IMPACTS ASSESSMENT OF PLUG-IN HYBRID VEHICLES ON ELECTRIC UTILITIES
AND REGIONAL U.S. POWER GRIDS
PART 1: TECHNICAL ANALYSIS
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Data Sources and Level of Aggregation
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Vehicle Stock and Vehicle Utilization Data
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Valley-Filling Approach for Estimating Available Electric Generation
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JIF$'114+31XZY1361+96':KLI6("+D11V,3=18! 'GH#3*&(IESI#/'>! +9%' 1#0193="118#+ | #* +06' +'$U*H#$& (!
E3+*+#&(D!I!

|

BY6'I=#18'9+' *| ' G#3*136L06' | CH#+'110+&+'01 8#+961 &I OHG*#EHSE*+1 ([ (1361$3&(1G™ & +#3M$IF(LIE, 3/#1"
Y$'90&, 1" G163, +06' *+#,'1 'GH3*|9! :KL! 6("+! 8Y#('1 9+#((!'NES, +#+G!'N$'99! E38',! +31 *#G%43 #*G!
G#3*0>! ROOF=H*G1*3! (H=f+#*Gl #*+', 'GHIOB(! SO+ &#*+91 +3! +06' &1I&S*+! | {THBIHED! 83F (1!

QF#, 14001+, 12X -%63F, 1+#="1E' #3,!,'$%&, G#*G+%' | 50PLI4& ++BYOBISY* #$& (| E3+*+#&(163,1+%'!
810+ *1 'GH3*O>18UeH('10+#((| OHGHEHSE +>1#913*(IB4IEIHBE!+06'1'&O+ *I 'GH#3*Q1&*11&43F+!(! 36!+%68&
#4496 =H18'9+ ¥ '\G#3*OD! | TI R $3%+ #AF+#*GIBR$H0'! (&,G'1 9%&IVBA, 3-'(‘$+ HS! G &+#3*>!
8Y6H$Y1#01&(,'&1.1&+I=&NH#=F=I10F O+ &#*&A4('| G OBIRRIOF(+916,3=I P2UNBI#+ 1#$&+'1#+106& 913136
+06'1%6HGY' O+ + $UHS& (| E3+*+HEZ (OB O#GHOHSE +1 'O’ [IS&E&SH+.>193="136!8%6#$%!#91+&R *I 3F
O #$' +'=E3,&,#(.1 63,1 '$3*3=#$! '€93*9! 4'S&FI'! 36! +96'I ‘NHO+#*G! 'N$'99! $&E&$#+.! h53+3=8$>! 2@
[H#+9%! G,38#*G! '($+ #S#+.1 1'=&*1>] +96'0'| G'* &+HHEIRR, | 'NE'$+'1! +3! 'OF =" 3E' &+#3*D! | a'$&F 9!
P2UNBIO! (#*R! +31 +96' '89+' *1 #*3%35+'11 9.9+'=! %&9! 3*(.! &! 9=&(18&*96',| S&E&AH#(#+.>1 +U'l 'NE3, +!
SRE&AH(H#+.1 #9! ROOF="11 +31 4'| *GHGHA(>! 'QF#,#*G! &((! 36! +%6'| G™*' &+#3* +31 4'1 FO'L! 63,1 #*+ &~
$3*OF=E+#3*Dla'$&F9'136!+9%'| (ABME3E IS&E&AH#(#+#'9! 3F+136| PRADBHY*#$8.(IE3+*+#&(136!6F (#*G!
SZ[Y!36!P2UMB]9::KLIB("+ #9!,' 1F$'11+31S@@YD!!

|

V#GF,'| Z1#9E(&.9! +%'! 'OF (+OBH&E%#$& (! 63,=&+B&AL! 7 9%389! +%'l 'OF(+9! #*! +&4F(&,! 63,=&+D!!
2'9F(+9! &,'1 9%38* 63,! & ?2X-%3F,! &*1! &! S?-%3F, PHERUAHH E' #31! +3! #((FO+,&+' +%'| #=E&$+9! 36!
$3%0+ &##*'11$9%&, GH*GIE' #311+31S7[UE3FBI[|&=<D!IP/*18%*1$3*0+ &#*#*Gl+%6'14&++',.1$%&, GH*G+3!
+06'1 *HG Y+ E' #31>! &! OHGHOHGER BHIDO'! ' GH3*&(1 /'Vo#$(' BXIF(L! 9+#((! 4') OFEE3,+'1! 8#+%! +95'
'NHO+#*G! G #1! #°6,89+ F$+F, D! | VF,+%', =B*Q@AWHGE! $3F(1! 4 FEE3,+'1! #6! 3*1 =&R'O! +%!

' 893*84(' &IIF=E+#3*1 +06&+! 5OPLO! 8#((! *3+! 4HBHSH $(3+'9! 36! 'NHI+#*G! ['VoHS('9>1 AF+! BE+#=8((.!
1'9#G*'11 63,1 6F'(1 '664#$#*$.>! 'GEYR! +9%6'! c6F'(dl! 93F,$'D! | VH*&I641$%&, GH*G! S&E&A#H(#+.] $3F(1! 4']
N+*1'11 4.1 &11#*G! G™' &+#3*! 6,3=! + &1#+H3*&((! ci*+ =#++"*+d! 'O3F,$'9> OF$%! &9! 8#*1! +F 4#*
A'$&F9'I5SOPLOIE, 3/#1'1&!,'&1.1F9'163,|+%6#0 E38',| 8VgM-+1#01 &/&#(&A4('D! BY%' &1 1#+#3*1 36! 81 8#*1!
G™* &+#3*1$3F(LI#*$, &9 MBS +#3*136!50PLIHBLIU!, ' G#3*$3F(1I9FEE3, +D!

|

;&<! a&9'1!3*1+90'1 7&+#3*&(I P('$+,#3$! B,&*9=#99#3*| U3*G'9+#3*! 0+F1.>! +%' =#18'9+' *| 'G#3*9!8','| *3+| #1"*+#6#'1] &9! $,#
$3*G'9+#3*1 &,'&9>1*3,1 &9 $3*G'9+#3*13G &3S’ *D! M (.1 8% *! &IIF=#H*G! %o#G%! 8#* 1 E™'+,&+#3* 1 #*1 +90' "#18'9+',*!
, G#3*91=& . |19#C*#6#$&*+1$3*G'9+#3*13$$F, hK P>1?@ @[iD!!
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18 — 6 hour
Valley filling

NPCC(US)
MAAC 52%

I 31"/]
0 — 24 hour
Valley filling
FRCC 57%
AZN&RMP 34%‘
: !
Figure 3:!B'$%*#$&(153+*+#&(163,IVF' (#*G1+%'12'G#3*&(!:KL!
V(" +8H#+%I T/&H(&A(IP($+ #SIUKE &$tt+.!
|
!
Table 2:!12'9F(+9!36!B'$%*#H&(*+#&(14.12'G#3*9!
24-Hour 6 pm—6 am 24-Hour 6 pm—6 am
Valley Filling | Valley Filling | Valley Filling | Valley Filling
Total Number of Technical Potential Technical Potential
Region Vehicles in Mill. in % in Mill. Vehicles
PUT2! ?ADA! S@X! [S! ?WD[! S[DW!
P2UMB! S\D\! S@@! AZ! S\D\! SSDZ!
"TUU! ?2@D@! \7?! ZS! S@DX! [D?!
"TM7! S[DA! AW! X[! SZDS! ADA!
"T55! \DW! S@\! \Al [DS! ZDZ!
75UU!;,CDOD<! SgD[! w@! X\! S\D[! WDg!
V2UU! SSD\! \Al ZX! [D\! ZDg!
0P2U?A! ZADW! WI! Xg! Z?D\! SWDX!
055! SSDg! S?Al AZ! S\DS! WDA!
715! S\DA! Sw! S@! ?DW! SD[!
Tk7b2"5! WDW! [ Zg! \DW! ZDX!
U7L! 2\DW! ?7Z! S\ [D@! ZDg!
National Average ~ 216.9 73 43

"II'#GY%+'118/,&G'136!&((!,' G#3*9D!1B%39'l, GH#3* Ot Boeo $& (|E3+*+#&(! Q&I S@ @ Y&, 1&99F="11+3!
'NE3,+!+3!,'G#3*9! 8#+%! E3+*+#&(! ('99! +%&* RO PHR*#P& (| E3+*+#& (1 #9! +,F*$&+'116,3=! SZ[Y! +3!
S@@Y!4'$&F9'136!*'G(#GH#4('1+,&*96',I$&E&A#(#+.13F+!36!P2U"BD!

!

S?



Results of Emissions Impacts

B%'! $3*/',9#3*! 36! :KL9! +3! 50PL9! %&9! O#G*#6#IR(HBE#=#3*9! 63,! 3/, &((HSO#3*9! &9! '('$+ #P#+.!
1#9E(&$'9!G&I3(#*'D!B%"1 *'+1 4&(&*$'1 #*1+%' ' RBIHBEHO ! 6F' (- L#IE (&KBE,3$'99! &(3*G! +%0' "*+#,'!
6F'(!$.5('16,3=! +%'I'N+,&$+#3*! 36! +%' E,#=&,.! ™' GtRA3 6#*& (! $3*/', 9#3*| #8%' 'Vo# (' #*+ 3! FO'6F(!

* G.1#9!1#93$F99'114'(38D!

[

V3,1+%'1*&+#3*1 89! &! 8%33 +3+&(1 G, "*%3F9'| GERY'I'NE'$+'1! +314'l '1F$'114.1 &! =&N#=F=! 36!
?2AY!16,3=!+%'IE,3J'$+'1IE™*'+,&+#3B8HPLOD!'B%'R".!1,#/',163,!+%8B(+!1#91+%"1 3/ &((1#=E,3/'="*+!
#*1'66##*$.1&(3*G1+%"'(‘'$+,# S+ 8BH I E&+%!$3=E&, " 1!+ 31 +94!B3#, 9# 3*1 $%&#*16,3=!$,F 1" 3#(!
+31G&I3(#*'1+31+%"1$3=4F9+#3* E,3$'99!#*! + % WIHAB DN+ & (1 +3!+%#9!,'OF (+!1#9!+%' & QIF=E+#3*1+%&
50PL!4.1#+9'(6! 83F(1!4" =3,' "66#3$# " *+! +%&*! &! $3*/*&HIE&I3(#*' $&,! 4'$&F9' 36! +%'! ,'G"™' , &+#/']

4, &R#*G! $&E&A#(#+.! +%0&+! 9+3,'9! +%0'| R#*#HBIN'1A&++',.! 1F #*G! 1'$'(",&+#3*! &*1! 4'$&F9'! +%'!
*GH*'I3E',&+'91&+!*'& |BE+#=& (| ¥BF#3*9!=3,"136!+% " +#="1+ % &3 #* 4Bt 3* & (!/'Yo# S (9D *1&! ' GH#3*&(!
A&9HI>1+%'I#=E ,3/'="*+9I#*1G,"*%3F9' | G&I!'=#99#3*91$3F(1!4'1&9!(&,G" &I X@ Y >!&9#*IP2U"NB>!8%#$
&! (&,G' E™'+,&+#3* 38+F,&(-G&9! E38',! E(&HAI3*/',9'(.>! +%' #=E,3/'="*+! #*1 G,"*%3F9'l G&9!
'=HO9#3*OI $3F (1! 41 H', 3! 3,1 9(#G%+(.! ' G&+#/''BI, 5BV G#3*! 8#+%! '99* +#&.! &((! $3&(' G™*', &+#3*!

;9" B&4('Z<D!

[

B3+&(! 13(&+#("! 3,G&*#$! $3=E3F*19! ;L"UI<B&AB*! =3*3N#1'l ;UN<! '=#99#3*9! 83F (1! #=E,3/"
&AIHB&((14.19ZY 1 &* 1 gWY>! OE'S+#/' (> &9! &! IR (#EAB&+#*G! +%0'1 F9'1 36! +%0' #*+' *& (1 $3=4F9+#3*!
*G#*' D! B%'! LNU! '=#99#3*9! 'L F$+#3* =& .1 4"l O# G*#6#P&*+(.! 3/',-'9+#=&+'11 4'$&F9'| 5OPL9! 8#((! 9+#((
%&//'NG&II(H* #*1+%'H#, 1+ &*RII&* 11/*+1+ 31+ %' | §HEBIEE, '6F' (#*G!&*11+3!193=""'N+"*+18%#("'E&,R"1!

&*1! 1IF #*G! 1, #/#*GD! | B@H&(! *#+,3G™! IN#1'Q! ;ZM'=#O9#3*0! &, O#CHEB#(.! ,'LF$'1! ;ZSY<>!

E #=& #(.|14'$&F9"136!+%'" &/3#1&*$'1 36! +% ' #*+' B3t 3* | E,35'99!#*1+9%6'| $¢6&:9!8'((1&9! ' 1F$#*G!
+%'1/3(F="136!G&I3(#*'1+3!4'|E,31F$'11#*! '64#*' #'9D!!

[

B%'I+3+&('E&, +#$F(&+"'=#99#3*9!:5"S@<! &, " #HR, (R B &+#3*&((.14.| SWNE&FI'1E #=& #(.!4.1+%']
#*$,'&9'1! 1#9E&+3%! 36! $3&(EBE,*HID! ! TY! $&*14'1 9"*I BRA(" 22! %38/, > #*! ,'G#3*9! 8#+%! &! (&,G"!
$3*+ #AF+#3*1+31+9%0'| =&, GH#*& (! G, &+#3*16, 3='CE&OFOE(( 1! E(&*+9>! +3HHABELL +'! '=#99#3*91 $3F (1!
#=E,3/'D!!1B%'I +3+&(10"=#99#3*9!,'QF#, | OE'$#& (1 #*+' E, FOHB%' f2PPB! #*1#$&H89! #*$,' &9'1 & +!

+%'" *&+#3*&(! (/'(1 4.! &43F+! SAY>! E #=& #(.! $&FOR1#+#3*&(! G, &+#3*! 6,3=! $3&(-6#,'1! E38',!
E(&*+9D!! 038'/',>! 4'$&F9'! 361 $t4,*+! P5T! '=#99#3*9! 'GF(&+#3*9! ;U('&*! T#,! T$+! &* 11 U('&*! T#,!
M*+' 9+&+'l 2F('<>! +%' +3+& (! '=#99#3*9! 6,3=! CDOD! E38',! E(&*+9! &,'! $&EE'1D! B3! ="+! +%'9" ,'GF(
S QF#,'="*+91 8%0#('>! &+! +%" 9&="1 +#=">1#*$,'&I#' @ &' #3*! 6,3=! 'N#I+#*GR$8#,' 1 E38',! E(&*+9!

L QF#,'9! &11#+#3*&(! +'$%*3(3G#'9! 63,! ,'1IF$HFE!I-8R@#3*9D! | B%'! $&E#+&(! ,'QF#,'="*+9! 63,! +%'
*$'99&,.I'=#99#3*! ' LF$+#3*9!&, "1 1#66#SF (+!+ 3"+ 8F#,"1$3=E('N!E,31F$+#3*I$39+!&* 11 S&E & $#+.!
'‘NE&*9#3*1=31'(#*G!+33(9D!!

[

M+19%3F(L114'1*3+' 11 +068+18#+%1 +06'1'=' G**$' 30EBERL'=#90#3*1 9O3F $'0! 8#((! 9%#6+!6,3= =#((#3*9! 36!
W LHIHLF& (! '%#$('9!+31 81 6'81%F I, & (1 G™ &+#3* G&SH(H+H#ID! T((|F,4&*!'=HO9#3*91 & ''NE'$+1! +3!
OHG*HEHS&* +(.| #=E,3/') ;B&A('1 ZD! | B%'|'$3*3=#$9! 63, '=HOOHBES+#3* &*11 $&,43*-9'QF 'O+ &+#3*1
+'$%*3(3GH91=&.1(33RI=F$%! =3, 1 &++ &$+#/'18% (HABHED*+ & (1E38', | E(&AE+%0', 1 +06&* 1 #41=3+3
Y%H$('9>1'OE'SHE((.1 8% +96'1$30+0! & "1 OF,'&1(31G',| 3E', &+#*G! E' #3191 &* 1! 4#((#3*9! 36! &1 1#+#3*&(!
R#(38&++!%3F,9D!!
1&<! £,"*063F9'1G&9'9!&,"1'6#*'11&971$&,43* 1 1#3INAL' LA ="+06&*' ;UG > &* 1 I*#+,3F9!1 3N#1<Tha, #*R=&*!'+!&(D>1?@ @\>!
ED!SZiD!



Table 3:!1P=#99#3*912'9F (+9!C9#*G!+%'f2PPB!"31'(!

AZN& U.S.
ECAR ERCOT MACC MAIN MAPP NPCC FRCC SERC SPP NWP RMP CNV total

Power Generation Composition
Natural Gas Z?Y! gXY! AXY!  X?Y!  SY!  gSY! [gY! M\AY!  AWY! XZY! [ZY! gZY!

Coal [WY! [Y! ?[Y! \WY!  ggv! gy! ZSY!  XZy! 2?2Y! \AY!  ZAY! AY!
[Emissions Emissions Ratio (Electric Vehicle/Gasoline Vehicle)
fOf9! @DWA! @D[@! @D[g! @DwWz!SD@S! @D[S! @DAS! @DA[! @D[[! @DWX!@DAZ! @D[S! @DAZ!

L U IB3+&(! @DSS! @D@X! @D@[! @DS@!@DSX! @D@X@D@A@DA@V@D@[@DS@@D@A@D@X@D@A!
UNIB3+&( @D@S! @D@?! @D@?!' @D@?!@D@S!@D@?'@D@?'@D@?@D@7®D@?'@D@?@D@®D@?!
7 N'IB3+&( SD@?! @DZW! @D\l @DgzZ! SDZ\! @DXS! @D[X! @DA[! @D\X! @DgZ! @DAS! @DZg'@DI[d
5'S@'IB3+&(! SD\!  @DWS! SD@[! SDX\! SDgX! @DW][! SDSZ! SD?[! @Dgg!SDX[! SDSg! @DW>3DS\V!
0°N'IB3+&(! ZDgX! @DX?! SD[W! ZD\g! \Dg[! @D[X! ?D@\! ?D[A! SDZX!ZDAA! ?DZ\! @D\Z!?D?\
L UIC4&* @D@@'@D@S! @D@S!@D@S!@D@@@D@S@D@S@D@SBD@WD@S@D@S@DA@WD@S!
UNIC,4&*! @D@@'@D@S! @DE@@RD@@EAD@A@E@D@A@RD@AX@D@@DA@@D@AAD@A@RD@ @D @!
7/N'IC,4&* @DS@! @DSS! @DSS! @DS@!@D@g! @DSS! @DSS! @DS@@DSS@DS@@DS@@DSS@D}SQ!

5'S@°C,48* @D[@' @D[?! @D[?! @D[@' @D\W! @D[?! @D[S! @D[S! @D[?! @D[S! @D[S! @D[?! @D[$!
0°N'IC,4&* @DZ\! @D@X! @DSX! @DZ@!@D\S! @D@\! @DSA! @D??! @DS?@DZS! @D?@@D@X®D
!

Potential to Reduce Dependency on Foreign Crude Oil Imports
A*1361+%'RVE,'=#9'9!36! +%''5OPL! +'$%*3(3G.>! 6 E3(#$.| E' OE'$+#/' I8 | E3+*+#& (1 +3!,'LF$'!
CDOD!'1'E™*1*$.! 3*1#=E3,+9! 36! 63, #G*! $,F1'| 3#(BHBI+,&+'! +%' E3+*+#& (1 4™*'6#+9! 36! &! $3*/',9#3*!
6,3=1&!G&I3(#*'-1,#/™*:KL!6("+!+3!50PL9>!8"'9+&="11&! 1#IE (&P'="*+E3QHE ! +%0' + 3+& (1 *&+#3*& (!
$3*9F=E+#3*136!G&I3(#*'D!BY%#9!6#GF, " #ABEH EHH #=& +'I 3*1+%'| G& I3 (#*'-1#9E (&P'="*+ E3+"*+#&(D!!
B%'! ,'&#H&A('! E3+™*+#&(! 8#((! =39+! (#R'(.! 4" 9=&((',! +3! &$$3F*+! 63,! +%'! (3*G-1#9+&*$'l 1 #/#*G! &
ZZ\=H('I'E' 1 1&.1&*11+%"6'8! 1&.9! 1F #*G! +%' 884™*! 50PL9! =&.!*3+!1 4'1 6 F ((.! $%&,G'1! 4'$&F9' 36!
=&N#=F=!E'&R!$3*1#+#3*9! 3*! +%'| G#diD! 'Reference source not found.!9%389! +%&+!#*1 2@ @\>!+%'"!
C*#+'110+&+'9! $3*9F="11 G&I3(#*' &+! &! ,&+''QWBR I gDS! =#((#3*14&,,'(9! 36! $,F1"1 3#('E',' 1&.'hPMT>!
2@ @\&IDNU3*#1" #*G!+%&+!+%':KL!6("+! $3*9FE381gAoN *+#,'| GRII(SFEE(.>!+%"1 $3*/',9#3*1 36!
AZY136!+%'l:KL!6("+!+3!50PLO!$3F(1!,'1F$' G&IHB*OF=E+#3*14.1&!$,F1"1 3#('QF#/&("*$'1 36! [D\!
=H((#3*14&,,'(9'E",!1&.!1;""aE1<D!'B%#9!,' IF$+#3* 1 #CBUD! G&I3(#*'| $3*OF=E+#3*1#9!1+%''QF#/&("™*+! 36!
\?Y!136!63,'#G*E'+,3('F=!#=E3,+9D!!
|
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Other Electric System Impacts

5,3#1#*G! AZY! 36! +%'l 1&#(.! ™*',G.! ,'QF#,'="+9! 364" CDOD! :KL! 6("+! 8#+%! '('$+,#$#+.! 83F(1! &11!
&EE,3N#=&+'(.!gS@!4#((#3* RI%>! &*1 #*$,'& 9" IEDEMIT6++%' +3+& (! CDOD! &**F&(! G™*',&+#3*>#*1 7@ @
hPMT>!?@@[4iD!! 1#+%3F+! 6F, 194, F84G; & #*/'9+="*+9>1 +0%0'| $F;1"{'$+ #$! E38',19.9+'=1 83F (1! 4"!

%'&/H# (.1 (3&1'1!63,'=39+!%3F,9! 3@\&GD! | M+!#9! QF'9+#3*&4 (' 8%31%a)9! '('$+,#$A#:6,&9+,FS+F,'!
&*LIS&KE&S#H+.I=#N!IB8#((14" &4 ("1 +3!9FEE3,+! +%HBKL 3B ! 3*! & OF9+&#*' 11 4&9#9D!5(&**' 1! 3F+&G'9!63,
E(&*+! =&#*+"*&*$'1 83F (1! (#R'(.! *"1! +3! 3$$F,! =36,'QF*+(.>! =&R#*G! #+! =3,'l 1#66#IF(+! +3! 9$%'1F('!
=&#*+"*&*$'DIVF,+%',=3,>1+%' 3/",&((19.9+'=! ' (K&A#S3F (1! 4" ' 1FS' 1 #4%#9! %#G%-F9'1 9$*& , #3! &9!
(99! ,'9" /" S&E&SH+.! #9! &/&H#(&AB! +%'! 9.9+'=! 3E',&+3,9! 63,! =&*&G#*G! 9.9+'=!'=" G"*$#'9D! f,#1!
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IMPACTS ASSESSMENT OF PLUG-IN HYBRID VEHICLES ON ELECTRIC UTILITIES
AND REGIONAL U.S. POWER GRIDS! PART 2: ECONOMIC ASSESSMENT
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UTILITY ANALYSIS
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Table 1:"/(3"T&'1'%.(1$7.$%7"-2"T$0%$00". DI"B)(%.1$%"0L",'0"4$(6-"c'7""0L"9)(%.1$%

Cincinnati Gas and San Diego Gas and
Electric (Part of Cinergy) | Electric (Part of Sempra)
Key Feature 2003 2004
Number of Customers ZYQgFjjj" SFGglFZg]"
Number of Residential YgSFHYH" SFSYgFZ])"
Customers
Total Power Supply SIgFHI" \Fjj\"
(GWh), Including Net
Wheeling and Wholesale
Total Retail Sales (GWh) GHFYgH" \FG]H"
Total Residential Sales IFHGH" Fzz]"
(GWh)
Annual Electric GZFg)]\" JFHHZ"
Generation (GWh)
Annual Purchased Power SYGR\GZ" YFjIG"
(GWh)
Average Residential Rate i"M(1"#:&" ISjIZ"M(1"#:.&"
(Revenue per MWh)
Breakdown of Generation (Annual GWh)
Steam Electric (Coal or GZF\\" H"
Natural Gas)
Nuclear H" JFHHZ"
Pumped Storage H" H"
Other gH" H"
Total GZFg|\" JFHHZ"
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APPENDIX A: IMPLICATIONS OF A 60% MARKET PENETRATION OF PHEVS FOR SAN
DIEGO GAS AND ELECTRIC SERVICE AREA
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