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Figure 1.  The Application and Market Benefits for Energy Storage ÐThe Values Stream (Jason Makansi: Pearl Street 2002) 
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E3HH4D"E83>01"8>"-?"3?1&H10*12"0'-?61 "(?"EDE*1<"21<-?2G"*'1 "1?1>6D"E*8>-61"0-?"
(<<12(-*14D"H>8I(21"*'1 ">1K3(>12"H8C1>"*8"<-P1"3H"*'1 "E'8>*9-44F"!?1>6D"/*8>-61"
H>8I(21E"*'1 "<8E*"941&()41">1EH8?E1"231"*8"(*E"94-*"199(0(1?0D"03>I1"-?2"9-E*">1-0*(8?"
*(<1F""

!  <&/2-"=&!>.9&%!"!;E">1K3(>12"*8"<-(?*-(? "I84*-61")-4-?01"8?"*'1 "6>(2"8?"- "480-4"->1-"
)-E(EF""8*' "E*-*(0"-?2"2D?-<(0"H>8I(E(8?"89">1-0*(I1"H8C1>"0-?")1 "H>8I(212F"

!  ?4/2:!,-/%-!"",'1 "1?1>6D"E*8>-61"0-?")1 "3*(4(]12"-E"-?"1?1>6D"E83>01"*8"H>8I(21"
1410*>(0(*D"*8"*'1 "*>-?E<(EE(8?"EDE*1<"C(*'83*"-001EE"*8"*'1 "?8><-4"6>(2"H8C1>"E3HH4DF";*"
(E"3E12"*8"H8C1>"6>(2"08?*>84E"E8"*'-* "- "_)4-0P"̀6>(2"0-?")1 ">1!1?1>6(]12F""

!  !%&@$&*2+!A.*-%.4!N"B1634-*(8?"89"9>1K31?0D"8?"- "480-4"->1-")-E(E"*'>836' "(?U10*(8?"89"
>1-0*(I1"-?2d8>">1-4"H8C1>"0-?")1 "H>8I(212F"
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!  W*(4(](?6"1?1>6D"E*8>-61"0-?"*-P1"-2I-?*-61 "89"H>(01"2(991>1?*(-4E")1*C11?"51-P"-?2"899!
51-P"H>(0(?6"89"1410*>(0(*DF""58C1>"0-?")1 ")836'* "-?2"E*8>12"23>(?6"899"H1-P"*(<1E"-?2"
E842")-0P"(?*8"*'1 "<->P1*"23>(?6"H1-P"H>(01"*(<1E"X"B$+!4.9C!;&44!D"#DF";?"-22(*(8?"
3?3E12"899!H1-P">1?1C-)41"1?1>6D"NC(?2"89*1?")48CE"<8>1"-*"?(6'*O"0-?")1 "E'(9*12"*8"
2-D*(<1"3E1"6-(?(?6"-2212"I-431F!

!
P#*+"$%)*"!3',)'C!Q!P%()"%,!R'C'$.'*" !

!  !?1>6D"E*8>-61"0-?")1 "- "<1-?E"89"E-I(?6"H1-P"21<-?2E"8?"8*'1>C(E1"3?21>3*(4(E12""
H8C1>"4(?1E"*'1>1)D"(?0>1-E(?6"*'1 "-EE80(-*12"214(I1>12"0-H-0(*D"(?"J\ "8?"- "?1*C8>P"
H-*' "*'-* "(E"8*'1>C(E1"08?E*>-(?12F",'(E "C8342"-4E8"-HH4D"*8"61?1>-*(8?"H1-P"21<-?2E"
1?-)4(?6"2191>>(?6"0-H(*-4"1&H1?2(*3>1EF""58C1>"EDE*1<"0-H(*-4"08E*E"'-I1 "283)412"8I1>"
*'1 "4-E*"*C8"D1->E"2>(I1?")D"<-?D"9-0*8>E"9>8<"<-*1>(-4E"E'8>*-61E"231"*8"1&01EE(I1"
21<-?2E"*8"9314"08E*"08?I1>61?01E"-E"C144"-E"9-0(?6"(?0>1-E(?6"1?I(>8?<1?*-4"
H1><(**(?6">1E*>(0*(8?E"-?2"08E*E9!
!

3',)'C!C#$!@'%K!R)+"$)H<")#*!+0+"'.+ !8#**'8")*& !R)+"$)H<"'E!S'*'$%")#* !

!  ,'1 "<-U8>(*D"89"2(E*>()3*(8?"EDE*1<E"->1"H-EE(I1"C(*' "- "3?(2(>10*(8?-4"948C"89"H8C1>"
9>8<"*'1 "'(6' "I84*-61"*>-?E<(EE(8?"6>(2"*8"*'1 "48C"I84*-61"48-2EF"",'1 "(?0>1-E1"(?"*'1 "
-<83?* "89"61?1>-*(8?")1(?6"08??10*12"*8"*'1E1"2(E*>()3*(8?"6>(2E"(E"0'-?6(?6"*'(E"
H->-2(6<F""ZE"<8>1"2(E*>()3*12"61?1>-*(8?"(E"08??10*12"*'1 "948C"89"H8C1>"(E"?8"48?61>"
9>8<"'(6' "*8"48C"I84*-61")3*"0-?"89*1?"948C")-0P"3H"(?*8"*'1 "<-(? "6>(2F""V(E*>()3*(8?"
EDE*1<E"->1"E8<1*(<1E"C1-P"-*"*'1 "480-*(8?E"C'1>1"(*"(E"<8E*"E<(*12"98>">1?1C-)41"
61?1>-*8>E"*8"08??10*F"",'1 "<-(? "*10'?(0-4"4(<(*-*(8?"(E"89*1?"*'1 "E*1-2D!E*-*1"I84*-61"
41I14"89"*'1 "6>(2"231"*8"*'1 "H8C1>"948C"9>8<"*'1 "?1C"61?1>-*(8?F""V(E*>()3*12"
480-*(8?-44D"EH10(9(0"E*8>-61">1E84I1E"*'(EF"";?"-22(*(8?"(?"E1I1>-4"0-E1E"C'1>1"2(E*>()3*12"
61?1>-*(8?"(E"08??10*12"(?"C1-P"6>(2EG"(*"'-E "*8")1 "03>*-(412"23>(?6"H1>(82E"89"'(6' "
E3HH4D"8>"48C"48-2"X"*'1 "08(?0(21?01"(EE31F"\'1? "*'(E"-HH4(1E"*8">1?1C-)41"1?1>6D"*'(E"(E"
C-E*12"8>"EH(4412F"Z6-(?"E*8>-61">1E84I1E"*'(EF"

5#6'$ !T<%,)"0!Q!3',)%H),)"0!"!E'.%*E !+)E'!%*E!+<((,0!+)E'!.%*%&'.'*" !

!  W?(?*1>>3H*()41"58C1>"/3HH4D"NW5/O"X"!<1>61?0D"58C1>""-0P3H""

!  A84*-61"/3HH8>*"f "Y4(0P1>"=8<H1?E-*(8?F"";*"(E"H8EE()41"*8"H>8I(21"H8C1>"K3-4(*D"
(<H>8I1<1?*E"*'>836' "480-4"I84*-61"E3HH8>*"-?2"-0*(I1"9(4*1>(?6"C'(0' "(E"(?*>(?E(0"*8"
H8C1>"1410*>8?(0E"08?I1>*1>E"H>8I(212")D"E8<1"98><E"89"E*8>-61"

!  B(21"*'>836' "98>"A84*-61"/-6E"!
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!  ,'1 "(?*16>-*(8?"89"- "!// "0-?">12301">3?"*(<1G"9314"08?E3<H*(8?d08E*E"-?2"<(?(<(]1E"
H8443*(8?"1<(EE(8?E"9>8<"2(1E14"61?1>-*(8?F"

!  ,'1 "(?*16>-*(8?"89"- "!// "C(*'(?"- "'D)>(2"EDE*1<"X"08<)(?12"C(?2"-?2"2(1E14"X"0-?"
1?'-?01 "199(0(1?0(1E"-?2"(<H>8I1">14(-)(4(*D"

"
O.)++)#*!P#*"$#,+!!

!  !<(EE(8?">1230*(8?E"98>"?-*(8?E"-E0>()(?6"*8"*'1 "gD8*8"H>(?0(H41E"(E"- "I1>D">1-4"0'-441?61F"
,'1 "?-*3>1"89"H8C1>"21<-?2 "(E"E30'"-E"*8">1K3(>1"H1-P(?6"61?1>-*(8?"98>"E'8>*"H1>(82E"
23>(?6"1-0' "2-DG"*DH(0-44D"H>8I(212")D"?-*3>-4"6-E"H4-?*EF"N;?">1<8*1"->1-E"8>"(E4-?212"
6>(2E"*'(E"(E"89*1?"H>8I(212")D"2(1E14"61?1>-*(8?FO",'(E ">1E34*E"(?"1&*1?E(I1"6>11?'83E1"
6-E"-?2"H->*(034-*1"1<(EE(8?EF"/*8>-61"H>8I(21E"- "C-D"*8">12301"*'(E"61?1>-*(8?"?112"
-?2"'1?01"-0'(1I1 "gD8*8"H>8*8084"-?2"04(<-*1"0'-?61 "8)U10*(I1EF";?"-22(*(8?"*8"*'1E1"
1<(EE(8?">1230*(8?E"*'1 "3E1"89"E*8>-61"-0*E"-E"- "H3>1"108?8<(0"2>(I1>">1230(?6"*'1 "
1&H8E3>1"89"3*(4(*(1E"*8"?-*3>-4"6-E"H>(01">(E1"-?2"I84-*(4(*DF"""

U9 @A%"!%$'!"A' !8#..#* !C#$.+!#C!+"#$%&'D!

/*8>-61"(E"E1H->-*12"(?*8"983>")>8-2"*DH1ES"

!  QD2>81410*>(0"XH3<H12"E*8>-61" ""

!  J10'-?(0-4 "X"94DC'114E""-?2"08<H>1EE12"-(>"1?1>6D"E*8>-61""

!  ,'1><-4 "X"<84*1?"E-4*EG"'8* "C-*1>""

!  !410*>80'1<(0-4"X")-**1>(1E"-?2""'D2>861?"

O,'8"$#8A'.)8%,!

,'1 ")(661E*"0'-441?61E"*'-* "'-I1 "9-012"1410*>80'1<(0-4"E*8>-61"*10'?8486(1E"3H"3?*(4">101?*4D"
'-I1 ")11?"*'1(>"(?-)(4(*D"*8"0D041">1H1-*124D"(?"- "211H"2(E0'->61"9-E'(8?G"C(*' "E399(0(1?*"
>14(-)(4(*DG"199(0(1?0D"-?2"08E*"19910*(I1?1EEF",82-D"-?2"98>"*'1 "98>1E11-)41"93*3>1"N4(P14D"7$"
D1->EOG"*'1>1"->1"8?4D"*C8"EDE*1<E"*'-* "0-?"-0'(1I1 "E0-41"(?"*'1 "J\ ">-?61F"AB"!!//h "-?2"
/82(3< "/34H'3>"NTZ/OF",'1>1 "->1"E1I1>-4"<10'-?(0-4"EDE*1<E"E30'"-E"94DC'114E"-?2"
=8<H>1EE12"-(>"1?1>6D"EDE*1<E"N=Z!/O"*'-* "'-I1 ")11?"->83?2"98>"<-?D"D1->E")3*"'-I1 "1(*'1>"
48C"1?1>6D"E*8>-61"0-H-0(*D"NJ\'O "8>"->1"(?199(0(1?*"8>">1K3(>1"618486(0-4"98><-*(8?E"*8"1?-)41"
E0-41F"@?4D"1410*>80'1<(0-4"E*8>-61"(E"E3(*12"*8"2(E*>()3*12"-HH4(0-*(8?"8?"-?D"<1-?(?6934")-E(EF"
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E<?!!4.9 !?/--&%+!"!E<?"),, !

,'(E "*10'?8486D"9-44E"(?*8"*'1 "0-*168>D"89"948C")-**1>(1EF",'1 "AB"!!// "(E"-?"1410*>(0-4"1?1>6D"
E*8>-61"EDE*1<")-E12"8?"*'1 "H-*1?*12"I-?-2(3< !)-E12">128&">161?1>-*(I1"9314"0144"*'-* "
08?I1>*E"0'1<(0-4"1?1>6D"(?*8"1410*>(0-4"1?1>6DF""!?1>6D"(E"E*8>12"0'1<(0-44D"(?"2(991>1?*"(8?(0"
98><E"89"I-?-2(3< "(?"- "E34H'3>(0"-0(2"1410*>84D*1F"",'1 "1410*>84D*1"(E"H3<H12"9>8<"E1H->-*1"
E*8>-61"*-?PE"(?*8"948C"0144E"-0>8EE"- "H>8*8?"1&0'-?61"<1<)>-?1 "N5!JO"C'1>1"8?1"98><"89"
1410*>84D*1"(E"1410*>80'1<(0-44D"8&(2(]12"-?2"*'1 "8*'1>"(E"1410*>80'1<(0-44D">123012F"",'(E "
0>1-*1E"- "03>>1?*"*'-* "(E"084410*12")D"1410*>821E"-?2"<-21 "-I-(4-)41"*8"-?"1&*1>?-4"0(>03(*F"",'1 "
>1-0*(8?"(E">1I1>E()41"-448C(?6"*'1 ")-**1>D"*8")1 "0'->612G"2(E0'->612"-?2">10'->612"*1?E"89"
*'83E-?2E"89"*(<1EF";*"'-E "?8"1<(EE(8?E"-?2"(*E"1410*>84D*1"?1I1>"C1->E"83*"<-P(?6"(*"*'1 "48C1E*"
08E*"E*8>-61"EDE*1<"8?"- "4(91"0D041")-E(EF";*"(E")1*C11?"[L "-?2"%$e"199(0(1?*">83?2"*>(H"-?2"'-E "
I1>D"48C"<-(?*1?-?01"08E*E"*'>836' "(*E"3E1"89"H4-E*(0"H(H(?6"-?2"*-?PEF";*"281E"?8*")3>?"-?2"0-?"
)1 "E0-412"*8"'3?2>12E"89"J\' ")D"-2U3E*(?6"*'1 "-<83?* "89"1410*>84D*1"(?21H1?21?*4D"89"*'1 "
H8C1>F";*E"0-H(*-4"08E*E">-?61"9>8<"iL$$ "*8".$$dP\' "-*"H>1E1?*F"

,'1 "AB"!!// "0-?"19910*(I14D"E<88*' "C(?2"(?*1><(**1?0DG"-E"H>8I1?"(?"E1I1>-4"(?E*-44-*(8?E"8I1>"
<-?D"D1->EF";*"'-E "-0'(1I12 "8I1>"#%$G$$$"0D041E"8?"- ":# "J\ "C(?2"9-><"3E(?6"- "aJ\ "AB"!!//F ""
T8"8*'1>"E*8>-61"*10'?8486D"0-?"28"*'(EF"

;*E"2>-C)-0P"(E"*'-* "(*"(E"41EE"1?1>6D"21?E1"*'-? "8*'1>"*10'?8486(1E"E8"8003H(1E"<8>1"EH-01")3*"
C'1? "083H412"*8"C(?2"9-><E"*'(E"(E"?8*"89"08?E1K31?01F"

F&/0!G2"0!?/--&%"&;!

+1-2"-0(2")-**1>(1E"'-I1 ")11?"(?"3E1"98>"7$$"D1->EG"H>(<->(4D"(?"<8*8>"I1'(041E"-?2"W5/"EDE*1<EF"
,'1D "->1"3?-)41"*8"0D041"<8>1"*'-? "-)83* "#L$$"*(<1E"-?2"0-??8*")1 "211H"2(E0'->612"C(*'83*"
E1I1>1"2-<-61 "-?2"4(91"0D041">1230*(8?F"ZE"- ">1E34*"*'1D"->1"?8*">1-44D"-HH4(0-)41"*8"4->61"E0-41"
211H"0D04(?6"E*8>-61F",'1 "(?(*(-4"-0K3(E(*(8?"08E*"98>"- "<34*(!<16-C-** "'83>"EDE*1<"(E"->83?2"
i7LL$dP\' "C(*' "L"*8"%"D1->">1H4-01<1?*EF";*"(E"- "<-*3>1"*10'?8486D"C(*' "I1>D"4(**41">88<"98>"
-?D"H>(01">1230*(8?E"8>"H1>98><-?01"(<H>8I1<1?*EF"""

H"*2!?%.6"*&"!H?%!

,'(E "EDE*1<"(E"H>823012")D"*C8"08<H-?(1EG"- "H>(I-*1"W/Z"08<H-?D"-?2"j""G"-?"Z3E*>-4(-?"
H3)4(0"08<H-?DF"";*"9-44E"(?*8"*'1 "0-*168>D"89"948C")-**1>(1E"E(?01"*'1 "1410*>84D*1"N1?1>6DO"(E"
E1H->-*1"9>8<"*'1 "H8C1>"61?1>-*(8?"08<H8?1?*F",'1>1 "->1"E1I1>-4"C8>42C(21"21<8?E*>-*(8?"
(?E*-44-*(8?EF"@?1"89"- "a$$P\' "EDE*1<"(?"*'1 "V1*>8(*"!2(E8?"->1-G"- "U8(?*"1998>*"89"j"" "-?2"
/-?2(- "T-*(8?-4"+-)8>-*8>DG"-?2"- "EDE*1<"(?"=-4(98>?(-"EH8?E8>12")D"*'1 "=-4(98>?(-"!?1>6D"
=8<<(EE(8?F"";?"1-0' "0144"89"- "j?"> ")-**1>DG"*C8"2(991>1?*"1410*>84D*1E"948C"H-E*"0->)8?!H4-E*(0"
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08<H8E(*1"1410*>821E"(?"*C8"08<H->*<1?*E"E1H->-*12")D"- "<(0>8H8>83E"H84D8419(?"<1<)>-?1F"
;*E"8H1>-*(8?"(?I84I1E"*'1 "H4-*(?6"-?2">1<8I-4"89"*'-* "08-*(?6"8?"-?"1410*>821"23>(?6"1-0' "0D041F"
,'(E "4(<(*E"*'1 "4(91"-?2"E(]1"89"*'1 "EDE*1<F"">8<(?1"6-E"(E"-4E8"- "2(99(034*"0'1<(E*>D"*8"<-?-61F"
,'1 "?3<)1>"89"0'->61!2(E0'->61"0D041E"(E"4(<(*12"*8"-)83* "#GL$$F",'1 "?1*"V="199(0(1?0D"89"*'(E"
)-**1>D"(E"-)83* "%LeF""
"

,.0"$6 !,$43D$%I8/,J!

Z"T-/ ")-**1>D"08?E(E*E"89"4(K3(2"N<84*1?O"E3493>"-*"*'1 "H8E(*(I1"1410*>821"-?2"4(K3(2"N<84*1?O"
E82(3<"-*"*'1 "?16-*(I1"1410*>821"-E"-0*(I1"<-*1>(-4E"E1H->-*12")D"- "E84(2")1*- "-43<(?-"01>-<(0"
1410*>84D*1F",'1 "1410*>84D*1"-448CE"8?4D"*'1 "H8E(*(I1"E82(3<"(8?E"*8"68"*'>836' "(*"-?2"08<)(?1"
C(*' "*'1 "E3493>"*8"98><"E82(3<"H84DE349(21EF""V3>(?6"2(E0'->61G"-E"H8E(*(I1"T-l "(8?E"948C"
*'>836' "*'1 "1410*>84D*1G"1410*>8?E"948C"(?"*'1 "1&*1>?-4"0(>03(*"89"*'1 ")-**1>D"H>8230(?6"-)83* "#"
I84*EF",'(E "H>801EE"(E">1I1>E()41"-E"0'->6(?6"0-3E1E"E82(3<"H84DE349(21E"*8">141-E1"*'1 "H8E(*(I1"
E82(3<"(8?E")-0P"*'>836' "*'1 "1410*>84D*1"*8">108<)(?1"-E"141<1?*-4"E82(3<F",'1 "T-/ ")-**1>D"
8H1>-*1E"-*"'(6' "*1<H1>-*3>1E"N:L$=O"-?2"(*E">83?2*>(H"EDE*1<"199(0(1?0D"(E"-HH>8&(<-*14D"[$ "*8"
[LeF"

,'1 "08E*"89"*'1 "TZ/ ")-**1>D"H>823012")D"Tmg"89"R-H-?"(E"i#L$$dP\ "98>"- ":FL"'83>"EDE*1<F"";*"(E"
0-H-)41"89"-)83* ":$$$"211H"0D041EF"""";*"'-E "*C8"-HH4(0-*(8?"E(*1E"(?"*'1 "W?(*12"/*-*1E"-?2"-)83* "
#$$J\ "(?E*-4412"(?"R-H-?F"",'1 "TZ/ ")-**1>D"'-E "- "'(6' "1?1>6D"21?E(*D")3*"08<1E"(?"9(&12"E(]1E"
89":FL'83>"L$P\ "-?2"%'83>"L$P\ "<82341EF",'1 "TZ/ ")-**1>D"'-E "4(<(*-*(8?E"C(*' "0'->61"
<8?(*8>(?6"-?2"H->*(-4"0'->61d2(E0'->61"0D04(?6"<-P(?6"(*"41EE"E3(*-)41"98>"C(?2"*DH1"
-HH4(0-*(8?EF";*E"03>>1?*"08E*E"'-I1 "->63-)4D")11?"2>(I1?"28C?"*'>836' "R-H-?1E1"E3)E(2(1E"-?2"
*'1 "[[J\ "I843<1G"E8"93>*'1>"<-U8>">1230*(8?E"->1"4(P14D"4(<(*12F"

F"-D"$6"".* !

+(*'(3<!(8?"'-E "'(6' "1?1>6D"21?E(*DG")8*' "6>-I(<1*>(0"-?2"I843<1*>(0G")3*"H>1E1?*4D">1K3(>1E"
<8>1"21I148H<1?*"98>"E*-)(4(*D"(?"4->61"EDE*1<EF"J-?39-0*3>12"H>8230*">1K3(>1E"E(6?(9(0-?*"
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Projected VRB-ESS Cost at Various Manufacturing Volumes   
(as % of current Cost)

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

Current  10 MW 100 MW  
Cumulative Manufactured Volume 

T
ot
al 
S
ys
te
m 

 PCS and Controls Balance of Plant Cell Stacks Electrolyte 
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