
IMPACTS ASSESSMENT OF PLUG-IN HYBRID VEHICLES ON ELECTRIC UTILITIES 
AND REGIONAL U.S. POWER GRIDS 

PART 1: TECHNICAL ANALYSIS 
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Vehicle Stock and Vehicle Utilization Data 
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Table 1:!0E'$#6#$!P*',G.!&*1!P*',G.!0+3,&G'!2'QF#,'='*+9!4.!L'%#$('!U(&99'9!

Vehicle Class 
Specific Energy Requirements

[kWh/mile] 
Size of Battery for PHEV33

[kWh] 
U3=E&$+!9'1&* @D?[! WD[!
"#1-9#H'!9'1&*! @DZ@! gDg!
"#1-9#H'!0CL! @DZW! S?D\!
VF((-9#H'!0CL! @DX[! S\D?!

!

! g
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Methodology for Emission Impact Analysis 
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DISCUSSION OF RESULTS 
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Figure 3:!B'$%*#$&(!53+'*+#&(!63,!VF'(#*G!+%'!2'G#3*&(!:KL!
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Table 2:!2'9F(+9!36!B'$%*#$&(!53+'*+#&(!4.!2'G#3*9!

24-Hour  
Valley Filling 

6 pm–6 am 
Valley Filling 

24-Hour  
Valley Filling 

6 pm–6 am 
Valley Filling 

Region 
Total Number of 
Vehicles in Mill. 

Technical Potential  
in % 

Technical Potential  
in Mill. Vehicles 

PUT2! ?ADA! S@X! [S! ?WD[! S[DW!
P2U^B! S\D\! S@@! AZ! S\D\! SSDZ!
"TUU! ?@D@! \?! ZS! S@DX! [D?!
"TM7! S[DA! AW! X[! SZDS! ADA!
"T55! \DW! S@\! \A! [DS! ZDZ!
75UU!;CD0D<! SgD[! W@! X\! S\D[! WDg!
V2UU! SSD\! \A! ZX! [D\! ZDg!
0P2U?A! ZADW! W[! Xg! Z?D\! SWDX!
055! SSDg! S?A! AZ! S\DS! WDA!
7I5! S\DA! SW! S@! ?DW! SD[!
Tk7b2"5! WDW! [[! Zg! \DW! ZDX!
U7L! ?\DW! ?Z! S\! [D@! ZDg!
National Average *  216.9 73 43     
* !I'#G%+'1!&/',&G'!36!&((!,'G#3*9D!!B%39'!,'G#3*9!8#+%!+'$%*#$&(!E3+'*+#&(!G,'&+',!+%&*!S@@Y!&,'!&99F='1!+3!
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Results of Emissions Impacts 
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!
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M*+',9+&+'! 2F('<>! +%'! +3+&(! '=#99#3*9! 6,3=! CD0D! E38',! E(&*+9! &,'! $&EE'1D! B3! =''+! +%'9'! ,'GF(&+3,.!
,'QF#,'='*+9!8%#('>!&+!+%'!9&='!+#='>!#*$,'&9#*G!+%'!G'*',&+#3*!6,3=! 'N#9+#*G!$3&(-6#,'1!E38',!E(&*+9!
,'QF#,'9! &11#+#3*&(! +'$%*3(3G#'9! 63,! ,'1F$#*G! 9F(6F,! '=#99#3*9D! ! B%'! $&E#+&(! ,'QF#,'='*+9! 63,! +%'!
*'$'99&,.!'=#99#3*!,'1F$+#3*9!&,'!1#66#$F(+!+3!'9+#=&+'!&*1!,'QF#,'!$3=E('N!E,31F$+#3*!$39+!&*1!$&E&$#+.!
'NE&*9#3*!=31'(#*G!+33(9D!!
!
M+!9%3F(1!4'!*3+'1!+%&+!8#+%!+%'!'=',G'*$'!36!5OPL9>!+%'!'=#99#3*!93F,$'9!8#((!9%#6+!6,3=!=#((#3*9!36!
#*1#/#1F&(!/'%#$('9!+3!&!6'8!%F*1,'1!$'*+,&(!G'*',&+#3*!6&$#(#+#'9D!!T((!F,4&*!'=#99#3*9!&,'! 'NE'$+'1!+3!
9#G*#6#$&*+(.! #=E,3/'! ;9''!B&4('! Z<D! ! B%'! '$3*3=#$9! 63,! '=#99#3*-,'1F$+#3*!&*1!$&,43*-9'QF'9+,&+#3*!
+'$%*3(3G#'9!=&.!(33R!=F$%!=3,'!&++,&$+#/'!8%'*!#*9+&(('1!&+!$'*+,&(!E38',!E(&*+9!,&+%',!+%&*!#*!=3+3,!
/'%#$('9>! '9E'$#&((.!8%'*!+%'!$39+9!&,'!9E,'&1!3/',! (3*G',!3E',&+#*G!E',#319!&*1!4#((#3*9!36!&11#+#3*&(!
R#(38&++!%3F,9D!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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Table 3:!P=#99#3*9!2'9F(+9!C9#*G!+%'!f2PPB!"31'(!

ECAR ERCOT MACC MAIN MAPP NPCC FRCC SERC SPP NWP 
AZN&
RMP CNV 

U.S. 
total 

!! Power Generation Composition 
Natural Gas  Z?Y! gXY! AXY! X?Y! SY! gSY! [gY! \AY! AWY! XZY! [ZY! gZY!
Coal [WY! [Y! ?[Y! \WY! ggY! gY! ZSY! XZY! ??Y! \AY! ZAY! AY!
Emissions Emissions Ratio (Electric Vehicle/Gasoline Vehicle)   
fOf9! @DWA! @D[@! @D[g! @DWZ!SD@S! @D[S! @DAS! @DA[! @D[[! @DWX!@DAZ!@D[S!@DAZ!
L ^U`!B3+&(! @DSS! @D@X! @D@[! @DS@!@DSX! @D@X!@D@A!@D@W!@D@[!@DS@!@D@A!@D@X!@D@A!
U^`!B3+&(! @D@S! @D@?! @D@?!@D@?!@D@S!@D@?!@D@?!@D@?!@D@?!@D@?!@D@?!@D@?!@D@?!
7 ^N`!B3+&(! SD@?! @DZW! @D\g! @DgZ! SDZ\! @DXS! @D[X! @DA[! @D\X!@DgZ! @DAS!@DZg!@D[g!
5"S@`!B3+&(! SD\\! @DWS! SD@[! SDX\! SDgX! @DW[! SDSZ! SD?[! @Dgg!SDX[! SDSg! @DWX!SDSW!
0^N`!B3+&(! ZDgX! @DX?! SD[W! ZD\g! \Dg[! @D[X! ?D@\! ?D[A! SDZX!ZDAA! ?DZ\! @D\Z!?D?\!
L ^U`!C,4&*! @D@@!@D@S! @D@S!@D@S!@D@@!@D@S!@D@S!@D@S!@D@S!@D@S!@D@S!@D@S!@D@S!
U^`!C,4&*! @D@@!@D@S! @D@@!@D@@!@D@@!@D@@!@D@@!@D@@!@D@@!@D@@!@D@@!@D@@!@D@@!
7 ^N`!C,4&*! @DS@! @DSS! @DSS! @DS@!@D@g!@DSS! @DSS! @DS@!@DSS!@DS@!@DS@!@DSS!@DS@!
5"S@`C,4&*! @D[@! @D[?! @D[?! @D[@! @D\W! @D[?! @D[S! @D[S! @D[?! @D[S! @D[S! @D[?! @D[S!
0^N`!C,4&*! @DZ\! @D@X! @DSX! @DZ@!@D\S! @D@\! @DSA! @D??!@DS?!@DZS! @D?@!@D@X!@DSg!

!

Potential to Reduce Dependency on Foreign Crude Oil Imports 
^*'!36!+%'!R'.!E,'=#9'9!36!+%'!5OPL!+'$%*3(3G.>!6,3=!&!E3(#$.!E',9E'$+#/'>!#9!+%'!E3+'*+#&(!+3!,'1F$'!
CD0D!1'E'*1'*$.!3*!#=E3,+9!36!63,'#G*!$,F1'!3#(D! !B3!#((F9+,&+'!+%'!E3+'*+#&(!4'*'6#+9!36!&!$3*/',9#3*!
6,3=!&!G&93(#*'-1,#/'*!:KL!6(''+!+3!5OPL9>!8'!'9+#=&+'1!&!1#9E(&$'='*+!E3+'*+#&(!3*!+%'!+3+&(!*&+#3*&(!
$3*9F=E+#3*!36!G&93(#*'D!!B%#9!6#GF,'!#9!&*!FEE',-43F*1!'9+#=&+'!3*!+%'!G&93(#*'-1#9E(&$'='*+!E3+'*+#&(D!!
B%'! ,'&(#H&4('! E3+'*+#&(! 8#((! =39+! (#R'(.! 4'! 9=&((',! +3! &$$3F*+! 63,! +%'! (3*G-1#9+&*$'! 1,#/#*G! &43/'!
ZZ!=#('9!E',!1&.!&*1!+%'!6'8!1&.9!1F,#*G!+%'!.'&,!8%'*!5OPL9!=&.!*3+!4'!6F((.!$%&,G'1!4'$&F9'!36!
=&N#=F=!E'&R!$3*1#+#3*9!3*!+%'!G,#1D!!Error! Reference source not found.!9%389!+%&+!#*!?@@\>!+%'!
C*#+'1!0+&+'9!$3*9F='1!G&93(#*'!&+!&! ,&+'!+%&+!,'QF#,'1!gDS!=#((#3*!4&,,'(9!36!$,F1'!3#(!E',!1&.!hPMT>!
?@@\&iD!!U3*9#1',#*G!+%&+!+%'!:KL!6(''+!$3*9F='9!gAY!36!+%'!'*+#,'!G&93(#*'!9FEE(.>!+%'!$3*/',9#3*!36!
AZY!36!+%'!:KL!6(''+!+3!5OPL9!$3F(1!,'1F$'!G&93(#*'!$3*9F=E+#3*!4.!&!$,F1'!3#(!'QF#/&('*$'!36![D\!
=#((#3*!4&,,'(9!E',!1&.!;""aE1<D!!B%#9!,'1F$+#3*!#*!+%'!CD0D!G&93(#*'!$3*9F=E+#3*!#9!+%'!'QF#/&('*+!36!
\?Y!36!63,'#G*!E'+,3('F=!#=E3,+9D!!
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Other Electric System Impacts 
5,3/#1#*G! AZY! 36! +%'! 1&#(.! '*',G.! ,'QF#,'='*+9! 36!+%'! CD0D! :KL! 6(''+! 8#+%! '('$+,#$#+.! 83F(1! &11!
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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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CBD" R." $7" )$=()3" .&'." ;'03" L1$E(17" -?" >P9Q7" <$))" -M(1'.(" .&($1" E(&$%)(7" $0" '" &3B1$L" ;-L(F" %-075;$06" B-.&" 6'7-)$0(" '0L"

()(%.1$%$.3+""f-1"M51M-7(7"-?".&("7$;M)$?$(L"7%1((0$06"7.5L3F"<("'775;(".&'.".&(">P9Q"<-5)L"-M(1'.("$0"'0"()(%.1$%2-0)3"
;-L(+""J-".&("(N.(0.".&'."L1$E(17"-M(1'.("$0"'"&3B1$L";-L(F".&(3"'0L".&($1"7(1E$06"()(%.1$%"5.$)$.$(7"<$))"0-."-B.'$0".&("%-7."
7'E$067"L$7%577(L"$0".&$7"M'M(1+""WM(1'.$-0"$0".&("&3B1$L";-L("C(+6+F"?-1")-06"%-;;5.(7F"?-1"%-0E(0$(0%(F"-1"?-1"$0.(1%$.3"
.1'E()D"$7"B(3-0L".&("7%-M("-?".&$7"M'M(1+"

"

" G



T$0%$00'.$" c'7" '0L" 9)(%.1$%F" <&$%&"'1(" .&(" (N';M)(" ()(%.1$%" 5.$)$.$(7" 57(L" $0" .&(" 5.$)$.3" (%-0-;$%7"
'0')37$7"$0".&("0(N."7(%.$-0+"""
 
 
Methods 
:("%-;M'1(".&("M1(;$5;"?-1".&("M51%&'7("-?"'">P9Q"%'1"-E(1".&("M1$%("?-1"'"%-0E(0.$-0')"%'1"<$.&".&("
7'E$067"'%%15(L"B3"57$06"()(%.1$%$.3"1'.&(1".&'0"6'7-)$0(+""J&("M1$%("M1(;$5;"$0"M51%&'7$06"'">P9Q"$7"
';-1.$d(L"-E(1".&("'E(1'6(")(06.&"-?"-<0(17&$M"-?"g"3('17"_P5F"GHHZ`+""J&("?-))-<$06"'775;M.$-07"?-1"
.&(")$?(2%3%)("%-7."'0')37$7"'1("57(L!"

!  >1(E'$)$06"L$7%-50."1'.(!"\h"1(')"

!  A$?(".$;("-?"-<0(17&$M!"g"3('17"C$60-1$06"1(7')("E')5(D"

!  >51%&'7("M1$%("M1(;$5;"-?">P9Q!"E'13$06"?1-;"iSFHHH".-"iSHFHHH"

!  >1$%("-?"6'7-)$0(!"E'13$06"?1-;"iG+Y"M(1"6'))-0".-"i]+YH"M(1"6'))-0+"

!  XE(1'6("1(7$L(0.$')"()(%.1$%$.3"1'.(7!"T')$?-10$'!"iH+SG"M(1"=:&F"W&$-!"iH+H\]"M(1"=:&C%D"
"
J-"$))57.1'.(" .&("7(07$.$E$.3" -?" .&("%-7.2'0')37$7"1(75).7"<$.&"1(7M(%." .-" .&("M51%&'7$06"M1$%("M1(;$5;F"
6'7-)$0("%-7.F"'0L"()(%.1$%$.3"%-7.F"<("%&--7("'"1'06("-?".&(7(".&1(("M'1';(.(17+""J&("1(7$L(0.$')"()(%.1$%"
1'.(7" '1(" B'7(L" -0" 'E(1'6(" 1'.(7" L(.(1;$0(L" B3" 7.'.(" M5B)$7&(L" B3" .&(" 90(163" R0?-1;'.$-0"
XL;$0$7.1'.$-0"_9RXF"GHHY`+"""
"
J&("B'7(2%'7("%-;M'1$7-0"$7"M(1?-1;(L"57$06" '"P-0L'"T$E$%F"'"%-;M'%."%'1"<$.&" '0"(7.$;'.(L" ;$N(L"
%$.32&$6&<'3" ?5()" (%-0-;3" -?" ]Y" ;$)(7" M(1" 6'))-0"C;M6D" '7" .&(" B'7(2%'7(" %-;M(.$06" E(&$%)(" _4WJ"
GHHY`+""J&("(0(163"1(^5$1(;(0.7"?-1".&(">P9Q"$0"'0"()(%.1$%";-L("'1("H+GZ"=:&"M(1";$)("?-1"'"%-;M'%."
%'1+""f-1"'"B1-'L(1"'11'3"-?"L1$E(17"<&-";$6&."B("%-07$L(1$06"'0"5M61'L(".-"'";-1("?5()2(??$%$(0."E(&$%)(F"
<(" ')7-" %-;M'1(L" .&(" >P9Q" <$.&" '" E(&$%)(" '%&$(E$06" .&(" %511(0." %-1M-1'.(" 'E(1'6(" ?5()" (%-0-;3"
CTXf9D"?-1"%'17"-?"GI+Y";M6"_4WJ"GHHY`+""f$0'))3F"<("%-;M'1(".&(">P9Q"<$.&"'"J-3-.'">1$57"P9Q"
<$.&" '0" (7.$;'.(L" ;$N(L" %$.32&$6&<'3" ?5()" (%-0-;3" -?" YZ" ;M6" _4WJ" GHHY`+" " :(" '775;(" .&'." .&("
>P9Q"B'..(13"&'7"'"1-50L2.1$M"?5))"%&'16("'0L"L$7%&'16("%3%)("-?"\Hh"'0L"'0"(??$%$(0%3"-?"\Ih"?-1".&("
%&'16(1"_45E'))"GHHGF"GHH]F"'0L"GHHj`+""4$7%-50.(L";'$0.(0'0%("'0L"1(M'$1"%-7.7"'1("'775;(L".-"B(".&("
7';("?-1"%-0E(0.$-0')"E(&$%)(7"'0L">P9Q7"-E(1".&(")$?("-?".&("E(&$%)(+CLD"":("')7-"'775;(".&'.".&(1("$7"
0-" M1(;$5;" -1" L$7%-50.(L" 1(7')(" E')5(" -?" '" >P9Q"$0"%-;M'1$7-0"<$.&"%-0E(0.$-0')"E(&$%)(7F"<&$%&"
'))-<7"57".-"$60-1(".&(".$;("M(1$-L"'?.(1".&("g23('1"-<0(17&$M"M(1$-L+"
"
"
"

"""""""""""""""""""""""""""""""""""""""""""""""""
C%D" [(7$L(0.$')"1'.(7"$0"T')$?-10$'"'1(".$(1(LF"'0L"1'.(7"$0".&(".-M".$(1"'1("$0".&("1'06("-?"iH+]H".-"iH+jH"M(1"=:&+""P-<(E(1F"

T')$?-10$'" L-(7" &'E(" 1'.(" 7%&(L5)(7" ?-1" ()(%.1$%" E(&$%)(7" C9QD" '0L" .&(" 'MM)$%'.$-0" -?" .&(" 9Q" 1'.(" 7%&(L5)(7" 1(^5$1(7"
%57.-;(17".-"&'E("'"7(M'1'.(";(.(1+"""

CLD" P3B1$L"B'..(13"1(M)'%(;(0."$7"'0"$.(;"-?"1(M'$1"%-7."0-."'MM)$%'B)(".-"$0.(10')"%-;B57.$-0"E(&$%)(7+""[(L5%$06".&("%-7."
'0L"(N.(0L$06".&(")$?(.$;(" -?" .&(7("B'..(1$(7"$7" '"6-')" -?" '%.$E("%511(0."1(7('1%&"7M-07-1(L"B3".&("K+,+"4(M'1.;(0."-?"
90(163"'0L"M1$E'.("-16'0$d'.$-07+""

" ]



Results 
f$651("S"7&-<7".&(")$?(2%3%)(2%-7."'0')37$7"1(75).7"?-1"M51%&'7$06"'0L"-M(1'.$06"'">P9Q"%-;M'1(L"<$.&"
'" %-0E(0.$-0')" &$6&2?5()2(??$%$(0%3" E(&$%)(" 75%&" '7" '" P-0L'" T$E$%+" " J&(" 1(75).7"'1(" (NM1(77(L" B3"
L$'6-0')" B1('=2(E(0" )$0(7" ?-1" E'13$06" 6'7-)$0(" M1$%(7+" " 9'%&" B1('=2(E(0" )$0(" $0" .&(" ?$651(" '775;(7" '"
7M(%$?$%"6'7-)$0("M1$%("'0L"L()$0('.(7"'"1(6$-0"B()-<"'0L".-".&(")(?."-?".&(")$0("$0"<&$%&"'">P9Q"<-5)L"
&'E("'")-<(1")$?(2%3%)("%-7.".&'0"'"%-0E(0.$-0')"E(&$%)("'0L".&(1(?-1("<-5)L"O57.$?3"'"M1(;$5;"M51%&'7("
M1$%(+""J&$7"$7"L(7%1$B(L"'7"'"%-7.2(??(%.$E("1(6$-0+""XB-E("('%&")$0("$7".&("1(6$-0"<&(1(".&(">P9Q"$7"0-."
%-7." (??(%.$E(+" " J&(" M1(;$5;" %'0" B(" 1('L" -??" .&("&-1$d-0.')" 'N$7" ?-1" '" 6$E(0"()(%.1$%$.3" M1$%(+" " f-1"
$07.'0%(F"57$06"T')$?-10$'" 'E(1'6("1(7$L(0.$')"1'.(7"-?"SG"%(0.7"M(1"=:&"'0L" '"M1$%("-?".&("6'7-)$0("-?"
iG+YH"M(1"6'))-0F".&("B1('=2(E(0"M-$0."?-1".&("M51%&'7$06"M1(;$5;"$7"iGFHHH"?-1"T')$?-10$'+""R0".&("7.'.("
-?"W&$-F"<$.&")-<(1"()(%.1$%"1'.(7F".&("B1('=2(E(0"M-$0."'.".&("6'7-)$0("M1$%("-?"iG+YH"M(1"6'))-0"$7"i]FHHH"
C7(("f$651("SD+"
"
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Figure 1:"[(75).7"-?".&("A$?(2T3%)("T-7."X0')37$7"?-1"'">P9Q"T-;M'1(L"<$.&"'"P-0L'"T$E$%"<$.&"]Y"

#>c"#$N(L"T$.32P$6&<'3"f5()"9%-0-;3+""4$'6-0')"A$0(7"4(0-.(".&("81('=29E(0">-$0.+ 
"
"
f$651(" G" -??(17" '" %-;M'1$7-0" .-" '" E(&$%)(" ;((.$06" .&(" TXf9" 7.'0L'1L" -?" GI+Y" ;M6+" " X." T')$?-10$'"
()(%.1$%$.3"M1$%(7"-?"iH+SG"M(1"=:&"'0L"iG+YH"M(1"6'))-0F".&("%')%5)'.(L"M1(;$5;"1$7(7".-"'B-5."i]FYHH"
-E(1".&'."-?"'"%-0E(0.$-0')"E(&$%)(+""R0"W&$-F".&("M1(;$5;"1$7(7".-"7)$6&.)3"B()-<"ijFZHH"C7(("f$651("GD+""
"
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Figure 2:"[(75).7"-?".&("A$?(2T3%)("T-7."X0')37$7"?-1"'">P9Q"T-;M'1(L"<$.&"'"T-0E(0.$-0')"Q(&$%)("

<$.&"GI+Y"#>c"f5()"9%-0-;3+""4$'6-0')"A$0(7"4(0-.(".&("81('=29E(0">-$0.+ 
"
9N';$0$06".&("%-7.2(??(%.$E(0(77"-?"'">P9Q"%-;M'%."%'1".-"'0"P9Q"1(M1(7(0.(L"B3"'"J-3-.'">1$57"<$.&"
'" ;$N(L" %$.3k&$6&<'3" ?5()" (??$%$(0%3" -?" YZ";M6F"<(" ?$0L" .&'." <$.&" T')$?-10$'" 'E(1'6(" 1(7$L(0.$')"
()(%.1$%$.3"1'.(7F".&(" '))-<'B)("M51%&'7$06"M1(;$5;"$7"d(1-+"":$.&".&(")-<(1"()(%.1$%"1'.(7"$0"W&$-F".&("
'))-<'B)(" M1(;$5;" ?-1" %-7.2(??(%.$E(0(77" $7" 'B-5." iSFHHHF" 6$E(0" '" ?5()" %-7." -?" iG+YH" M(1" 6'))-0" C7(("
f$651("]D+"
"
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"

Figure 3:"[(75).7"-?"J&("A$?(2T3%)("T-7."X0')37$7"?-1"'">P9Q"T-;M'1(L"<$.&"'"J-3-.'">1$57"<$.&"YZ"
#>c"#$N(L"T$.32P$6&<'3"f5()"9%-0-;3+""4$'6-0')"A$0(7"4(0-.(".&("81('=29E(0">-$0.+ 
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UTILITY ANALYSIS  
J&$7"7(%.$-0"-?".&("M'M(1"$0E(7.$6'.(7".&("1(E(05("'0L"%-7."(??(%.7"-?")'16(27%')("$07.'0.'0(-57"'L-M.$-0"
-?">P9Q7"?1-;".&("M(17M(%.$E("-?"()(%.1$%$.3"L(;'0L"'0L"%-7.7"$0".&("61$L"?-1"GHH]lGHHj+""R."L-(7"0-."
'LL1(77"'03"'LL$.$-0')"B(0(?$.7"-1"%-7.7"-?"E(&$%)(2.-261$L"()(%.1$%"M-<(1"6(0(1'.$-0"-1"7M$00$06"1(7(1E("
7(1E$%(7".&'.">P9Q7";'3"M1-E$L("$0".&("?5.51(+"
"
"
Methods  
J&(" '0')37$7" -?" $;M'%.7" -0" .&(" ()(%.1$%" 5.$)$.$(7" <'7" %-0L5%.(L" -0" .<-" E(13" L$??(1(0." 5.$)$.$(7F"
T$0%$00'.$"c'7" '0L"9)(%.1$%"T-;M'03"CTc9DF"<&$%&"$7" )-%'.(L"$0" .&("9'7."T(0.1')"X1('" [()$'B$)$.3"
T--1L$0'.$06"X61((;(0."C9TX[D"@-1.&"X;(1$%'0"9)(%.1$%"[()$'B$)$.3"T-50%$)"C@9[TD"1(6$-0F" '0L"
,'0" 4$(6-" c'7" '0L" 9)(%.1$%" T-;M'03" C,4ce9DF" <&$%&" $7" )-%'.(L" $0" .&(" T')$?-10$'" '0L" ,-5.&(10"
@(E'L'" CT@QD" M'1." -?" .&(" :(7.(10" 9)(%.1$%$.3" T--1L$0'.$06" T-50%$)" C:9TTD" @9[T" 1(6$-0" C7(("
f$651("S"$0".&(">'1."S"M'M(1F"/$0.0(12#(3(1"(."')+"GHHI`+""J-"L$7%577".&(">P9Q"$;M'%.7"-0"()(%.1$%"
5.$)$.$(7F".&("M'M(1"(7.$;'.(7".&("$;M'%.7"-0".&("'E(1'6(".-.')"%-7."'0L"$.7"'))-%'.$-0".-"6(0(1'.$-0"'0L"
Je4" '7" 'LL$.$-0')" ()(%.1$%$.3" $7" 6(0(1'.(L" -1" M51%&'7(L" ?-1" .&(" 75MM-1." -?" >P9Q7+" " J<-" (N';M)("
5.$)$.$(7"'1("L$7%577(Lb-0("<$.&"75B7.'0.$')"?-77$)"?5()2?$1(L"B'7(")-'L"'0L")-'L2?-))-<$06"6(0(1'.$06"
1(7-51%(7"CTc9DF"'0L"-0(".&'."$7"&$6&)3"L(M(0L(0."-0"M51%&'7(L"M-<(1F")'16()3"?1-;"0'.51')"6'72?$1(L"
M-<(1"M)'0.7"C,4ce9D+""J&1-56&-5.".&("'0')37$7F"$."$7"'775;(L".&'."()(%.1$%$.3"M1$%(7".-"1'.("M'3(17"
'1("50%&'06(Lm".&57F"L(%1('7(7"$0"5.$)$.3"'E(1'6("%-7.7"<-5)L"$0%1('7("M1-?$.'B$)$.3F"<&$)("$0%1('7(7"$0"
'E(1'6("%-7.7"<-5)L"L(%1('7("M1-?$.'B$)$.3+""R0%1('7(7"$0"5.$)$.3"M1-?$.7"%-5)L"$0L5%("1'.("1(L5%.$-07".-"
1'.(" M'3(17" 7&-5)L" .&(" 1(65)'.-13" '5.&-1$.$(7" 7-" %&--7(+" " C@-.(" ')7-".&'." 7M(%$')" 9Q" 1'.(7" %-5)L" B("
L(7$60(L".-"=((M"B-.&"1'.(M'3(17"'0L"5.$)$.3"7&'1(&-)L(17"<&-)(+D"
"
J'B)("S"7&-<7".&("%&'1'%.(1$7.$%7"-?".&(7("5.$)$.$(7"$0".&("3('17"GHH]"'0L"GHHj"CL'.'"'E'$)'B$)$.3"L$L"0-."
'))-<"Tc9".-"B("(E')5'.(L"?-1"GHHjD+""Tc9"6(0(1'.(7";-1("M-<(1".&'0"$."7())7".-"$.7"1(.'$)"%57.-;(17"
CGZFg]\"c:&"6(0(1'.(LF"E7+"GHFYgH"7-)L"'."1(.'$)D+""R."')7-"<&(()7"'0L"(N%&'06(7"7$60$?$%'0.)3";-1(".&'0"
.&'." C.-.')" M-<(1" 75MM)3F" $0%)5L$06" <&(()$06" '0L" <&-)(7')(F" (^5')7" -E(1" SIgFHHH" c:&DF" B5." .&'."
'LL$.$-0')"M-<(1"$7"7-)L"'."<&-)(7')(".-"'"B1-'L(1";'1=(.+""8'7(L"-0".&(".3M$%')"L$7M'.%&$06"M'..(10"-?"
M-<(1"M)'0.7"?-1"9TX[F"<(" '775;(" .&'."Tc9"&'7".&("%'M'B$)$.3"-?"-M(1'.$06"$.7"7.(';" ()(%.1$%"M-<(1"
M)'0.7" '"&$6&(1"M(1%(0.'6(" -?" .&(" .$;(" .&'0"$."%511(0.)3"L-(7"?-1"E'))(32?$))$06"M51M-7(7+"" ,4ce9F"B3"
%-0.1'7.F"-0)3"6(0(1'.(7"]Z+Yh"-?".&("()(%.1$%$.3"$."7())7"'."1(.'$)+""X))"-?".&'."()(%.1$%$.3"$7"6(0(1'.(L"B3"
.&(",'0"W0-?1(F"TXF"05%)('1"M-<(1"M)'0.+""8(%'57("05%)('1"M-<(1"M)'0.7" '1(".3M$%'))3"150"'."SHHh"-?"
%'M'%$.3"<&(0" 'E'$)'B)(F",4ce9"<-5)L"&'E(".-"M51%&'7(" '03" 'LL$.$-0')"()(%.1$%$.3"$."7())7"?-1"E'))(32
?$))$06"?1-;"-.&(1"(0.$.$(7+""R."$7F"$0"(??(%.F"'"U<$1(7"-0)3V"5.$)$.3"?-1"M51M-7(7"-?".&$7"M'M(1+"
"
J&("L$??(1(0%("B(.<((0" .&(7(" .<-"5.$)$.$(7" ')7-" (N.(0L7" .-" .&($1"%-7."7.15%.51(" '0L" .&(" 'E(1'6("%-7." -?"
M-<(1+" "Tc9"&'7" '0" 'E(1'6("%-7." -?"M-<(1"M1-L5%.$-0" -?" 'B-5." i]g"M(1"#:&"CiH+H]g"M(1"=:&DF" -?"
<&$%&"jHh"$7"E'1$'B)("C;-7.)3"?5()DF"'0L"ZHh"$7"?$N(L+"">51%&'7(L"M-<(1"%-7.7"C'))"E'1$'B)(D"'1("i]]"M(1"
#:&"CiH+H]]"M(1"=:&D+""J1'07;$77$-0"%-7.7"'1("'MM1-N$;'.()3"iH+YH"M(1"#:&"CiH+HHS"M(1"=:&DF"B5."
'1(";-7.)3"B-10("B3"<&(()(L"'0L"(N%&'06(L"M-<(1+""4$7.1$B5.$-0"%-7.7"'1(" iSj"M(1"#:&"CiH+HSj"M(1"
=:&D" '0L" '1("E$1.5'))3" '))"?$N(L"%-7.7+"" ,'0"4$(6-a7"C05%)('1D"-<0"6(0(1'.$-0"%-7.7" -?" iI\"M(1"#:&"
CiH+HI\"M(1"=:&D"'1("Sjh"E'1$'B)("'0L"\Zh"?$N(L+""R.7"M-<(1"M51%&'7("%-7.7"-?"iIH"M(1"#:&"CiH+HIH"
M(1"=:&D"'1("'))"E'1$'B)(F"'0L"$.7"Je4"%-7.7"-?"ijI"M(1"#:&"'0L"i\Y"M(1"#:&F"1(7M(%.$E()3F"CiH+HjI"
'0L"iH+H\Y"M(1"=:&DF"'1("');-7."'))"?$N(L+"""
"

" Z



Table 1:"/(3"T&'1'%.(1$7.$%7"-?"T$0%$00'.$"c'7"'0L"9)(%.1$%"'0L",'0"4$(6-"c'7"'0L"9)(%.1$% 
"

Key Feature 

Cincinnati Gas and 
Electric (Part of Cinergy) 

2003 

San Diego Gas and 
Electric (Part of Sempra) 

2004 
Number of Customers ZYgFjjj" SFGgIFZg]"
Number of Residential 
Customers 

YgSFHYH" SFSYgFZ]j"

Total Power Supply 
(GWh), Including Net 
Wheeling and Wholesale 

SIgFHI\" \Fjj\"

Total Retail Sales (GWh) GHFYgH" \FG]H"
Total Residential Sales 
(GWh) 

IFHGH" ]FZZ]"

Annual Electric  
Generation (GWh) 

GZFg]\" ]FHHZ"

Annual Purchased Power 
(GWh) 

SYGF\GZ" YFjIG"

Average Residential Rate 
(Revenue per MWh) 

iI]"M(1"#:&" iSjZ"M(1"#:&"

Breakdown of Generation (Annual GWh) 
Steam Electric (Coal or 
Natural Gas)  

GZF\j\" H"

Nuclear  H" ]FHHZ"
Pumped Storage H" H"
Other gH" H"
Total GZFg]\" ]FHHZ"
,-51%(7!">)'..7"_GHHY`F"99R"_GHHZ`+"

"
f-1" B-.&" 5.$)$.$(7F" .&(" $;M'%." -0" -E(1'))" %-7." '0L" 1(E(05(" L(M(0L7" -0" .&(" 'LL$.$-0')" E'1$'B)(" %-7."
'77-%$'.(L"<$.&"6(0(1'.$06"CTc9D"-1"M51%&'7$06"C,4ce9D"()(%.1$%$.3".-"7(1E(".&(">P9Q";'1=(."'0L".&("
'B$)$.3"-?".&("5.$)$.$(7".-"7M1('L"?$N(L"%-7."-E(1";-1("M-<(1"7')(7+""XE(1'6("E'1$'B)("%-7.7";'3"1$7("<$.&"
$0%1('7(L" 7')(7F" ($.&(1" B(%'57(" -?" '" 7&-1.(1" 75MM)3"-?" ()(%.1$%$.3" '." <&-)(7')(" -1" B(%'57(" &$6&(12%-7."
6(0(1'.$-0" '77(.7" '1(" B1-56&." -0" )$0(F" -1" '" %-;B$0'.$-0" -?" B-.&+" " XE(1'6("?$N(L" %-7.7" <$))" L(%('7(F"
'775;$06"0-"0(<"$0?1'7.15%.51("$0E(7.;(0.F"B(%'57(".&("(N$7.$06"L(B.27(1E$%("-B)$6'.$-0"$7"7M1('L"-E(1"
;-1("#:&"7-)L+""X7"-??2M('="1(7$L(0.$')")-'L"$7"'LL(L".-".&("737.(;F"L-".&("'E(1'6("E'1$'B)("%-7.7"1$7("
;-1(".&'0".&("'E(1'6("?$N(L"%-7.7"?'))n""
"""
J-"'07<(1".&$7"^5(7.$-0F"<("'0')3d("'"%'7(".&'."?('.51(L"75B7.'0.$')";'1=(."M(0(.1'.$-0"-?">P9Q7"$0.-"
.&("1(7$L(0.$')" 7(%.-1" -?"B-.&" .&("Tc9" '0L" ,4ce9"7(1E$%(" '1('7+" " f-1"M51M-7(7"-?" .&$7" '0')37$7F"<("
'775;(".&'."(E(13"1(7$L(0.$')"%57.-;(1"&'7"-0(">P9Q+""WBE$-57)3F".&$7")(E()"-?";'1=(."M(0(.1'.$-0"$7"?'1"
B(3-0L"<&'."<-5)L"B("(NM(%.(L"$0".&("0(N."?(<"3('17"C-1F"M(1&'M7F"(E(0"L(%'L(7DF"B5.".&("%'7("$))57.1'.(7"
E$E$L)3"<&'.".&("%-07$L(1'.$-07"'1("?-1"()(%.1$%"5.$)$.$(7"'..(;M.$06".-"'B7-1B">P9Q7"$0.-".&($1"737.(;7+""
J-"7.'3"%)('1"-?".&("M('=$06"&-517F"<("'775;(".&'."'))"%&'16$06".'=(7"M)'%("L51$06".&(".$;("M(1$-L"SH"M;"
.-"Z"';"'0L".&'."'))"'LL$.$-0')"6(0(1'.$-0"<$))"?$."$0.-".&("E'))(3"<$.&-5."%1('.$06"0(<"737.(;"M('=7+""X"
B1-'L"1'06(" -?"B'..(13"%'M'%$.$(7" '0L" 1(%&'16(" 1(^5$1(;(0.7" $7" M-77$B)(+" " f-1" (N';M)(F">'1."S" -?" .&$7"

" I



'0')37$7"_/$0.0(12#(3(1"(."')+"GHHI`"(E')5'.(7"L'$)3"%&'16$06"1(^5$1(;(0.7"?1-;"\+Z"=:&".-"SY+S"=:&"
M(1"L'3+"" f-1" .&(" '0')37$7"$0" .&$7"M'M(1F"<(" '775;(" '"E')5(" .-<'1L" .&("5MM(1"(0L"-?" .&'."L$7.1$B5.$-0F"
S]"=:&"M(1"L'3+""f-1"Tc9F"<("(E')5'.(L".&("5.$)$.3"737.(;"'0L"&-51)3"L(;'0L"'0L"%-0%)5L(L".&'.".&(1("
<'7" ;-1(" .&'0" 75??$%$(0." -??2M('=" 6(0(1'.$06" '0L" Je4" %'M'%$.3" .-" ?5))3" %&'16(" -0(" E(&$%)(" M(1"
1(7$L(0.$')"%57.-;(1"B(.<((0"SH"M;".-"Z"';"-0"'0"'E(1'6("L'3"L51$06".&("75;;(1"M('="L(;'0L"7('7-0+""
f-1",4ce9F"<&$%&"M51%&'7(7";-7."-?"$.7"()(%.1$%$.3"?1-;"-.&(17F"<("'775;(".&'.".&(1("$7"75??$%$(0."-??2
M('=" M-<(1" 'E'$)'B)(" '." <&-)(7')(" .-" 75MM)3" .&(" >P9Q7+" " X0" (E')5'.$-0" 7$;$)'1" .-" .&'." ?-1" Tc9"
$0L$%'.(L".&'.".&(1(")$=()3"<'7"75??$%$(0."SH"M;".-"Z"';"-??2M('="Je4"%'M'%$.3"$0".&(",4ce9"737.(;".-"
?5))3"%&'16("-0("E(&$%)("M(1"1(7$L(0.$')"%57.-;(1+""P-<(E(1F"<$.&"-0("E(&$%)("M(1"1(7$L(0.$')"%57.-;(1F"
,4ce9" -??2M('=" L(;'0L" 'MM1-'%&(L" .&(" -E(1'))" 737.(;" M('=" E')5(F" <&$%&" ;$6&." ;('0" .&'." Je4"
%'M'%$.3F"'7"<())"'7"M-77$B)("'LL$.$-0')"1(7(1E(7".-";((."1(7-51%("'L(^5'%3"1(^5$1(;(0.7F"<-5)L"&'E(".-"
B(" 'LL(L" <$.&" SHHh" ;'1=(." M(0(.1'.$-0" C-0(" >P9Q"M(1" 1(7$L(0.$')" %57.-;(1D+" " J&(1(?-1(F" <(" ')7-"
(E')5'.(L",4ce9"<$.&"'"ZHh";'1=(."M(0(.1'.$-0+"" J&("'MM(0L$N"7&-<7".&("L(1$E'.$-0"'0L"$;M)$%'.$-07"
-?".&$7"'LL$.$-0')"%'7(+C( D"
"
J&("?-))-<$06"=(3"'775;M.$-07"?-1">P9Q"%&'16$06"'1("57(L!"

!  T&'16$06".$;(!"SH"M;".-"Z"';"CE'))(32?$))$06D"-0"'0"'E(1'6("L'3"L51$06".&("M('="75;;(1"7('7-0+"

!  S]" /:&" M(1" E(&$%)(" M(1" 0$6&.+" " XE(1'6(" M-<(1" )-'L" M(1" E(&$%)(" -?" S+ZGY" =:" C1-56&)3F"
S]+Y"';M7"'."SGH"Q"').(10'.$06"%511(0."7.'0L'1L"7(1E$%("$0".&("&-;(D+"

!  W0("E(&$%)("M(1"1(7$L(0.$')"%57.-;(1"CSHHh" ;'1=(."M(0(.1'.$-0D+" " ,(07$.$E$.3" '0')37$7" -?"ZHh"
;'1=(."M(0(.1'.$-0"<'7"%-0L5%.(L"?-1",4ce9+"""

"
J&1(("7%(0'1$-7"'1("(N';$0(L+"
"
S+ X"7&-1."150"7%(0'1$-"<$.&"0-"%&'06("$0"E'1$'B)("%-7."$0%)5L$06"?5()"%-7.+"

G+ X"7&-1."150"7%(0'1$-"<$.&"$0%1('7("$0"E'1$'B)("%-7."L5(".-"$0%1('7(7"$0"?5()"%-7.+"":("'775;(L".&'.".&("
?5()"'0L"-.&(1"E'1$'B)("1(7-51%(7"0(%(77'13".-"6(0(1'.("'LL$.$-0')"M-<(1"<(1(";-1("(NM(07$E(".&'0"
?-1"%511(0."6(0(1'.$-0"'0L".&'.".&("'LL$.$-0')"6(0(1'.$-0"%-7."<'7"'LL(L".-".&("%-7."-?"()(%.1$%$.3+""f-1"
Tc9F"<("'775;(L".&'.".&("'E(1'6("E'1$'B)("%-7."-?"M-<(1"6(0(1'.$-0"CM1$;'1$)3"%-7."'77-%$'.(L"<$.&"
?5()D"L-5B)(L"?-1".&(" 'LL$.$-0')"6(0(1'.$-0"1(^5$1(L+""f-1",4ce9F".&("B'7()$0("%-7."-?"0'.51')"6'7"
<'7"')1('L3"E(13"&$6&F"7-"$."<'7"'775;(L".&'.".&("'E(1'6("E'1$'B)("%-7."$0%1('7(L"?-1".&("$0%1(;(0.')"
(0(163"B3"'0"'1B$.1'13"YHh+"""

]+ X")-06"150"7%(0'1$-"<$.&"$0E(7.;(0."?-1"6(0(1'.$-0+"":("'775;(".&'."$0".&(" %-0.(N."-?".&("6(0(1'))3"
61-<$06"L(;'0L"?-1" ()(%.1$%$.3F".&("0(<"1(7$L(0.$')" L(;'0L"1(M1(7(0.(L"B3">P9Q7" ;$6&."1(^5$1("
('1)3"$0E(7.;(0."$0"'LL$.$-0')"6(0(1'.$-0+""J-"$0E(7.$6'.(".&$7"M-77$B$)$.3F"?-1"Tc9F"<("'775;(L".&'."
'0" 'LL$.$-0')" ZHH2#:" %-')2?$1(L" M-<(1" M)'0." <-5)L"B(" 1(^5$1(L" '." '" ?$17."%-7." -?" 'MM1-N$;'.()3"
iIYH";$))$-0"_9RXF"GHHZ`+""f-1",4ce9F"<&$%&"$7"(??(%.$E()3"M1-&$B$.(L"B3"TWG"(;$77$-07"7.'0L'1L7"
$0"T')$?-10$'"7.'.(")'<"?1-;"57$06"-1"$;M-1.$06"%-')2?$1(L"6(0(1'.$-0F"<("'775;(L"'"6'72?$1(L"M)'0."'."
'"?$17."%-7."-?"'B-5."i]YH";$))$-0"_9RXF"GHHZ`+"

"
#-1("L(.'$)7"-0".&("L(?$0$.$-0"-?".&("7%(0'1$-7"'1(")$7.(L"$0"J'B)("G+""
"""""""""""""""""""""""""""""""""""""""""""""""""
C(D" X?.(1".&$7"M'M(1"<'7"<1$..(0"$0"*'05'13F"GHHIF".&("'5.&-17"<(1(";'L("'<'1("-?"'"7$;$)'1"'0')37$7"-?"E(&$%)("-<0(1"'0L"

5.$)$.3"(%-0-;$%7".&'."<'7"%-0L5%.(L"<$.&"L(.'$)(L"5.$)$.3"-M(1'.$-0')"$0?-1;'.$-0"'0L"(N';$0(L".&("$;M'%.7"-?"'"1'06("
-?"%&'16$06"7%(0'1$-7"_>'1=7"(."')+"GHHI`+""J&("B1-'L"%-0%)57$-07"-?".&'."7.5L3"'1("7$;$)'1".-".&-7("%-0.'$0(L"&(1(+""

" \



Table 2:"K.$)$.3",%(0'1$-7"9N';$0(L 
"

"

Scenario 
Cincinnati Gas and 

Electric (2003) 
San Diego Gas and 

Electric (2004) 
1. Short Run: No Change in 

Fuel Prices; no Additional 
Investment 

XE(1'6("Q'1$'B)("T-7.!"
iSY+\Hk#:&"C%-')2?$1(LD"
"
@-"$0%1(;(0.')"$0E(7.;(0."

XE(1'6("Q'1$'B)("T-7.!"
iYI+S]k#:&"C;'$0)3"
0'.51')"6'72?$1(LD"
@-"$0%1(;(0.')"$0E(7.;(0."

2. Short Run: Fuel Costs 
Higher for Incremental 
Generation 

XE(1'6("Q'1$'B)("T-7.!"
iSI+Ggk#:&"C%-')2?$1(LD+""
XE(1'6("E'1$'B)("%-7."
L-5B)(7"?-1"$0%1(;(0.')"
6(0(1'.$-0+"
@-"$0%1(;(0.')"$0E(7.;(0."

XE(1'6("Q'1$'B)("T-7.!"
iZ\+]Ik#:&"C;'$0)3"
0'.51')"6'72?$1(LD+""XE(1'6("
E'1$'B)("%-7."$0%1('7(7"YHh"
?-1"$0%1(;(0.')"6(0(1'.$-0+"
@-"$0%1(;(0.')"$0E(7.;(0."

3. Long Run: Incremental 
Investment in New Coal-
Fired 600-W(e) Generating 
Plant 

XE(1'6("Q'1$'B)("T-7.!"
iSY+\Hk#:&"C%-')2?$1(LD"
"
R0%1(;(0.')"$0E(7.;(0."o"
iIYH";$))$-0"

XE(1'6("Q'1$'B)("T-7.!"
iYG+S\k#:&"C0'.51')"6'72
?$1(LD"
R0%1(;(0.')"$0E(7.;(0."o"
i]YH";$))$-0"

"
"
Results for CGE 
R0" .&(" 7&-1." 150F" .&(" SHHh" 1(7$L(0.$')" ;'1=(." M(0(.1'.$-0" -?" >P9Q7" 1(75).7" $0" '0" 'LL$.$-0')" YgSFHHH"
>P9Q7".&'."%-))(%.$E()3"1(75)."$0"'0"'LL$.$-0')"L(;'0L"-?"gZH"#:"B(.<((0"SH"M;"'0L"Z"';F"-1"'B-5."
GF\HH" c:&" M(1" 3('1+" " J&(" 'LL$.$-0')" %-7." -?" 6(0(1'.$06" '0L" .1'07;$..$06" .&$7" M-<(1" $7" 'B-5." ij]+G"
;$))$-0F"B5.".&("'E(1'6("%-7."-?"M-<(1"L(%)$0(7"B(%'57("'))"-?".&("M-<(1"$7"M1-L5%(L"'0L"%-075;(L"-??2
M('="'0L"%-0.1$B5.(7"0-"'LL$.$-0')"?$N(L"%-7.+""X7"7&-<0"$0"f$651("jF".&("'E(1'6("%-7."-?"M-<(1"L(%)$0(7"
?1-;" iYj".-" iYH"M(1"#:&"$0".&("7&-1."150+""J&$7"%-7."7'E$067"$7"'E'$)'B)("($.&(1".-"1(L5%("1'.(7"-1".-"
$0%1('7("M1-?$.7"-1"B-.&+""X03"1'.(2;'=$06"1(7M-07("B3".&("5.$)$.3"'0L"$.7"1(65)'.-17"$7"B(3-0L".&("7%-M("
-?".&$7"M'M(1"'0L"&'7"0-."B((0"%-07$L(1(L+"""
"
"

" g



Utility Cost of Service, By Element of Cost
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Figure 4: ,&-1."[50"R;M'%."-?">P9Q"Q'))(32f$))$06"-0"T-;M-0(0.7"-?",37.(;"T-7."?-1"T$0%$00'.$"c'7"
'0L"9)(%.1$% 
"
"
J&("'0')37$7"7&-<0"$0"f$651("j"'775;(7".&'.".&(1("$7"(77(0.$'))3"0-"%&'06("$0".&("'E(1'6("E'1$'B)("%-7."
-?"6(0(1'.$06"M-<(1"$0".&("7&-1."150"'7".&(">P9Q7"M(0(.1'.(".&(";'1=(.F"'0L".&("-??2M('="L(;'0L"?-1"
M-<(1"$0%1('7(7+""X0"').(10'.$E("M-77$B$)$.3"$7".&'.".&("'LL$.$-0')"L(;'0L"%-5)L"1(75)."$0";-1("(NM(07$E("
M-<(1F"($.&(1"B(%'57(".&("5.$)$.3"<-5)L"B("-M(1'.$06")(772(??$%$(0."6(0(1'.$06"?'%$)$.$(7";-1("-?.(0"-1"()7("
<-5)L"&'E(".-"M'3"'"M1(;$5;"?-1".&("'LL$.$-0')"%-')+""R0"f$651("YF"<("$;'6$0("'"%'7("<&(1(".&("E'1$'B)("
%-7."-?"$0%1(;(0.')"6(0(1'.$-0"L-5B)(7"B(%'57("-?"$0%1('7(L"?5()"%-7.7+""f5()"%-7.7";'=("5M"\]h"-?".&("
E'1$'B)("%-7.+""J&("1(75)." -?" .&$7"7%(0'1$-"$7"7&-<0"$0" .&(" .&$1L"B'1"$0" .&(" f$651("Y+""9E(0" .&-56&" .&("
$0%1('7(" $0" .&(" 'E(1'6(" E'1$'B)(" %-7." -?" 6(0(1'.$-0" L-(7" $0%1('7(" .&(" 'E(1'6(" %-7." -?" ()(%.1$%$.3" B3" '"
7;'))"';-50."%-;M'1(L"<$.&".&("B'7(2%'7(F".&(">P9Q7"7.$))"%-0?(1"'"7$60$?$%'0."B(0(?$%$')"1(L5%.$-0"$0"
.&("'E(1'6("%-7."-?"M-<(1+"
"
f$0'))3F".&(")'7."B'1"$0"f$651("Y"7&-<7"<&'."&'MM(07"$?"&$6&(1"-??2M('="L(;'0L"?1-;">P9Q7"1(75).7"$0"'"
0(<"%-')2?$1(L"M-<(1"M)'0."B($06"B5$).F".-6(.&(1"<$.&".&("0(%(77$.3".-"1(.$1("$.7"?$N(L"%-7.7F"M1$0%$M')F"'0L"
$0.(1(7."-E(1"jH"3('17"C.&("1(75).$06"'005')$d'.$-0"-?"iIYH";$))$-0"'." '0"'775;(L"$0.(1(7."1'.("-?"Zh"$7"
ij\+g";$))$-0"M(1"3('1D"$0"'LL$.$-0".-".&("')1('L32'775;(L"ij]+G";$))$-0"?-1"(N.1'"?5()"%-7.+""P(1(F".&("
(%-0-;$%7"'1("0-."^5$.("'7"?'E-1'B)(F"B5.".&("'E(1'6("%-7.7"-?"M-<(1"7.$))"?'))".-"iYG"M(1"#:&"?1-;"iYj"
M(1"#:&"$0".&("B'7("%'7(+""X"5.$)$.3"<$.&"1()'.$E()3")-<";'16$0')"%-7.7"-?"6(0(1'.$-0F"&$6&"?$N(L"%-7.7F"
'0L" '" )'16(" L$??(1(0%(" B(.<((0" M('=" '0L" -??2M('="L(;'0L" %'0" B(0(?$." ?1-;" ;'1=(." M(0(.1'.$-0" -?"
>P9Q7+"
"

" SH
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Figure 5: R;M'%."-?"X).(10'.$E("T-7.",%(0'1$-7"?-1"T$0%$00'.$"c'7"'0L"9)(%.1$% 

"
Results for SDG&E 
,'0"4$(6-"c'7"'0L"9)(%.1$%"$7"'"0(."M51%&'7(1"?-1"-E(1"&')?"-?".&("()(%.1$%"M-<(1"$."%-075;(7+""WE(1"]Z"
M(1%(0."-?".&("()(%.1$%$.3"7-)L"$7"6(0(1'.(L"B3"-0("05%)('1"M-<(1"M)'0.+""J&("1(;'$0L(1"$7"M51%&'7(L"?1-;"
-.&(17+""X7";'1=(."M(0(.1'.$-0"-?">P9Q7"$0%1('7(7F",4ce9"<-5)L"0((L".-"M51%&'7(".&("M-<(1".-"7(1E("
.&$7";'1=(."?1-;"-.&(1"6(0(1'.-17"-0".&("61$L+""f-1"M51M-7(7"-?".&$7"'0')37$7F"<(" '775;(".&'." ,4ce9"
%'0" L-" .&$7" $0" .&(" 7&-1." 150" '."'" %-07.'0." M1$%(" -?" 'B-5." iIH"M(1" #:&" CiH+HIH" M(1" =:&DF" <&$%&" $7"
%-07$7.(0."<$.&".&($1"%511(0."'E(1'6("%-7."?-1"M51%&'7(L"M-<(1+""8(%'57("$."$7"^5$.("M-77$B)(".&'.".&("-??2
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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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