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PREFACE

<!"&D)+'"#%&E$%1&=%'":#)'$(%&)%1&<#)%+/$++$(%&9'21*&FDE=<9G&$+&'!"&-20/$%)'$(%&(7&)%&
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#"+(2#-"+&$%&)&0)#:"&,)#'&(7&'!"&D)+'"#%&=%'"#-(%%"-'$(%&)%1&.%$+!"1&5*&-(%12-'$%:&)&
-'*,#='-%+#.-%#.*'5&,*#).%$*0-4%,.-%*)(N-)+.%*&,.$9#$$#).%,.,=4$#$:%!"'%$*0-4%&'$0=*'-%
#.%#.1)&9,*#).%*",*%/,.%3'%0$'-%*)%50#-'%10*0&'%+)&2:%@%.093'&%)1%)*"'&%$*0-#'$%",8'%
,=&',-4%'>,9#.'-%$#9#=,&%+#.-%#.*'5&,*#).%#$$0'$<%30*%*"'%3&',-*"%,.-%-'(*"%)1%*"'%
)%)0*+$+&$%&DE=<9&$+&2%$H2"I&DE=<9&52$01+&(%&'!"&J(#K&(7&,#"4$(2+&$%'":#)'$(%&+'21$"+3&
+"#/"%=))2'-%,*%/).$#-'&,3=4%$9,=='&%5')5&,("#/%1))*(&#.*$<%1)/0$'-%,=9)$*%'>/=0$#8'=4%
(%&J$%1&$%'":#)'$(%3&)%1&1$1&%('&$%-021"&'#)%+/$++$(%I&DE=<9&'((K&'!"&%"L'&+'",&5*&
'>(,.-#.5%*"'%$*0-4%,&',%,.-%#./=0-#.5%/)./'(*0,=%*&,.$9#$$#).%)8'&=,4$:

V0$*%,%1'+%4',&$%,5)<%PU%+#.-%'.'&54%('.'*&,*#).%+,$%,%=)1*4%5),=<%,.-%*)%$)9'%*"'%#-',%
)1%#.*'5&,*#.5%IOU%+#.-%34%IOIQ%9#5"*%$''9%,%3#*%)(*#9#$*#/:%@.-%4'*<%+'%2.)+%1&)9%
*"'%D0&)(',.%'>('&#'./'W+"'&'%$)9'%/)0.*&#'$%",8'%,=&',-4%&',/"'-%+#.-%'.'&54%
('.'*&,*#).$%)1%MOU%)&%"#5"'&%#.%,%$")&*%('&#)-%)1%*#9'W*",*%/",.5'%/,.%)//0&%&,(#-=4%
,.-%*",*%(=,..#.5%1)&%*",*%/",.5'%#$%/&#*#/,==4%#9()&*,.*:%G'/,0$'%30#=-#.5%*&,.$9#$$#).%
/,(,/#*4%*,2'$%90/"%=).5'&%*",.%#.$*,==#.5%+#.-%(=,.*$<%*"'&'%#$%,%$'.$'%)1%0&5'./4%*)%
+'21*$%:&'#)%+/$++$(%I&='&$+&)0#")1*&+')#'$%:&'(&0$/$'&J$%1&:#(J'!&$%&-"#')$%&)#")+I
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P"4$"J&R(//$''""&F<PRG&-(/,(+"1&(7&#":$(%)0&"0"-'#$-&#"0$)5$0$'*&-(2%-$0&#",#"+"%')'$4"+3&
'>('&*%&'8#'+'&$<%*&,.$9#$$#).%(=,..'&$<%0*#=#*4%,-9#.#$*&,*)&$<%+#.-%#.-0$*&4%
&'(&'$'.*,*#8'$<%,.-%*"'%$*0-4%$03/).*&,/*)&:%F8'&%,%('&#)-%)1%MQ%9).*"$%+"#='%*"'%
$*0-4%+,$%#.%(&)5&'$$<%*"'%!?S%"'=-%H%10==N-,4%9''*#.5$%,=).5%+#*"%.09'&)0$%Y'3#.,&$%
,.-%/).1'&'./'%/,==$%*)%&'8#'+%$*0-4%(&)5&'$$Z%/)99'.*%).%$*0-4%#.(0*$<%9'*")-$<%,.-%
,$$09(*#).$Z%,$$#$*%+#*"%/)=='/*#.5%-,*,Z%,.-%&'8#'+%-&,1*$%)1%*"'%$*0-4%&'()&*:

S0)%%$%:&7(#&'!"&"L,)%+$(%&(7&'!"&"0"-'#$-)0&:#$1&$+&)&,#(-"++&'!)'&#"H2$#"+&)%&$//"%+"&
,9)0.*%)1%$*0-4<%-#,=)50'%,9).5%&'5#).,=%)&5,.#[,*#).$<%-'8'=)(9'.*%)1%*'/".#/,=%
9'*")-)=)5#'$<%,.-%/)990.#/,*#).%,.-%/))&-#.,*#).%,9).5%,%90=*#*0-'%)1%#9()&*,.*%
$*,2'")=-'&$:%\''(#.5%,3&',$*%)1%*"'%/",.5'$%#$%/",=='.5#.5%3'/,0$'%*"'&'%,&'%$)%9,.4%
1$77"#"%'&1"4"0(,/"%'+3&$1")+3&)%1&4$"J,($%'+I&='&$+&/*&!(,"&'!)'&'!"&DE=<9&#"+20'+&J$00&
3'%"'=(10=%*)%,==%*")$'%#.8)=8'-%#.%*"'%(=,..#.5%)1%*"'%10*0&'%'='/*&#/,=%5&#-%,.-%1)&9%,%
1)0.-,*#).%1)&%10*0&'%$*0-#'$:

!"#$%-)/09'.*%#$%#.*'.-'-%,$%,%"#5"N='8'=%)8'&8#'+%)1%*"'%10==%&'()&*<%+"#/"%#$%
1)&*"/)9#.5%,.-%+#==%3'%()$*'-%,*%"**(ABB+++:%.&'=:5)8B'+#*$B%+"'.%,8,#=,3=':

C,8#-%S)&30$
9"%$(#&D%:$%""#3&>PDQ
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EXECUTIVE SUMMARY 

!"'%*)*,=%#.$*,=='-%/,(,/#*4%)1%+#.-%5'.'&,*#).%#.%*"'%6.#*'-%7*,*'$%$0&(,$$'-%
Ac&:$:)J)''+&F\EG&)'&'!"&"%1&(7&A__dI&N"+,$'"&'!"&:0(5)0&.%)%-$)0&-#$+$+3&)%('!"#&
eIc&\E&J)+&$%+')00"1&$%&'!"&.#+'&!)07&(7&A__fI&Z"-)2+"&/)%*&+')'"+&)0#")1*&!)4"&
/)%1)'"+&$%&,0)-"&7(#&#"%"J)50"&"%"#:*&,"%"'#)'$(%3&+$:%$.-)%'&:#(J'!&$+&
(&)X'/*'-%1)&%*"'%1)&'$'',3='%10*0&':%

=%&X20*&A__d3&'!"&8I9I&N",)#'/"%'&(7&D%"#:*&FN;DG&,250$+!"1&'!"&.%1$%:+&(7&
)&*")#M0(%:&)++"++/"%'&(7&'!"&-(+'+3&-!)00"%:"+3&$/,)-'+&)%1&5"%".'+&(7&J$%1&
5'.'&,*#).%(&)8#-#.5%IOU%)1%*"'%'='/*&#/,=%'.'&54%/).$09'-%#.%*"'%6.#*'-%7*,*'$%34%
A_g_&FDDPD&A__dGI&N"4"0(,"1&'!#(2:!&'!"&-(00)5(#)'$4"&"77(#'+&(7&)&J$1"M#)%:$%:&
-#(++&+"-'$(%&(7&K"*&+')K"!(01"#+3&'!)'&.%)0&#",(#'&F#"7"##"1&'(&!"#"&)+&'!"&A_h&
P",(#'G&')K"+&)&5#()1&4$"J&(7&'!"&"0"-'#$-&,(J"#&)%1&J$%1&"%"#:*&$%12+'#$"+I&<!"&
A_h&P",(#'&"4)02)'"+&'!"&#"H2$#"/"%'+&)%1&(2'-(/"+&$%&'!"&)#")+&(7&'"-!%(0(:*3&
9,.01,/*0&#.5<%*&,.$9#$$#).%,.-%#.*'5&,*#).<%'.8#&).9'.*,=%#9(,/*$<%,.-%9,&2'*$%
*",*%+)0=-%3'%.'/'$$,&4%1)&%&',/"#.5%*"'%IOU%34%IOJO%*,&5'*:%

<!"&A_h&P",(#'&+')'"+&'!)'&)0'!(2:!&+$:%$.-)%'&-(+'+3&-!)00"%:"+3&)%1&$/,)-'+&
)#"&)++(-$)'"1&J$'!&)&A_h&J$%1&+-"%)#$(3&+25+')%'$)0&5"%".'+&-)%&5"&+!(J%&
'(&(4"#-(/"&'!"&-(+'+I&=%&('!"#&K"*&.%1$%:+3&'!"&#",(#'&-(%-021"+&'!)'&+2-!&)&
$/'.,&#)%#$%0.=#2'=4%*)%3'%&',=#['-%+#*"%,%30$#.'$$N,$N0$0,=%,((&),/"<%,.-%*",*%
,%9,X)&%.,*#).,=%/)99#*9'.*%*)%/=',.<%-)9'$*#/%'.'&54%$)0&/'$%+#*"%-'$#&,3='%
"%4$#(%/"%')0&)''#$52'"+&J(201&5"&#"H2$#"1I&

!"'%5&)+*"%)1%-)9'$*#/%+#.-%5'.'&,*#).%)8'&%*"'%(,$*%-'/,-'%",$%$",&('.'-%*"'%
7(-2+&(%&'J(&H2"+'$(%+W&R)%&'!"&"0"-'#$-)0&:#$1&)--(//(1)'"&4"#*&!$:!&)/(2%'+&
)1%+#.-%'.'&54%+#*")0*%X')(,&-#[#.5%$'/0&#*4%)&%-'5&,-#.5%&'=#,3#=#*4`%@.-<%5#8'.%
*",*%*"'%.,*#)._$%/0&&'.*%*&,.$9#$$#).%#.1&,$*&0/*0&'%#$%,=&',-4%/).$*&,#.#.5%10&*"'&%
1"4"0(,/"%'&(7&J$%1&:"%"#)'$(%&$%&+(/"&#":$(%+3&!(J&-(201&+$:%$.-)%'0*&0)#:"#&
)/(2%'+&(7&J$%1&"%"#:*&5"&1"4"0(,"1i&<!"&)%+J"#+&'(&'!"+"&H2"+'$(%+&-(201&!(01&
*"'%2'4$%*)%-'*'&9#.#.5%")+%90/"%)1%,%&)='%+#.-%5'.'&,*#).%/,.%(=,4%#.%*"'%6:7:%
'='/*&#/,=%'.'&54%$0((=4%9#>:%
%

ABOUT THE STUDY
N;D&-(//$++$(%"1&'!"&D)+'"#%&E$%1&=%'":#)'$(%&)%1&<#)%+/$++$(%&9'21*&
FDE=<9G&'!#(2:!&$'+&>)'$(%)0&P"%"J)50"&D%"#:*&Q)5(#)'(#*&F>PDQGI&<!"&
$%4"+'$:)'$(%3&J!$-!&5":)%&$%&A__j3&J)+&'!"&.#+'&(7&$'+&K$%1&$%&'"#/+&(7&+-(,"3&
+-)0"3&)%1&,#(-"++I&<!"&+'21*&J)+&1"+$:%"1&'(&)%+J"#&H2"+'$(%+&,(+"1&5*&)&
8,&#'*4%)1%$*,2'")=-'&$%,3)0*%,%&,.5'%)1%#9()&*,.*%,.-%/).*'9()&,&4%*'/".#/,=%
#$$0'$%&'=,*'-%*)%,%IOU%+#.-%$/'.,&#)%1)&%*"'%=,&5'%()&*#).%)1%*"'%'='/*&#/%=),-%
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F1"/)%1&7(#&"%"#:*G&'!)'&#"+$1"+&$%&'!"&D)+'"#%&=%'"#-(%%"-'$(%&F`$:2#"&BGI&<!"&
D)+'"#%&=%'"#-(%%"-'$(%&$+&(%"&(7&'!"&'!#""&+*%-!#(%(2+&:#$1+&-(4"#$%:&'!"&0(J"#&
ed&8I9I&+')'"+I&='&"L'"%1+&#(2:!0*&7#(/&'!"&J"+'"#%&5(#1"#+&(7&'!"&S0)$%+&+')'"+&
*"&)05"%*)%*"'%@*=,.*#/%/),$*<%'>/=0-#.5%9)$*%)1%*"'%$*,*'%)1%!'>,$:

Figure 1. NERC synchronous interconnections

Notes: NERC = North American Electric Reliability Corporation; WECC = Western 
Electricity Coordinating Council; TRE = Texas Regional Entity; ERCOT = Electric 
Reliability Council of Texas; MRO = Midwest Reliability Organization; SPP = Southwest 
Power Pool; NPCC = Northeast Power Coordinating Council; RFC = ReliabilityFirst 
Corporation; SERC = Southeastern Electric Reliability Council; FRCC = Florida Reliability 
Coordinating Council

DE=<9&$+&(%"&(7&'!#""&-2##"%'&+'21$"+&1"+$:%"1&'(&/(1"0&)%1&)%)0*a"&J$%1&
,"%"'#)'$(%+&(%&)&0)#:"&+-)0"I&<!"&E"+'"#%&E$%1&)%1&9(0)#&=%'":#)'$(%&9'21*&
FEE9=9G3&)0+(&+,(%+(#"1&5*&N;Dk>PDQ3&$+&"L)/$%$%:&'!"&,0)%%$%:&)%1&
)('&,*#).,=%#9(=#/,*#).$%)1%,--#.5%0(%*)%JPU%+#.-%,.-%$)=,&%'.'&54%('.'*&,*#).%
'(&'!"&E"+'R(%%"-'&7((',#$%'&$%&'!"&EDRRI&<!"&D2#(,")%&E$%1&=%'":#)'$(%&
9'21*&FDE=9G&$+&)%&$%$'$)'$4"&"+')50$+!"1&5*&'!"&D2#(,")%&)++(-$)'$(%+&(7&
*&,.$9#$$#).%$4$*'9%)('&,*)&$%#.%/)==,3)&,*#).%+#*"%*"'%D0&)(',.%S)99#$$#).:%
DE=9&$+&)$/"1&)'&1"4"0(,$%:&-(//(%&+(02'$(%+&'(&J$%1&$%'":#)'$(%&-!)00"%:"+&
#.%D0&)('%,.-%,*%#-'.*#14#.5%,&&,.5'9'.*$%*",*%+#==%9,2'%3'$*%0$'%)1%*"'%(,.N
D2#(,")%&'#)%+/$++$(%&%"'J(#K3&)00(J$%:&'!"&5"%".'+&(7&J$%1&:"%"#)'$(%&'(&5"&
-'=#8'&'-%,/&)$$%D0&)(':
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DE=<9&J)+&'!"&.#+'&(7&$'+&K$%1&$%&'"#/+&(7&+-(,"3&+-)0"3&)%1&,#(-"++I&=%$'$)'"1&
#.%IOOK<%*"'%$*0-4%+,$%-'$#5.'-%*)%'>,9#.'%*"'%)('&,*#).,=%#9(,/*%)1%0(%*)%
IOU%*)%JOU%+#.-%'.'&54%('.'*&,*#).%).%*"'%30=2%()+'&%$4$*'9%#.%*"'%D,$*'&.%
=%'"#-(%%"-'$(%&(7&'!"&8%$'"1&9')'"+I&

SCENARIO DEVELOPMENT AND ANALYSIS 
<(&+"'&)%&),,#(,#$)'"&5)-K1#(,&7(#&)11#"++$%:&'!"&K"*&+'21*&H2"+'$(%+3&'!"&
DE=<9&,#(l"-'&'")/mJ$'!&$%,2'&7#(/&)&J$1"&#)%:"&(7&,#(l"-'&+')K"!(01"#+&
$%-021$%:&'!"&<"-!%$-)0&P"4$"J&R(//$''""&F<PRGm-)#"7200*&-(%+'#2-'"1&7(2#&
"#5"N('.'*&,*#).%$/'.,&#)$%*)%&'(&'$'.*%-#11'&'.*%+#.-%5'.'&,*#).%-'8'=)(9'.*%
,(++$5$0$'$"+&$%&'!"&D)+'"#%&=%'"#-(%%"-'$(%I&<!#""&(7&'!"+"&+-"%)#$(+&1"0$4"#"1&
J$%1&"%"#:*&"H2$4)0"%'&'(&A_h&(7&'!"&,#(l"-'"1&)%%2)0&"0"-'#$-)0&"%"#:*&
#"H2$#"/"%'+&$%&A_AeT&'!"&7(2#'!&+-"%)#$(&$%-#")+"1&'!"&)/(2%'&(7&J$%1&"%"#:*&%
*)%JOU:%

=%&")-!&+-"%)#$(3&$%1$4$12)0&J$%1&
(=,.*$%1&)9%*"'%D,$*'&.%Y#.-%C,*,%
9'21*&1)')5)+"&F+""&+$1"5)#G&J"#"&
$'='/*'-%*)%&',/"%*"'%*,&5'*%'.'&54%
='8'=:%!"'%+#.-%-,*,%/).$#$*'-%
)1%")0&=4%,.-%MON9#.0*'%+#.-%
(=,.*%-,*,%1)&%',/"%)1%*"&''%4',&$A%
IOOQ<%IOOP<%,.-%IOOH:%Y#.-%(=,.*$%
+'&'%,8,#=,3='%#.%,==%5')5&,("#/%
=)/,*#).$%+#*"#.%*"'%D,$*'&.%
=%'"#-(%%"-'$(%&"L-",'&(77&'!"&+!(#"&
)1%*"'%$)0*"',$*'&.%6.#*'-%7*,*'$%
)%1&R)%)1)&F5"-)2+"&(7&0$/$')'$(%+&
).%*"'%$/)('%)1%+)&2%1)&%*"'%+#.-%
/(1"0$%:GI&@,,#(L$/)'"0*&e&\E&(7&%"J&R)%)1$)%&#"%"J)50"&:"%"#)'$(%&J)+&
9)-'='-%*)%/)8'&%#9()&*$%)1%.'+%S,.,-#,.%+#.-%,.-%"4-&)%*)%*"'%.)&*"',$*:%

%@%3&#'1%-'$/&#(*#).%)1%',/"%$/'.,&#)%1)==)+$A
n& Scenario 1, 20% penetration –&[$:!&R),)-$'*&`)-'(#3&;%+!(#"W&8'$0$a"+&

!$:!MH2)0$'*&J$%1&#"+(2#-"+&$%&'!"&\#")'&S0)$%+3&J$'!&('!"#&1"4"0(,/"%'&
#.%*"'%',$*'&.%6.#*'-%7*,*'$%+"'&'%5))-%+#.-%&'$)0&/'$%'>#$*:%

n& Scenario 2, 20% penetration – [*5#$1&J$'!&;77+!(#"W&9(/"&J$%1&
:"%"#)'$(%&$%&'!"&\#")'&S0)$%+&$+&/(4"1&")+'I&9(/"&D)+'&R()+'&(77+!(#"&
-'8'=)(9'.*%#$%#./=0-'-:%

n& Scenario 3, 20% penetration – Q(-)0&J$'!&@::#"++$4"&;77+!(#"W&U(#"&J$%1&
5'.'&,*#).%#$%9)8'-%',$*%*)+,&-%=),-%/'.*'&$<%.'/'$$#*,*#.5%3&),-'&%
0$'%)1%)11$")&'%&'$)0&/'$:%!"'%)11$")&'%+#.-%,$$09(*#).$%&'(&'$'.*%,.%
0(('&9)$*%=#9#*%)1%+",*%/)0=-%3'%-'8'=)('-%34%IOIQ%0.-'&%,.%,55&'$$#8'%
*'/".)=)54N(0$"%$/'.,&#):

The Eastern Wind Data Study

A precursor to EWITS known as the Eastern Wind Data Study 
(AWS Truewind 2009) identified more than 700 GW of potential 
future wind plant sites for the eastern United States. All the 
major analytical elements of EWITS relied on the time series wind 
generation production data synthesized in this earlier effort. The 
data cover three historical years—2004, 2005, and 2006—at high 
spatial (2-kilometer [km]) and temporal (10-minute) resolution. 
On- and offshore resources are included, along with wind 
resources for all states.
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What Are ISOs and RTOs?

In the mid-1990s, independent system operators (ISOs) and 
regional transmission operators (RTOs) began forming to support 
the introduction of competition in wholesale power markets. 
Today, two-thirds of the population of the United States and 
more than one-half of the population of Canada obtain their 
electricity from transmission systems and organized wholesale 
electricity markets run by ISOs or RTOs. These entities ensure that 
the wholesale power markets in their regions operate efficiently, 
treat all market participants fairly, give all transmission customers 
open access to the regional electric transmission system, and 
support the reliability of the bulk power system.

Source: Adapted from IRC (2009).

n& Scenario 4, 30% penetration – @55&'$$#8'%F.N%,.-%F11$")&'A%]''*#.5%*"'%
JOU%'.'&54%('.'*&,*#).%='8'=%0$'$%,%$03$*,.*#,=%,9)0.*%)1%*"'%"#5"'&%
H2)0$'*&J$%1&#"+(2#-"&$%&'!"&>PDQ&1)')5)+"I&@&0)#:"&)/(2%'&(7&(77+!(#"&
5'.'&,*#).%#$%.''-'-%*)%&',/"%*"'%*,&5'*%'.'&54%='8'=:

%
!"'%$*0-4%*',9%,=$)%-'8'=)('-%,%!"#"$"%&"'(&"%)$*+%*)%,((&)>#9,*'%*"'%/0&&'.*%
$*,*'%)1%+#.-%-'8'=)(9'.*%(=0$%$)9'%'>('/*'-%='8'=%)1%.',&N*'&9%-'8'=)(9'.*%
:2$1"1&5*&$%'"#-(%%"-'$(%&H2"2"+&)%1&+')'"&#"%"J)50"&,(#'7(0$(&+')%1)#1+&FPS9GI&
<!$+&+-"%)#$(&'(')0"1&)5(2'&Ch&(7&'!"&'(')0&A_Ae&,#(l"-'"1&0()1&#"H2$#"/"%'+&7(#&
'!"&8I9I&,(#'$(%&(7&'!"&D)+'"#%&=%'"#-(%%"-'$(%I

a#50&'%I%-'(#/*$%*"'%#.$*,=='-%
-),)-$'*&5*&#":$(%)0&"%'$'*&F"$'!"#&
$%1","%1"%'&+*+'"/&(,"#)'(#+&o=9;+p&
)&%&'5#).,=%*&,.$9#$$#).%)('&,*)&$%
oP<;+pT&+""&+$1"5)#G&7(#&")-!&(7&'!"&
J$%1&:"%"#)'$(%&+-"%)#$(+&$%&DE=<9I&
!,3='%M%$")+$%*"'%/).*&#30*#).%
)1%*)*,=%,.-%)11$")&'%+#.-%*)%*"'%
$/'.,&#)$:

%70((=4#.5%IOU%)1%*"'%'='/*&#/%%
"%"#:*&#"H2$#"/"%'+&(7&'!"&
6:7:%()&*#).%)1%*"'%D,$*'&.%
=%'"#-(%%"-'$(%&J(201&-)00&7(#&
,((&)>#9,*'=4%IIP<OOO%9'5,+,**$%
FUEG&(7&J$%1&:"%"#)'$(%&-),)-$'*3&
+"#/"%#$%,3)0*%,%*'.1)=-%#./&',$'%

,3)8'%*)-,4_$%='8'=$:%!)%&',/"%JOU%'.'&54%1&)9%+#.-<%*"'%#.$*,=='-%/,(,/#*4%
+)0=-%",8'%*)%&#$'%*)%JJO<OOO%]Y:
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Figure 2. Summary of installed wind generation capacity by operating region 
for each scenario (Notes: ISO-NE = New England Independent System Operator, 
MISO = Midwest ISO, NYISO = New York ISO, PJM = PJM Interconnection,  
SERC = Southeastern Electric Reliability Council, SPP = Southwest Power Pool,  
TVA – Tennessee Valley Authority)

TABLE 1. TOTAL AND OFFSHORE WIND IN THE SCENARIOS

Region Scenario 1
20% High Capacity Factor, 

Onshore

Scenario 2 
20% Hybrid with Offshore 

Scenario 3 
20% Local, 

Aggressive Offshore 

Scenario 4 
30% Aggressive 

On- and Offshore 

TOTAL 
MW 

Offshore 
(MW)

Total 
(MW) 

Offshore 
(MW)

Total 
(MW)

Offshore 
(MW)

Total 
(MW)

Offshore 
(MW)

MISO/
MAPPa

 94,808 69,444 46,255 95,046

SPP 91,843 86,666 50,958 94,576

TVA 1,247 1,247 1,247 1,247

SERC 1,009 5,009 4,000 5,009 4,000 5,009 4,000

PJM 22,669 33,192 5,000 78,736 39,780 93,736 54,780

NYISO 7,742 16,507 2,620 23,167 9,280 23,167 9.280

ISO-NE 4,291 13,837 5,000 24,927 11,040 24,927 11,040

TOTAL 223,609 0 225,902 16,620 230,299 64,100 337,708 79,100

a MAPP stands for Mid-Continent Area Power Pool.



13

KEY STUDY FINDINGS 
<!"&DE=<9&'"-!%$-)0&J(#K&*$"01"1&1"')$0"1&H2)%'$')'$4"&$%7(#/)'$(%&(%
n& E$%1&:"%"#)'$(%&#"H2$#"1&'(&,#(12-"&A_h&(7&'!"&,#(l"-'"1&"0"-'#$-)0&

"%"#:*&1"/)%1&(4"#&'!"&8I9I&,(#'$(%&(7&'!"&D)+'"#%&=%'"#-(%%"-'$(%&%
#.%IOIQ

n& !&,.$9#$$#).%/)./'(*$%1)&%-'=#8'&#.5%'.'&54%'/).)9#/,==4%1)&%',/"%
+-"%)#$(&F%"J&'#)%+/$++$(%&7(#&")-!&+-"%)#$(&$+&5)+"1&(%&"-(%(/$-&
,"#7(#/)%-"&7(#&'!"&-(%1$'$(%+&(2'0$%"1&$%&'!)'&+-"%)#$(G&

n& D/).)9#/%$'.$#*#8#*4%$#90=,*#).$%)1%*"'%")0&=4%)('&,*#).%)1%*"'%()+'&%
+*+'"/&1".%"1&5*&)&J$%1&:"%"#)'$(%&7(#"-)+'&+-"%)#$(&)%1&'!"&)++(-$)'"1&
*&,.$9#$$#).%)8'&=,4

n& <!"&-(%'#$52'$(%&/)1"&5*&J$%1&:"%"#)'$(%&'(&#"+(2#-"&)1"H2)-*&)%1&
(=,..#.5%/,(,/#*4%9,&5#.:%

<!"&+,"-$.-&%2/"#$-&#"+20'+&(7&'!"&)%)0*+$+&)#"&+"%+$'$4"&'(&'!"&/)%*&)++2/,'$(%+&
'!)'&J"#"&#"H2$#"1&'(&1".%"&'!"&A_Ae&+'21*&*")#I&&<!"&+'21*&)++2/,'$(%+&J"#"&
-'8'=)('-%#.%/=)$'%/))&-#.,*#).%+#*"%*"'%!?S:%S",.5'$%#.%*"'%,$$09(*#).$<%
$0/"%,$%*"'%/)$*%)1%8,&#)0$%10'=$<%*"'%#9(,/*%)1%&'50=,*#).%,.-%()=#/4<%)&%*"'%
-(+'+&)++(-$)'"1&J$'!&%"J&-(%+'#2-'$(%3&J(201&!)4"&)&/)l(#&$%62"%-"I&;'!"#&
,$$09(*#).$<%$0/"%,$%*"'%'='/*&#/,=%'.'&54%-'9,.-%,.-%#*$%/",&,/*'&#$*#/$W
,"%"'#)'$(%&)%1&-),)5$0$'$"+&(7&1"/)%1&#"+,(%+"3&$%62"%-"&(7&+/)#'&:#$1&
'"-!%(0(:$"+3&(#&'!"&4"#*&%)'2#"&(7&'!"&0()1&$'+"07&F)+&$%&)%&)::#"++$4"&,02:M$%&
!*5#$1&"0"-'#$-&4"!$-0"&oS[D?p&+-"%)#$(GmJ(201&5"&0$K"0*&'(&!)4"&)&/")+2#)50"&
#9(,/*%).%*"'%&'$0=*$:

=%&:"%"#)03&'!(2:!3&'!"&+'21*&+!(J+&'!"&7(00(J$%:W&
n& [$:!&,"%"'#)'$(%+&(7&J$%1&:"%"#)'$(%mA_h&'(&g_h&(7&'!"&"0"-'#$-)0&

"%"#:*&#"H2$#"/"%'+&(7&'!"&D)+'"#%&=%'"#-(%%"-'$(%m)#"&'"-!%$-)00*&
7")+$50"&J$'!&+$:%$.-)%'&"L,)%+$(%&(7&'!"&'#)%+/$++$(%&$%7#)+'#2-'2#"I

n& >"J&'#)%+/$++$(%&J$00&5"&#"H2$#"1&7(#&)00&'!"&72'2#"&J$%1&+-"%)#$(+&$%&
'!"&D)+'"#%&=%'"#-(%%"-'$(%3&$%-021$%:&'!"&P"7"#"%-"&R)+"I&S0)%%$%:&7(#&
*"#$%*&,.$9#$$#).<%*"'.<%#$%#9('&,*#8'%3'/,0$'%#*%*,2'$%=).5'&%*)%30#=-%.'+%
*&,.$9#$$#).%/,(,/#*4%*",.%#*%-)'$%*)%30#=-%.'+%+#.-%(=,.*$:

n& E$'!(2'&'#)%+/$++$(%&"%!)%-"/"%'+3&+25+')%'$)0&-2#')$0/"%'&F+!2''$%:&
1(J%G&(7&J$%1&:"%"#)'$(%&J(201&5"&#"H2$#"1&7(#&)00&'!"&A_h&+-"%)#$(+I

n& =%'"#-(%%"-'$(%MJ$1"&-(+'+&7(#&$%'":#)'$%:&0)#:"&)/(2%'+&(7&J$%1&
5'.'&,*#).%,&'%9,.,5',3='%+#*"%=,&5'%&'5#).,=%)('&,*#.5%())=$%,.-%
+$:%$.-)%'&/)#K"'3&')#$773&)%1&(,"#)'$(%)0&-!)%:"+I

n& !&,.$9#$$#).%"'=($%&'-0/'%*"'%#9(,/*$%)1%*"'%8,&#,3#=#*4%)1%*"'%+#.-<%
+"#/"%&'-0/'$%+#.-%#.*'5&,*#).%/)$*$<%#./&',$'$%&'=#,3#=#*4%)1%*"'%'='/*&#/,=%
:#$13&)%1&!"0,+&/)K"&/(#"&"7.-$"%'&2+"&(7&'!"&)4)$0)50"&:"%"#)'$(%&
&'$)0&/'$:%@=*")05"%/)$*$%1)&%,55&'$$#8'%'>(,.$#).$%)1%*"'%'>#$*#.5%
:#$1&)#"&+$:%$.-)%'3&'!"*&/)K"&2,&)&#"0)'$4"0*&+/)00&,(#'$(%&(7&'!"&'(')0&
,..0,=#['-%/)$*$%#.%,.4%)1%*"'%$/'.,&#)$%$*0-#'-:%
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n& S,&3).%'9#$$#).%&'-0/*#).$%#.%*"'%*"&''%IOU%+#.-%$/'.,&#)$%-)%.)*%8,&4%
34%90/"<%#.-#/,*#.5%*",*%+#.-%-#$(=,/'$%/),=%#.%,==%$/'.,&#)$%,.-%*",*%
-()0&:"%"#)'$(%&$+&%('&+$:%$.-)%'0*&"L,(#'"1&7#(/&'!"&U$1J"+'&'(&'!"&
',$*'&.%6.#*'-%7*,*'$Z%/,&3).%'9#$$#).$%,&'%&'-0/'-%,*%,.%#./&',$'-%&,*'%
#.%*"'%JOU%+#.-%$/'.,&#)%,$%9)&'%5,$%5'.'&,*#).%#$%0$'-%*)%,//)99)-,*'%
+#.-%8,&#,3#=#*4:%Y#.-%5'.'&,*#).%-#$(=,/'$%/,&3).N3,$'-%10'=$<%-#&'/*=4%
#"12-$%:&-)#5(%&1$(L$1"&FR;IG&"/$++$(%+I&D/$++$(%+&-(%'$%2"&'(&1"-0$%"&
)+&/(#"&J$%1&$+&)11"1&'(&'!"&+2,,0*&,$-'2#"I&=%-#")+$%:&'!"&-(+'&(7&-)#5(%&
#.%*"'%,.,=4$#$%&'$0=*$%#.%"#5"'&%*)*,=%(&)-0/*#).%/)$*$:%%

<!"&+-"%)#$(+&1"4"0(,"1&7(#&DE=<9&1(&%('&$%&)%*&J)*&-(%+'$'2'"&)&,0)%T&$%+'")13&
*"'4%$")0=-%3'%$''.%,$%,.%#.#*#,=%('&$('/*#8'%).%,%*)(N-)+.<%"#5"N='8'=%8#'+%)1%
1)0&%-#11'&'.*%IOIQ%10*0&'$:%!"'%*&,.$#*#).%)8'&%*#9'%1&)9%*"'%/0&&'.*%$*,*'%)1%%
'!"&520K&,(J"#&+*+'"/&'(&)%*&(%"&(7&'!"&+-"%)#$(+&J(201&#"H2$#"&)11$'$(%)0&%
*'/".#/,=%,.-%'/).)9#/%'8,=0,*#).<%#./=0-#.5%-'*,#='-%9)-'=#.5%)1%()+'&%%
6(J+&)%1&)&+'21*&(7&'!"&"77"-'+&(%&'!"&2%1"#0*$%:&'#)%+/$++$(%&+*+'"/+I&@&
/(#"&'!(#(2:!&"4)02)'$(%&(7&'!"&+"%+$'$4$'*&(7&'!"&DE=<9&#"+20'+&'(&'!"&#)%:"&
(7&)++2/,'$(%+&/)1"&J(201&)0+(&5"&#"H2$#"1&'(&:2$1"&'!"&1"4"0(,/"%'&(7&)%*&
+,"-$.-&5(''(/M2,&,0)%+I&

<!"&+$:%$.-)%'&)/(2%'&(7&)%)0*'$-)0&
J(#K&,"#7(#/"1&$%&DE=<93&'!(2:!3&
)%+J"#+&'!"&H2"+'$(%+&,(+"1&)'&'!"&
)0*$'*%)1%*"'%(&)X'/*A
M:% Y",*%#9(,/*$%,.-%/)$*$%-)%

+#.-%5'.'&,*#).%8,&#,3#=#*4%
,.-%0./'&*,#.*4%#9()$'%
).%$4$*'9%)('&,*#).$`%
,*-.'/)$0"'1)/)%&*%0'
)$")2')%3'#4//5'3"6"/+7"3'
$"0*+%)/'8)$9"-2:'-."'
&+2-'+#'*%-"0$)-*+%'#+$')//'
2&"%)$*+2'*2'/"22'-.)%';<='7"$'
8"0)>)--?.+4$'@A,.B'+#'>*%3:'+$'/"22'-.)%';=C==D'7"$'9*/+>)--?.+4$'
@9,.B'+#'"/"&-$*&*-5'42"3'15'&42-+8"$2C'

I:% E!)'&5"%".'+&)--#2"&7#(/&0(%:M1$+')%-"&'#)%+/$++$(%&'!)'&)--"++"+&%
90=*#(='%,.-%5')5&,("#/,==4%-#8'&$'%+#.-%&'$)0&/'$`'E."'2-435'$"24/-2'
2.+>'-.)-'/+%0?3*2-)%&"'@)%3'.*0.?&)7)&*-5B'-$)%28*22*+%'&)%')22*2-'
28)//"$'1)/)%&*%0')$")2'>*-.'>*%3'*%-"0$)-*+%:')//+>*%0'7"%"-$)-*+%'
/"6"/2'-.)-'>+4/3'%+-'+-."$>*2"'1"'#")2*1/"C'F4$-."$8+$":')//'2&"%)$*+2:'
*%&/43*%0'-."'!"#"$"%&"'G)2":'8)3"'42"'+#'8)H+$'-$)%28*22*+%''
470$)3"2'-+'1"--"$'*%-"$/+&9'I)2-"$%'J%-"$&+%%"&-*+%'8)$9"-2'#+$''
)22*2-*%0'>*-.'>*%3'*%-"0$)-*+%C%

Why Regional Markets?

Because they span large geographic areas, regional markets  
optimize the power grid by promoting efficiency through  
resource sharing. These organized markets are designed so  
that an area with surplus electricity can benefit by sharing 
megawatts with another region in the open market. This allows 
participants and operators to see the big picture when it  

comes to dispatching electricity in the most efficient manner. 

Source: Adapted from www.isorto.org. Accessed November 2009.
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J:% E!)'&5"%".'+&)#"&#")0$a"1&7#(/&0(%:M1$+')%-"&'#)%+/$++$(%&'!)'&/(4"+&
0)#:"&H2)%'$'$"+&(7&#"/('"&J$%1&"%"#:*&'(&2#5)%&/)#K"'+i&K+%0?3*2-)%&"'
!"#$%&'%%'($)*#+($,*-'!.*#%%/&01*&(1'23#!'($%*!(*&#"40!*#$1*%5%!0&*
+7"$)-*+%2:'&+%-$*14-"2'2412-)%-*)//5'-+'*%-"0$)-*%0'/)$0"')8+4%-2'+#'
-'$1*!.#!*+(3#+*%5%!0&%*-(/+1*.#60*1'723/+!5*&#$#,'$,8*9$*#11'!'($)*
/+%0?3*2-)%&"'-$)%28*22*+%'.)2'+-."$'6)/4"'*%'-"$82'+#'252-"8'
$+142-%"22'-.)-'>)2'%+-'&+87/"-"/5'"6)/4)-"3'*%'I,JE(C

Q:% [(J&1(&#"/('"&J$%1&#"+(2#-"+&-(/,)#"&'(&0(-)0&J$%1&#"+(2#-"+i'J%'-."'
I)2-"$%'J%-"$&+%%"&-*+%:'-."'I)2-"$%',*%3'L)-)'(-435'3)-)1)2"'@M,('
E$4">*%3'D==NB'2.+>2'-.)-'-."'.*0."$'O4)/*-5'>*%32'*%'-."'P$")-'Q/)*%2'
.)6"'&)7)&*-5'#)&-+$2'-.)-')$"')1+4-'RSTNS'.*0."$'-.)%'+%2.+$"'>*%3'
$"2+4$&"2'%")$'-."'.*0.?/+)3'4$1)%'&"%-"$2'*%'-."'I)2-C'U##2.+$"'7/)%-2'
.)6"'&)7)&*-5'#)&-+$2'+%'7)$'>*-.'P$")-'Q/)*%2'$"2+4$&"2'14-'-."'&+2-'+#'
"%"$05'*2'.*0."$'1"&)42"'&)7*-)/'&+2-2')$"'.*0."$C'

P:% [(J&/2-!&1("+&:"(:#),!$-)0&1$4"#+$'*3&(#&+,#")1$%:&'!"&J$%1&(2'&)-#(++&
,%=,&5'%,&',<%"'=(%&'-0/'%$4$*'9%8,&#,3#=#*4%,.-%0./'&*,#.*4`%V4*-"'
2412-)%-*)//5C'

H:% Y",*%#$%*"'%&)='%,.-%8,=0'%)1%+#.-%1)&'/,$*#.5`%:'!.*%',$'23#$!*-'$1*
0"%"$)-*+%:'#+$"&)2-*%0'>*//'7/)5')'9"5'$+/"'*%'9""7*%0'"%"$05'8)$9"-2'
0723'0$!*#$1*"01/3'$,*!.0*#&(/$!*(7*"0%0"60%*3#""'01*-.'+0*&#'$!#'$'$,*
252-"8'2"&4$*-5C'

K:% E!)'&5"%".'&1("+&5)0)%-$%:&)#")&-((,"#)'$(%&(#&-(%+(0$1)'$(%&5#$%:&'(&
+#.-%8,&#,3#=#*4%,.-%0./'&*,#.*4%9,.,5'9'.*`%E.*2')%3'+-."$'$"&"%-'
2-43*"2'@2""'W*1/*+0$)7.5B'$"*%#+$&"'-."'&+%&"7-'-.)-'/)$0"'+7"$)-*%0'
)$")2X*%'-"$82'+#'/+)3:'0"%"$)-*%0'4%*-2:')%3'0"+0$)7.5X&+81*%"3'
>*-.')3"O4)-"'-$)%28*22*+%:')$"'-."'8+2-'"##"&-*6"'8")24$"2'#+$'
8)%)0*%0'>*%3'0"%"$)-*+%C'

L:% [(J&1("+&J$%1&:"%"#)'$(%&-),)-$'*&4)02"&)77"-'&#"0$)5$0$'*&F$I"I3&+2,,0*&
#"+(2#-"&)1"H2)-*Gi&,*%3'0"%"$)-*+%'&)%'&+%-$*14-"'-+'252-"8'
)3"O4)&5:')%3')33*-*+%)/'-$)%28*22*+%'&)%'"%.)%&"'-.)-'&+%-$*14-*+%C'%

SCENARIO COSTS 
DE=<9&0((K+&)'&)&q+%),+!('r&$%&'$/"&7(#&)&+$%:0"&*")#&$%&'!"&72'2#"I&@&
'#)%+7(#/)'$(%&(7&'!"&520K&,(J"#&+*+'"/&$%&'!"&D)+'"#%&=%'"#-(%%"-'$(%&'(&
*"'%-'5&''%$055'$*'-%34%*"'%$*0-4%$/'.,&#)$%+)0=-%&'$0=*%#1%9,.4%/,(#*,=%
$%4"+'/"%'+&J"#"&/)1"&7#(/&'!"&,#"+"%'&'!#(2:!&A_AeI&R(%+"H2"%'0*3&"-(%(/$-&
)%)0*+$+&(7&'!"&+-"%)#$(+&5#$%:+&'(&0$:!'&-(/,0$-)'"1&H2"+'$(%+&'!)'&-)%%('&5"&
,.$+'&'-%(&'/#$'=4%+#*")0*%,%-'*,#='-%*#9'=#.'%)1%/,(#*,=%'>('.-#*0&'$:%
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G'/,0$'%*"'%$*0-4%$/'.,&#)$%.''-%*)%3'%/)9(,&'-%).%,.%'/).)9#/%3,$#$<%*)*,=%
-(+'+&7(#&")-!&+-"%)#$(&)#"&),,#(L$/)'"1&5*&$1"%'$7*$%:&'!"&.L"1&F$%4"+'/"%'G&
)%1&4)#$)50"&F,#(12-'$(%G&-(+'&-(/,(%"%'+I&<!"+"&-(+'+&)#"&'!"%&+2//"13&
,==)+#.5%*"'%$*0-4%*',9%*)%8#'+%$)9'%9',$0&'%)1%'/).)9#/%('&1)&9,./'%1)&%
',/"%$/'.,&#)%$#-'%34%$#-':%

7*0-4%,.,=4$*$%/,=/0=,*'-%/)$*$%1)&%',/"%$/'.,&#)%,$%*"'%$09%)1%(&)-0/*#).N&'=,*'-%
-(+'+&F"I:I3&72"0&-(+'+G&,02+&)%%2)0$a"1&)/(2%'+&7(#&-),$')0&$%4"+'/"%'+&$%&%"J&
/).8'.*#).,=%5'.'&,*#).<%+#.-%(=,.*$<%,.-%*&,.$9#$$#).:%!"'%&'$0=*$%1)&%*"'%
P"7"#"%-"&R)+"&)%1&'!"&7(2#&!$:!M,"%"'#)'$(%&+-"%)#$(+&F`$:2#"&g3&$%&/$00$(%+&(7&
89sA__fG&+!(J&'!)'&9-"%)#$(&B&$+&'!"&0")+'&-(+'0*&(7&'!"&A_h&+-"%)#$(+3&)%1&'!)'&
*"'%#./&',$'-%/)$*%)1%)11$")&'%+#.-%,--$%*)%*"'%/)$*$%#.%7/'.,&#)$%J%,.-%Q:

Figure 3. Comparison of scenario costs

@=*")05"%(&)-0/*#).N&'=,*'-%/)$*$%/).$*#*0*'%,%=,&5'%1&,/*#).%)1%*"'%*)*,=%/)$*$%
7(#&)00&+-"%)#$(+3&'!"+"&1"-0$%"&)+&'!"&)/(2%'&(7&J$%1&:"%"#)'$(%&$%-#")+"+I&=%&
$/'.,&#)$%J%,.-%Q<%/,(#*,=%/)$*$%1)&%+#.-%5'.'&,*#).%#./&',$'%3'/,0$'%)1%$=#5"*=4%
=)+'&%/,(,/#*4%1,/*)&$%,.-%*"'%90/"%"#5"'&%/,(#*,=%/)$*%)1%)11$")&'%/).$*&0/*#).:%

!&,.$9#$$#).%/)$*$%,&'%,%&'=,*#8'=4%$9,==%1&,/*#).%1)&%,==%$/'.,&#)$<%+#*"%).=4%,%
$9,==%,3$)=0*'%-#11'&'./'%$''.%,/&)$$%*"'%IOU%/,$'$:%Y#.-%#.*'5&,*#).%/)$*$%,&'%
9',$0&,3='%30*%8'&4%$9,==%&'=,*#8'%*)%*"'%)*"'&%1,/*)&$:%

;).'%)1%*"'%#.#*#,=%$/'.,&#)$%#./=0-'%,.4%/)$*$%,$$)/#,*'-%+#*"%/,&3).<%+"#/"%
$%-#")+"+&,#(12-'$(%&-(+'+&+$:%$.-)%'0*I&<!"&-)#5(%&,#$-"&J)+&)11#"++"1&$%&)&
$'.$#*#8#*4%,.,=4$#$%1)&%7/'.,&#)%I<%,$%-'$/&#3'-%=,*'&%#.%*"#$%!"#$%&'(#)*%++,-.%
,/0)1-23#$&)4(#-('#56
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STUDY METHODOLOGY 
<!"&DE=<9&,#(l"-'&-(%+$+'"1&(7&'!#""&/)l(#&')+K+W&FBG&J$%1&,0)%'&(2',2'&1)')&
1"4"0(,/"%'3&FAG&'#)%+/$++$(%&#"H2$#"/"%'+&)%)0*+$+3&)%1&FgG&J$%1&$%'":#)'$(%&
)%)0*+$+I&=%&J$%1&$%'":#)'$(%&+'21$"+3&$'&$+&$/,(#')%'&'(&2+"&-(%-2##"%'&0()1&)%1&

+#.-%-,*,%*)%/,(*0&'%*"'%/)&&'=,*#).$%
5"'J""%&0()1&)%1&J$%1&F$I"I3&J")'!"#T&
+""&+$1"5)#GI&

!"'%(&)X'/*%*',9%-'8'=)('-%*"'%
H2)%'$')'$4"&$%7(#/)'$(%&'!#(2:!&)&
90=*#$*,5'%,.,=4*#/,=%(&)/'$$<%$")+.%
5&,("#/,==4%#.%a#50&'%Q:%]'*")-$%
1"4"0(,"1&)%1&#".%"1&$%&,#"4$(2+&
#.*'5&,*#).%$*0-#'$%1)&9'-%*"'%
3,$#$%1)&%*"'%*'/".#/,=%,.,=4$#$<%30*%
+'&'%.'/'$$,&#=4%'>*'.-'-%3'/,0$'%
*"'%$/)('%,.-%$#['%)1%*"#$%'11)&*%
$0&(,$$'-%*",*%)1%',&=#'&%$*0-#'$:%
`(-2+&(%&'#)%+/$++$(%&#"H2$#"/"%'+&
1)&%*"'%$03$*,.*#,=%,9)0.*%)1%+#.-%
:"%"#)'$(%&#"H2$#"1&'(&/""'&'!"&A_h&
,.-%JOU%'.'&54%*,&5'*$%+,$%,%.'+%,.-%
+$:%$.-)%'&,)#'&(7&'!"&+'21*&+-(,"I&

The Role of Weather and Wind Forecasting

Using numerical weather prediction models, also known as 
mesoscale models, is an accepted method for producing a time 
series of wind plant output data. Essentially, physics-based, 
numerical simulations on supercomputers, integrated with 
observational data sets, re-create the weather of historical years 
and generate a four-dimensional gridded wind-speed data set. A 
wind speed time series data set can be extracted and converted 
to wind power output. This approach produces a temporally,  
spatially, and physically consistent wind data set. For EWITS, this 
was done for hundreds of wind plants and the study team used 
these data sets in the modeling of the different scenarios. 

Wind forecast data modeling is an increasingly common tool 
used by utilities and ISOs to schedule generation units. Wind 
integration studies typically include the effect of wind forecast 
errors on integration costs. 



18

%

Notes: A copper sheet simulation assumes no transmission constraints or congestion.
LOLE = loss of load expectation and ELCC = effective load-carrying capability

Figure 4. Study process

S0&&'.*%*&,.$9#$$#).%'>(,.$#).%(=,..#.5%#$%3,$'-%).%,%-'/#$#).N9,2#.5%(&)/'$$%
*",*%$*,&*$%+#*"%*"'%(&'$'.*%,.-%=))2$%1)&+,&-%*"&)05"%*#9':%!"'%'>#$*#.5%30=2%
()+'&%5&#-%#.%*"'%6.#*'-%7*,*'$%#$%*"'%&'$0=*%)1%$0/"%,%3)**)9N0(%,((&),/":%
=%&DE=<93&'!"&,#(l"-'&'")/&2+"1&'(,M1(J%&"-(%(/$-&/"'!(1+&'(&1"4"0(,&'!"&
/)./'(*0,=%*&,.$9#$$#).%/,(,/#*4%.''-'-%*)%-'=#8'&%'.'&54%*)%=),-:%!"'$'%*)(N
-)+.%9'*")-$%*'.-%*)%/&',*'%-'$#5.$%+#*"%9)&'%*&,.$9#$$#).%*",.%3)**)9N0(%
9'*")-$:%!"'%(&#9,&4%&',$).%#$%*",*%*"'%*)*,=%'/).)9#/%()*'.*#,=%)1%#./&',$#.5%
'!"&"-(%(/$-&"7.-$"%-*&(7&'!"&:"%"#)'$(%&6""'m$%-021$%:&J$%1&:"%"#)'$(%&$%&
'!"&D)+'"#%&=%'"#-(%%"-'$(%m$+&2+"1&'(&l2+'$7*&'#)%+/$++$(%&"L,)%+$(%I&<!"&
/)93#.,*#).%)1%/,(*0&#.5%*"'%'/).)9#/%()*'.*#,=%)1%3)*"%.).+#.-%,.-%+#.-%
:"%"#)'$(%&0()1+&'!"&'#)%+/$++$(%&0$%"+&/(#"&"7.-$"%'0*&F$I"I3&'!"&0$%"+&)#"&%('&l2+'&
5"$%:&2+"1&7(#&J$%1GI&<!"&'#)%+/$++$(%&#"H2$#"/"%'+&)#"&/)$%0*&(77&,")K&7(#&'!"&
+#.-%5'.'&,*#).%,.-%).%(',2%1)&%*"'%.).+#.-%5'.'&,*#).:%

@=*")05"%*"'%$*0-4%,$$09(*#).$%+'&'%*)0/"'-%).%(&'8#)0$=4<%,%9)&'%-'*,#='-%
=))2%#$%"'=(10=%,*%*"#$%()#.*:%E',2%-'9,.-%,.-%'.'&54%+)&2%,$$09(*#).$%1)&%,==%
$*0-4%&'5#).$%+,$%3,$'-%).%IOOQbIOOH%a'-'&,=%D.'&54%?'50=,*)&4%S)99#$$#).%
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F`DPRG&1)')&-(/5$%"1&J$'!&A__C&,(J"#&6(J&1)')I&<!"+"&1)')&!)1&5""%&
/)9(#='-%1)&%,%(&'8#)0$%$*0-4<%,.-%+'&'%&'8#'+'-%34%,==%$*,2'")=-'&$%,*%*",*%
'$/"I&<(&,#"+"#4"&-(##"0)'$(%&J$'!&'!"&J$%1&:"%"#)'$(%&,#(.0"&1)')3&0()1&1)')&7(#&
DE=<9&J"#"&/),,"1&'(&-(%7(#/&'(&)-'2)0&J$%1&,#(.0"+&#",#"+"%'$%:&-)0"%1)#&
4',&$%IOOQ<%IOOP<%,.-%IOOH:

G'/,0$'%)1%*"'%8'&4%=,&5'%,9)0.*%)1%+#.-%5'.'&,*#).%$*0-#'-<%#*%+,$%#9()&*,.*%
*)%'$*,3=#$"%,%1&,9'+)&2%1)&%*"'%-,4N*)N-,4%)('&,*#).$%)1%*"'%D,$*'&.%
=%'"#-(%%"-'$(%&$%&A_AeI&P"+20'+&7#(/&,)+'&$%'":#)'$(%&+'21$"+&!)4"&+!(J%&'!)'&
(,"#)'$(%)0&+'#2-'2#"&,0)*+&)&/)l(#&#(0"&$%&1"'"#/$%$%:&'!"&1$7.-20'*&(#&")+"&J$'!&

+"#/"%+#.-%5'.'&,*#).%#$%#.*'5&,*'-:%
79,==%3,=,./#.5%,&',$<%+"#/"%+'&'%
*"'%)&#5#.,=%30#=-#.5%3=)/2$%)1%
*)-,4_$%9,X)&%#.*'&/)..'/*#).$<%
-)%&5"&+$:%$.-)%'0*&-!)00"%:"1&5*&
=,&5'%,9)0.*$%)1%+#.-%5'.'&,*#).:%
Q)#:"&"77"-'$4"&5)0)%-$%:&)#")+&F+""&
+$1"5)#G&!)4"&/(#"&+2,,0*&#"+(2#-"+&
'(&1",0(*&)%1&5"%".'&+25+')%'$)00*&
1&)9%-#8'&$#*4%#.%3)*"%=),-%,.-%%
+#.-%5'.'&,*#).:%

D>*&,()=,*#.5%1&)9%*&'.-$%*",*%
",8'%3''.%$''.%1)&%*"'%(,$*%
-'/,-'<%*"'%$*0-4%*',9W+#*"%
#.(0*%1&)9%*"'%!?SW,$$09'-%
*",*%34%IOIQ%)('&,*#).$%#.%*"'%
D)+'"#%&=%'"#-(%%"-'$(%&F)'&0")+'&
'!"&+$:%$.-)%'&7#)-'$(%&/(1"0"1&
"L,0$-$'0*&$%&DE=<9G&J(201&5"&
/).-0/*'-%0.-'&%*"'%,0$(#/'$%)1%
$'8'.%=,&5'%3,=,./#.5%,&',$<%+"#/"%
,&'%$")+.%#.%a#50&'%P:%!"'%$*&0/*0&'%
,$%#*%'>#$*'-%#.%@050$*%IOOK%+,$%%

0$'-%1)&%/)9(,&#$).:%a#8'%)1%*"'%$'8'.%/)&&'$().-%*)%'>#$*#.5%?!F$%#.%*"'%
D)+'"#%&=%'"#-(%%"-'$(%I&

!"'%(&)X'/*%*',9%,=$)%,$$09'-%*",*%)('&,*#).$%#.%',/"%,&',%+)0=-%/).1)&9%
*)%*"'%$,9'%$*&0/*0&':%a)&%'>,9(='<%).%*"'%-,4%3'1)&'%*"'%)('&,*#.5%-,4<%,==%
5'.'&,*#.5%0.#*$%3#-%/)9('*#*#8'=4%*)%$'&8'%=),-<%,.-%,1*'&%9,&2'*%/=',&#.5<%
)('&,*)&$%('&1)&9%,%$'/0&#*4N/).$*&,#.'-%0.#*%/)99#*9'.*%*)%'.$0&'%*",*%
)1"H2)'"&-),)-$'*&J$00&5"&)4)$0)50"&'(&/""'&7(#"-)+'&0()1I&N2#$%:&'!"&(,"#)'$%:&
1)*3&:"%"#)'(#+&)#"&1$+,)'-!"1&7#"H2"%'0*&'(&7(00(J&+!(#'M'"#/&1"/)%1&'#"%1+&
0.-'&%,%1,$*<%$03")0&=4%9,&2'*%$*&0/*0&':%@%/)9('*#*#8'%,./#==,&4%$'&8#/'$%9,&2'*%

Operating the Grid

Balancing Authority
A balancing authority is the responsible entity that maintains 
load resource balance within a given, predefined area (the 
balancing authority area). The authority develops integrated 
resource plans, matches generation with load, maintains 
scheduled interchanges with other balancing authority areas, 
and supports interconnection frequency of the electric power 

systems in real time.

Reliability-Related Services 
In the NERC Functional Model, which defines the set of functions 
that must be performed to ensure the reliability of the bulk 
electric system, these include the range of services, other than 
the supply of energy for load, that are physically provided by 
generators, transmitters, and loads in order to maintain reliability. 
In wholesale energy markets, they are commonly described as 
“ancillary services.” 

Source: Adapted from http://www.nerc.com/files/opman_12-13Mar08.pdf.
Accessed November 2009.



20

$0((=#'$%&'50=,*#).<%3,=,./#.5<%,.-%0.0$'-%5'.'&,*#).%/,(,/#*4%*)%/)8'&%=,&5'%
'8'.*$%$0/"%,$%*"'%=)$$%)1%9,X)&%5'.'&,*#.5%1,/#=#*#'$:%

<!"&)++2/,'$(%+&/)1"&)5(2'&(,"#)'$%:&+'#2-'2#"&)#"&4"#*&+$:%$.-)%'&:$4"%&
'!"&-2##"%'&(,"#)'$(%+&$%&'!"&D)+'"#%&=%'"#-(%%"-'$(%I&<!"&)++2/"1&/)#K"'&
9'/",.#$9$<%")+'8'&<%,&'%,/*0,==4%#.%0$'%*)-,4<%,=3'#*%.)*%0.#1)&9=4<%,.-%",8'%
3''.%$")+.%#.%(&'8#)0$%$*0-#'$%*)%3'%)1%$03$*,.*#,=%8,=0'%1)&%+#.-%#.*'5&,*#).:%
!"'&'%#$%$)9'%(&)3,3#=#*4%*",*%-'8'=)(9'.*$%#.%9,&2'*%)('&,*#).%)8'&%*"'%.'>*%
-'/,-'%/)0=-%10&*"'&%'.",./'%*"'%,3#=#*4%*)%#.*'5&,*'%+#.-%'.'&54:%
%

Figure 5. Assumed operational structure for the Eastern Interconnection in 2024 
(white circles represent balancing authorities; Entergy is operated as part of SERC)
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PROJECT OVERVIEW
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(&)-0/*#).N/)$*%9)-'=#.5%&'$0=*$<%+#.-%#.*'5&,*#).%/)$*$<%/,&3).%$'.$#*#8#*4%
)%)0*+$+3&)%1&'!"&J$%1&-(%'#$52'$(%&'(&#"+(2#-"&)1"H2)-*&7(#&DE=<9I
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&'9)8'-:%!"'%/)9(,&#$).%#.-#/,*'$%")+%&'5#).,=%)&%#.*'&/)..'/*#).N+#-'%
(&)-0/*#).%/)$*$%#./&',$'%3'/,0$'%)1%*&,.$9#$$#).%/).5'$*#).<%)&%(0*%,.)*"'&%
+,4<%+",*%8,=0'%/)0=-%3'%,/"#'8'-%34%'=#9#.,*#.5%)&%&'-0/#.5%*&,.$9#$$#).%
-(%+'#)$%'+I&N$77"#"%-"+&5"'J""%&'!"&q-(%+'#)$%"1r&-)+"&)%1&'!"&q2%-(%+'#)$%"1r&
/,$'%4#'=-%*"'%1)==)+#.5%#.1)&9,*#).A
n& !"'%,&',$%)1%'/).)9#/%'.'&54%$)0&/'$%,.-%$#.2$%
n& <!"&$%'"#7)-"&6(J&-!)%:"+&'(&1"'"#/$%"&'!"&$%-#"/"%')0&'#)%+7"#&%

/,(,/#*4%.''-$
n& <!"&'(')0&5"%".'&+)4$%:+3&J!$-!&$%&'2#%&:$4"+&)&#(2:!&"+'$/)'"&(7&)&

()*'.*#,=%30-5'*%1)&%30#=-#.5%*&,.$9#$$#).%*)%&'=#'8'%/).$*&,#.*$%,.-%
&'-0/'%/).5'$*#).%/)$*$%

1  PROMOD IV (developed by Ventyx) is an integrated electric generation and transmission market simulation system that 
incorporates extensive details of generating unit operating characteristics and constraints, transmission constraints, generation 
analysis, unit commitment/operating conditions, and market system operations. PROMOD IV performs an 8,760-hour  
commitment and dispatch recognizing both generation and transmission impacts at the bus-bar level. (Bus-bar refers to  
the point at which power is available for transmission.)
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,/&)$$%*"'%$*0-4%1))*(&#.*:

%

Figure 6. Scenario 2, annual generation differences between unconstrained 
case and constrained case (Note: Because price contours developed from defined 
pricing hubs, they do not correspond exactly to geography.)
%
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Figure 7. Scenario 2, annual generation weighted locational marginal price 
(LMP) for constrained case
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Figure 8. Conceptual EHV transmission overlays for each study scenario
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n& <!"&/(1"0$%:&$%1$-)'"+&'!)'&+$:%$.-)%'&J$%1&:"%"#)'$(%&-)%&5"&
)--(//(1)'"1&)+&0(%:&)+&)1"H2)'"&'#)%+/$++$(%&-),)-$'*&$+&)4)$0)50"&)%1&
9,&2'*B)('&,*#).,=%&0='$%1,/#=#*,*'%/=)$'%/))('&,*#).%,9).5%*"'%)('&,*#.5%
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TABLE 3. ESTIMATED LINE MILEAGE BY SCENARIO

Estimated Line Mileage Summary

Voltage 
Level

345 kV 345 kV AC 
(double 
circuit)

500 kV 500 kV AC 
(double 
circuit)

765 kV 400 kV DC 800 kV DC TOTAL

Scenario 1 1,977 247 1,264 243 7,304 560 11,102 22,697

Scenario 2 1,977 247 1,264 243 7,304 560 8,352 19,947

Scenario 3 1,977 247 1,264 742 7,304 769 4,747 17,050

Scenario 4 1,977 247 1,264 742 7,304 560 10,573 22,667

TABLE 4. ESTIMATED COSTS BY SCENARIO US$2009, MILLIONS

Estimated Cost Summary (US $2024, millions)

Voltage 
Level

345 kV 345 kV AC 
(double 
circuit)

500 kV 500 kV AC 
(double 
circuit)

765 kV 400 kV DC 800 kV DC Total

Scenario 1 5,560 1,158 4,543 1,456 46,791 2,397 83,265 145,170

Scenario 2 5,560 1,158 4,543 1,456 46,791 2,397 62,640 124,545

Scenario 3 5,560 1,158 4,543 4,445 46,791 2,957 35,603 101,057

Scenario 4 5,560 1,158 4,543 4,445 46,791 2,957 79,298 144,752

TABLE 2. TRANSMISSION COST ASSUMPTIONS

Cost-per-Mile Assumption

Voltage Level 345 kV 345 kV
AC (double 
unit)

500 kV 500 kV AC 
(double 
circuit)

765 kV 400 kV DC 800 kV DC

US$2024 (millions) 2,250,000 3,750,000 2,875,00 4,792,00 5,125,000 3,800,000 6,000,000
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RESERVE REQUIREMENTS
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Types of Reserves

In bulk electric system operations, different types of generation 
reserves are maintained to support the delivery of capacity and 
energy from resources to loads in accordance with good utility 
practice. 
 
Contingency Reserves
Reserves to mitigate a “contingency,” which is defined as the 
unexpected failure or outage of a system component, such as a 
generator, a transmission line, a circuit breaker, a switch, or another 
electrical element. In the formal NERC definition, this term refers to 
the provision of capacity deployed by the balancing authority to 
meet the disturbance control standard (DCS) and other NERC and 
regional reliability organization contingency requirements.

Operating Reserves
That capability above firm system demand required to provide for 
regulation, load forecasting error, forced and scheduled equipment 
outages, and local area protection. This type of reserve consists 
of both generation synchronized to the grid and generation that 
can be synchronized and made capable of serving load within a 
specified period of time. 

Regulating Reserves
An amount of reserve that is responsive to automatic generation 
control (AGC) and is sufficient to provide normal regulating 
margin. Regulating reserves are the primary tool for maintaining 
the frequency of the bulk electric system at 60 Hz. 

Spinning Reserves
The portion of operating reserve consisting of (1) generation 
synchronized to the system and fully available to serve load within 
the disturbance recovery period that follows a contingency event; 
or (2) load fully removable from the system within the disturbance 
recovery period after a contingency event.
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Figure 9. Regulating reserve requirements by region and scenario. The 
incremental amount resulting from wind generation is the difference between the 
scenario number and the load-only value.
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PRODUCTION-COST MODELING RESULTS
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Figure 10. Annual production-cost comparison (US$2009, millions)
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Figure 11. Integration cost by scenario and year (US$2009) 
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Ramp Rates

For a generator, the ramp rate (typically expressed in megawatts 
per minute) is the rate at which a generator changes its output. 
For an interchange, the ramp rate or ramp schedule is the rate, also 
expressed in megawatts per minute, at which the interchange 
schedule is attained during the ramp period.

Because wind is variable and results in ramping, it is important to 
understand these ramp rates and maintain reserves  to cover them 
as needed.
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Figure 12. Generation expansion for the Scenario 2 carbon sensitivity case
%
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CC = combined cycle; CT = combustion turbine; DR = demand response; IGCC = integrated gas 
combined cycle; IGCC/Seq = integrated gas combined cycle with sequestration; CC/Seq = combined 
cycle with sequestration; RET Coal = coal plant retirements; Replacement CC = replacement 
combined cycle

Figure13. Generation expansion by scenario, including the carbon sensitivity case

Figure 14. Carbon emissions for different scenarios (carbon price applies only to 
carbon scenario)
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Figure 15. Generation utilization by unit and fuel type for Scenario 2 and 
carbon sensitivity case

 
Figure 16. Comparison of generation-weighted LMP by region for Scenario 2 
and carbon sensitivity case
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Figure 17. Present value of accumulated costs for base scenarios and carbon 
sensitivity (US$2009)
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Reliability of the Grid

EWITS: The EWITS results represent a first detailed look at  
several “snapshots” of the Eastern Interconnection as it could exist  
in 2024 and is therefore not intended to provide a complete  
analysis of the reliability impacts to the present bulk power  
system. EWITS is aimed at characterizing the operational 
impacts for future scenarios, primarily through economics- 
based transmission expansion planning, resource adequacy 
studies, and hourly modeling simulations. Important technical 
aspects in the study related to Bulk-Power System reliability 
were not studied or were represented approximately or by 
means of best engineering judgments. A variety of 
comprehensive power system engineering analyses and studies 
still need to be conducted (see Summary and Future Work 
Section) to determine what additional situations should be 
addressed to maintain system reliability from the present to the 
2024 study year when integrating large quantities of renewable 
generation.
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Reliability of the Grid (continued)
 
Federal Energy Regulatory Commission (FERC) Study: FERC is 
conducting a new study with Lawrence Berkeley National 
Laboratory that is intended to validate whether frequency 
response is an appropriate metric for gauging the impacts 
on reliability of integrating increasing amounts of variable- 
output generation capacity into the three electrical  
interconnections. The study will do this by using today’s  
transmission networks and generating facilities—including  
facilities under construction—as the basis for the models and  
studies in contrast to the alternative scenarios for 2024 used  
in EWITS. The new study is intended to investigate the  
frequency metric as an approach to identifying critical factors  
when integrating large amounts of variable generation into the 
bulk power system.
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TABLE 5. RELIABILITY ZONES FOR LOLE ANALYSIS WITH INSTALLED WIND 
GENERATION CAPACITY NAMEPLATE WIND IN MEGAWATTS

Zone Scenario 1 Scenario 2 Scenario 3 Scenario 4

MISO West 59,260 39,953 23,656 59,260

MISO Central 12,193 11,380 11,380 12,193

MISO East 9.091 6,456 4,284 9,091

MAPP USA 13,809 11,655 6,935 14,047

SPP North 48,243 40,394 24,961 50,326

SPP Central 44,055 46,272 25,997 44,705

PJM 22,669 33,192 78,736 93,736

TVA 1,247 1,247 1,247 1,247

SERC 1,009 5,009 5,009 5,009

NYISO 7,742 16,507 23,167 23,167

ISO-NE 4,291 13,837 24,927 24,927

Entergy 0 0 0 0

IESOa 0 0 0 0

MAPP Canada 0 0 0 0

FULL STUDY SYSTEM 223,609 225,902 230,299 337,708

a Independent Electricity System Operator
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Figure 18. LOLE/ELCC results for high penetration scenarios, with and without 
transmission overlays
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SUMMARY AND FUTURE WORK 
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#")-'$4"&,(J"#&1$+,)'-!I&@%&@R&)%)0*+$+&J(201&$%4(04"&,(J"#&6(J+&'!)'&
=))2%,*%8)=*,5'%,.-%&',/*#8'%/)9('.$,*#).%#$$0'$<%-4.,9#/%,.-%*&,.$#'.*%
+')5$0$'*3&)%1&[?NR&'"#/$%)0&-(%'#(0I&Q(-)0&)%1&#":$(%)0&'#)%+/$++$(%&
.''-$%/)0=-%*"'.%3'%,.,=4['-%#.%90/"%5&',*'&%-'*,#=:%

n& Q(%:"#&'"#/&1*%)/$-&)%)0*+$+3&J!"#"&'!"&)-'$(%+&(7&@\R3&0()1&'),&%
/",.5#.5%).%*&,.$1)&9'&$<%,.-%/,(,/#*)&%)&%&',/*)&%$+#*/"#.5%1)&%%
8)=*,5'%/).*&)=%/,.%3'%$#90=,*'-%,.-%,.,=4['-%#.%90/"%5&',*'&%-'*,#=:%
70/"%-4.,9#/%,.,=4$#$%/)0=-%'>,9#.'%$03")0&=4%9,&2'*%)('&,*#).%,.-%
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'!"&#"+,(%+"&(7&:"%"#)'$(%&'(&"$'!"#&@\R&(#&/)#K"'&1$+,)'-!&$%+'#2-'$(%+&
+"#='%/).$#-'&#.5%*"'%=#9#*,*#).$%/,0$'-%34%(&#9'%9)8'&%)&%5)8'&.)&%%
#"+,(%+"3&[?NR&-(%'#(0&)-'$(%+3&(#&+,"-$)0&,#('"-'$4"&+-!"/"+I&<!$+&
,.,=4$#$%/)0=-%3'%0$'-%*)%[))9%#.%).%$4$*'9%)('&,*#).%#.%&',=%*#9'<%%
#"+20'$%:&$%&)&!$:!"#&-(%.1"%-"&"+'$/)'"&(7&'!"&(,"#)'$%:&#"+"#4"&%
#"H2$#"/"%'+&)%1&,(0$-$"+&%""1"1&'(&/)$%')$%&,"#7(#/)%-"&)%1&#"0$)5$0$'*I

<!"&)%)0*+$+&+2::"+'"1&7(#&'!"&0)#:"&7((',#$%'&-(%+$1"#"1&$%&DE=<9&J(201&
#"H2$#"&'!)'&/)%*&"%'$'$"+&)-#(++&'!"&$%'"#-(%%"-'$(%&,)#'$-$,)'"&)%1&-(00)5(#)'"I&
E'&$)..'=%'.5,5'-%#.%&0..#.5%$#9#=,&%$*0-#'$%+#*"%,%&'5#).,=%1)/0$%+)0=-%.''-%
*)%3'%#.8)=8'-<%,*%,%9#.#909<%#.%,%&'8#'+%/,(,/#*4%,.-%1)&%#.*'&(&'*#.5%&'$0=*$:%
;,*#).,=%'.*#*#'$%$0/"%,$%;D?S%+)0=-%,=$)%.''-%*)%3'%'.5,5'-%*)%)8'&$''%*"'%
-'8'=)(9'.*%)1%*"'%-,*,%$'*$%,.-%9)-'=$:%@.-%3'/,0$'%*"'%$#['%,.-%$/)('%)1%*"'%
+*+'"/&/(1"0+&/$:!'&)0+(&#"H2$#"&-(/,2')'$(%)0&,(J"#&5"*(%1&J!)'&$+&2+"1&
*)-,4%#.%*"'%()+'&%#.-0$*&4<%*"'$'%$055'$*'-%,.,=4$'$%/)0=-%#.8)=8'%0.#8'&$#*#'$%
)&%.,*#).,=%=,3)&,*)&#'$%+#*"%,((&)(&#,*'%&'$)0&/'$:

<!"&'(,M1(J%&4$"J+&(7&'!"&$%'"#-(%%"-'$(%&'!)'&DE=<9&*$"01+&-(%+'$'2'"3&$%&
"++"%-"3&'!"&+')#'$%:&,($%'&7(#&)&+25+')%'$)00*&+$:%$.-)%'&)/(2%'&(7&+25+"H2"%'&
'.5#.''&#.5%,.,=4$#$:%!"'%,.,=4$#$%+)0=-%(,#.*%,%9)&'%,//0&,*'%(#/*0&'%)1%*"'%
*)*,=%*&,.$9#$$#).%#.8'$*9'.*%.'/'$$,&4<%,.-%#==09#.,*'%9',$0&'$%.'/'$$,&4%*)%
,#"+"#4"&'!"&+"-2#$'*&(7&'!"&520K&,(J"#&+*+'"/I&@+&J$'!&DE=<93&+2-!&)%&"77(#'&
J(201&5"&5"*(%1&'!"&+-(,"&(7&,#"4$(2+&)''"/,'+3&)%1&J(201&#"H2$#"&-((,"#)'$(%&
,.-%/))&-#.,*#).%,*%9,.4%='8'=$%*)%$0//''-:%

@0'!(2:!&DE=<9&$+&)&'"-!%$-)0&+'21*&'!)'&"L)/$%"+&72'2#"&J$%1&+-"%)#$(+3&'!"&
#"+20'+&,(+"&+(/"&$%'"#"+'$%:&,(0$-*&)%1&'"-!%(0(:*&1"4"0(,/"%'&H2"+'$(%+W%

n& S)0=-%*"'%='8'=$%)1%*&,.$9#$$#).<%#./=0-#.5%*"'%?'1'&'./'%S,$'<%'8'&%3'%
('&9#**'-%,.-%30#=*<%,.-%#1%$)<%+",*%#$%,%&',=#$*#/%*#9'%1&,9'`

n& S)0=-%*"'%='8'=%)1%)11$")&'%+#.-%'.'&54%#.1&,$*&0/*0&'%3'%&,9('-%0(%1,$*%
"%(2:!&'(&/""'&'!"&)::#"++$4"&(77+!(#"&J$%1&)++2/,'$(%&$%&'!"&DE=<9&
$/'.,&#)$`

n& E(201&)&1$77"#"%'&#"%"J)50"&,#(.0"&(#&'#)%+/$++$(%&(4"#0)*&)#$+"&7#(/&)&
3)**)9N0(%(&)/'$$%+#*"%9)&'%$*,2'")=-'&$%#.8)=8'-`

n& [(J&-)%&+')'"+&)%1&'!"&7"1"#)0&:(4"#%/"%'&5"+'&J(#K&'(:"'!"#&(%&%
&'5#).,=%*&,.$9#$$#).%'>(,.$#).%,.-%*"'%9,$$#8'%-'8'=)(9'.*%)1%).$")&'%
,.-%)11$")&'%+#.-%#.1&,$*&0/*0&'`

n& Y",*%#$%*"'%3'$*%+,4%1)&%&'5#).,=%'.*#*#'$%*)%/)==,3)&,*'%*)%9,2'%$0&'%+#.-%
#$%)(*#9,==4%,.-%&'=#,3=4%#.*'5&,*'-%#.*)%*"'%30=2%'='/*&#/,=%5&#-`%

n& Y",*%#$%*"'%-#11'&'./'%3'*+''.%,((=4#.5%,%/,&3).%(&#/'%#.$*',-%)1%%%
9,.-,*#.5%,.-%5#8#.5%#./'.*#8'$%1)&%,--#*#).,=%+#.-`
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@$%#$%'>('/*'-%#.%,%$*0-4%)1%*"#$%*4('<%'$('/#,==4%+"'.%,%+#-'%8,&#'*4%)1%
*'/".#/,=%'>('&*$%,.-%$*,2'")=-'&$%,&'%5#8#.5%).5)#.5%#.(0*<%,%.093'&%)1%
$/,(#')%'&4)#$)'$(%+&(%&'!"&A_Ae&72'2#"&+-"%)#$(&-)%&5"&"%4$+$(%"1I&=%&)11$'$(%3&
$'8'&,=%*'/".#/,=%,&',$%#.%*"'%$*0-4%(&'$'.*%)(()&*0.#*#'$%1)&%10&*"'&%*'/".#/,=%
#.8'$*#5,*#).%*",*%/)0=-%-''('.%0.-'&$*,.-#.5%)&%&'8',=%.'+%#.$#5"*$A

n& Further analysis of production-cost simulation results: %!"'%)0*(0*%1&)9%*"'%
/)%*&)%%2)0&,#(12-'$(%&+$/20)'$(%+&,"#7(#/"1&$%&DE=<9&-(%')$%+&1"')$0&
).%'8'&4%5'.'&,*)&%,.-%9).#*)&'-%*&,.$9#$$#).%#.*'&1,/'%#.%*"'%D,$*'&.%
=%'"#-(%%"-'$(%I&Z"-)2+"&(7&+-(,"&)%1&+-!"120"&-(%+'#)$%'+3&'!"&DE=<9&
,.,=4$#$%+,$%.'/'$$,&#=4%=#9#*'-%*)%$099,&4%&'$0=*$:%a0&*"'&%,.,=4$#$%)1%
*"'$'%)0*(0*%-,*,%+)0=-%=#2'=4%5'.'&,*'%,--#*#).,=%8,=0,3='%#.$#5"*$%).%
$/,)-'+&(7&J$%1&:"%"#)'$(%&(%&%(%J$%1&:"%"#)'$(%3&)%1&!"0,&1".%"&/(#"&
-'*,#='-%,.,=4$'$%*",*%/)0=-%3'%/).-0/*'-%#.%*"'%10*0&':

n& Smart grid implications and demand response sensitivities: %!"'%D,$*'&.%
=%'"#-(%%"-'$(%&0()1&-(%+$1"#"1&$%&DE=<9&J)+&5)+"1&(%&#":$(%)0&,#(l"-'$(%+&
(2'&'(&'!"&+'21*&*")#&FA_AeGI&`(#&'!"&/(+'&,)#'3&0()1&J)+&-(%+$1"#"1&q+')'$-Ir&
],X)&%#.-0$*&4%#.#*#,*#8'$%,&'%/0&&'.*=4%'>(=)&#.5%9',.$%34%+"#/"%,*%=',$*%,%
()&*#).%)1%*"'%=),-%9#5"*%&'$().-%=#2'%,%$0((=4%&'$)0&/'<%*"'&'34%&'=,>#.5%
*"'%/).$*&,#.*$%).%$/"'-0=#.5%,.-%-#$(,*/"%)1%/).8'.*#).,=%5'.'&,*#.5%0.#*$:%
<!"&$/,0$-)'$(%+&7(#&J$%1&:"%"#)'$(%&)#"&,('"%'$)00*&4"#*&+$:%$.-)%'3&J!$-!&
#$%+"4%,=*'&.,*#8'%IOIQ%$/'.,&#)$%*",*%/).$#-'&%*"'%&,.5'%)1%$9,&*%5&#-%
$/,0$-)'$(%+&7(#&'!"&520K&"0"-'#$-&+*+'"/&/"#$'&72#'!"#&-(%+$1"#)'$(%&F+-(,"&
0$/$')'$(%+&,#"4"%'"1&'!"+"&7#(/&$%-02+$(%&$%&'!$+&,!)+"&(7&DE=<9GI&

n& Nighttime charging of PHEVs: %Y#-'$(&',-%,-)(*#).%)1%'='/*&#/%8'"#/='$%",$%
*"'%()*'.*#,=%*)%,=*'&%*"'%1,9#=#,&%-#0&.,=%$",('%)1%'='/*&#/%-'9,.-:%G'/,0$'%
*"'%+#.-%&'$)0&/'%#$%,30.-,.*%,*%.#5"*%,.-%-0&#.5%*"'%=)+N=),-%$',$).$<%
#./&',$'$%#.%'='/*&#/%-'9,.-%-0&#.5%*"'$'%*#9'$%/)0=-%',$'%$)9'%)1%*"'%
#$$0'$%,$$)/#,*'-%+#*"%#.*'5&,*#).:%

n& Commitment/optimization with high amounts of wind:  !"'%,((&),/"%1)&%
$/"'-0=#.5%,.-%-#$(,*/"#.5%5'.'&,*#.5%&'$)0&/'$%0$'-%#.%*"'%(&)-0/*#).%
+$/20)'$(%+&$+&5)+"1&(%&-2##"%'&,#)-'$-"I&=%&'!"&72'2#"3&%"J&(,"#)'$%:&
(&,/*#/'$%,.-%'.'&54%9,&2'*%$*&0/*0&'$%9#5"*%3'%#9(='9'.*'-%*",*%*,2'%
,-8,.*,5'%)1%*"'%1,/*%*",*%0./'&*,#.*4%-'/=#.'$%,$%*"'%1)&'/,$*%")&#[).%#$%
+!(#'"%"1&F7(#&5('!&0()1&)%1&J$%1&:"%"#)'$(%GI&=%'#)1)*&"%"#:*&/)#K"'+&
'!)'&)00(J&#"(,'$/$a)'$(%&(7&'!"&+2,,0*&#"+(2#-"+&/(#"&7#"H2"%'0*&-(201&
)11'&%$)9'%,-8,.*,5'%1)&%,//)99)-,*#.5%=,&5'%,9)0.*$%)1%8,&#,3='%,.-%
0./'&*,#.%+#.-%'.'&54:%

n& Fuel sensitivity:  =%&'!$+&,!)+"&(7&DE=<93&'!"&+'21*&'")/&-(%+$1"#"1&)&+$%:0"&
10*0&'%1)&%(&#/'$%)1%)*"'&%10'=$%0$'-%1)&%'='/*&#/%5'.'&,*#).:%@$%"#$*)&4%,**'$*$<%
*"'&'%#$%90/"%0./'&*,#.*4%,.-%8)=,*#=#*4%#."'&'.*%#.%$)9'%10'=%9,&2'*$<%
'$('/#,==4%1)&%.,*0&,=%5,$:%@=*'&.,*'%$/'.,&#)$%*",*%'>(=)&'%*"'%#9(,/*$%)1%
)*"'&%10'=%(&#/'%$/'.,&#)$%).%#.*'5&,*#).%#9(,/*$%,.-%)8'&,==%/)$*$%+)0=-%%
3'%8,=0,3=':%
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n& The role and value of electrical energy storage:  Y#*"%*"'%$03$*,.*#,=%
*&,.$9#$$#).%)8'&=,4$%,.-%*"'%,$$09(*#).%)1%=,&5'%&'5#).,=%9,&2'*$<%
'!"&DE=<9&#"+20'+&+!(J&'!)'&0)#:"&)/(2%'+&(7&J$%1&:"%"#)'$(%&-)%&5"&
,//)99)-,*'-%+#*")0*%-'(=)4#.5%,--#*#).,=%'.'&54%$*)&,5'%&'$)0&/'$:%
!"'%,3#=#*4%*)%$*)&'%=,&5'%,9)0.*$%)1%'='/*&#/,=%'.'&54<%*")05"<%/)0=-%
()*'.*#,==4%)38#,*'%*"'%.''-%1)&%$)9'%)1%*"'%*&,.$9#$$#).%,.-%&'-0/'%
+#.-%#.*'5&,*#).%#9(,/*$:%@.,=4$#$%)1%30=2%'.'&54%$*)&,5'%$/'.,&#)$%+#*"%
:"%"#$-&+'(#):"&'"-!%(0(:$"+&(7&4)#*$%:&-),)5$0$'$"+&J(201&H2)%'$7*&'!"&
-(+'+&)%1&5"%".'+&(7&)%&)0'"#%)'"&/")%+&7(#&)-!$"4$%:&!$:!&,"%"'#)'$(%+&(7&
&'.'+,3='%'.'&54:%

n& Transmission overlay enhancement:  @$%-'$/&#3'-%',&=#'&<%*"'%,.,=4*#/,=%
9'*")-)=)54%+,$%3,$'-%).%,%$#.5='%(,$$%*"&)05"%+",*%#$%/).$#-'&'-%*)%
3'%,.%#*'&,*#8'%(&)/'$$:%a0&*"'&%,.,=4$#$%)1%*"'%'>#$*#.5%&'$0=*$%/)0=-%3'%
2+"1&'(&#".%"&'!"&'#)%+/$++$(%&(4"#0)*+3&J!$-!&J(201&'!"%&5"&'"+'"1&$%&
)11$'$(%)0&,#(12-'$(%&+$/20)'$(%+&)%1&Q;QD&)%)0*+"+3&)0(%:&J$'!&@R&
,(J"#&6(J&)%1&+')5$0$'*&)%)0*+"+I&<!$+&-(201&#"12-"&'!"&"+'$/)'"1&-(+'+&
(7&'!"&(4"#0)*&)%1&5(0+'"#&'!"&4$"J&(7&'!"&#"H2$#"1&#":$(%)0&'#)%+/$++$(%&
'>(,.$#).%*",*%+)0=-%3'%.''-'-%*)%-'=#8'&%*"'%=,&5'%,9)0.*$%)1%+#.-%
'.'&54%*)%=),-:%

n& Sequencing of overlay development:  DE=<9&7(-2+"1&(%&)&+%),+!('&(7&)&
IOIQ%$/'.,&#)%0$#.5%,%*)(N-)+.%('&$('/*#8':%!"'%&'$0=*#.5%*&,.$9#$$#).%
)8'&=,4$%,.-%$03$*,.*#,=%,9)0.*$%)1%+#.-%5'.'&,*#).%+)0=-%3'%
-'8'=)('-%)8'&%9,.4%4',&$:%@.%,.,=4$#$%)8'&%*#9'W3'5#..#.5%.)+%
,.-%'>*'.-#.5%*)%IOIQW+)0=-%4#'=-%#9()&*,.*%#.$#5"*$%#.*)%*"'%)8'&,==%
1',$#3#=#*4%,.-%/)$*$%)1%,.%,55&'$$#8'%*&,.$9#$$#).%-'8'=)(9'.*%10*0&':%

n& Wind generation curtailment:  6$#.5%+#.-%5'.'&,*#).%/0&*,#=9'.*%
$'='/*#8'=4%,.-%,((&)(&#,*'=4%/)0=-%",8'%"#5"%)('&,*#).,=%8,=0':%
@0'!(2:!&J$%1&,0)%'+&-)%%('&$%-#")+"&'!"$#&(2',2'&)'&J$00&J$'!(2'&.#+'&
$(#==#.5%+#.-%5'.'&,*#).<%-)+.+,&-%9)8'9'.*%#$%',$#=4%,//)9(=#$"'-%
+#*"%*)-,4_$%+#.-%5'.'&,*#).%*'/".)=)54:%!"#$%/)0=-%",8'%8'&4%"#5"%
'/).)9#/%8,=0'%0.-'&%/'&*,#.%/#&/09$*,./'$:%Y#.-%5'.'&,*#).%#$%8'&4%
-),)50"&(7&q#":20)'$%:&1(J%rT&7(#&"L)/,0"3&$%&)%&)%-$00)#*&+"#4$-"+&
/)#K"'&J!"#"&'!"&#":20)'$(%&+"#4$-"&$+&5$72#-)'"1&F$I"I3&#":20)'$(%&2,&
)%1&#":20)'$(%&1(J%&)#"&+",)#)'"&+"#4$-"+GI&@11$'$(%)0&)%)0*+$+&(7&'!"&
+-"%)#$(+&+'21$"1&$%&DE=<9&-(201&!"0,&H2)%'$7*&J!)'&+2-!&)&+"#4$-"&
+)0=-%3'%+)&*"%*)%+#.-%(=,.*%)('&,*)&$:

!"'%/0&&'.*%#.$*,=='-%/,(,/#*4%)1%+#.-%5'.'&,*#).%#.%9,.4%,&',$%)1%*"'%6.#*'-%
9')'"+3&-(2,0"1&J$'!&,#(+,"-'$4"&1"4"0(,/"%'&(4"#&'!"&%"L'&+"4"#)0&*")#+3&#"H2$#"+&
*",*%,$$'$$9'.*$%)1%*"'%30=2%'='/*&#/%()+'&%$4$*'9%*,2'%,%90/"%3&),-'&%8#'+%
'!)%&!)+&5""%&'*,$-)00*&"/,0(*"1I&=%&)11$'$(%3&'!"&2%$H2"&-!)#)-'"#$+'$-+&(7&J$%1&
5'.'&,*#).%,$%,.%'='/*&#/,=%'.'&54%$0((=4%&'$)0&/'%,&'%=',-#.5%*"'%()+'&%#.-0$*&4%
*)%.'+%,((&),/"'$%1)&%(=,..#.5%,.-%,.,=4[#.5%*"'%30=2%'='/*&#/%()+'&%$4$*'9:%
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9"4"#)0&(7&'!"+"&'"-!%$H2"+&J"#"&1"/(%+'#)'"1&$%&DE=<93&)%1&)#"&)0+(&5"$%:&2+"1&
#.%)*"'&%=,&5'N$/,='%+#.-%#.*'5&,*#).%,.,=4$'$:%!"'%-,*,%$'*$%/)9(#='-%1)&%*"'%$*0-4%
&'(&'$'.*%*"'%9)$*%-'*,#='-%8#'+%*)%-,*'%)1%"#5"N('.'*&,*#).%+#.-%'.'&54%10*0&'$%
)%1&,('"%'$)0&'#)%+/$++$(%I&\$4"%&'!"&+$:%$.-)%'&-!)%:"+&-(2#+$%:&'!#(2:!&'!"&
"0"-'#$-&,(J"#&$%12+'#*3&/)%*&)0'"#%)'$4"&+-"%)#$(+&7(#&'!"&D)+'"#%&=%'"#-(%%"-'$(%&
$%&A_Ae&-)%&5"&,(+'20)'"1I&=%&'!)'&+"%+"3&DE=<9&$+&)&+(0$1&.#+'&+'",&$%&"4)02)'$%:&
,(++$5$0$'$"+&7(#&'!"&'J"%'*M.#+'&-"%'2#*&:#$1&$%&'!"&8%$'"1&9')'"+3&J$'!&/)%*&%
9)&'%*)%1)==)+:%
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