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1.1				Role	of	Transportation	in	GHG	Emissions	Reduction	
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1.2				Hawaii	Energy	Scenario	
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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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CHAPTER	2. !"#$%&#'%$(%$)"$*	

2.1				Studies	on	PHEV	Electricity	Load	(Energy)	Impacts	Using	Different	Charging	Scenarios!
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EV	Charging	Profile	 Description	 Charging	Rate	

Uncontrolled	Charging	
^*;(2"/2!14%+/_'!?4$$4B!;/7!5;''%(/!
;/1!4&&0(+!B*%/%8%(!B"'*"/!(%;&*!4?!
;!(%+"1%/'";$!40'$%'@!

R@S!PC!

Delayed	Charging	 J"="$;(!'4!0/&4/'(4$$%1!&*;(2"/2>!30'!
&*;(2"/2!"+!1%$;7%1!0/'"$!RG!5=@!

R@S!PC!

Off-Peak	Charging	 E8%(/"2*'!&*;(2"/2!4&&0(+!10("/2!
RR5=!'4!a;=@!

T@F!PC!

Continuous	Charging	 J"="$;(!'4!0/&4/'(4$$%1!&*;(2"/2!30'!
;$+4!"/&$01%+!503$"&!&*;(2"/2!+';'"4/+@!

R@S!PC!
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EV	Charging	Profile	 Description	

Plug	and	Play	 \("8%(+!;(%!;++0=%1!'4!&*;(2%!B*%/%8%(!'*%7!;(%!5;(P%1!
B"'*"/!FX?'!4?!;/!%$%&'("&;$!40'$%'@!

Universal\Enhanced		
workplace	access	

J"="$;(!'4!f5$02!;/1!5$;7g!&*;(2"/2!;/1!;$+4!"/&$01%+!
&*;(2"/2!;'!B4(P5$;&%@!!

Off-Peak	Only	 J"="$;(!'4!f5$02!;/1!5$;7g!&*;(2"/2!30'!;++0=%+!/4!
&*;(2"/2!3%'B%%/!U!;=!;/1!W!5=@!

EV	Charging	Profile	 Description	

End-of-day	Recharging	 ^*;(2"/2!4&&0(+!;?'%(!'*%!$;+'!'("5!4?!'*%!1;7@!

Uncontrolled	home	
Charging	 ^*;(2"/2!4&&0(+!%;&*!'"=%!'*%!8%*"&$%!"+!5;(P%1!;'!*4=%@!!

Controlled	Charging	 ^*;(2"/2!"+!;$$4B%1!4/$7!?(4=!RG!5=!'*(402*!'*%!/%O'!
=4(/"/2@!!

Publicly-available	
electricity	Charging	

^*;(2"/2!4&&0(+!B*%/%8%(!;!8%*"&$%!"+!5;(P%1!;'!;/7!503$"&!
$4&;'"4/@!
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2.2				Studies	on	PHEV	Economic	and	Emission	Impacts	
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2.3				Electric	Vehicle	Charging	Studies	in	Oahu	
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Table	! !"#$%&'()*(+,"+-"*.$"/0"1.2'3(,3"4'+-(5$%"6%$7"$(*.$'"(,"%*67($%"!"#$. !"#$	

 

Table	! !"#$"%&'()*+)",(-.*/01"2103"*+"1423*01"!"#$. [45]	

															Reference	Source	
	
	

EV	Charging	Profile	

Electric	Vehicle	
Charging	as	an	
Enabling	
Technology	bSSc	

Oahu	
Electric	
Vehicle	
Charging	
Study	bSTc	

Strategic	Use	of	Electric	
Vehicle	Charging	to	
Reduce	Renewable	Energy	
Curtailment	on	Oahu!bSXc	

Annual	Uniform	Charging	 O! O! O!

Annual	Perfect	Tracking	 O! O! O!!

Annual,	Profile	1	 O! O! O!

Annual,	Profile	2	 O! O! O!

Annual,	85%	 O! O! !

Monthly	Perfect	Tracking	 O! ! !

Daily	Perfect	Tracking	 O! O! !

2.4				Research	Contribution	towards	Literature	
A*%!+"=0$;'"4/!=41%$!1%8%$45%1!"/!'*"+!+'017!0+%+!;&'0;$!1("8"/2!5;''%(/!1;';!&4$$%&'%1!

?(4=!'*%!FGGH!I;'"4/;$!:40+%*4$1!A(;8%$!J0(8%7!,I:AJ-!&4/10&'%1!37!'*%!M@J@!\%5;('=%/'!4?!
A(;/+54(';'"4/!,\EA-@!A*"+!/;'"4/;$!+0(8%7!5(48"1%+!4/%!4?!'*%!=4+'!(%&%/'!;/1!&4=5(%*%/+"8%!
1;';+%'!4/!'(;/+54(';'"4/!;/1!'(;8%$!5;''%(/!3%*;8"4(!"/!'*%!M/"'%1!J';'%+>!B*"&*!"+!503$"&$7!
;8;"$;3$%@!9("4(!9:#)!$4;1!5(4?"$%!+'01"%+!+0&*!;+!m"/'/%(6]%7%(!%'!;$@!bFUc>!J&*/%"1%(!%'!;$@!bFac>!
J'%5*;/!;/1!J0$$"8;/>!`%=4"/%!%'!;$@!bTXc>!\%/*4$=!;/1!J*4(' >!\08;$$!%'!;$@!bFWc>!:;1$%7!;/1!
A+8%'P48;>!C;/2!%'!;$@!bSRc!>!:I#KNe#!+'01"%+!bSTc>!bSXc!*;8%!2%/%(;$$7!;++0=%1!;!?"O%1!/0=3%(!

EV	Charging	Profile	 Description	

Annual	Uniform	Charging	 \;"$7!&*;(2"/2!"+!%D0;$$7!1"+'("30'%1!;$$!7%;(!

Annual	Perfect	Tracking	 \;"$7!&*;(2"/2!'(;&P+!'*%!;//0;$!;8%(;2%!4?!;/7!*40(!

Annual,	Profile	1	 aGY!/"2*'!&*;(2"/2>!TGY!1;7>!"/&$01"/2!X[GG6H[GG!5=!9%;P!

Annual,	Profile	2	 aGY!/"2*'!&*;(2"/2>!TGY!1;7>!%O&$01"/2!X[GG6H[GG!5=!9%;P!

Annual,	85%	 WXY!4?!&*;(2"/2!3%'B%%/!H[GG!5=!. !a[GG!;=!

Monthly	Perfect	Tracking	 \;"$7!&*;(2"/2!?4(!%;&*!*40(!+%'!;'!=4/'*$7!;8%(;2%!
&0(';"$%1!?4(!'*;'!=4/'* !

Daily	Perfect	Tracking	 ^*;(2"/2!"+!5(454('"4/;$!'4!1;"$7!&0(';"$%1!$4;1!+*;5%!
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3%*;8"4(@!!
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54B%(!+7+'%=!2("1+!+0&*!;+!^4$4(;14>!A%O;+>!E*"4>!^;$"?4(/";>!9j]!,9%//+7$8;/"; . I%B!j%(+%7.
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'4!$"="'!'*%!'4';$!%$%&'("&"'7!1%=;/1!10%!'4!#)!&*;(2"/2!'4!3%!%D0;$!'4!'*%!;=40/'!4?!&0(';"$%1!
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"/'4!'*%!E;*0!54B%(!+7+'%=@!!

A*%!;=40/'!4?!%/%(27!/%%1%1!?4(!&*;(2"/2!;!5;('"&0$;(!#)!8;$0;'%1!"/!'*"+!+'017!;(%!
&;$&0$;'%1!;+!;!?0/&'"4/!4?!&*;(2"/2!$4&;'"4/!,"@%@!*4=%!;/1!B4(P5$;&%!&*;(2"/2-!;/1!'*%!
&*;(2"/2!(;'%!?4(!1"??%(%/'!1%+"2/+!4?!5;++%/2%(!8%*"&$%+!,&;(>!8;/>!JM)>!5"&P605!'(0&P-!MI\#Q!
30+"/%++6;+60+0;$!;/1!'B4!45'"="L%1!(%&*;(2"/2!+&%/;("4+[!R@!9("&%6A;P%(!]41%$>!;/1!F@!J055$7!
^0(8%!=41%$@!!

Z$'*402*!'*%!=41%$!&;/!3%!&0+'4="L%1!'4!=41%$!34'*!9:#)+!;/1!<#)+>!30'!'*%!8%*"&$%+!
+"=0$;'%1!*%(%!*;8%!3%%/!;++0=%1!'4!4/$7!(%5(%+%/'!?0$$!3;''%(7!%$%&'("&!8%*"&$%+!,<#)+-@!A*"+!
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CHAPTER	3. !"#$%&#$'()*&+*#&#$',-(./("*& 	
K/!4(1%(!'4!0/1%(+';/1!'*%!"=5;&'+!4?!#)+!4/!'*%!:;B;""!%$%&'("&!54B%(!+7+'%=>!"'!"+!

/%&%++;(7!'4!1%8%$45!;!&4=5(%*%/+"8%!#)!=41%$!B*"&*!';P%+!"/'4!&4/+"1%(;'"4/!&("'"&;$!#)!
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3.1				Electric	Vehicle	Data	Characteristics	
A*%!#)!=41%$!1%8%$45%1!"/!'*"+!=41%$>!"1%/'"?"%+!;/1!1%8%$45+!+%8%(;$!"=54(';/'!8%*"&$%!
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1%';"$!3%$4B@!A*%+%!8%*"&$%!?$%%'+!;(%!'*%/!=41%$$%1!"/!+%&'"4/!3.4!;+!$4;1+!'4!3%!+%(8%1!37!'*%!
54B%(!+7+'%=@!
!



FR!
!

3.1.1				Electric	Vehicle	Data	and	Assumptions	
A*%!I;'"4/;$!:40+%*4$1!A(;8%$!J0(8%7!,I:AJ-!"+!;!/;'"4/;$!+0(8%7!+54/+4(%1!37!'*%!M@J@!

\%5;('=%/'!4?!A(;/+54(';'"4/!,\EA-@!I:AJ!5(48"1%+!&4=5(%*%/+"8%!1;';!4/!'(;8%$!;/1!
'(;/+54(';'"4/!5;''%(/+!"/!'*%!M/"'%1!J';'%+@!A*"+!1%';"$%1!'(;/+54(';'"4/!1;';!"/8%/'4(7!"+!
503$"&$7!;8;"$;3$%!;/1!&;/!3%!43';"/%1!?(4=!'*%!I:AJ!B%3+"'%!bSHc!?4(!'*%!+'017!7%;(!FGGH@!
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;/;$7L%!'*%!'(%/1+!"/!'(;8%$!&*;(;&'%("+'"&+!48%(!'"=%>!(%$;'%!'*%!'(;8%$!3%*;8"4(!B"'*!'*%!
1%=42(;5*"&+!4?!'*%!'(;8%$%(>!;/1!'*%!1%=42(;5*"&+!B"'*!'(;8%$!48%(!'"=%@!!

!

3.1.1.1				NHTS	Dataset	Characteristics	
A*%!I:AJ!FGGH!+0(8%7!B;+!&4/10&'%1!48%(!;!RT6=4/'*!5%("41!?(4=!];(&*!FGGW!
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=;1%!4/!'*;'!5;('"&0$;(!+'017!1;7@!A*%!(%+0$'!"+!;!&4$$%&'"4/!4?!+/;5+*4'+!4?!4/%!1;7!4?!'(;8%$!?4(!
RXG>RSa!*40+%*4$1+@!A*%!+0(8%7!*;1!'(;8%$!1;7+!;++"2/%1!?4(!;$$!+%8%/!1;7+!4?!'*%!B%%P>!
"/&$01"/2!*4$"1;7+>!'4!(%5(%+%/'!'(;8%$!;&(4++!B%%P1;7!;/1!B%%P%/1!8;(";'"4/+@!A*%!1;';!B;+!
&4$$%&'%1!?(4=!+0(8%7!"/'%(8"%B+!?(4=!;$=4+'!RXG>RSa!*40+%*4$1+!;/1!TXR>FaX!5%(+4/+!"/!;$$!XG!
+';'%+!;/1!'*%!\"+'("&'!4?!^4$0=3";>!"/64(1%(!'4!(%5(%+%/'!;$$!2%42(;5*"&;$!;(%;+!bXGc@!Z!'75"&;$!
FS6*40(!'(;8%$!1;7!"+!?(4=!S[GG!Z]!4?!'*%!1;7!;++"2/%1!0/'"$!T[XH!Z]!4?!'*%!?4$$4B"/2!1;7@!!

V40(!=;"/!1;';!?"$%+!;(%!;++4&";'%1!B"'*!'*%!FGGH!I:AJ!1;';+%'[!
!
1. Household	File:!!\;';!&4$$%&'%1!?(4=!%;&*!*40+%*4$1!,4/%!(%&4(1!5%(!*40+%*4$1-@!!

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

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

4. Travel	Day	Trip	File:!\;';!&4$$%&'%1!?4(!%;&*!'("5!;!*40+%*4$1!=%=3%(!=;1%!4/!;!5;('"&0$;(!
'(;8%$!1;7!,4/%!(%&4(1!5%(!'(;8%$!1;7!5%(+4/!'("5-@!

	



FF!
!

	 ! PERSON	FILE	 ! TRAVEL	DAY	FILE	

! ! • ^4/';"/+!4/%!(%&4(1!
5%(!5%(+4/!

• ^*;(;&'%("+'"&+!4?!
5%(+4/+!

• C4(P%(!K/?4(=;'"4/!

• \("8%(!K/?4(=;'"4/!

• ^0+'4=%(!+;'"+?;&'"4/!

!

• ^4/';"/+!4/%!(%&4(1!
5%(!'(;8%$!1;7!
5%(+4/!'("5!!

• \;"$7!'("5+!;/1!'*%"(!
&*;(;&'%("+'"&+!

!

	

HOUSEHOLD	FILE!

• ^4/';"/+!4/%!(%&4(1!5%(!
*40+%*4$1!!

• :40+%*4$1!
&*;(;&'%("+'"&+!

• :40+%*4$1!=%=3%(+!

! ! ! !
! VEHICLE	FILE	 	

!
!

• ^4/';"/+!4/%!(%&4(1!5%(!
8%*"&$%!!

• \;';!(%$;'%1!'4!%;&*!4?!'*%!
*40+%*4$1_+!8%*"&$%+!

• ];P%>!=41%$>!7%;(!

• Z//0;$"L%1!8%*"&$%!="$%+!

• E14=%'%(!(%;1"/2+!

!

!

!

!

!"#$%&'!" !"#$%&"'(()"*+,+"-./0"&,123,210!bXGc!
!

V4(!'*%!(%+%;(&*!;/;$7+"+!5(%+%/'%1!*%(%>!'*%!1;';+%'!?"$%+!)%*"&$%!?"$%!;/1!A(;8%$!1;7!
'("5!?"$%!*;8%!3%%/!0+%1@!A*%+%!?"$%+!"/!'*%!\3;+%!?4(=;'!B%(%!43';"/%1!?(4=!'*%!I:AJ!FGGH!
B%3+"'%@!

1. Vehicle	File	(VEHV2PUB):!A*%!+;=5$%!+"L%!4?!'*%!1;';+%'!"+!TGH>RUT!(%&4(1+@!A*"+!1;';+%'!
&4/';"/+!;(40/1!UR!0/"D0%!1;';!;''("30'%+!'4!(%5(%+%/'!%;&*!*40+%*4$1!8%*"&$%+!
&*;(;&'%("+'"&+@!V(4=!;=4/2!;$$!'*%!;''("30'%+>!+"O!;''("30'%+!;+!+*4B/!"/!A;3$%!U!*;8%!3%%/!
0'"$"L%1!"/!'*"+!+'017!,:EMJ#K\>!)#:K\>!)#:Ap9#>!AQZ)\Zp>!A\Zp\ZA#>!;/1!<#JA]K`#-@!
Z$'*402*!'*"+!"+!;!/;'"4/;$!1;';+%'>!SUX!8%*"&$%!(%&4(1+!?(4=!:;B;""!;(%!;$+4!"/&$01%1!"/!'*%!
1;';+%'@!
	
!

!"#$%&! !"Description	of	!"#$%&"'($&"'Variables	



FT!
!

Variable	Name	 Variable	Description	

:EMJ#K\! #"2*'!1"2"'!*40+%*4$1!K\!/0=3%(!
!

)#:K\ ! )%*"&$%!/0=3%(!0+%1!?4(!'("5!
)#:Ap9# ! )%*"&$%!'75%!
AQZ)\Zp! A(;8%$!1;7!1;'%!B"'*!=4/'*!;/1!7%;(!
A\Zp\ZA#! A(;8%$!\;7!. !\;7!4?!C%%P!
<#JA]K`#! <%+'!%+'"=;'%!4?!;//0;$!="$%+!

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

1;';+%'!&4/';"/+!RRF!0/"D0%!1;';!;''("30'%+!'4!(%5(%+%/'!%;&*!'("5!;!*40+%*4$1!=%=3%(!
=;1%!4/!;!5;('"&0$;(!'(;8%$!1;7@!V(4=!;=4/2!;$$!'*%!;''("30'%+>!4/$7!RX!*;8%!3%%/!0'"$"L%1!"/!
'*"+!+'017@!,:EMJ#K\>!)#:K\>!)#:Ap9#>!\Q)QqV`e>!A\Zp\ZA#>!AQZ)\Zp>!JAQAAK]#>!
#I\AK]#>!\C#`AK]#>!AQ9]K`#J>!AQ)`q]KI>!ZCZp:E]#>!AQK99MQ9>!C:pAE>!C:pVQE]-@!
Z$'*402*!'*"+!"+!;!/;'"4/;$!1;';+%'>!R>HaT!'("5!(%&4(1+!?(4=!:;B;""!;(%!;$+4!"/&$01%1!"/!'*%!
1;';+%'@!A*%+%!?"%$1+!;(%!1"+&0++%1!"/!=4(%!1%';"$!3%$4B@!
!

A*%!'B4!%++%/'";$!1;';+%'!?"$%+!&4$$%&'%1!?(4=!'*%!I:AJ!FGGH!'(;8%$!+0(8%7!1;';3;+%!
B%(%!$"/P%1!B"'*!%;&*!4'*%(!0+"/2!'*%!&4==4/!8;(";3$%+!:EMJ#K\>!)#:K\>!;/1!)#:Ap9#!;+!;$+4!
+*4B/!"/!(%?%(%/&%+!bXRc>!bXFc@!E0(!24;$!B;+!'4!43';"/!;!&4=5$%'%!$"+'!4?!'("5+!=;1%!37!%;&*!
8%*"&$%!"/!'*%!+0(8%7@!Z&&4(1"/2!'4!bXGc>!)%*"&$%!?"$%!;/1!A(;8%$!1;7!'("5!?"$%+!&;/!3%!$"/P%1!B"'*!
%;&*!4'*%(!0+"/2!'*%!:EMJ#K\!;/1!)#:K\!&4==4/!8;(";3$%+@!Z!+%D0%/&%!4?!5(%65(4&%++"/2!
45%(;'"4/+>!;+!=%/'"4/%1!"/!'*%!/%O'!+%&'"4/!B%(%!5%(?4(=%1!4/!'*%!;348%!1;';+%'!"/!4(1%(!'4!
%O'(;&'!'*%!(%D0"(%1!1;';>!'*;'!;(%!/%&%++;(7!"/!'*%!+&45%!4?!'*"+!(%+%;(&*!+'017@!

3.1.1.2				Data	Extraction	from	2009	NHTS	Dataset	
!
1. VEHICLE	TYPE:	K/!'*"+!+'017>!'*%!'75%+!4?!8%*"&$%+!'*;'!;(%!&4/+"1%(%1!;(%!1"8"1%1!"/'4!?40(!

&;'%24("%+!bXTc!;+!+*4B/!"/! !"#$%&! @!A*%!*40+%*4$1!8%*"&$%!?$%%'!B*"&*!(%5(%+%/'!;!=;h4(!
54('"4/ !4?!'*%!'(;/+54(';'"4/!+%&'4(!?$%%'!;(%!(%+54/+"3$%!?4(!;(40/1!XGY!4?!'*%!M@J!
e(%%/*40+%!2;+!%="++"4/+@!Z$$!'*%+%!8%*"&$%+!;(%!2441!&;/1"1;'%+!?4(!%$%&'("?"&;'"4/>!;/1!
'*0+!B%(%!&*4+%/!"/!'*"+!+'017@ 

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

Variable	Name	 Description		 Code/Range	

)#:Ap9# ! A75%!4?!)%*"&$%! GR!r!Z0'4=43"$%N&;(N+';'"4/!B;24/!
GF!r!);/!,="/">!&;(24>!5;++%/2%(-!
GT!r!J54('+!0'"$"'7!8%*"&$%!
GS!r!9"&P05!'(0&P!

 
 
2. VEHICLE	ID:		K/1"8"10;$!8%*"&$%+!B"'*"/!%;&*!*40+%*4$1!;(%!"1%/'"?"%1!37!;!0/"D0%!'B461"2"'!

/0=3%(@!A*"+!8;(";3$%!&;/!3%!?40/1!"/!34'*!'*%!)%*"&$%!?"$%!;/1!'*%!A(;8%$!\;7!A("5!?"$%@!K/!



FS!
!

'*%!5(%65(4&%++"/2!5*;+%!;$$!'("5!(%&4(1+!&4((%+54/1"/2!'4!8;$0%+!f6Rg!,Z55(45(";'%!+P"5->!f6
ag!,Q%?0+%1-!;/1!f6Wg!,\4/s'!P/4B-!*;8%!3%%/!1"+&;(1%1.	
	

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

Variable	Name	 Description		 Code/Range	

)#:K\ ! :40+%*4$1!
)%*"&$%!K\!

GR6FW!r!:40+%*4$1!)%*"&$%!0+%1!?4(!!
'("5!

 
 
3. DRIVER	IDENTIFICATION	FLAG: A*%!(%+54/1%/'+!B%(%!;+P%1!'4!+%$?6(%54('!"?!'*%7!B%(%!'*%!

1("8%(!4(!;!5;++%/2%(!"/!'*;'!5;('"&0$;(!'("5!"/!'*%!5%(+4/;$$7!4B/%1!8%*"&$%!,9E)-@!E/$7!'*%!
(%&4(1+!*;8"/2!8;(";3$%!8;$0%+!4?!fGRg!,+%$?6(%54('%1!;+!1("8%(-!B%(%!&4/+"1%(%1!?4(!'*"+!
+'017@!A*"+!B;+!14/%!'4!%/+0(%!'*;'!%;&*!'("5!37!%;&*!8%*"&$%!B;+!"/&$01%1!4/$7!4/&%>!
%$"="/;'"/2!;11"'"4/;$ !(%&4(1+!(%54('%1!37!/4/61("8"/2!5;++%/2%(+@!

!

!"#$%&! !	!"#$%&'(&)*+),+!-.-/012+34%&456" 

Variable	Name	 Description		 Code/Range	

\Q)QqV`e! J03h%&'!B;+!
1("8%(!4/!'*"+!
'("5!

GR!r!J%$?6(%54('%1!;+!1("8%(!?4(!'*%!
A(;8%$!\;7!'("5!

 
 

4. ANNUAL	VEHICLE	MILES: A*%!3%+'!%+'"=;'%!4?!'*%!;//0;$!="$%+!1("8%/!37!%;&*!8%*"&$%!"+!
43';"/%1!?(4=!'*%!f<#JA]K`#g!8;(";3$%@!A*"+!"+!;!1%("8%1!8;(";3$%!B*"&*!B;+!1%8%$45%1!37!
'*%!E;P!Q"12%!I;'"4/;$!`;3@!\%("8%1!8;(";3$%+!;(%!'*4+%!8;(";3$%+!B*"&*!;(%!/4'!5(%+%/'!"/!
'*%!I:AJ!FGGH!+0(8%7!D0%+'"4//;"(%!30'!;(%!&(%;'%1!$;'%(!37!%"'*%(!(%/;="/2!
D0%+'"4//;"(%!8;(";3$%+>!4(!&4=3"/"/2!=0$'"5$%!8;(";3$%+>!4(!37!1%("8"/2!'*%!8;(";3$%!?(4=!
%O'%(/;$!+40(&%+!4'*%(!'*;/!'*%!+0(8%7!D0%+'"4//;"(%@!Z11"'"4/;$!1%';"$%1!%O5$;/;'"4/!
;340'!*4B!%;&*!4?!'*%!1%("8%1!8;(";3$%+!"/!'*%!I:AJ!1;';+%'!B;+!&(%;'%1!&;/!3%!43';"/%1!
?(4=!'*%!t\%("8%1!);(";3$%+!\%+&("5'"4/+_!+%&'"4/!4?!bXGc@	

!

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

Variable	Name	 Description		 Code/Range	

<#JA]K`#! <%+'!%+'"=;'%!4?!
;//0;$!="$%+!

G!6!FGGGGG!

 
 



FX!
!

5. TRIP	START	TIME: A*%!'(;8%$!1;7!'("5!+';('!'"=%!"+!43';"/%1!?(4=!'*%!tJAQAAK]#_!8;(";3$%!
;/1!"+!(%5(%+%/'%1!"/ !'*%!="$"';(7!'"=%!?4(=;'!,GGGR!'*(402*!FSGG!*40(+-@!

!

!"#$%&11! !"#$%&'(&)*+),+-./..012+34%&456" 

Variable	Name	 Description		 Code/Range	

JAQAAK]#! A("5!JAZQA!'"=%!
"/!="$"';(7!

GGGG6FTXH!

 
 
6. TRIP	END	TIME: A*%!'(;8%$!1;7!'("5!%/1!'"=%!"+!43';"/%1!?(4=!'*%!t#I\AK]#_!8;(";3$%!;/1!"+!

(%5(%+%/'%1!"/!'*%!="$"';(7!'"=%!?4(=;'!,GGGR!'*(402*!FSGG!*40(+-@! 
!

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

Variable	Name	 Description		 Code/Range	

#I\AK]# ! A("5!#I\!'"=%!"/!
="$"';(7!

GGGG6FTXH!

 
 
7. TRIP	TRAVEL	DATE:  A*%!tA\Zp\ZA#_!8;(";3$%!2"8%+!'*%!7%;(!;/1!=4/'*!4?!'*%!A(;8%$!1;7!4/!

B*"&*!'*;'!5;('"&0$;(!'("5!B;+!=;1%@!A*%!8;$0%+!;(%!(%5(%+%/'%1!"/!pppp]]!?4(=;'@!A*%!
8;$0%+!(;/2%!?(4=!];(&*!FGGW!'4!Z5("$!FGGH@ 

!

!"#$%&!" .	!"#$%&'(&)*+),+-!./!.-0+12%&234" 

Variable	Name	 Description		 Code/Range	

A\Zp\ZA#! \;'%!4?!A(;8%$!
\;7!,pppp]]- !

FGGWGT!. !FGGWRF>!
FGGHGR!. !FGGHGS!

 
 
8. TRIP	TRAVEL	DAY: A*%!tAQZ)\Zp_!8;(";3$%!2"8%+!'*%!1;7!4?!'*%!B%%P!4?!'*%!A(;8%$!1;7!4/!

B*"&*!'*;'!5;('"&0$;(!'("5!B;+!=;1%@!A*%!8;$0%+!(;/2%!?(4=!GR!'4!Ga!(%5(%+%/'"/2!J0/1;7!'4!
J;'0(1;7>!(%+5%&'"8%$7@ 

!

!

!

!"#$%&!" !	!"#$%&'(&)*+),+-./0!/1+23%&345" 



FU!
!

Variable	Name	 Description		 Code/Range	

AQZ)\Zp! A(;8%$!1;7!6!1;7!
4?!B%%P!

GR!r!J0/1;7!!
GF!r!]4/1;7! !
GT!r!A0%+1;7!
GS!r!C%1/%+1;7!!
GX!r!A*0(+1;7!!
GU!r!V("1;7!!
Ga!r!J;'0(1;7!

 
9. TRIP	DESTINATION: <;+%1!4/!'*%!'("5!1%+'"/;'"4/>!'*%!tC:pAE_!8;(";3$%!2"8%+!'*%!50(54+%!

4?!'*%!'("5@	
	

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

Variable	Name	 Description		 Code/Range	

C:pAE ! 90(54+%!4(!
1%+'"/;'"4/!4?!
'("5!!

GR!r!:4=%!!
RG!r!C4(P!!
RR!r!e4!'4!B4(P!!
RF!r!Q%'0(/!'4!B4(P!
RT!r!Z''%/1!30+"/%++!=%%'"/2N'("5!
RS!r!E'*%(!B4(P!(%$;'%1!

 
10. TRIP	START	LOCATION: A*%!tC:pVQE]_!8;(";3$%!2"8%+!'*%!$4&;'"4/!?(4=!B*"&*!'*%!'("5!

4("2"/;'%1@  
!"#$%&16!	!"#$%&'(&)*+),+-./0123+45%&567" 

Variable	Name	 Description	 Code/Range	

C:pVQE] ! `4&;'"4/!?(4=!
B*"&*!'*%!'("5!
+';('%1!

GR!r!:4=%!!
RG!r!C4(P!!
RR!r!e4!'4!B4(P!!
RF!r!Q%'0(/!'4!B4(P!
RT!r!Z''%/1!30+"/%++!=%%'"/2N'("5!
RS!r!E'*%(!B4(P!(%$;'%1!

!
!
11. DWELTIME:!A*"+!8;(";3$%!2"8%+!'*%!&;$&0$;'%1!'"=%!;'!1%+'"/;'"4/!,"/!="/0'%+-!B*"&*!"+!

&;$&0$;'%1!?(4=!'*%!'("5!+';('!'"=%!,JAQAAK]#-!;/1!'*%!'("5!%/1!'"=%!,#I\AK]#-@!
!

!"#$%&!" !	!"#$%&'(&)*+),+!-./012.+34%&456"	



Fa!
!

Variable	Name	 Description		 Code/Range	

\C#`AK]# ! ^;$&0$;'%1!A"=%!
,="/0'%+-!;'!
\%+'"/;'"4/ !

G6RSTH!
6H!r!I4'! ;+&%(';"/%1!

!

3.1.1.3					Identification	of	Location	of	Charging	
!

1. CHARGING	LOCATION:	A*"+!"+!;!?"%$1!&(%;'%1!'4!%O5$"&"'$7!"1%/'"?7!$4&;'"4/+!B*"&*!&40$1!3%!
0+%1!?4(!#)!&*;(2"/2@!Z!5(%65(4&%++"/2!45%(;'"4/!B;+!0+%1!'4!"1%/'"?7!$4&;'"4/+!B*%(%!
&*;(2"/2!&40$1!54'%/'";$$7!4&&0(>!%"'*%(!;'!B4(P!4(!;'!*4=%@!E'*%(!54'%/'";$!&*;(2"/2!
$4&;'"4/+>!+0&*!;+!+*455"/2!&%/'%(+!*;8%!/4'!3%%/!&4/+"1%(%1!"/!'*"+!+'017@!	

!

!"#$%&!" !	!"#$%&'(&)*+),+!"#$%&'()!#*+), !!"#$"%&'!

Variable	Name	 Description	 Code/Range	

^:ZQe#q`E^ZAKEI! `4&;'"4/! 4?!#)!&*;(2"/2! t:4=%_!
tC4(P_!

	

A*%!5(%65(4&%++"/2!45%(;'"4/+!&$;++"?"%1!'*%!8%*"&$%!'("5+!1;';+%'!3(4;1$7!"/'4!'B4!14=;"/+!
,t:4=%_>!tC4(P_-@!A*%!=;"/!50(54+%!4?!'*"+!&$;++"?"&;'"4/!B;+!'4!"1%/'"?7!'*%!8%*"&$%+!B*"&*!
&40$1!54'%/'";$$7!3%!(%5$;&%1!37!#)+@!A*%!I:AJ!FGGH!1;';+%'!5(48"1%+!'("5!50(54+%+!4?!
%;&*!'("5!4/!'*%!+0(8%7!1;7>!B*"&*!;(%!(%5(%+%/'%1!37!'*%!8;(";3$%!tC:pAE _!;+!+*4B/!"/!
!"#$%&15@!A*%!8%*"&$%!'("5+!B*"&*!*;8%!'("5!1%+'"/;'"4/!;+!*4=%!,C:pAE!r!GR-!;/1!B%(%!
5;(P%1!'*%(%!?4(!=4(%!'*;/!F!*40(+!*;8%!3%%/!&4/+"1%(%1!;+!&;/1"1;'%+!?4(!*4=%!
&*;(2"/2@!K/!4(1%(!'4!+5%&"?"&;$$7!"1%/'"?7!'*%+%!'("5+>!'*%!^:ZQe#q`E^ZAKEI!8;(";3$%!B;+!
051;'%1!'4!t:4=%_@!J"="$;($7>!8%*"&$%!'("5+!B*"&*!*;8%!'*%"(!'("5!1%+'"/;'"4/+!(%54('%1!;+!
tC4(P_!,C:pAE!r!RG->!te4!'4!B4(P_!,C:pAE!r!RR->!tQ%'0(/!'4!B4(P_!,C:pAE!r!RF->!tZ''%/1!
30+"/%++!=%%'"/2N'("5_!,C:pAE!r!RT->!tE'*%(!B4(P!(%$;'%1_!,C:pAE!r!RS->!*;8%!3%%/!
&4/+"1%(%1!;+!&;/1"1;'%+!?4(!B4(P65$;&%!&*;(2"/2@!A*%!^:ZQe#q`E^ZAKEI!8;(";3$%!B;+!
051;'%1!'4!tC4(P_>!"/!4(1%(!'4!(%5(%+%/'!'*%+%!5;('"&0$;(!8%*"&$%!'("5!(%&4(1+@!!
!

3.1.1.4					Identification	of	Times	When	EVs	Were	Parked	at	Home	or	Work	
K/!4(1%(!'4!%O5$"&"'$7!"1%/'"?7!'"=%+!B*%/!'*%!8%*"&$%!B;+!5;(P%1!?4(!;/!%O'%/1%1!

10(;'"4/!;'!B4(P!4(!;'!*4=%>!'*%!?"%$1+!tPARKING_STARTTIME!"#$9ZQmKIeq#I\AK]#_>!;/1!
tAK]#q9ZQm#\_!B%(%!&(%;'%1!;/1!;11%1!'4!'*%!'(;8%$!1;7!';3$%@!A*%+%!?"%$1+!;(%!0+%1!'4!
"1%/'"?7!'*%!+"/2$%!$4/2%+'!;'6*4=%!;/1!;' 6B4(P!&*;(2"/2!B"/14B+!'*;'!&40$1!54'%/'";$$7!4&&0(!
%;&*!1;7@!!



FW!
!

!"#$%&19!		!"#$%&'tion	of	!"#$%&'()*"#**%+, !!"#$"%&'	

Variable	Name	 Description		 Code/Range	

9ZQmKIeqJAZQAAK]#! 9;(P"/2!JAZQA!'"=%!"/!
="$"';(7!

GGGG6FTXH!

!

!"#$%&20!	!"#$%&'(&)*+),+PARKING_ENDTIME	!"#$"%&'	

Variable	Name	 Description		 Code/Range	

9ZQmKIeq#I\AK]#! 9;(P"/2!#I\ !'"=%!"/!
="$"';(7!

GGGG6FTXH!

!

Table	!" !	!"#$%&'(&)*+),+!"#$%&'()$* !!"#$"%&'	

Variable	Name	 Description		 Code/Range	

AK]#q9ZQm#\! A4';$!A"=%!,="/0'%+->!'*%!8%*"&$%!
B;+!5;(P%1!;'!&*;(2"/2!$4&;'"4/!

G6RSTH!

!
<;+%1!4/!'*%!$4&;'"4/!4?!&*;(2"/2>!'*%!=%'*41+!;/1!;++0=5'"4/+!0+%1!'4!1%'%(="/%!'*%+%!
5;(P"/2!B"/14B+N'"=%+$4'+!'4!3%!0+%1!?4(!&*;(2"/2>!*;8%!3%%/!1%+&("3%1!"/!=4(%!1%';"$!3%$4B@!
!
1. Workplace	Parking:	A*%!8%*"&$%!'("5+!B*"&*!*;8%!3%%/!"1%/'"?"%1!;+!&;/1"1;'%+!?4(!&*;(2"/2!

;'!B4(P!,^:ZQe#q`E^ZAKEI!r!C4(P-!;/1!B%(%!5;(P%1!'*%(%!?4(!=4(%!'*;/!F!*40(+!*;8%!
3%%/!&4/+"1%(%1!*%(%@!A*%!+';('!, 9ZQmKIeqJAZQAAK]#-!;/1!%/1!'"=%!,9ZQmKIeq#I\AK]#-!
4?!'*%!'"=%+$4'!'*%!8%*"&$%!"+!5;(P%1!;'!B4(P5$;&%!"+!1%'%(="/%1!?(4=!'*%!%/1!'"=%!
,#I\AK]#- !4?!'*%!8%*"&$%_+!&0((%/'!'("5!'4!(%;&*!B4(P!;/1!'*%!+';('!'"=%!,JAQAAK]#-!4?!'*%!
8%*"&$%_+!"==%1";'%!/%O'!'("5@!E/$7!'*4+%!'("5+!?4(!'*;'!5;('"&0$;(!8%*"&$%!B%(%!+%$%&'%1!"/!
B*"&*!'*%!'("5!1%+'"/;'"4/!,C:pAE-!=;'& *%+!%O;&'$7!'4!'*%!+';('!$4&;'"4/!,C:pVQE]- !4?!
'*%!/%O'!"==%1";'%!'("5@!9;(P"/2!;'!B4(P5$;&%!"/&$01%1!'*%!?4$$4B"/2!+031"8"+"4/+[	
	
A. Over-day	Parking:!A*%+%!;(%!'*%!8%*"&$%+!'*;'! ;(%!5;(P%1!;'!B4(P!;/1!'*%"(!5;(P"/2!+';(' !

'"=%!,9ZQmKIeqJAZQAAK]#-!+';('+!+4=%'"=%!3%'B%%/!RF[GG!;=!6!RR[XH!5=!;/1!%/1+!
,9ZQmKIeq#I\AK]#-!3%'B%%/!RF[GG!;=!6!RR[XH!5=!4?!'*%!+;=%!1;7@!A*%!'4';$!;=40/'!
4?!'"=%!5;(P%1!;'!B4(P!"+!&;$&0$;'%1!?(4=!'*%!5;(P"/2!+';('!'"=%!,9ZQmKIeqJAZQAAK]#-!
;/1!5;(P"/2!%/1!'"=%!,9ZQmKIeq#I\AK]#-!?"%$1+@!A*%!tAK]#q9ZQm#\_!?"%$1!"+!
;&&4(1"/2$7!051;'%1!;/1!"+!&4=5;(%1!B"'*!'*%!8;$0%!?(4=!'*%!t\C#`AK]#_!?"%$1!?4(!
&4/+"+'%/&7@!A*%!&;$&0$;'"4/!4?!'*%!tAK]#q9ZQm#\_!?"%$1!8;$0%!"+!"=54(';/'!;+!"/!+4=%!



FH!
!

"/+';/&%+!'*%!t\C#`AK]#_!8;$0%!43';"/%1!?(4=!'*%!"/"'";$!I:AJ!FGGH!1;';+%'!="2*'!/4'!
*;8%!3%%/!;+&%(';"/%1!,\C#`AK]#!r! 6H-@!

B. Overnight	Parking:!A*%+%!;(%!'*%!8%*"&$%+!'*;'! ;(%!5;(P%1!;'!B4(P!;/1!'*%"(!5;(P"/2!
+';(' !'"=%!,9ZQmKIeqJAZQAAK]#-!+';('+!+4=%'"=%!3%'B%%/!RF[GG!;=!6!RR[XH!5=!;/1!
%/1+!05!"/!'*%!/%O'!'(;8%$!1;7@!A*%!'4';$!;=40/'!4?!'"=%!5;(P%1!;'!B4(P!"+!&;$&0$;'%1!
?(4=!'*%!5;(P"/2!+';('!'"=%!,9ZQmKIeqJAZQAAK]#-!;/1!5;(P"/2!%/1!'"=%!
,9ZQmKIeq#I\AK]#-!?"%$1+@!A*%!tAK]#q9ZQm#\_!?"%$1!"+!;&&4(1"/2$7!051;'%1!;/1!"+!
&4=5;(%1!B"'*!'*%!8;$0%!?(4=!'*%!t\C#`AK]#_!?"%$1!?4(!&4/+"+'%/&7@!A*%!&;$&0$;'"4/!4?!
'*%!tAK]#q9ZQm#\_!?"%$1!8;$0%!"+!"=54(';/'!;+!"/!+4=%!"/+';/&%+!'*%!t\C#`AK]#_!8;$0%!
43';"/%1!?(4=!'*%!"/"'";$!I:AJ!FGGH!1;';+%'!="2*'!/4'!*;8%!3%%/!;+&%(';"/%1!
,\C#`AK]#!r! 6H-@!

2. Home	Parking:	A*%!8%*"&$%!'("5+!B*"&*!*;8%!3%%/!"1%/'"?"%1!;+!&;/1"1;'%+!?4(!&*;(2"/2!;'!
*4=%!,̂ :ZQe#q`E^ZAKEI!r!:4=%-! ;/1!B%(%!5;(P%1!'*%(%!?4(!=4(%!'*;/!F!*40(+!*;8%!
3%%/!&4/+"1%(%1!*%(%@!A*%!+';('!, 9ZQmKIeqJAZQAAK]#-!;/1!%/1!'"=%!,9ZQmKIeq#I\AK]#-!
4?!'*%!'"=%+$4'!'*%!8%*"&$%!"+!5;(P%1!;'! *4=%!"+!1%'%(="/%1!?(4=!'*%!%/1!'"=%!,#I\AK]#- !4?!
'*%!8%*"&$%_+!&0((%/'!'("5!'4!(%;&*!*4=%!;/1!'*%!+';('!'"=% !,JAQAAK]#-!4?!'*%!8%*"&$%_+!
"==%1";'%!/%O'!'("5@!E/$7!'*4+%!'("5+!?4(!'*;'!5;('"&0$;(!8%*"&$%!B%(%!+%$%&'%1!"/!B*"&*!'*%!
'("5!1%+'"/;'"4/!,C:pAE-!=;'& *%+!%O;&'$7!'4!'*%!+';('!$4&;'"4/!,C:pVQE]- !4?!'*%!/%O'!
"==%1";'%!'("5@!9;(P"/2!;'!*4=%!"/&$01%1!'*%!?4$$4B"/2!+031"8"+"4/+[	
	
A. Over-day	Parking:!A*%+%!;(%!'*%!8%*"&$%+!'*;'! ;(%!5;(P%1!;'!*4=%!;/1!'*%"(!5;(P"/2!

+';(' !'"=%!,9ZQmKIeqJAZQAAK]#-!+';('+!+4=%'"=%!3%'B%%/!RF[GG!;=!6!RR[XH!5=!;/1!
%/1+!,9ZQmKIeq#I\AK]#-!3%'B%%/!RF[GG!;=!6!RR[XH!5=!4?!'*%!+;=%!1;7@!A*%!'4';$!
;=40/'!4?!'"=%!5;(P%1!;'!B4(P!"+!&;$&0$;'%1!?(4=!'*%!5;(P"/2!+';('!'"=%!
,9ZQmKIeqJAZQAAK]#-!;/1!5;(P"/2!%/1!'"=%!,9ZQmKIeq#I\AK]#-!?"%$1+@!A*%!
tAK]#q9ZQm#\_!?"%$1!"+!;&&4(1"/2$7!051;'%1!;/1!"+!&4=5;(%1!B"'*!'*%!8;$0%!?(4=!'*%!
t\C#`AK]#_!?"%$1!?4(!&4/+"+'%/&7@!A*%!&;$&0$;'"4/!4?!'*%!tAK]#q9ZQm#\_!?"%$1!8;$0%!"+!
"=54(';/'!;+!"/!+4=%!"/+';/&%+!'*%!t\C#`AK]#_!8;$0%!43';"/%1!?(4=!'*%!"/"'";$!I:AJ!
FGGH!1;';+%'!="2*'!/4'!*;8%!3%%/!;+&%(';"/%1!,\C#`AK]#!r! 6H-@!

B. Overnight	Parking:!A*%+%!;(%!'*%!8%*"&$%+!'*;'! ;(%!5;(P%1!;'!B4(P!;/1!'*%"(!5;(P"/2!
+';(' !'"=%!,9ZQmKIeqJAZQAAK]#-!+';('+!+4=%'"=%!3%'B%%/!RF[GG!;=!6!RR[XH!5=!;/1!
%/1+!05!"/!'*%!/%O'!'(;8%$!1;7@!A*%!'4';$!;=40/'!4?!'"=%!5;(P%1!;'!B4(P!"+!&;$&0$;'%1!
?(4=!'*%!5;(P"/2!+';('!'"=%!,9ZQmKIeqJAZQAAK]#-!;/1!5;(P"/2!%/1!'"=%!
,9ZQmKIeq#I\AK]#-!?"%$1+@!A*%!tAK]#q9ZQm#\_!?"%$1!"+!;&&4(1"/2$7!051;'%1@!A*%!
&;$&0$;'"4/!4?!'*%!tAK]#q9ZQm#\_!?"%$1!8;$0%!"+!%O'(%=%$7!"=54(';/'!"/!'*"+!5;('"&0$;(!
&;+%!4?!48%(/"2*'!*4=%!5;(P"/2>!;+!'*%!t\C#`AK]#_!8;$0%!?4(!'*%+%!+5%&"?"&!'75%!4?!'("5+!
43';"/%1!?(4=!'*%!"/"'";$!I:AJ!FGGH!1;';+%'!"+!tI4'!;+&%(';"/%1_!,\C#`AK]#!r! 6H-@!



TG!
!

3.1.2				Vehicle	Characteristics/Driving	Pattern	Analysis	

3.1.2.1				Vehicle	Type	
K/!'*"+!+'017>!'*%!'75%+!4?!8%*"&$%+!'*;'!;(%!&4/+"1%(%1!;(%!1"8"1%1!"/'4!?40(!&;'%24("%+@!

A*%!5;++%/2%(!8%*"&$%!?$%%'!B*"&*!(%5(%+%/'!'*%!=;h4(!&*0/P!4?!'*%!'(;/+54(';'"4/!+%&'4(!?$%%'!
;(%!(%+54/+"3$%!?4(!;(40/1!XGY!4?!'*%!M@J!e(%%/*40+%!2;+!%="++"4/+!;(%!'*0+!'*%!5%(?%&'!
&;/1"1;'%+!?4(!'*"+!+'017@!!

	

!"#$%&!! !!!"#$%"&'$"()*(+*,!"#$%!&'!"#$%&#'()*&++&,#-./0#1223#
!"#"$%#&!""#$%&'()*#)+,-&".,)*/0,!

 
 

 
 
 
 
 
 
 
 

3.1.2.2				Daily	Vehicle	Miles	of	Travel	
A*%!/0=3%(!4?!="$%+!1("8%/!37!;!8%*"&$%!"+!;/!"=54(';/'!&("'%("4/!"/!0/1%(+';/1"/2!;/1!

5$;//"/2!'*%!8%*"&$%!&*;(;&'%("+'"&+@!Z&&4(1"/2!'4!'*%!:"2*B;7!J';'"+'"&+!FGRT>!(%$%;+%1!37!'*%!
M@J@!\%5;('=%/'!4?!A(;/+54(';'"4/!. !V%1%(;$!:"2*B;7!Z1="/"+'(;'"4/!bXSc>!'*%!;8%(;2%!/0=3%(!
4?!="$%+!'(;8%$$%1!5%(!8%*"&$%!?4(!'*%!7%;(!FGRT!"/!M@J@!B;+!RR>TSU!="$%+!B*"&*!"+!;(40/1!TR!
="$%+!5%(!1;7@!K/!'*%!1;';+%'!0+%1!?4(!'*%!(%+%;(&*!+'017>!'*%!;//0;$!/0=3%(!4?!="$%+!'(;8%$$%1!
5%(!8%*"&$%!"/!'*%!B*4$%!M@J!B;+!1%'%(="/%1!'4!3%!;(40/1!RR>SXX!="$%+!B*"&*!&4=%+!'4!;(40/1!
TR!="$%+!5%(!1;7@!K/!&4=5;("+4/>!?4(!:;B;""!'*%!;//0;$!8%*"&$%!="$%+!4?!'(;8%$!5%(!8%*"&$%!
,"/&$01%+!;$$!&$;++%+!4?!8%*"&$%+-!"+!(%54('%1!37!'*%!J';'%!4?!:;B;""!\;';!<44P6FGRS!bSUc!'4!3%!
;(40/1!H>GGU>!B*"&*!"+!;(40/1!FS@Ua!="$%+!5%(!1;7@!Z$=4+'!XTY!4?!'*%!'4';$!8%*"&$%+!"/&$01%1!"/!
'*"+!+'017!1("8%!$%++!'*;/!TG!="$%+!5%(!1;7>!B"'*!'*%!=4+'!&4==4/!1;"$7!="$%;2%!(;/2%!3%"/2!
FG6FX!="$%+!;+!+*4B/!"/!!"#$%&'!" .	A*"+!"+!;/!"=54(';/'!5;(;=%'%(!"/!'*%!+'017!;+!'*%!/0=3%(!4?!
="$%+!1("8%/!37!8%*"&$%+!"+!/%%1%1!'4!&;$&0$;'%!'*%!%/%(27!(%D0"(%1!?4(!&*;(2"/2!'*%!8%*"&$%!
3;''%(7@!!

!"#$%&!" !"#$%&'(%")%*+,-%".+-%/"0&'$%--%1"+2"3!4"6!2013!
 

 
 
 
 
 
 
 

Vehicle	Type	 Number	of	Vehicles	 Percentage	

Z0'4=43"$%N&;(N+';'"4/!B;24/! RGaUST! XT@HGY!

);/!,="/">!&;(24>!5;++%/2%(-! RUXRa! W@FaY!

J54('+!0'"$"'7!8%*"&$%! SSGaU! FF@GaY!

9"&P05!'(0&P! TRSaU! RX@aUY!

Average	vehicle	miles	
travelled	per	vehicle	

U.S.	-	2013	

DOT	FHWA		

[51]	

2009	NHTS	processed	
Dataset	

Z//0;$ ! RR>TSU! RR>SSX!

\;"$7! TR@GW! TR@TU!



TR!
!

 

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

3.1.2.3				Driving	Range	
^4=5;(%1!'4!'*%!&4/'"/%/';$!M@J@>!:;B;""!3%"/2!;!&*;"/!4?!"+$;/1+!*;8%!$"="'%1!1("8"/2!

(;/2%+@!<;+%1!4/!bXXc>!=4+'!$"2*'>!=%1"0=>!;/1!*%;87!10'7!#)+!'%/1!'4!';(2%'!;!(;/2%!4?!;340'!
RGG!="$%+!4/!;!?0$$7!&*;(2%1!3;''%(7>!;$'*402*!(;/2%!=;7!1%5%/1!4/!+5%&"?"&!1("8"/2!&4/1"'"4/+!
;/1!*;3"'+@!Z/!;/;$7+"+!14/%!"/!&4=5;("/2!'*%!1("8"/2!(;/2%+!4?!=4+'!4?!'*%!&0((%/'!9$026K/!
#$%&'("&!)%*"&$%+!=41%$+!4?!FGRS!;/1!FGRX>!B*"&*!"/&$01%+!34'*!<;''%(7!#)+!,<#)+-!;/1!9$026"/!
*73("1!#)+!,9:#)+-!*;8%!;$$6%$%&'("&!1("8"/2!(;/2%!4?!RR6TW!="$%+!;/1!UF6FUX!="$%+!(%+5%&'"8%$7!
bXUc!bXac@!Z$'*402*!=4+'!4?!'*%!=;"/+'(%;=!;??4(1;3$%!#)!=;(P%'!5("=;("$7!?;$$+!0/1%(!'*%!RGG6
="$%!#)!(;/2%>!A%+$;!B"'*!"'+!]41%$!J!*;+!=;/;2%1!'4!3(%;P!"/'4!'*%!FGG!="$%!(;/2%!#)!=;(P%'>!
;$'*402*!'*%!5("&%!*;+!3%%/!4/!'*%!%O5%/+"8%!%/1@!C"'*!(%&%/'!;18;/&%+!"/!(%+%;(&*!"/!3;''%(7!
'%&*/4$42"%+>!'*%!;0'4=43"$%!"/10+'(7_+!24;$!"+!'4!3("/2!14B/!'*%!&4+'!;/1!;$+4!"/&(%;+%!'*%!
1("8"/2!(;/2%!+4!;+!'4!=;P%!%$%&'("&!&;(+!=4(%!;$$0("/2!'4!54'%/'";$!&0+'4=%(+@!K/!4(1%(!'4!
(%5(%+%/'!'*%!=;"/+'(%;=!#)!=;(P%'>!'*%!1("8"/2!(;/2%!?4(!#)+!;/1!'*%!Z$$6#$%&'("&!Q;/2%!,Z#Q-!
"/!'*%!&;+%!4?!9:#)+>!B;+!?"O%1!'4!;!=;O"=0=!4?!RGG!="$%+@!
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!

 
!"#$%&'17!"#$%&'()&"*%+)&$%",()-)./"01./%2!

3.1.2.4				Battery	Capacity	
!

A*%!'75%!4?!#$%&'("&!)%*"&$%!*;+!;!1"(%&'!"=5;&'!4/!'*%!3;''%(7!&;5;&"'7!4?!;!8%*"&$%@!
<;''%(7!+"L%+!1"??%(!;&&4(1"/2!'4!'*%!'75%!4?!'*%!8%*"&$%@!V4(!%O;=5$%>!'*%!3;''%(7!+"L%!4?!;!JM)!
+0&*!;+!A%+$;!J!"+!&4/+"1%(;3$7!*"2*%(!'*;/!;!&4=5;&'!*;'&*3;&P!$"P%!I"++;/!`%;?@!A*%(%?4(%>!
;++"2/"/2!;!3;''%(7!&;5;&"'7!'4!'*%!1"??%(%/'!&$;++%+!4?!8%*"&$%!,;+!+*4B/!"/!'*%!+%&'"4/!3.1.2.1-!
&4/+"1%(%1!"/!'*"+!+'017!"+!"=54(';/'!"/64(1%(!'4!1%'%(="/%!'*%!%/%(27!/%%1%1!'4!&*;(2%!'*%!
#)+@!Q%54('+!bFUc!bXTc!503$"+*%1!37!A*%!9;&"?"&!I4('*B%+'!I;'"4/;$!`;34(;'4(7!,9II`-!*;8%!
0+%1!f#/%(27!#??"&"%/&7g!;/1!f45'"=;$!(;/2%g!4?!1"??%(%/'!8%*"&$%!&$;++%+!'4!&;$&0$;'%!'*%!
3;''%(7!&;5;&"'7!4?!'*;'!5;('"&0$;(!8%*"&$%@!A*0+>!/4B!3;''%(7!&;5;&"'"%+!?4(!%;&*!8%*"&$%!&$;++!
&;/!3%!1%'%(="/%1!37!&4=3"/"/2!'*%!f%/%(27!%??"&"%/&7g!B"'*!'*%!45'"=;$!1("8"/2!(;/2%!;+!
1%'%(="/%1!"/!'*%!1("8"/2!(;/2%!+%&'"4/!;348%@!A*%!+"L%!4?!3;''%(7!?4(!8;("40+!&$;++%+!4?!#)+!
0+%1!"/!'*"+!+'017!"+!+*4B/!"/!!"#$%&!" @!

	



TT!
!

Table	!" !"#$%&'("#))*+*%$+(",$-".,//%&("0*1%",++2&-*$'"/2"3%4*+5%"6(7%!

Vehicle	Class	
Energy	Efficiency	

[kWh/mile]	
Battery	Size	of	EV	with	
100	miles	range	[kWh]	

^4=5;&'!J%1;/ ! G@FU! FU!

]"1 6+"L%!+%1;/! G@TG! TG!

]"1 6+"L%!JM)! G@TW! TW!

V0$$6+"L%!JM)N9"&P05!A(0&P! G@SU! SU!
 

!"#$%&'!" !+*4B+!'*%!8;(";'"4/+!"/!<;''%(7!J"L%!;/1!'*%!%$%&'("&"'7!&4/+0=5'"4/!"/!PC*!
5%(!RGG!="$%+!?4(!=4+'!#$%&'("&!)%*"&$%!=41%$+!;8;"$;3$%!"/!'*%!M@J@!=;(P%'@!A*%!&*;('!"+!
;((;/2%1!"/!"/&(%;+"/2!4(1%(!4?!'*%!#)!=41%$_+!%$%&'("&"'7!&4/+0=5'"4/!"/!PC*NRGG!="$%+@!C"'*!
Fa!PC*!4?!%$%&'("&"'7!&4/+0=5'"4/!5%(!RGG!="$%+>!'*%!FGRX!<]C!"T!=41%$!'%/1+!'4!*;8%!'*%!
3%+'!%??"&"%/&7!"/!'*%!&0((%/'!=;(P%'@!Z+!+*4B/ >!'*%!%$%&'("&"'7!&4/+0=5'"4/!"/!PC*NRGG!="$%+!
8;("%+!3%'B%%/!'*%!8;("40+!=41%$+!1%5%/1"/2!4/!'*%!'75%!4?!8%*"&$%!;/1!(;/2%+!?(4=!Fa!PC*!
'4!XFPC*!5%(!RGG!="$%+@!A*%!1;';!?4(!'*"+!&4=5;(;'"8%!;/;$7+"+!B;+!&4$$%&'%1!?(4=!bXUc@!
!



TS!
!

!
!"#$%&'!" !"#$%%&'(")*+&",-./0"$12"34&5%'*5*%("67189:;%*71",-./<=>>":*4&0!

 

3.1.2.5				Potential	Charging	Windows/Time	Slots	
V(4=!'*%!*"+'4("&;$!8%*"&$%!'(;8%$!1;';>!5(%65(4&%++"/2!;$24("'*=+!B%(%!0+%1!'4!5%(?4(=!

45%(;'"4/+!"/!4(1%(!'4!1%'%(="/%!'*%!$"+'!4?!;$$!54'%/'";$!&*;(2"/2!'"=%+$4'+NB"/14B+!;8;"$;3$%!
?4(!'B4!&;'%24("%+!4?!&*;(2"/2!5$;&%!45'"4/+[!Rc!*4=%!&*;(2"/2!;/1!Fc!B4(P5$;&%!&*;(2"/2@!A*%!
=%'*41+!0+%1!;(%!1%+&("3%1!"/!+%&'"4/	3.1.1.4@!A*%!54'%/'";$!&*;(2"/2!'"=%+$4'+NB"/14B+!B%(%!
43';"/%1!?(4=!;/;$7L"/2!'*%!1;';!;340'!'"=%! B*%/!'*%!8%*"&$%!"+!5;(P%1>!;' !*4=%!4(!;'!'*%!
B4(P5$;&%!;?'%(!;!*4=%!'("5!4(!B4(P!'("5!(%+5%&'"8%$7@!

3.1.2.6				Timestamp	Transformation	
A*%!'"=%+$4'+NB"/14B+!B*"&*!*;8%!;!+';('!'"=%!;/1!;/!%/1!'"=%!"/!B*"&*!'*%!#)!"+!

5;(P%1!;'!*4=%!4(!;'!'*%!B4(P5$;&%!;(%!54'%/'";$!&;/1"1;'%+!?4(!%"'*%(!*4=%!4(!B4(P5$;&%!
&*;(2"/2@!A*%+%!+';('!;/1!%/1!'"=%+!;(%!%O5(%++%1!*%(%!"/!'*%!?4(=;'!4?!="$"';(7!'"=%+';=5+!
;/1!*;8%!;!2(;/0$;("'7!$%8%$!4?!%;&*!="/0'%@!V4(!'*%!B4(P!(%54('%1!*%(%>!'*%!%8%/'!'"=%!54"/'+!



TX!
!

*;8%!3%%/!(40/1%1!'4!'*%!/%;(%+'!TG. ="/0'%!'"=%+';=5 @!A*"+!;$"2/+!'*%!54'%/'";$!&*;(2"/2!
B"/14B+!'4!SW!'"=%!"/'%(8;$+!4?!%;&*!TG6="/0'%!10(;'"4/>!?4(!;/7!5;('"&0$;(!'(;8%$!1;7@!

 
3.1.3				Charging	Characteristics	

3.1.3.1				State	Of	Charge	(SOC)	
JE^!"+!1%?"/%1!;+!'*%!(;'"4!4?!'*%!;=40/'!4?!%/%(27!(%=;"/"/2!"/!'*%!3;''%(7!'4!'*%!'4';$!

%/%(27!"/!'*%!3;''%(7!B*%/!?0$$7!&*;(2%1@!K'!&;/!3%!1%'%(="/%1!3;+%1!4/!'*%!/0=3%(!4?!="$%+!
1("8%/!37!'*%!8%*"&$%!;/1!'*%!8%*"&$%!(;/2%!4?!'*%!#)@!Z++0="/2!'*;'!;'!'*%!3%2"//"/2!4?!%;&*!
'(;8%$!1;7>!'*%!3;''%(7!4?!'*%!5;('"&0$;(!#)!=0+'!3%!?0$$7!&*;(2%1!,JE^r!RGGY->!%+'"=;'"4/!4?!
JE^!"+!"=54(';/'!;+!'*;'!B40$1!*%$5!0+!'4!%+'"=;'%!'*%!+';'%!4?!'*%!3;''%(7!;?'%(!;!'("5!"+!
0/1%(';P%/@  

 

SOC !
!"#$%!!"#$#%&!!"#$%!!  !"#$%&'(!!"#$%&!

!"#$% !"#$#%&!!"#$%
! !!""  

 
K/!'*"+!+'017!'*%!1("8"/2!5;''%(/!;/;$7+"+!+*4B+!'*%!/0=3%(!4?!="$%+!'(;8%$$%1!"/!%;&*!'(;8%$!1;7!
37!;!5;('"&0$;(!#)@!M+"/2!'*"+>!'*%!'4';$!;=40/'!4?!%/%(27!/%%1%1!37!'*%!3;''%(7!?4(!'*;'!
5;( '"&0$;(!'(;8%$!1;7!&;/! 3%!1%'%(="/%1@!

3.1.3.2				Energy	Requirement	for	Battery	Charging!
A*%!;=40/'!4?!%/%(27!0+%1!37!'*%!3;''%(7!'4!'(;8%$!'*%!'4';$!/0=3%(!4?!="$%+!1("8%/!"/!

'*;'!5;('"&0$;(!'(;8%$!1;7!&;/!3%!&;$&0$;'%1!0+"/2!'*%!?4$$4B"/2!%O5(%++"4/!3%$4B@ 
 

!"#$%&!!"#$ !
!"#$%&'(!!"#$%&!

!"#$%!!"#$#%&!!"#$%
×!!"##$%&!!"#"$%&' 

!

!"#$%&!!""#"# !!"#!!"#$%&'%!
!"#$%&!!"#$  

!"##$%&!!"#$%&'%!!""#$#%&$'
 

!
A*%!'4';$!%/%(27!/%%1%1!'4!?0$$7!&*;(2%!'*%!#)!3;''%(7!"+!&;$&0$;'%1!0+"/2!'*%!;348%!

%D0;'"4/!B*%(%!'*%!%??"&"%/&7!?4(!'*%!3;''%(7!&*;(2%(!;/1!3;''%(7!48%(!;!(40/16'("5!4?!?0$$!
&*;(2%!&7&$%!"+!;++0=%1!'4!3%!WWY!bFWc@!K'!"+!;$+4!;++0=%1!'*;'!'*%!'4';$!3;''%(7!&;5;&"'7!"+!?0$$7!
;8;"$;3$%!?4(!0+%!"/+'%;1!4?!'*%!0+0;$!"/10+'(7!5(;&'"&%!4?!0+"/2!'*(%+*4$1!3;/1+!4?!FGY!'4!WGY!
bXTc!bXWc>!"/!4(1%(!'4!%O'%/1!'*%!3;''%(7!$"?%@!A*%!+'017!;$+4!;++0=%+!'*;'!8%*"&$%+!&*;(2%!4/$7!
4/&%!5%(!1;7!;/1!'*%!+;=5$%1!1;7!"+!(%5(%+%/';'"8%!4?!'*%"(!'75"&;$!1("8"/2!5;''%(/>!+4!'*%!
&*;(2%!'*%7!/%%1!4/!'*"+!8%*"&$%61;7!"+!%D0;$!'4!'*%!'4';$!;=40/'!4?!%$%&'("&"'7!&4/+0=%1!
10("/2!'*"+!8%*"&$%61;7@!

3.1.3.3				Charging	Levels	
!

);("40+!&*;(2"/2!$%8%$+!*;8%!3%%/!0+%1!"/!=0$'"5$%!1"??%(%/'!+'01"%+@!J'01"%+!&4/10&'%1!
"/!bXHc!bUGc!*;8%!0+%1!T!&*;(2"/2!$%8%$+!+0&*!;+!;-!R@S!PC!,RFG!)Z^>!RXZ-!3-!F@G!PC!,RFG!)Z^>!
FGZ-!;/1!&-!UPC!,FGWNFSG!)Z^>!TGZ-@!J"="$;($7!'*%!+'017!5%(?4(=%1!"/!bURc!*;8%!"/'(410&%1!



TU!
!

$%8%$+!4?!R@S!PC!,RFG)>RX!Z-!>!R@H!PC!,RFG)>FGZ-!;/1!a@a!PC!,FSG)>SGZ-@!J'017!"/!bUFc!"1%/'"?"%+!
'*(%%!$%8%$+!4?!&*;(2"/2!3;+%1!4/!'*%!84$';2%!;/1!54B%(!$%8%$+!;+!+*4B/!"/!!"#$%&!" @!!

!
!"#$%&!" !"#$%$&'"()"*+,-./0.!

Type	 Power	Level	

`%8%$!R[!RFG!)Z^! R@F!. !F@G!PC!

`%8%$!F!,$4B-[!FGW6FSG!)Z !̂ F@W!6!T@W!PC!

`%8%$!F[!,*"2*-[!FGW6FSG!)Z !̂ U!. !RX!PC!

`%8%$!T[!FGW6FSG!)Z !̂ uRX!mC6HUmC!

`%8%$!T[!\^!^*;(2"/2[!UGG)\^! uRXmC6FSGmC!
 

A*%!J4&"%'7!4?!Z0'4=4'"8%!#/2"/%%(+!,JZ#-!*;8%!3%%/!"/+'(0=%/';$!"/!1%8%$45"/2!=;h4(!
+';/1;(1+!?4(!#$%&'("&!)%*"&$%+!;/1!9$026"/!:73("1!#$%&'("&!)%*"&$%+@!A*%!JZ#!jRaaF!bUTc!+';/1;(1!
"/'(410&%+!;!&4==4/!#)N9:#)!;/1!+055$7!%D0"5=%/'!8%*"&$%!&4/10&'"8%!&*;(2"/2!=%'*41!'4!
?;&"$"';'%!&4/10&'"8%!&*;(2"/2!4?!#)N9:#)!8%*"&$%+!"/!I4('*!Z=%("&;@!A*%!JZ#!jRaaF!+';/1;(1!
1%?"/%+!'*%!?4$$4B"/2!$%8%$+!4?!&*;(2"/2!bXWc!bUSc[!

!
• AC	Level	1!!E/ 634;(1!&*;(2%(!B"'*!RFG!)Z^>!R65*;+%!RF!Z!(;'%!B"'*!;!RX!Z!^"(&0"'!4(!RFG!

)Z^>!R65*;+%!RU!Z!(;'%!B"'*!;!FG!Z!^"(&0"'!B"'*!&4/?"20(;'"4/!54B%(+!4?!R@SS!PC!;/1!
R@HF!PC!(%+5%&'"8%$7@!

• AC	Level	2:!E/ 634;(1!FGW!'4!FSG!)Z^>!R65*;+%!05!'4!;/1!"/&$01"/2!WG!Z@!A*%!4/634;(1!
&*;(2%(!&4/?"20(;'"4/!54B%(!$%8%$+!4?!T@T!PC!;/1!U@U!PC!*;8%!&0((%/'!+%''"/2+!4?!RU!Z!
;/1!TG!Z!(%+5%&'"8%$7@!

• DC	Level	1:!A*%!#)!J055$7!#D0"5=%/'!,#)J#-!"/&$01%+!;/!4??634;(1!&*;(2%(!B"'*!FGG!'4!
SXG!)\^!B"'*!;!(;'%1!&0((%/'!05!'4!;/1!"/&$01"/2!WG!Z>!B"'*!&4/?"20(;'"4/!54B%(!$%8%$+!
4?!RH@F!PC!,(%+"1%/'";$-!;/1!TU!PC!,503$"&-@!

• DC	Level	2:!A*%!#)!J055$7!#D0"5=%/'!,#)J#-!"/&$01%+!;/!4??634;(1!&*;(2%(!B"'*!FGG!'4!
SXG!)\^!B"'*!;!(;'%1!&0((%/'!05!'4!;/1!"/&$01"/2!FGG!Z>!B"'*!&4/?"20(;'"4/!54B%(!05!'4!
;/1!"/&$01"/2!HGPC@!

!
Z$'*402*!&*;(2"/2!$%8%$+!&;/!54'%/'";$$7!(%;&*!05!'4!RH@F!PC>!=4+'!4?!'*%!#)+!&0((%/'$7!

;8;"$;3$%!"/!'*%!M@J@!=;(P%'!*;8%!4/634;(1!&*;(2%(+!4?!T@T!PC!;/1!U@U!PC>!;+!+*4B/!"/!V"20(%!
RH!bXUc!bXac@!:"2*%(!%/1!$0O0(7!JM)+!$"P%!A%+$;!J>!A474';!QZ)S>!]%(&%1%+!<%/L!<6̂ $;++!*;8%!4/6
34;(1!&*;(2%(!4?!RG!PC@!!K/64(1%(!'4!(%5(%+%/'!'*%!$;(2%(!#)!=;(P%'!;/1!34'*!'*%!(%+"1%/'";$!
;/1!&4==%(&";$!#)!&*;(2"/2!45'"4/+>!'*%!`%8%$!R!;/1!`%8%$!F!&*;(2"/2!$%8%$+!+*4B/!"/!!"#$%&!" !
*;8%!3%%/!0+%1!"/!'*"+!+'017@!
!



Ta!
!

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

Charging	
Level	

Charging	
Location	 Power	Supply	 Power	Level	(kW)	

`%8%$!R! Q%+"1%/'";$!
RFG)!Z!̂

J"/2$%!9*;+%>!
RF!Z=5 !

R@S!PC!

`%8%$!F!
Q%+"1%/'";$N
C4(P5$;&%N!
^4==%(&";$!

FSG)!Z !̂
J"/2$%!9*;+%>!

RU!Z=5>!TG!Z=5!

Zc!T@T!PC!E/6<4;(1!^*;(2%(!

<c!U@U!PC!E/6<4;(1!^*;(2%(!

 
 

!
V"20(%!RH@!#$%&'("&!)%*"&$%!^*;(2"/2!Q;'%+ 

3.1.3.4				Charging	Infrastructure/Mode	
Z^!`%8%$!R!;/1!`%8%$!F!&*;(2"/2!$%8%$+!;(%!=4(%!5(;&'"&;$$7!+0"';3$%!?4(!*4=%!

%/8"(4/=%/'!B*%(%;+!\^!`%8%$!T!&*;(2"/2!,&4==4/$7!&;$$%1!\^!V;+'!^*;(2"/2-!"+!=4+'!+0"';3$%!
?4(!503$"&!4(!&4==%(&";$!&*;(2"/2!%/8"(4/=%/'+@!`%8%$!R!&*;(2"/2!2%/%(;$$7!(%?%(+!'4!'*%!0+%!4?!
;!+';/1;(1!*40+%*4$1!40'$%'!B*%(%;+!`%8%$!F!&*;(2"/2!'75"&;$$7!4??%(+!&*;(2"/2!?4(!(%+"1%/'";$!
;55$"&;'"4/+!'*(402*!;!FSG!)!ẐN!SG!Z=5!%$%&'("&;$!&"(&0"'>!,&4==4/!"/!*40+%*4$1!&"(&0"'+!0+%1!
?4(!*%;87610'7!;55$";/&%+!+0&*!;+!1(7%(>!+'48%!40'$%'-!bFHc!4(!FGW!)!%$%&'("&;$!+%(8"&%!$"/%!?4(!
&4==%(&";$!;55$"&;'"4/+!bUXc@!!



TW!
!

!"#$%&!" !"#$%&'()'"*)+&%,-&./-.&0 

	 Charging	Procedure	

Charging	Level	Mode	 Home	Charging	 Workplace	Charging	

`%8%$!R!. !R@SPC! RGY! GY!

`%8%$!F; !. !T@TPC! RXY! FGY!

`%8%$!F3!. !U@UPC! aXY! WGY!
 

K/64(1%(!'4!*;8%!;!1%?"/"'%!&*;(2"/2!45'"4/>!"'!"+!"=54(';/'!'4!;++"2/!8;("40+!=41%+!4?!
&*;(2"/2!'4!%"'*%(!*4=%!4(!B4(P5$;&%!&*;(2"/2!+&%/;("4+N45'"4/+@!A*%!8%*"&$%!&*;(2"/2!
;55(4;&*!+'(0&'0(%!'*;'!B;+!"=5$%=%/'%1!"/!'*"+!+'017!"+!+*4B/!"/! !"#$%&!" @!Z^!`%8%$!F!
&*;(2"/2!*;+!4?'%/!3%%/!&4/+"1%(%1!'*%!=4+'!&4==4/!48%(/"2*'!&*;(2"/2!45'"4/!"/!*40+%*4$1+!
bUUc!&4/+"1%("/2!'*%!?;+'%(!&*;(2"/2!+5%%1+!;/1!'*%!;18;/';2%!4?!/4'!/%%1"/2!;/7!%O'(;!
&*;(2"/2!"/?(;+'(0&'0(%@!Z&&4(1"/2!'4!bUSc>!&0+'4=%(+!0+%!(%+"1%/'";$!&*;(2%(+!?4(!;(40/1!UG6
WGY!4?!'*%"(!&*;(2"/2!+%++"4/+!;/1!Z^!`%8%$!F!"+!'*%!5(%?%((%1!&*4"&%@!A*%!+*;(%+!4?!&*;(2"/2!
$%8%$!=41%!;+!+*4B/!"/!!"#$%&27!B%(%!&*4+%/!'4!3%!3(4;1$7!&4/+"+'%/'!B"'*!bUSc!bUUc!;/1!
"/?4(=;$!1"+&0++"4/+!B"'*!#)!0+%(+@!

Z/;$7+"+!14/%!4/!'*%!1;';!+;=5$%!0+%1!"/!'*"+!+'017!;+!+*4B/!"/!!"#$%&'20>!+*4B+!'*;'!
;$=4+'!X@XaY!;/1!X@FRY!4?!'*%!'4';$!8%*"&$%+>!B*"&*!;(%!54'%/'";$!&;/1"1;'%+!?4(!*4=%!
&*;(2"/2>!;(%!5;(P%1!"/!*40+%*4$1+!0/"/'%((05'%1$7!?4(!RS!*40(+!;/1!RS@X!*40(+!(%+5%&'"8%$7>!
B*"&*!"+!5("=;("$7!'*%!'"=%!'*%!8%*"&$%!B;+!5;(P%1!48%(/"2*'!"/!'*%!*40+%*4$1!;?'%(!;!5%(+4/!
(%'0(/+!*4=%!?(4=!B4(P@!J"="$;($7!;+!+*4B/!"/!!"#$%&'!" >	;$=4+'!RG@WWY!;/1!RG@UFY!4?!'*%!
'4';$!8%*"&$%+>!B*"&*!;(%!54'%/'";$!&;/1"1;'%+!?4(!B4(P5$;&%!&*;(2"/2>!;(%!5;(P%1!"/!B4(P5$;&%+!
0/"/'%((05'%1$7!?4(!W@X!*40(+!;/1!H!*40(+!(%+5%&'"8%$7>!B*"&*!"+!&4/+"+'%/'!B"'*!+';/1;(1!4??"&%!
'"="/2+@!A*0+!;$'*402*!#)!4B/%(+!&*;(2%!'*%"(!8%*"&$%+!;'!*4=%!5("=;("$7>!0'"$"L"/2!&*;(2"/2!;'!
B4(P!&40$1!54'%/'";$$7!%O'%/1!'*%"(!%$%&'("&!1("8"/2!(;/2%!,/4'!1"+&0++%1!*%(%-!bUac!;/1!;$+4!
;$$4B+!'*%=!'4!0+%!$4B%(6&4+'!%$%&'("&"'7!10("/2!'*%!1;7@!

 



TH!
!

!"#$%&'!" .	Distribution	of	vehicles	parked	at	Home!

 

 
!"#$%&'!" !	!"#$%"&'$"()*(+*,-."/0-#*12%3-4*2$*5(%3102/- 

!
A*%!?4$$4B"/2!+'%5+!+0==;("L%!'*%!45%(;'"4/+!5%(?4(=%1[!

1. Z!$"+'!4?!+';/1;(1"L%1!#)!=41%$+!B;+!&(%;'%1!'*;'!&40$1!3%!0+%1!'4!(%5$;&%!
2;+4$"/%N1"%+%$!8%*"&$%+@!#;&*!4?!'*%+%!8%*"&$%+!*;+!;!RGG6="$%!(;/2%!;/1!;!5;('"&0$;(!
%??"&"%/&7@!

2. M+"/2!;!(;/2%!4?!5(%65(4&%++"/2!45%(;'"4/>!;/;$7+"+!4?!'*%!'("5!';3$%!B;+!5%(?4(=%1!;/1!
'*%!$4/2%+'!5%("41+!B*%/!%;&*!8%*"&$%!"+!5;(P%1!;'!*4=%!4(!;'!B4(P!10("/2!'*%!+'0176
1;'%!B;+!1%'%(="/%1@!

3. V4(!'*%!8%*"&$%+!'*;'!&40$1!3%!(%5$;&%1!37!#)+>!'*%!=4+'!+"="$;(!+';/1;(1!#)!"/!'*%!$"+'!
B;+!;++"2/%1!3;+%1!4/!8%*"&$%!'75%N&$;++@!

4. A*%!'4';$!;=40/'!4?!%/%(27!'*;'!"+!/%%1%1!37!%;&*!#)!10("/2!'*%!+'017!1;7!B;+!'*%/!
&;$&0$;'%1@!

5. K'!B;+!;++0=%1!'*;'!%;&*!8%*"&$%!&40$1!3%!(%5$;&%1!37!;/!#)>!B"'*!'B4!%O&%5'"4/+[!
8%*"&$%+!'*;'!1(48%!=4(%!'*;/!RGG!="$%+!10("/2!'*%!8%*"&$%61;7>!;/1!'*%!8%*"&$%+!'*;'!
/%%1!=4(%!%/%(27!'*;/!'*%7!&40$1!43';"/!?(4=!;!`%8%$!F3!&*;(2%(!10("/2!'*%"(!$4/2%+'!
'"=%!5;(P%1!;'!*4=%!4(!;'!B4(P@!A*%!'4';$!(%+0$'"/2!#)!?$%%'!1"+'("30'"4/!;&&4(1"/2!'4!
'*%!$4&;'"4/!4?!&*;(2"/2!"+!+*4B/!"/!A;3$%!FW@!

!

!"#$%&28!"#$%&'()$"!"#$%&&'!!"#$%&'%()&*+$&,-+&.'!

Charging	Location	 Number	of	Vehicles	 %	of	Total	

:4=%!^*;(2"/2 ! RTaRSU! UW@UaY!

C4(P5$;&%!^*;(2"/2! UFXUU! TR@TTY!



SG!
!

A4';$! RHHaRF! RGGY!

!
6. \%5%/1"/2!4/!'*%!'4';$!;=40/'!4?!%/%(27!/%%1%1!37!;!5;('"&0$;(!#)>!;/1!'*%!$4/2%+'!

;8;"$;3$%!5;(P"/2!'"=%!;'!*4=%!4(!;'!B4(P>!?%;+"3"$"'7!4?!&*;(2"/2!%;&*!"/1"8"10;$!#)!
0+"/2!$%8%$!R>!F;!4(!F3!&*;(2%(+!B;+!1%'%(="/%1@!V4(!%O;=5$%>!"?!;/!#)!/%%1+!RF!PC*!4?!
&*;(2"/2!;/1!"+!5;(P%1!;'!B4(P!?4(!T!*40(+>!"'!&;/_'!3%!;++"2/%1!'4!;!T@T!PC!,$%8%$!F;-!
B4(P5$;&%!&*;(2%(!;/1!&;/!4/$7!3%!;++"2/%1!;!U@U!PC!,$%8%$!F3-!&*;(2%(-@!J"="$;($7>!"?!;/!
#)!/%%1+!RG!PC*!4?!&*;(2"/2!;/1!"+!5;(P%1!;'!*4=%!?4(!W!*40(+>!&*;(2"/2!"+!?%;+"3$%!
0+"/2!%"'*%(!$%8%$!R!,R@S!PC->!F;!,T@T!PC-!4(!F3!,U@U!PC-!&*;(2%(+@!

7. A*%!RHH>aRF!#)+!B%(%!(;/14=$7!;++"2/%1!'4!;!4/%!4?!'*%!T!?%;+"3$%!&*;(2"/2!+'(;'%27>!
;&&4(1"/2!'4!'*%!&*;(2"/2!1"+'("30'"4/!+*4B/!"/!!"#$%&!" @!

8. A*%!;++"2/=%/'!4?!;!?%;+"3$%!&*;(2"/2!+'(;'%27!'4!%;&*!#)!"/!'*%!#)!?$%%'!B;+!5%(?4(=%1!
;+!?4$$4B+[!

a) Z$$!'*%!#)+!'*;'!&40$1!3%!&*;(2%1!;'!*4=%!;'!`%8%$!R!B%(%!"1%/'"?"%1@!Q;/14=$7!
;++"2/!?(4=!;=4/2!'*%!8%*"&$%+!;++"2/%1!'4!*4=%!&*;(2"/2!'4!;&*"%8%!'*%!:R!
5%(&%/';2%@!

b) Z$$!'*%!(%=;"/"/2!#)+!'*;'!*;8%/_'!3%%/!;++"2/%1!'4!:R!'*;'!&40$1!?%;+"3$7!3%!
&*;(2%1!;'!*4=%!4/!`%8%$!F;!B%(%!"1%/'"?"%1!;/1!B%(%!;++"2/%1!'4!;&*"%8%!'*%!
:F;!5%(&%/';2%@!

c) Z$$!'*%!(%=;"/"/2!#)+!'*;'!&40$1!?%;+"3$7!3%!&*;(2%1!;'!*4=%!4/!;!`%8%$!F3!
&*;(2%(!B%(%!;++"2/%1!;!`%8%$!F3!&*;(2%(!'4!=;P%!'*%!:F3!5%(&%/';2%@!

d) A*%!;348%!5(4&%++!B;+!(%5%;'%1!?4(!#)+!'*;'!;(%!5;(P%1!;'!B4(P!B"'*!CF;!;/1!
CF3>!;'!B*"&*!54"/'!'*%!?$%%'!B;+!;$$4&;'%1!;55(45(";'%$7!;&&4(1"/2!'4!!"#$%&27!
;/1! !"#$%&!" @!

3.2				Oahu	Grid	Characteristics	
3.2.1				Hawaii	Electricity	Load	Profile	

A*%!*40($7!%$%&'("&"'7!$4;1!1;';!?4(!E;*0>!B%(%!43';"/%1!?(4=!?"$"/2+!4?!V#Q^!?4(=!aRS!
bUWc!?4(!'*%!7%;(!%/1"/2!FGRS@!#$%&'("&!0'"$"'"%+!B"'*!;//0;$!5%;P!1%=;/1!48%(!FGG]C!;(%!
(%D0"(%1!'4!%$%&'(4/"&;$$7!?"$%!'*"+!?4(=!'4!'*%!V%1%(;$!#/%(27!Q%20$;'4(7!^4=="++"4/!,V#Q^-!;'!
'*%!%/1!4?!%;&*!7%;(@!V4(!'*%!50(54+%!4?!=41%$"/2!'*%!#)!&*;(2"/2!$4;1!,(%5(%+%/'%1!"/!*;$?6
*40($7!'"=%!"/'%(8;$+-!"/!'*%!+;=%!'"=%!+&;$%!;+!'*;'!4?!+7+'%=!1%=;/1>!'"=%6;8%(;2%1!*;$?!
*40($7!1%=;/1!1;';!B%(%!43';"/%1!?(4=!'*%!*40($7!1;';+%'@!!

!



SR!
!

 
!"#$%&'!! !"#$%&"'()*+,-*-+."/0$1"2,03-()!

  
3.2.2				Hawaii	Electricity	Price	Profile	

A*%!*40($7!=;(2"/;$!&4+'!4?!%$%&'("&"'7!B;+!43';"/%1!?(4=!'*%!*40($7!3;$;/&"/2!;0'*4("'7!
;(%;!+7+'%=!$;=31;!1;';>!5(48"1%1!"/!'*%!V#Q^!?4(=!aRS!bUWc!?4(!'*%!7%;(!%/1"/2!FGRS>!?"$%1!37!
'*%!%$%&'("&!0'"$"'"%+>!B*"&*!?4(!'*%!K+$;/1!4?!E;*0!"+!'*%!:;B;"";/!#$%&'("&!̂ 4=5;/7!,:#^E->!K/&@!
V4(!'*"+!B4(P>!;++0=%!'*;'!&0+'4=%(+!?;&%!*40($7!17/;="&!5("&%+!'*;'!;(%!%D0;$!'4!'*%!=;(2"/;$!
&4+'!4?!5(410&'"4/@!A*%+%!5("&%!8;$0%+!;(%!%O5(%++%1!"/!0/"'+!4?!vN]C*@!!V4(!'*%!50(54+%!4?!
=41%$"/2>!'"=%6;8%(;2%1!*;$?!*40($7!%$%&'("&"'7!5("&%!1;';!B%(%!43';"/%1!?(4=!'*%!*40($7!
1;';+%'@!

!

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

3.2.3				Existing	Power	Plants!
K/64(1%(!'4!'*%!+'017!'*%!%??%&'!4?!$;(2%!+&;$%!#)!1%5$47=%/'!'4!'*%!%$%&'("&"'7!2("1>!'*%!

P/4B$%12%!;340'!'*%!&0((%/'!%$%&'("&"'7!2("1!"+!8"';$@!!\;';!;340'!;$$!%O"+'"/2!54B%(!5$;/'+!;/1!



SF!
!

2%/%(;'4(!1;';!+0&*!;+!&;5;&"'7>!*%;'!(;'%!;/1!'%&*/4$427!,5("=%!=48%(!;/1!%/%(27!+40(&%-!?4(!
E;*0!B%(%!43';"/%1!?4(!'*%!7%;(!%/1"/2!FGRF>!?(4=!'*%!?4(=!#KZ6WUG!bUHc!;/1!#KZ6HFT!baGc!
B*"&*!;(%!'*%!#/%(27!K/?4(=;'"4/!Z1="/"+'(;'"4/_+!,#KZ-!54B%(!5$;/'!+0(8%7!1;';3;+%+@!

V4(!;$$!'*%!5$;/'+!5(48"1"/2!"/'%(="''%/'!+055$7!4?!54B%(!,%@2@>!B"/1!4(!+4$;(->!'*%!
;=40/' !4?!54B%(!5(410&%1!"+!1%5%/1%/'!4/!'*%!+5%&"?"%1!*40($7!&;5;&"'7!?;&'4(@!A*%+%!*40($7!
&;5;&"'7!?;&'4(+!1%5%/1!4/!'*%!;=40/'!4?!B"/1!4(!+0/$"2*'!;'!;!5;('"&0$;(!+"'%!?4(!;!
&4((%+54/1"/2!'"=%!4?!'*%!1;7@!A*0+>!'*%!'4';$!+055$7!4?!54B%(!?(4=!;/!%O"+'"/2!"/'%(="''%/'!
(%/%B;3$%!2%/%(;'"4/!5(4h%&'!"+!;!?(;&'"4/!4?!'*%!"/+';$$%1!&;5;&"'7!4?!'*%!5$;/'!,"/+';$$%1!
&;5;&"'7!w!*40($7!&;5;&"'7!?;&'4(-@A*%!*40($7!54B%(!5(410&'"4/!,&;5;&"'7!?;&'4(-!?4(!'*%!%O"+'"/2!
B"/1!;/1!+4$;(!,\"+'("30'%1!9)!;/1!^%/'(;$!J';'"4/!9)!54B %(!5$;/'+!"/!E;*0!B%(%!1%("8%1!?(4=!
'*%!1;';+%'+!0+%1!"/!'*%!(%54('!baRc@!A*%!%O"+'"/2!(%/%B;3$%!%/%(27!5(4h%&'+!"/&$01%1!FRG!]C!
4?!&0+'4=%(6+"'%1!+4$;(!,1"+'("30'%1!9)->!X!]C!4?!&4==%(&";$!+4$;(!;/1!HH!C]!4?!B"/1@!

\;';!;340'!'*%!5("&%!4?!'*%!?0%$!0+%1!"/!'*%!%O"+'"/2!54B%(!5$;/'+!"/!E;*0!B;+!;$+4!
43';"/%1!?(4=!baRc@!A*%!(%54('!baRc!0+%1!?0%$!5("&%+!4?!3"41"%+%$>!3"46&(01%>!*"2*!+0$?0(!1"%+%$>!
0$'(;6$4B!+0$?0(!1"%+%$!,M`J\->!$"D0%?"%1!/;'0(;$!2;+!,`Ie->!$4B!+0$?0(!?0%$!4"$!,`JVE->!=%1"0=!
+0$?0(!?0%$!4"$!,]JVE->!;/1!$4B!+0$?0(!"/10+'(";$!?0%$!4"$!,`JKVE-!?(4=!Z55%/1"O!#6RR[!V0%$!^4+'+!
V4(%&;+'!\;';!4?!'*%!FGRT!K/'%2(;'%1!Q%+40(&%!9$;//"/2!,xKQ9x-!Q%54('!503$"+*%1!37!'*%!
:;B;"";/!#$%&'("&!^4=5;/"%+!baFc@!4̂;$!5("&%!?4(%&;+'+!B%(%!43';"/%1!?(4=!Z55%/1"O!Z[!A;3$%!
ZR!503$"+*%1!"/!'*%!M@J@!#/%(27!K/?4(=;'"4/!Z1="/"+'(;'"4/s+!,#KZs+-!Z//0;$!#/%(27!E0'$44P!
FGRS!,Z#EFGRS-!baTc@!);(";3$%!45%(;'"4/!;/1!=;"/'%/;/&%!&4+'+!4?!'*%!8;("40+!%O"+'"/2!54B%(!
5(4h%&'+!,%@2@>!B%;(!;/1!'%;(!&4+'+-!B%(%!43';"/%1!?(4=!'*%!^4/+4$"1;'%1!M/"'!K/?4(=;'"4/!
V4(=+!"/!Z55%/1"O!m!,J055$76J"1%!Q%+40(&%!Z++%++=%/'-!4?!'*%!FGRT!K/'%2(;'%1!Q%+40(&%!
9$;//"/2!,KQ9-!Q%54('>!503$"+*%1!37!'*%!:;B;"";/!#$%&'("&!^4=5;/"%+!baFc!;/1!?(4=!A;3$%!W@F!4?!
'*%!tZ++0=5'"4/+!'4!'*%!Z//0;$!#/%(27!E0'$44P!FGRS_!503$"+*%1!37!'*%!M@J@!#/%(27!K/?4(=;'"4/!
Z1="/"+'(;'"4/!,#KZ-!baTc@!

!
A*%!;&'0;$!8;(";3$%!&4+'!5%(!]C*!4?!%$%&'("&"'7!2%/%(;'%1!37!;/!%O"+'"/2!54B%(!5$;/'!&;/!3%!
&;$&0$;'%1!;+[!
 

!"#$"%&'!!"#$!! ! ! !"# ! !
!"#$"%&'!! ! ! ! !"#$!! ! ! !"# ! !!
!!! !!!!!!!!!!!! !!!!!!!!! !!!!!!!! !!!!!! !"#$_!"#$!!$! !!"#$ ! !! !!!"#$ !!"#$!!MMBtu! !"# ! !!  

 
C*%(%!!
8;(";3$%q4q=q&4+'!r!);(";3$%!45%(;'"4/!;/1!=;"/'%/;/&%!&4+'+!%;&*!%O"+'"/2!54B%(!5(4h%&'!

,vN]C*- !
?0%$q&4+'!r!V0%$!&4+'!,vN]]<'0-!
*%;'q(;'%!r!:%;'!Q;'%!4?!%;&*!%O"+'"/2!54B%(!5$;/'!,]]<'0N]C*- !
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!

3.3				Model	Notations		
A*%!=41%$+!;(%!?4(=0$;'%1!0+"/2!Z]9`!RF@F!;/1!;(%!+4$8%1!0+"/2!K<]!K`Ee!^9`#n!

E5'"="L;'"4/!J' 01"4!RF@X@R@!J4=%!4?!'*%!=;"/!%$%=%/'+!'*;'!;(%!/%%1%1!'4!(%5(%+%/'!;/7!
&4/+'(;"/%1!45'"="L;'"4/!5(43$%=!;(%[!!

• Sets:!J%'+!2%/%(;$$7!(%5(%+%/'!;/7!0/4(1%(%1!&4$$%&'"4/!4?!43h%&'+!(%$;'%1!'4!'*%!=41%$@!
K/1"8"10;$!=%=3%(+!4?!'*%!+%'!;(%!4?'%/!(%5(%+%/'%1!37!"/1%O"/2!8;(";3$%+@!

• Parameters:!9;(;=%'%(+!(%5(%+%/'!;/7!/0=%("&;$!8;$0%!5%('"/%/'!'4!'*%!=41%$@!A*%7!
5(48"1%!"/50'!1;';!?4(!+4$8"/2!'*%!45'"="L;'"4/!5(43$%=@!

• Decision	variables:!\%&"+"4/!8;(";3$%+!;(%!;!+%'!4?!D0;/'"'"%+!'*;'!/%%1!'4!3%!1%'%(="/%1!
"/!4(1%(!'4!?"/1!;/!45'"=;$!+4$0'"4/!'4!'*%!5(43$%=@!

• Objective	function:!E3h%&'"8%!?0/&'"4/!4?!;!$"/%;(!5(42(;=="/2!=41%$!"+!;!=;'*%=;'"&;$!
%O5(%++"4/!'*;'!"/1"&;'%+!*4B!%;&*!1%&"+"4/!8;(";3$%!&4/'("30'%+!'4!'*%!8;$0%!'4!3%!
45'"="L%1@!A*%!24;$!4?!'*%!43h%&'"8%!?0/&'"4/!&;/!3%!'4!=;O"="L%!4(!'4!="/"="L%!+4=%!
/0=%("&;$!8;$0%@!

• Constraints:!̂ 4/+'(;"/'+!;(%!=;'*%=;'"&;$!%O5(%++"4/+!'*;'!&4=3"/%!'*%!5;(;=%'%(+!
;/1!1%&"+"4/!8;(";3$%+!'4!%O5(%++!$"="'+!4/!'*%!54++"3$%!+4$0'"4/+@!

3.4				EV	Recharging	Scenarios		
3.4.1				Price-Taker	Model	

3.4.1.1				Optimized	Charging		
A*"+!=41%$!;/;$7L%+!;! +&%/;("4!"/!B*"&*!#)!&0+'4=%(+!;(%!4??%(%1!'"=%68;(7"/2!5("&%+!

1%5%/1"/2!4/!'*%!=;(2"/;$!&4+'!4?!5(410&"/2!%$%&'("&"'7!+4!'*;'!'*%7!&;/! (%10&%!'*%"(!4B/!&4+'!
37!&*;(2"/2!;' !'"=%+!B*%/!'*%!5("&%!4?!%$%&'("&"'7!"+!$4B%(@!A*"+!'%+'+!B*%'*%(!17/;="&!5("&%+!
&;/ !*%$5!="'"2;'%!'*%!;=40/'!4?!54B%(!1(;B/!10("/2!'*%!5%;P!5%("41+!4?!'*%!1;7@!A*"+!45'"=;$!
5("&%6';P%(!&*;(2"/2!=41%$!;"=+!'4!;/;$7L%!'*%!54'%/'";$!+;8"/2+!?4(!#)!&0+'4=%(+!37!43';"/"/2!
;/!45'"=;$!&*;(2"/2!+&*%10$%!?4(!%;&*!8%*"&$%!B"'*!'"=%68;(7"/2!5("&%+!30'!/4'!4/!;!$;(2%!
%/402*!+&;$%!'4!&*;/2%!'*%!5("&%!4?!%$%&'("&"'7@!!
!

A*%!43h%&'"8%!4?!'*"+!45'"="L;'"4/!"+!'4!1%("8%!;/!45'"=;$!&*;(2"/2!+&*%10$%!?4(!%;&*!#)!
'*;'!="/"="L%+!'*%!48%(;$$!&4+'!4?!&*;(2"/2!0+"/2!'*%!=;(2"/;$!&4+'!4?!%$%&'("&"'7@!!A*%!1%&"+"4/!
8;(";3$%!f#)q^*;(2%qPBg>!5(48"1%+!"/1"8"10;$!&*;(2"/2!+&*%10$%+!?4(!%;&*!#)!10("/2!%;&*!4?!'*%!
SW!*;$?6*40($7!'"=%+$4'+!'4!(%5(%+%/'!%;&*!4?!'*%!FS!*40(!+'017!1;'%@!A*"+!45'"="L%1!#)!
&*;(2"/2!+&*%10$%!&;/!54'%/'";$$7!(%10&%!&4+'+!?4(!&0+'4=%(+!37!0+"/2!'*%!'"=%68;(7"/2!/;'0(%!
4?!'*%!%$%&'("&"'7!5("&%+@!!

!
3.4.1.1.1				Objective	Function	
A*%!43h%&'"8%!?0/&'"4/!4?!'*"+!=%'*41!"+[!
 

!"#"!"$% ! !" ! !"#$%&!kw! !! !! !! !!"!#$%!!"#$!!"# ! !! !! !!!"#$%&!!" !tp_!" ! !! ! !
! !! !! !!"#$%&"'!(

! !! !!"#$%&"'

 



SS!
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!

!"#$%&!" !	!"#$%$&'()*+$*,-"%!!"#!"#$%6!"#$%&!"#$%!

Decision	Variable	
Name	

Indexing	set	 Description	

#)q^*;(2%qPB! (VEHCILES,	
TIMEPOINTS)!

I0=3%(!4?!mC!4?!54B%(!(%D0"(%1!?4(!&*;(2"/2!
%;&*!8%*"&$%!,8-!10("/2!%;&*!'"=%54"/' !,'>!1-!4?!
;!+'017!1;'%@!

!
!"#$%&!" !"#$%&"'&$(")*"!"#$%6!"#$%&!"#$%!

Name	 Indexing	
variable(s)	 Description	 Definition	

\ZA#J! 1! M/"D0%!K\!?4(!%;&*!
+;=5$%!1;'%!"/&$01%1!"/!
'*%!+'017@!

!"#$%&%#'()*+,-(.%/0(
!"#$%&"'!()*+,)*-./*,0*∈!
!"#$%&"'!() !

AK]#9EKIAJ! ,'>1-! );$"1!&4=3"/;'"4/+!4?!
'"=%+$4'!K\!,'-!;/1!1;7!,1-!
'*;'!;(%!"/&$01%1!"/!'*%!
=41%$@!

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

!



SX!
!

!"#$%&!" !"#$%$&'('%)"!"#$%!"#!"#$%6!"#$%!!"#$%!

Parameter	Name	 Indexed	over	 Description	 Definition	

!"!#$%&'()*&+,- ! !"#$%&"'!( ! !"#$%&'()*&+$,-./$-0$
electricity	derived	from	
!"#$%&'&!#($)*(+,*-$
!"#$%&'(%)*+%&&%,(-.($.-/&(
!"#$!%%&'(#)*'#+,-.!

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

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

!
3.4.1.1.2				Constraints	
A*%!5("&%6';P%(!45'"="L;'"4/!=41%$!"/&$01%+!'*%!?4$$4B"/2!&4/+'(;"/'+[!!
!
3.4.1.1.2.1				EV	Constraints	
A*%!;"=!4?!'*%!#)!&4/+'(;"/'+!"+!'4!14!'*%!?4$$4B"/2[!
a) A*%!&*;(2"/2!54B%(!$%8%$!?4(!%;&*!#)!"/!;!54'%/'";$!&*;(2"/2!'"=%+$4'!+*40$1!3%!$%++!'*;/!4(!

%D0;$!'4!'*%!=;O"=0=!&*;(2"/2!(;'%!'*;'!"+!;$$4B%1!?4(!'*;'!5;('"&0$;(!8%*"&$%@!A*%!
=;O"=0=!&*;(2"/2!(;'%+!'*;'!*;8%!3%%/!&4/+"1%(%1!"/!'*"+!(%+%;(&*!+'017!R@S!PC>!T@T!PC>!
;/1!U@U!PC!;/1!*;8%!3%%/!1%+&("3%1!"/!1%5'*!"/!'*%!+%&'"4/	3.1.3.4@A*%!=;O"=0=!&*;(2"/2!
(;'%!"+!;++0=%1!'4!3%!L%(4!B*%/!'*%!#)!"+!/4'!5$022%1!"/!'4!'*%!2("1!?4(!&*;(2"/2@!

!"#$%&'!!" ! !"#!v!!" !VEHICLES! !! ! !!" !!"#$%&"'!( !!
!

! ! ! !"#$%&!!" ! !! !! ! vehicle! !"#$%&"'!_max_!"#$%!!" ! !!!!,∀!!! ! !"#$%&"' !  !
 !!!!!! !! ! ! ! !"#$%&"'!( !

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

 
!"#$%&!" !"#$%&"'&$("!"#$%&'(%!!"#$%&'()*+&('!

Name	 Indexing	
variable(s)	 Description	 Definition	

)#: K̂`#J! 8! M/"D0%!K\!;++"2/%1!'4!
%;&*!#)!"/&$01%1!"/!'*%!
+'017@!!!

!"#$%&%#'()*+,-(.%/0(
!"#$%&"'%#()*"'+$,-.+/01
!"#$!"#$%#$%&'()*+*#$%&'(,-%.!∈!
!"#$%&"'%#()*"'+$,-.+/01 !

!
!



SU!
!

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

Parameter	Name	 Indexed	over	 Description	 Definition	

!"#$%&"'($)"*+$,(
_max_power_kw!

!"#$%&'#()*
!"#$%&"'!() !

!""#$%"&'()&*+,#*-*&
!""#$%&'()!*+,-+'.#$%*'
!"#$%&'()$*"+,(-&.("-/$"!$
!"#$%&"'(!)'$*'+$,"-.$*+/'
!"#$%&'()*+',++*-./0."'
!"#$%&'()*+!(!"#$"%6!"#$
!"#$%&'%(#')(*+,$'&%"-(
!"#$%&'%()!"*+,-*)(
!"#"$!%$&'($')*"'"+,*'
!"#$%&"'()*+,"-,$.&)
!"#$%&'%()&'*+),-!
!

R@S !" 6!"#"$%&!Charger!
!"!#$%6!"#"$%!"#$%"&'(&!
!"!#$%6!"#"$%2b	Charger!
!
!

 
 
b) A*%!=;"/!;"=!4?!'*"+!&4/+'(;"/'!"+!'4!=;P%!+0(%!'*;'!'*%!+0=!4?!'*%!'4';$!&*;(2"/2!14/%!"/!;$$!

'*%!54'%/'";$!'"=%!+$4'+!"/!;/7!5;('"&0$;(!'(;8%$!1;7!"+!%D0;$!'4!'*%!'4';$!%/%(27!/%%1%1!?4(!
%;&*!"/1"8"10;$!8%*"&$%>!B*"&*!*;+!3%%/!5(%61%'%(="/%1!?(4=!'*%!*"+'4("&;$!1("8"/2!5;''%(/!
1;';!1"+&0++%1!"/!'*%!%;($"%(!+%&'"4/+@!

!!!!!!"#$%&'!!" ! !"#!! !!" !!"#$%&"' ! ! !!" !DATES !!
!

! !" !Charge! !" !!! !! !!x!!!"#$%&!!" ! !" ! !" ! !! ! ! !"#$%&!!""#"# !!"# ! !! !!
!!! !! !!"#$%&"'!(

!

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

Parameter	Name	 Indexed	over	 Description	 Definition	

!"#$%&'(&&)&)'*+" !
!
!

!"#$%&"'()*"+'
!"#$%&'#()*( !

!"#$%&'#(')#*+,'%++-+-'&#'
!"#$%&'&#!"'(&")!*&'+(,'!"#$#
!"#$%&'("#)*$'+,)+"$-).+/0)
!"#$%&&%'()*(+*),&(-.(/012!

!"#$%&%#'(
!"#$!%#&'()*!

!

3.4.1.2				Business-As-Usual	(BAU)	Charging		
K/!'*%!30+"/%++6;+60+0;$!&*;(2"/2!+&%/;("4>!#)!4B/%(+!;(%!;++0=%1!'4!&*;(2%!'*%"(!#)+!

("2*'!;?'%(!'*%7!(%;&*!'*%"(!?"/;$!1%+'"/;'"4/!,*4=%!4(!B4(P-@!A*%!&*;(2"/2!"+!;++0=%1!'4!3%2"/!
"==%1";'%$7!;'!'*%!+';('!4?!'*%!+"/2$%!$4/2%+'!5%("41!B*%/!%;&*!8%*"&$%!"+!5;(P%1!;'!*4=%!4(!;'!
B4(P!10("/2!'*%!+'01"%1!8%*"&$%61;7@!A*"+!+&%/;("4!"+!=41%$$%1!'4!(%5$"&;'%!'*%!/4(=;$!%O5%&'%1!



Sa!
!

&*;(2"/2!3%*;8"4(!"/!B*"&*!'*%!'"=%68;(7"/2!5("&%+!4??%(%1!"/!'*%!5("&%6';P%(!=41%$!14!/4'!
;??%&'!'*%!#)!4B/%(+!&*;(2"/2!1%&"+"4/@!

A*%!30+"/%++6;+60+0;$!&*;(2"/2!+&%/;("4!"+!"=5$%=%/'%1!"/!'*%!5("&%6';P%(!=41%$!37!
=;/0;$$7!+%''"/2!'*%!5;(;=%'%(!,t#)q^*;(2%qPB_-!'4!;!1%?;0$'!&*;(2"/2!(%2"=%!'*;'!&*;(2%+!;'!
'*%!=;O"=0=!(;'%>!+';('"/2!;'!'*%!%;($"%+'!&*;(2%!B"/14B!;/1!&4/'"/0%+!;&(4++!'"=%54"/'+!;/1!
&*;(2%!B"/14B+!0/'"$!'*%!%/%(27!(%D0"(%=%/'!"+!?0$?"$$%1@!A*%!=;O"=0=!&*;(2"/2!(;'%!"+!
;++"2/%1!1%5%/1"/2!4/!'*%!&*;(2%(!0+%1!"@%@>!%"'*%(!`%8%$!R6!R@SPC>!`%8%$!F;!6T@T!PC!4(!`%8%$!F3!
6!U@U!PC!B*%/!5$022%16"/!4(!G!B*%/!/4'!5$022%16"/@!!A*%!+;=%!+%'!4?!&4/+'(;"/' +!;/1!43h%&'"8%!
?0/&'"4/!;(%!0+%1!;+!"/!+%&'"4/	3.4.1.1.1@!A*%!=41%$!"+!+%'05!"/!'*%!+"="$;(!?(;=%B4(P!;+!"/!
f45'"="L%1!&*;(2"/2g>!%O&%5'!*%(%!'*%!8;(";3$%!(%5(%+%/'"/2!'*%!/0=3%(!4?!PC!4?!54B%(!
(%D0"(%1!?4(!&*;(2"/2!%;&*!8%*"&$%!,8-!10("/2!%;&*!'"=%+$4'!,'>!1-!4?!;!+'017!1;'%!
,t#)q^*;(2%qPB_-!"+!;!5;(;=%'%(!"/+'%;1!4?!;!1%&"+"4/!8;(";3$%@!!
!

!"#$%&!" !"#$%$&'('%)"*+"(,'"!"#$%&##6!" 6!"#$%&Model!

Parameter	Name	 Indexed	over	 Description	 Definition	

#)q^*;(2%qPB! (VEHCILES,	
TIMEPOINTS)!

I0=3%(!4?!mC!4?!54B%(!
(%D0"(%1!?4(!&*;(2"/2!
%;&*!8%*"&$%!,8-!10("/2!
%;&*!'"=%54"/' !,'>!1-!4?!;!
+'017!1;'%@!

!"#$%#"&'(!according	
!"#!$%#%&%'()#'%*+,'%-#
!"#$%&'#()*(+$%&'#(,#$
!"#$%&'($&)*'+,-(,&
!"#$%! !!

!
3.4.2				Supply	Curve	Model	

3.4.2.1				Optimized	Charging	
!

K/!'*%!+055$7!&0(8%!=41%$>!34'*!'*%!(%+&*%10$;3$%!$4;1!,#)!$4;1-!;/1!'*%!54B%(!
2%/%(;'%1!37!%;&*!2%/%(;'4(!*;8%!'*%!?$%O"3"$"'7!'4!&*;/2%!"/!%;&*!'"=%54"/'!'4!5(48"1%!'*%!
3%+'!45'"="L%1!&*;(2"/2!+&*%10$%!?4(!%;&*!8%*"&$%>!="/"="L"/2!'*%!&4+'!4?!&*;(2"/2!#)+@!A*%!
=41%$!+*40$1!+;'"+?7!'*%!?"O%1!+7+'%=!%$%&'("&"'7!1%=;/1!10("/2!%8%(7!'"=%54"/'!4?!'*%!1;7!;/1!
;$+4!'*%!8;("40+!4'*%(!&4/+'(;"/'+@!A*%!=41%$!+%$%&'+!54B%(!?(4=!'*%!2%/%(;'4(+!B*"&*!*;8%!
'*%!$4B%+'!&4+'!4?!2%/%(;'"/2!%$%&'("&"'7!;'!'*;'!'"=%54"/'@!!

A*"+!=41%$!&*44+%+!;/!45'"=;$!&*;(2"/2!+&*%10$%!?4(!%;&*!#)!'*;'!="/"="L%+!'*%!48%(;$$!
&4+'!4?!&*;(2"/2!0+"/2!'*%!8;(";3$%!&4+'!4?!%$%&'("&"'7!?(4=!%;&*!%O"+'"/2!2%/%(;'4(>!;+!
(%5(%+%/'%1!37!;!+'%55%1!+055$7!&0(8%@!A*%!+055$7!&0(8%!"+!43';"/%1!37!+';&P"/2!%O"+'"/2!
2%/%(;'4(+!"/!;+&%/1"/2!4(1%(!4?!'*%"(!8;(";3$%!&4+'!,B*"&*!"+!;++0=%1!/4'!'4!8;(7!B"'*!'*%"(!
40'50'!$%8%$-@!!"#$%&'!" 	(%5(%+%/'+!'*%!+055$7!&0(8%!4?!'*%!E;*0!54B%(!+7+'%=>!B*"&*!+*4B+!
'*%!=;(2"/;$!&4+'+!4?!54B%(!5(410&'"4/!;/1!'*%!2%/%(;'"4/!&;5;&"'"%+!4?!2%/%(;'"/2!5$;/'+>!
B*"&*!;(%!(%5(%+%/'%1!;+!;!+'%5!"/!'*%!&0(8%@!A*%!2%/%(;'"/2!5$;/'+!;(%!1"??%(%/'";'%1!37!'*%!
'%&*/4$427!'*%7!0+%!;/1N4(!'*%!?0%$!'*%7!&4/+0=%@!A*%!1%&"+"4/!8;(";3$%!f#)q^*;(2%qPBg>!
5(48"1%+!"/1"8"10;$!&*;(2"/2!+&*%10$%+!?4(!%;&*!#)!10("/2!%;&*!4?!'*%!SW!*;$?6*40($7!'"=%+$4'+!



SW!
!

' 4!(%5(%+%/'!%;&*!4?!'*%!FS!*40(!+'017!1;'%@!K/!'*"+!=41%$>!'*%!#)+!&*;(2%!;'!45'"=;$!'"=%+!
?(4=!'*%!2%/%(;'4(+!B*"&*!*;8%!'*%!$4B%+'!&4+'!4?!2%/%(;'"/2!%$%&'("&"'7@!!!

A*"+!45'"="L%1!#)!&*;(2"/2!+&*%10$%!&;/ !5(48"1%!&4/+"1%(;3$%!+;8"/2+!?4(!34'*!
&0+'4=%(+!;/1!'*%!+7+'%=!45%(;'4(!,0'"$"'7-!37!;$$4B"/2!&0+'4=%(+!'4!&*;(2%!;'!'"=%+!B*%/!'*%!
%$%&'("&"'7!"+!2%/%(;'%1!?(4=!$%++!%O5%/+"8%!2%/%(;'4(+!;/1!'*%!+%(8"&%!5(48"1%(!37!;$$4B"/2!"'!'4!
+%(8%!$4;1+!0+"/2!2%/%(;'4(+!B*"&*!;(%!(%$;'"8%$7!$%++!%O5%/+"8%!;/1!(0/!4 /!&$%;/%(!+40(&%!4?!
%/%(27@!]4(%!"=54(';/'$7>!'*"+!=41%$!&;/!+*4B!'*%!45'"=;$!&*;(2"/2!5$;/!;/1!&4+'!+;8"/2+!
B*%/!'*%(%!;(%!%/402*!#)+!'4!+*"?'!'*%!=;(2"/;$!&4+'!4?!54B%(!5(410&'"4/!%;&*!*40(@!
!

!
!"#$%&'24!"#$%%&'"($)*+",-"./+"01/$!Power	System!

!
3.4.2.1.1				Objective	Function	
A*%!43h%&'"8%!?0/&'"4/!4?!'*"+!=%'*41!"+[!
 

!"#"!"$% ! !"#$%&'()*+ !!! ,! !! !!"#$"%&'_!"#$!!"# !!"# ! !! !!!"#$%&!!" _!" ! !" ! !! ! !
! !! !!"#"$%&'$(
! !! !! !!"#$%&"'!(

 

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

Decision	Variable	
Name	

Indexing	set	 Description	

\"+5;'&*e%/ ! (GENERATORS,	
TIMEPOINTS)!

I0=3%(!4?!]C!4?!54B%(!'4!2%/%(;'%!?(4=!
%;&*!%O"+'"/2>!1"+5;'&*;3$%!54B%(!5(4h%&'!
10("/2!%;&*!'"=%+$4'@!

!



SH!
!

!

!

!

!

!

!"#$%&!" !"#$%$&'('%)"*+"!"##$%&'"()*&!"#$%!

Parameter	Name	 Indexed	over	 Description	 Definition	

!"#$"%&'()*+,(-'#(./0 ! !"#"$%&'$( ! !"#$%&'(&)*#$+,-.$/#'$
!"#$%&$'(')*+,),*-$
!""#$%!&'()*%&+)'!$+)
!"#"$%&'$()*+,-)
!"#$%&'()*%'$)+"&)
variable	O&M.!

!"#$%&%#'(#)*+#,*-./01(
!"#$%#"&'()"*)
variable_cost_mwh	=!
!"#$"%&'()(*(+),-.
!"#$%&'()((((((((((((((((((((((((((((((((((((((((((
!"#$%&'()*+,-.//0*#1+2++
!"#$%&#$"'
!""#$%&"'()*++++!

!
	
3.4.2.1.2				Constraints	
!
A*%!+055$76&0(8%!45'"="L;'"4/!=41%$!"/&$01%+!'*%!?4$$4B"/2!T!+%'+!4?!&4/+'(;"/'+[!!
!
3.4.2.1.2.1				EV	Constraints	
!
A*%!;"=!4?!'*%!#)!&4/+'(;"/'+!"+!'4!14!'*%!?4$$4B"/2[!
!
a) A*%!&*;(2"/2!54B%(!$%8%$!?4(!%;&*!#)!"/!;!54'%/'";$!&*;(2"/2!'"=%+$4'!+*40$1!3%!$%++!'*;/!4(!

%D0;$!'4!'*%!=;O"=0=!&*;(2"/2!(;'%!'*;'!"+!;$$4B%1!?4(!'*;'!5;('"&0$;(!8%*"&$%@!A*%!
=;O"=0=!&*;(2"/2!(;'%+!'*;'!*;8%!3%%/!&4/+"1%(%1!"/!'*"+!(%+%;(&*!+'017!R@S!PC>!T@T!PC>!
;/1 !U@U!PC!;/1!*;8%!3%%/!1%+&("3%1!"/!1%5'*!"/!'*%!+%&'"4/!3.1.3.4@!A*%!=;O"=0=!&*;(2"/2!
(;'%!"+!;++0=%1!'4!3%!L%(4!B*%/!'*%!#)!"+!/4'!5$022%1!"/!'4!'*%!2("1!?4(!&*;(2"/2@!

!"#$%&'!!" ! !"#!! !!" !!"#$%&"' ! !! ! !in!TIMEPOINTS !!
!

!" ! !"#$%&!!" ! !! ,! ! !"#$%&"!!"#$%&"!" ! !"# !!"#$%!!" ! !! !! ! ! !!! ! VEHICLES!!!!
 !! !!! !! ! ! ∈ !"#$%&"'!( !

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

!



XG!
!

!"#$%&38!	EV	Decision	variable	!"#!"##$%&'"()*&!"#$%!

Decision	Variable	
Name	

Indexing	set	 Description	

#)q^*;(2%qPB! (VEHCILES,	
TIMEPOINTS)!

I0=3%(!4?!mC!4?!54B%(!(%D0"(%1!?4(!&*;(2"/2!
%;&*!8%*"&$%!,8-!10("/2!%;&*!'"=%54"/' !,'>!1-!4?!
;!+'017!1;'%@!

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

Name	 Indexing	
variable(s)	 Description	 Definition	

)#: K̂`#J! 8! M/"D0%!K\!;++"2/%1!'4!
%;&*!#)!"/&$01%1!"/!'*%!
+'017@!!!

!"#$%&%#'()*+,-(.%/0(
VEHICLE_CHARGE_WINDOWS:	
{v:	(v,	d,	dwl_strt,	dwl_end)!∈!
!"#$%&"'%#()*"'+$,-.+/01 !

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

Parameter	Name	 Indexed	over	 Description	 Definition	

!"#$%&"'($)"*+$,(
!"#$!%&'()!*' !

!"#$%&'#()*
!"#$%&"'!() !

!""#$%"&'()&*+,#*-*&
!""#$%&'()!*+,-+'.#$%*'
!"#$%&'()$*"+,(-&.("-/$"!$
!"#$%&"'(!)'$*'+$,"-.$*+/'
(t,d).	!"#$%&$$#'()*(+%
!"#$%&'()*+!(,-+!-#6day	
!"#$%&'%(#')(*+,$'&%"-(
!"#$%&'%()!"*+,-*)(
!"#"$!%$&'($')*"'"+,*'
vehicle’s	potential	
!"#$%&'%()&'*+),-!
!

T@S !" 6!"#"$%&!Charger!
!"!#$%6!"#"$%!"#$%"&'(&!
!"!#$%6Level	2b	Charger!
!
!

 
 
b) A*%!=;"/!;"=!4?!'*"+!&4/+'(;"/'!"+!'4!=;P%!+0(%!'*;'!'*%!+0=!4?!'*%!'4';$!&*;(2"/2!14/%!"/!;$$!

'*%!54'%/'";$!'"=%!+$4'+!"/!;/7!5;('"&0$;(!'(;8%$!1;7!"+!%D0;$!'4!'*%!'4';$!%/%(27!/%%1%1!?4(!
%;&*!"/1"8"10;$!8%*"&$%>!B*"&*!*;+!3%%/!5(%61%'%(="/%1!?(4=!'*%!*"+'4("&;$!1("8"/2!5;''%(/!
1;';!1"+&0++%1!"/!'*%!%;($"%(!+%&'"4/+@!

!! !!!"#$%&'!!"  !"#!v!!" !!"#$%&"' ! !  !"  !"#$% !!
!



XR!
!

!EV! !"#$%&!!" ! !! !! ! ! !!!"#$%&_!" !tp! !" ! !! ! ! !"#$%&!!""#"# !!"# ! ,! !!
! !!  ∈!!"#$%&"'!(

!

 
!"#$%&!" !"#$%$&'('%)"!"#$%&'%$#()*#%+,%-'*"&./)*&"%012%!"#!"##$%&Curve!!"#$%!

Parameter	Name	 Indexed	over	 Description	 Definition	

!"#$%&'(&&)&)'*+" !
!
!

!"#$%&"'()*"+'
!"#$%&'#()*( !

!"#$%&'#(')#*+,'%++-+-'&#'
charge	each	vehicle	(v)	!"#$#
!"#$%&'("#)*$'+,)+"$-).+/0)
!"#$%&&%'()*(+*),&(-.(/012!

!"#$%&%#'(
!"#$!%#&'()*!

 

3.4.2.1.2.2				Load-Serving	Constraints	
!
A*"+!&4/+'(;"/'!(%D0"(%+!'*;'!54B%(!2%/%(;'%1!?(4=!'*%!%O"+'"/2!54B%(!5$;/'+!=0+'!3%!;3$%!'4!
+;'"+?7!'*%!1%=;/1!?4(!54B%(!10("/2!%;&*!'"=%54"/' !4?!'*%!1;7@!A*%!'4';$!+7+'%=!$4;1!;'!%;&*!
'"=%+$4'!&4/+'"+'+!4?!'*%!%$%&'("&"'7!$4;1!;/1!'*%!$4;1!10%!'4!&*;(2"/2!#) +!;'!'*;'!5;('"&0$;(!
'"=%54"/' !4?!'*%!1;7@!!Q%+%(8%!=;(2"/+!*;8%!/4'!3%%/!&4/+"1%(%1!"/!'*"+!B4(P!?4(!+"=5$"&"'7!30'!
B"$$!3%!&4/+"1%(%1!?4(!?0'0(%!B4(P@!!
	

!"#$%&'!!" ! !"#! !! ! !!" !!"#$%&"'!( !!
	

! !" ! !"#$%&!!" ! ,! !! ! 1000! ! !!"!#$%!!"#$!!" ! !!

!  ! !!"#$%&"'

! !"#$%&'()*+ ! !! !!

! !! !!"#"$%&'$(

!!!

	
!"#$%&!" !"!"#"$%&%#'()'%*(&+(*%,-.%(/+"*(0%#1-.2(3+.'&#"-.&'!!"#!"##$%&'"()*&!"#$%!

Parameter	Name	 Indexed	over	 Description	 Definition	

!"!#$%&'()*&%+ ! !"#$%&"'!( ! !"#$%&$'$()*"(")+&',-%.&%/*"01&
each	timepoint	(t,d).!

!"#$%&%#'(
!"#$!%#&'()*!

	
3.4.2.1.2.3				Maximum	Dispatch	Constraints	
!
A*"+!&4/+'(;"/'!%/+0(%+!'*;'!'*%!54B%(!5(410&%1!37!'*%!%O"+'"/2!1"+5;'&*;3$%!;/1!3;+%$4;1!
2%/%(;'4(+!14%+!/4'!%O&%%1!'*%"(!/;=%5$;'%!&;5;&"'7@!V4(!5$;/'+!5(48"1"/2!"/'%(="''%/'!+055$7!
4?!54B%(!,%@2@>!B"/1!4(!+4$;(->!'*%!=;O"=0=!;=40/'!4?!54B%(!'*;'!&;/!3%!2%/%(;'%1!;'!;/7!
5;('"&0$;(!'"=%+$4'!"+!;!?(;&'"4/!4?!'*%!"/+';$$%1!&;5;&"'7!4?!'*%!5$;/'!,"/+';$$%1!&;5;&"'7!w!
&;5;&"'7!?;&'4('"=%+$4'-@!	



XF!
!

!"#$%&'!!" ! !"#!! !!" !!"#"$%&'$( ! ! !! ! ! !!" !!"#$%&"'!( !! !

!"#$%&'()*+ ! ,! !! ! !if!!"#$%&!##$"#! = !! !!
!"#$ !!"# !!"#$!mw! !
!"#! !(!"# !!"#$!mw! ! ! !!ip! !"# !!"#$%&! !! ,! ! !

!
!"#$%&!" !"!"#"$%&%#'()'%*(&+(*%,-.%!!"#$%&%'($)*"+,-'./0)+1"$0+)'!"#$%&#Supply	Curve	!"#$%!

Parameter	Name	 Indexed	over	 Description	 Definition	

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

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

!"#$%&!##$"#! !"#"$%&'$( ! !"#$%&'%()*+&(,-%
!"#$%&!##$"#'()*$%'(+,"#-'
!"#$#%&'()*&+,&-+./,0#!

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

!"#$%"#&%$'()! !"#$#%&'(%)*+
!"#$%&"'!() !

!"#"$%&'()"$&*+(,#*-.+(
!"#$%&'(#)*+,*+*-"+&'(#)*#-*
!"#$%&'()*+&,-.&*#/0&
!"#$%#&'(#&%!)*#%%!&%(
!"#"$%&'(#)*$(+",&)-!.)
!"#$%&'()*+',$-(./$%,'
!"#$%&!

!"#$%&%#'(#)*+#,*-./0!

!

3.4.2.2				Business-As-Usual	(BAU)	Charging		
K/!'*%!30+"/%++6;+60+0;$!&*;(2"/2!+&%/;("4>!#)!4B/%(+!;(%!;++0=%1!'4!&*;(2%!'*%"(!#)+!

("2*'!;?'%(!'*%7!(%;&*!'*%"(!?"/;$!1%+'"/;'"4/!,*4=%!4(!B4(P-@!A*%!&*;(2"/2!"+!;++0=%1!'4!3%2"/!
"==%1";'%$7!;'!'*%!+';('!4?!'*%!+"/2$%!$4/2%+'!5%("41!B*%/!%;&*!8%*"&$%!"+!5;(P%1!;'!*4=%!4(!;'!
B4(P!10("/2!'*%!+'01"%1!8%*"&$%61;7@!A*"+!+&%/;("4!"+!=41%$$%1!'4!(%5$"&;'%!'*%!/4(=;$!%O5%&'%1!
&*;(2"/2!3%*;8"4(!"/!B*"&*!'*%!+055$76&0(8%!=41%$!14%+!/4'!;??%&'!'*%!#)!4B/%(+!&*;(2"/2!
1%&"+"4/@!

A*%!30+"/%++6;+60+0;$!&*;(2"/2!+&%/;("4!"+!"=5$%=%/'%1!"/!'*%!+055$76&0(8%!=41%$!37!
=;/0;$$7!+%''"/2!'*%!5;(;=%'%(!,t#)q^*;(2%qPB_-!'4!;!1%?;0$'!&*;(2"/2!(%2"=%!'*;'!&*;(2%+!;'!
'*%!=;O"=0=!(;'%>!+';('"/2!;'!'*%!%;($"%+'!&*;(2%!B"/14B!;/1!&4/'"/0%+!;&(4++!'"=%54"/'+!;/1!
&*;(2%!B"/14B+!0/'"$!'*%!%/%(27!(%D0"(%=%/'!"+!?0$?"$$%1@!A*%!=;O"=0=!&*;(2"/2!(;'%!"+!
;++"2/%1!1%5%/1"/2!4/!'*%!&*;(2%(!0+%1!"@%@>!%"'*%(!`%8%$!R6!R@SPC>!`%8%$!F;!6T@T!PC!4(!`%8%$!F3!
6!U@U!PC!B*%/!5$022%16"/!4(!G!B*%/!/4'!5$022%16"/@!A*%!;/;$7+"+!0+%+!'*%!+;=%!+%'!4?!
&4/+'(;"/'+!;/1!43h%&'"8%!?0/&'"4/!;+!0+%1!"/!+%&'"4/	3.4.1.1.1@!A*%!=41%$!"+!+%'05!"/!'*%!+"="$;(!
?(;=%B4(P!;+!"/!f45'"="L%1!&*;(2"/2g>!%O&%5'!*%(%!'*%!8;(";3$%!(%5(%+%/'"/2!'*%!/0=3%(!4?!PC!
4?!54B%(!(%D0"(%1!?4(!&*;(2"/2!%;&*!8%*"&$%!,8-!10("/2!%;&*!'"=%+$4'!,'>!1-!4?!;!+'017!1;'%!
,t#)q^*;(2%qPB_-!"+!;!5;(;=%'%(!"/+'%;1!4?!;!1%&"+"4/!8;(";3$%@!!
!
!



XT!
!

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

Parameter	Name	 Indexed	over	 Description	 Definition	

#)q^*;(2%qPB! (VEHICLES,	
TIMEPOINTS)!

I0=3%(!4?!mC!4?!54B%(!
(%D0"(%1!?4(!&*;(2"/2!
%;&*!8%*"&$%!,8-!10("/2!
%;&*!'"=%54"/' !,'>!1-!4?!;!
+'017!1;'%@!

!"#$%#"&'(!!""#$%&'()
!"#!$%#%&%'()#'%*+,'%-#
!"#$%&'#()*(+$%&'#(,#$
used,	and	charging	
!"#$%! .!

!



XS!
!

CHAPTER	4.	!"#!$%&!'()*+$!,-*(, !!"#$!"!%&'(' !

4.1				Impact	on	Load	Profile!

4.1.1				Price-Taker	Model	
A*%!"=5;&'!4?!'*%!#)!?$%%'!0+"/2!'*%!5("&%6';P%(!=41%$!4/!'*%!'4';$!+7+'%=!1%=;/1!"+!

+*4B/!"/! !"#$%&!" @!\0("/2!'*%!%8%/"/2!5("4("'7!5%;P!5%("41!,X[GG!5=!. !H[GG!5=->!#)!&*;(2"/2!
0+"/2!'*%!30+"/%++!;+!0+0;$!&*;(2"/2!5$;/>!"/&(%;+%+!'*%!%8%/"/2!5%;P!$4;1!37!;/!;11"'"4/;$!R@TX!
eC!4/! '45!4?!'*%!/4(=;$!+7+'%=!$4;1!B*%(%;+!'*%!45'"="L%1!&*;(2"/2!5$;/!;11+!h0+'!;(40/1!aH!
]C !"/!'*%!+;=%!5%("41@!!A*%!5("&%6';P%(!45'"="L%1!+&%/;("4!"+!'*0+!;3$%!'4!+0&&%++?0$$7!+*"?'!'*%!
=;h4("'7!4?!'*%!5("4("'7!;/1!="1!5%;P!5%("41!$4;1!'4!'*%!4??65%;P!5%("41@!!A*%!$4;1!"/!'*%!4??6
5%;P!5%("41!"+!=4+'$7!10%!'4!*4=%!&*;(2"/2!B*%(%;+!'*%!="165%;P!5%("41!$4;1!"+!+'(4/2$7!
;''("30'%1!'4!B4(P65$;&%!&*;(2"/2@!

A*%!<0+"/%++6Z+6M+0;$!,<ZM-!&*;(2"/2!+&*%10$%!;+!+*4B/!"/!!"#$%&'!" >!"+!;3$%!'4!&$4+%$7!
=41%$!'*%!&4==4/!*40+%*4$1!1("8"/2!5;''%(/!"/!'*%!M@J@!A*%!=4(/"/2!&*;(2"/2!5%;P!"+!
(%5(%+%/'%1!37!'*%!&*;(2"/2!'*;'!"+!14/%!5(%8;$%/'$7!B*%/!1("8%(+!(%;&*!'*%"(!B4(P5$;&%!;/1!
"/+';/'$7!5$026"/!'*%"(!8%*"&$%+!?4(!&*;(2"/2@!J"="$;($7!;?'%(!'*%!?"/;$!'("5!4?!'*%!1;7!B*%/!1("8%(+!
;(("8%!*4=%!;/1!'*%!+"2/"?"&;/'!$4;1!10%!'4!#)!&*;(2"/2!"+!;5'$7!(%5(%+%/'%1!37!'*%!$;(2%!
%8%/"/2!5%;P!$4;1@!!

A*%!45'"="L%1!&*;(2"/2!+&*%10$%!"+!;3$%!'4!+0&&%++?0$$7!'(;/+?%(N+*"?'!'*%!30$P!4?!'*%!
%8%/"/2!5%;P!$4;1!'4!'*%!4??65%;P!5%("41+!4?!'*%!1;7!B*%(%!'*%!=;(2"/;$!5("&%!4?!%$%&'("&"'7!"+!
&4/+"1%(;3$7!&*%;5%(!'*;/!'*%!4'*%(!5%("41+!4?!'*%!1;7!B*"&*!"+!%8"1%/'!?(4=!!"#$%&'!" >!
(%5(%+%/'%1!"/!+%&'"4/! 3.2.2@!Z!54('"4/!4?!'*%!$4;1!"/!'*%!5("4("'7!5%;P!5%("41!*;+!3%%/!;$+4!
+*"?'%1!'4!'*%!="165%;P!5%("41!B*%(%!'*%!=;(2"/;$!5("&%+!4?!%$%&'("&"'7!;(%!'*%!+%&4/1!3%+'!
?;84(;3$%@!!

!"#$%&!" !"#$%&'(%")'*+,"!"#Load	Distribution	using	!"#$%6!"#$%&'()$*!

Time-of-Day	Rating	Period	 BAU	Scenario	
(MW)	

Optimized	Scenario	
(MW)	

X[GG!5=!. !H[GG!5=!
,9("4("'7!9%;P!9%("41-!

RTXS@SF! aW@WG!

a[GG!;=! . !X[GG!5=!!!!!!!!!!!
,]"1! 6!9%;P!9%("41-!

FRXS@UG! RUaF@TU!

H[GG!5=!. !a[GG!;= !
,E??69%;P!9%("41-!

RGWH@FR! FWSa@GW!

	



XX!
!

	

!"#$%&'!" !"#$%&'(%")*+,%-"./'0"1&/234%"5+36("!"#$%6!"#$%&'()$*!

4.1.2				Supply	Curve	Model!
A*%!"=5;&'!4?!'*%!&*;(2"/2!4?!'*%!#)!?$%%'!0+"/2!'*%!+055$7!&0(8%!=41%$!4/!'*%!'4';$!

+7+'%=!1%=;/1!"+!+*4B/!"/!!"#$%&!" @!\0("/2!'*%!%8%/"/2!5("4("'7!5%;P!5%("41!,X[GG!5=!. !H[GG!
5=->!#)!&*;(2"/2!0+"/2!'*%!30+"/%++!;+!0+0;$!&*;(2"/2!5$;/>!?0('*%(!"/&(%;+%+!'*%!%8%/"/2!5%;P!
$4;1!37!;/!;11"'"4/;$!R@TX!eC!$4;1!4/!'*%!/4(=;$!+7+'%=!$4;1!B*%(%;+!'*%!45'"="L%1!&*;(2"/2!
5$;/!;11+!h0+'!;(40/1!RTG!]C!"/!'*%!+;=%!5%("41@!!A*%!1%=;/1!(%+54/+%!45'"="L%1!+&%/;("4!"+!
'*0+!;3$%!'4!+0&&%++?0$$7!+*"?'!'*%!=;h4("'7!4?!'*%!5("4("'7!;/1!="1!5%;P!5%("41!$4;1!'4!'*%!4??6
5%;P!5%("41@!!A*%!$4;1!"/!'*%!4??65%;P!5%("41!"+!=4+'$7!10%!'4!*4=%!&*;(2"/2!B*%(%;+!'*%!="16
5%;P!5%("41!$4;1!"+!+'(4/2$7!;''("30'%1!'4!B4(P65$;&%!&*;(2"/2@!

A*%!45'"="L%1!&*;(2"/2!+&*%10$%!"+!;3$%!'4!+0&&%++?0$$7!'(;/+?%(N+*"?'!'*%!30$P!4?!'*%!
%8%/"/2!5%;P!$4;1!'4!'*%!4??65%;P!5%("41+!4?!'*%!1;7!B*%(%!4/$7!'*4+%!5;('"&0$;(!2%/%(;'4(+!
2%/%(;'"/2!%$%&'("&"'7!;'!;!&4/+"1%(;3$7!&*%;5%(!(;'%!;(%!0+%1!'*;/!'*%!4'*%(!5%("41+!4?!'*%!1;7!
B*%(%!'*%!&4+'!4?!2%/%(;'"/2!%$%&'("&"'7!"+!&4/+"1%(;3$7!*"2*%(@!!

A*"+!45'"="L%1!=41%$!+"2/"?"&;/'$7!?$;''%/+!'*%!5%;P+!;/1!'*%!'(402*+!"/!'*%!1%=;/1!
&0(8%!;+!&4=5;(%1!'4!'*%!30+"/%++6;+60+0;$!+&%/;("4!;+!+*4B/!"/!Figure	!" @!V$;''%/"/2!4?!'*%!
1%=;/1!&0(8%!*%$5+!'*%!0'"$"'7!'4!2%'!("1!4?!5%;P!1%=;/1+!B*"&*!*;8%!;!1"+5(454('"4/;'%!%??%&'!
4/!2("1!&;5"';$!;/1!45%(;'"4/;$!&4+'+>!"/&$01"/2!'(;/+="++"4/>!2%/%(;'"4/>!;/1!?0%$!&4+'+!baSc@!!

 
 
 
 
 
 
 
 



XU!
!

!"#$%&!" !"#$%&'(%")'*+,"-.'/")*01&*231*.4"30*4("!"##$%&'"()*&+,-*$!

Time-of-Day	Rating	Period	 BAU	Scenario	
(MW)	

Optimized	Scenario	
(MW)	

X[GG!5=!. !H[GG!5=!!
,9("4("'7!9%;P!9%("41-!

RTXS@SF! RTG@RH!

a[GG!;=! . !X[GG!5=!!!!!!!!!!!
,]"1! 6!9%;P!9%("41-!

FRXS@UG! FGHU@TU!

H[GG!5=!. !a[GG!;=!!!!!!!!!!!
,E??69%;P!9%("41-!

RGWH@FR! FTaR@UW!

	
	

	

!"#$%&'!" !"#$%&'(%")*+,%-"./'0"1&/234%"5+36("!"##$%&'"()*&+,-*$!

4.2				Savings	
4.2.1				Price-Taker	Model	

A*%!5("&%6';P%(!45'"="L%1!+&%/;("4!;$$4B+!'*%!(%+"1%/'";$!*40+%*4$1+!*;8"/2!#)+!'4!;$"2/!
'*%"(!&*;(2"/2!+&*%10$%+!;&&4(1"/2!'4!'*%!'"=%68;(7"/2!5("&%+!;8;"$;3$%!"/!;!5;('"&0$;(!1;7@!A*"+!
'"=%68;(7"/2!%$%&'("&"'7!5("&"/2!"/&%/'"8"L%+!'*%!&4/+0=%(+!'4!?4$$4B!;/!45'"=;$!&*;(2"/2!
+&*%10$%!?4(!%;&*!8%*"&$%!B*"&*!B40$1!3%!5(48"1%!'*%=!B"'*!+03+';/'";$!+;8"/2+!;+!&4=5;(%1!
'4!&*;(2"/2!#)+!"/!'*%!30+"/%++6;+60+0;$!+&%/;("4@!Z+!(%54('%1!"/!'*%!%;($"%(!+%&'"4/>!'*%!45'"=;$!
&*;(2"/2!+&*%10$%!+*"?'+!=;h4("'7!4?!'*%!%8%/"/2!5%;P!$4;1!"/'4!'*%!4??65%;P!5%("41+!4?!'*%!1;7!
B*%(%!'*%!=;(2"/;$!5("&%!4?!%$%&'("&"'7!"+!&4/+"1%(;3$7!&*%;5%(@!V4(!'*%!+'017!7%;(!FGRS>!'*"+!
45'"="L%1!&*;(2"/2!5(4?"$%!(%10&%+!&4+'+!?4(!#)!4B/%(+!37!TX@SXY!&4=5;(%1!'4!'*%!30+"/%++6;+6
0+0;$!,<ZM-!+&%/;("4@!!"#$%&'!" !1%5"&'+!'*%!#)!&*;(2"/2!&4+'+!"/!34'*!<0+"/%++6Z+6M+0;$!,<ZM-!



Xa!
!

;/1!45'"="L%1!+&%/;("4!4/!;!=4/'*!37!=4/'*!3;+"+!?4(!'*%!+'017!7%;(!FGRSl!"'!;$+4!+*4B+!'*%!
+;8"/2+!"/!'*%!45'"="L%1!+&%/;("4!(%$;'"8%!'4!30+"/%++6;+60+0;$@!\%5%/1"/2!4/!8;(";'"4/!4?!'*%!
*"+'4("&;$!+7+'%=!$4;1!10("/2!1"??%(%/'!=4/'*+!4?!'*%!7%;(!FGRS>!'*%!5%(&%/';2%!4?!#)!+;8"/2+!
;$+4!8;("%+>!(;/2"/2!?(4=!;!*"2*!4?!XaY!'4!;+!$4B!;+!FSY@!!V4(!RHH>aRF!8%*"&$%+>!'*"+!B40$1!3%!;!
'4';$!+;8"/2+!4?!;$=4+'!vXF!="$$"4/!?4(!'*%!7%;(!FGRS>!4(!;340'!vFG!5%(!=4/'*!5%(!8%*"&$%@!A*%+%!
;(%!"/1"&;'"8%!4?!'*%!+;8"/2+!'*;'!;(%!;8;"$;3$%!?4(!'*%!?"(+'!?%B!#)+!;11%1!'4!'*%!+7+'%=>!B*%/!
'*%(%!;(%!'44!?%B!'4!+*"?'!'*%!&4+'!4?!5(410&'"4/l!*4B%8%(>!'*%7!;(%!/4'!$"P%$7!'4!+';7!;'!'*"+!
$%8%$!B"'*!FGG>GGG!#)+!;11%1l!'*;'!"+!1"+&0++%1!"/!'*%!/%O'!+%&'"4/@!!

!

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

!
4.2.2				Supply	Curve	model	

<7!0'"$"L"/2!'*%!45'"="L%1!&*;(2"/2!+&*%10$%>!'*%!+055$7!&0(8%!=41%$!"+!+0&&%++?0$$7!;3$%!
'4!'(;/+?%(!30$P!4?!'*%!%8%/"/2!5%;P!$4;1!'4!'*%!4??65%;P!5%("41+!4?!'*%!1;7@!A*"+!+*"?'!4?!5%;P!
$4;1!/4'!4/$7!*%$5+!"/!?$;''%/"/2!4?!'*%!5%;P+!"/!'*%!1%=;/1!&0(8%!30'!;$+4!5(48"1%+!"/&%/'"8%+!
"/!'%(=+!4?!+;8"/2+!'4!34'*!'*%!#)!4B/%(+!;/1!'*%!0'"$"'"%+!37!;$$4B"/2!'*%!#)!4B/%(+!'4!&*;(2%!
'*%"(!#)+!;'!'*4+%!45'"=;$!'"=%!5%("41+!4?!'*%!1;7!B*"&*!0'"$"L%+!'*4+%!5;('"&0$;(!+%'!4?!
2%/%(;'4(+!B*"&*!*;8%!;!$4B%(!&4+'!4?!2%/%(;'"/2!%$%&'("&"'7!'*;/!'*%!4'*%(!5%("41+!4?!'*%!1;7!
B*%(%!'*%!&4+'!4?!2%/%(;'"/2!%$%&'("&"'7!"+!&4/+"1%(;3$7!*"2*%(@!

V4(!'*%!+'017!7%;(!FGRS>!'*"+!45'"="L%1!&*;(2"/2!5(4?"$%!(%10&%+!#)!&*;(2"/2!&4+'+!37!
W@RGY!&4=5;(%1!'4!'*%!30+"/%++6;+60+0;$!,<ZM-!+&%/;("4@!!"#$%&'!" !1%5"&'+!'*%!#)!&*;(2"/2!
&4+'+!;/1!'*%!&4((%+54/1"/2!+;8"/2+!,5%(&%/';2%-!;++4&";'%1!"/!34'*!<0+"/%++6Z+6M+0;$!,<ZM-!
;/1!45'"="L%1!+&%/;("4!4/!;!=4/'*!37!=4/'*!3;+"+!?4(!'*%!+'017!7%;(!FGRS@!\%5%/1"/2!4/!
8;(";'"4/!4?!'*%!*"+'4("&;$!+7+'%=!$4;1!10("/2!1"??%(%/'!=4/'*+!4?!'*%!7%;(!FGRS>!'*%!5%(&%/';2%!
4?!#)!+;8"/2+!;$+4!8;("%+>!(;/2"/2!?(4=!;!*"2*!4?!H@TY!'4!;+!$4B!;+!a@FY@!!!

!"#$%&'!" !!1%5"&'+!'*%!'4';$!&4+'+!"/&0((%1!'4!+055$7!%$%&'("&"'7!'4!+;'"+?7!34'*!'*%!?"O%1!
+7+'%=!%$%&'("&"'7!$4;1!;/1!'*%!(%+&*%10$;3$%!#)!$4;1!"/!34'*!<0+"/%++6Z+6M+0;$!,<ZM-!;/1!
45'"="L%1!+&%/;("4+!?4(!1"??%(%/'!=4/'*+!4?!'*%!7%;(!FGRS@!A*%!45'"="L%1!5("&%6';P%(!+&%/;("4!



XW!
!

(%+0$'+!"/!5(48"1"/2!;!+7+'%=!B"1%!+;8"/2+!4?!G@RXY!;+!&4=5;(%1!'4!'*%!<0+"/%++6Z+6M+0;$!,<ZM-!
+&%/;("4!?4(!'*%!7%;(!FGRS@!

	

	

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

A*%+%!+;8"/2+!;55%;(!=0&*!$4B%(!'*;/!"/!'*%!&;+%!4?!'*%!5("&%6';P%(!=41%$!3%&;0+%!#)+!
4/!'*"+!+&;$%!50+*!05!%$%&'("&"'7!5(410&'"4/!&4+'+!B*%/%8%(!'*%7!;(%!&*;(2%1>!B*"&*!B;+!/4'!
?;&'4(%1!"/'4!'*%!5("&%6';P%(!=41%$@!^4=5;("/2!'*%!5("&%6';P%(!=41%$!B"'*!'*%!+055$7!&0(8%!
= 41%$!+*4B+!'*;'! #)!+&*%10$"/2!=0+'!3%!"/&$01%1!"/!'*%!2%/%(;'4(!45'"="L;'"4/!%;&*!1;7>!
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