-)'%
I"#$98&

SR IS | VHSWRS( | | "H$%& %()*+&(,-% I"HSY0&YoH (H)*+#,*-./Q
I"HBO& IS H (S0 (+, "] 1", I"HSYO& IHHSI#

I"HSHYO& ()* &+ &-+L1,0% | 1" 1"l B"HSU&IHS #
HS%HEUHI() | IHSHAN&(%) | IS’ () SEHH(HH- (| I"HSUEY6H (H)*+#,*- 0
I"HSO&™MI() | | I"HSY&! () + FH*-"H & (H)M
I"#$96& ()*+&, - &*H/0&

I"HSYOHE (H8Y6!)H% %6 &Y
I"#" S8 (#)*$(+",&)-1.)

I"#5%& )+, $-(./$%,

I"#$%&

3.4.2.2 Business-As-Usual (BAU) Charging

K/1"*9%!30+"/%8+0+0;3!&*; (2"/2!+ &Y/ 4#)14B/%(+!;(%0!; ++0=%1""4!&*;(2%!"*%" (1#)+!

("2*'1;?2'%(1"*% 7! (%;&*!"* %" (1?"/;$!11%+" ;" 4/' *4=%!4(!B4(P-@!A*%!&*;(2"/2!"+!;++0=%1!'4!13%2"/!
"==061";'%$7!;'I"*%!+";("14?21*%!+"12$5%!$4/2%+" WY PO; &*18%*" &$%0!"+!5;(P%1!; 1 *4=0%!4(!;']
B4(P!10("/2!"%!+'Q"%1!8%*" &SV | A*"+!1+&%/; ("4!"+1=41%$$%1!'4!(%5%$" &;'%! *%!/4(=;$!%05%&"9
&*;(2"1213%*;8"4(1"'B*"&*1"*%!+05580(8%!=41%3$! 14%+!/4'1;2?%&" *%!#) 4B/ % (+! &*;(2"/2!
1%&"+"4/@

A*%!30+"/%G+HD+0;$!&*;(2"/2!+8&%/;("4!"+!"=5$%=%/"%1!"/!" %! -RDEG7! =418 P!
=;/0;$$71+%""/21"%!5;(;=%'%(1#)q"*;(2%qPB _-!'4!;11%7?;0$'1&*;(2"/2!(%2"=%!"*;"1&*;(2%+!;']
*0p1=;0"=0=!(;"%>!+";("/2!;'1"*%!%:;($"%+'1&*;(2%!B"/14B!;/1!&4/"/0%+!;&(4++!""=%54"/'+!;/1!
&*;(2%!'B"/14B+10/"$!"*%!%/%(27!(%D0"(%=%/"1"+!?0$?"$$VcAM@IA* Y24 AN, %! " +!
++"2/%111%5%/1"/214/1"*%!&*;(2%(!0+%1!" @ % @ >! YO RG(S PBH BIBBEFF-TPC!4(!" %8%F! F3!
AU@U!PC!B*%/!53082% [ G!B*%/!/4'15$0229%61@!A*%!;/;$ 7044 *%!+;=%!+%"'14?!
&4/+'(;"I'+!;/1143h%& "' 8%!?0/&™"4/!;+10+%1%4& "' 43.4.1.1.1@ ! A*%!=41%3$!"+!+%'05!"/I"*%!+"="8;(!
?2(;=%B4(P!;+!"/1f45"="L%1!&*;(2"/29>!%0&%5"*%(%!"*%!8;(";3$%! (%5 (%+%/"/2!"*%{D0=3%(14?!P
4?2154B%(1(%D0"(%11?4(1&*;(2"/2!%;&*18%*"&$%!,8-11 OC RS !1>11-147!1:1+'017!1;'%!

)9 (2%gPB _-!"+!;15:1=%'%(!"/+'%;1!4?!;11%&"+"4/'8;(";3$% @!
|
|
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I"#$YA&. . Parameters I"#$%8 %6()*%-+,-./ & [YHOAR HHS Y& () * BHS %!

#)q™*;(2%qPB!

(VEHICLES,
TIMEPOINTS)!

10=3%(14?'mC!4?!54B%(
(%D0"(%1124(1&*;(2"/2!
%;&*18%*"&$%!,8-110("/2
%;&*1"=054"/"1,'>11-1471;!
+'017!1;'%@

"#$%#" &Y "' #3%&'()
"#1$%#%& %" () #'%0*+,
"#3%&#()* (+$% & #(,1
used, and charging
"#$%! .!
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CHAPTER 4. I"#1$%&!"()*+$!,-*(, "#$1"M%&'( !

4.1 Impact on Load Profile!

4.1.1 Price-Taker Model

A*%!"=5;&'14?1" 01 #)!12$%%"0+"/ B * &P %o (1=41%88/!"*%!'4",$!+7+'%=11%=;/1!"+!
+*4B/N"! I"'#$%& @NO("/2!"*%!1%8%/"/2!5("4("715%;P!5%("41! X[GIHBE!5=->1#)!&*;(2"/2!
0+"/2I'*%!136"/%++!;+10+0;$!&*;(2"/2!586(%; +%+!"*%!%8%/"/2!5%;P!$4;1137";/';11""4/;$'R@TX!
eCl4/! '451472%%\/4(=;$!1+7+'%=1$4;1!B*%(%;+!"*%!45"="L%1!&*;(2"/2!5%;/!;11+h0+';(40/1!aH!

]1C I"""*0%1+;=%!5%("41@"A*% BPEHYE5"="L%1+&%/;("4!"+!"*0+!;3$%!'41+0&&%++?0$$ 71 +*"?'I'*04
=:h4(" 714?21 %I5("4("7!;/11="115%;P!5%("41!$4;1!"4!"*9B4EP!5%("41 @' A*% 34914 2E
5%;P!5%("41!"+1=4+'$7110%!'41*4=%!&*;(2"/2!B*%(%0;+!'@P15%("41!$4;1!"+!+'(4/2$7!
("30'%11'41BA(PE$;8%!&*;(2"/2@

A*%I<0+"/%E+aI+0;$! <ZMAL2"/21+&*%10$%!;++* 4B/ HS%&" >!"+!:3$%!'4!&$4+%F7!
=41%%$!"*%!&4=4/1*40+%*4$111("8"/2!5;"%(/""I'"*%'M@I@'A*%!=4(/"/2!&*;(2"/2!5%;P!"+!
(%5(%+%/'%1!37!"* %1 &*;(2"/2!"*;'I"+114/%!5(%8;$%/'$7'B*%/! 1 ("8%(+!(%0;&*!"*%" (B4 (P5%;&%!;/1!
"4 STISSOBI*%%" (18%*" &$Y6+124(18&*:(2"12@13"="5;($71: 2'%(1* %61 2"/;$!'("514 21 * 4 (1SBABHY6 /!
("8I 4=9%1:/ 1101 +"2/"2"&: 1S4 1110%! 414)1&*: (221" +1:5'$ 71 (%5(%+%6/'% 11371 %!$: (2%
%8%/"/2'5%;P!$4!1@!

A*%145"="L%11&*;(2"/2!+&*%10$%!"+!;3$%!'4!1+0&&%++?0$$7!'(;/+?%(N+*"?'1"0!30$P!42?!"
%8%/"/2!5%;P!$4;1!'41"*%@BPE,P!5%("41+!4?1"*08B*%(%!"*%!=;(2"/;$!5("&%!4?!%$%&'("&" 7!"+!
&4/+"1%(;357'&*%;5%(1"™*;/I"*%!4"*%(15%("41+14?1"*%!1;7!B*"&*!"+1%8" 1VHEP{&=1!
(%5(%+%/'%1+% &4/ 3.2.2@154(""4/'4?21"*%1$4;11"/1"*%!5("4("715%;P!5%("41!*;+13%%/!;$+4!
D1 I A1 I=E%: PISY("41IB*%6(%6! %61 =: (2°/:$15(" &Yo+ 4 21%$%8, ("€ 71 (%61 %1+ %684/ 113%+'
?;84(;33%@!

"H#S%A& I"#$%E&' (%") *+ ¥ Load Distribution using !"#$%'#$%&'()$*!

X[GG!5=IH[GG!5E RTXS@SE AWE@WG
9("4("719%;P19%("41-
a[GGE! . IX[GG!5=111I
11 60%%:PIOv(" 1. FRXS@UG RUaF@TU
H[GG!5=1a[GGE !
E2®% PIOY("41- RGWH®@FH FWSa@GW
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PRICE TAKER SCENARIO

W ooy —s e

1200 ! ! -~
—
S AN e TR
S s00 {-
S &0 A - —
-
400
200
° 0 |3o [ |3o o |3o [ |3or 0 Iaor 0 |3u 0 |30 0 |3u 0 |3n [ |3or 0 |3or 0 Iso 0 |3o 0 |3u 0 |30 0 |30 0 Iso [ |3o [ |3o 0 |3o 0 |3o 0 |3or 0 |3nr [ |30
0:00 | 1:00 | 2:00 | 3:00 | 4:00 | 5:00 | 6:00 | 7:00 | 8:00 | 9:00 | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00 | 18:00 | 19:00 | 20:00 | 21:00 | 22:00 | 23:00
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CHAPTER 5. CONCLUSIO! !
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