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ƯƱ�ïƲÍ[ń/ģ±�ƱJEPICƲ
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ƯNYoƽNYo�t/PSCŏNY-ISOŏCon-EdisonŏAvanGrid
UBSŏMoody’s

ƯCAoƽCECƱo�tƲŏCA-ISOŏPG&EŏSMUD
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Ư%žƖũsTlĿƱĮńćƲŏPTlĿƱĻńćƲŏ�ċũŁĲ
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ƁƫƛſƬƕźoũBalancing-GroupŦńÃ�¶ċ
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Ʊ&�ƲCA-ISO

CALOFORNIA-ISO

SDG&E

PG&E

SEC

LADWP

SMUD

PG&E

ŒńÃ�¶ċũŋSœ
ƯIOUsƽInvestor owned Utilities

PG&E
SCE
SDG&E

ƯPOUsƽPublicly Owned Utilities
(Municipalities )

LADWP
SMUD

ƯCO-OP



ƁƫƛſƬƕźoũń/��Ʊ¸ĖƲ

ŎBoũÕ}

Ư�á÷6�ũāÏĘ¼Ʊûŏ�ŏ£ŏ×ŏďƾ0oƾ�ƲŐ
ƯÛWť�áƱ"ûƲŹƫưƓŐJurisdictionŪĲĸ�tŨj�Őº
őŧÛWŏžƖƬƃƳ�ùŹùdƯe¡Ő

Ư^ł ãńĞĉļŪ"ûũý6.

ŎĎÞ4ŏ¶á¹ıŏU¯ŪRéĄA

ƯĹ'ĎÞ4Ő

Ư3]ƨƐƫƐŻƱIOUsƽInvestor-owned UtilitiesƽPG&EŏSCEŏ
SDG&EƲŪĮńŏĻńŏkYƱ]>ŪĎÞ4ƲŏãńƱ�ĹĞ�
�­Ʋ�¶Źe¡ŐPUCƱ#æ�¶`F�ƲũĘ+Ź=ŚŶŐ
ƯČ¨ŨƁƫƛſƬƕźžƖƬƃƳ8½Ʊ1999ǋ2000rƲŐ
ƯLADWPŏSMUDøũpHń/�ïƱMunicipalitiesŏPOUsƽ

Publicly Owned UtilitiesƲŏCo-opø\řũ�¶ċŗaOŐCEC
Ʊo�tžƖƬƃƳ`F�ƲŗçëŐ
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ƁƫƛſƬƕźoũÛWƯžƖƬƃƳ�ù

ƯÑg1°ƂƋƱGHGƲ,Ðè»ƱAB32Ʋ
*2020ruŭťŨ1990ruŦBÄÓ
*2050rŭťŨ80%,ÐƱj1990rƲ 30rŭťŨ40%Ʊì�è»Ʋ

Ư%žƖ§;
*RPSƽ2030rŭťŨ50%ŏ20rŭťŨ33%ƱSB350Ʋ
*ì�è»ƽ]Ę¼800�kWŏkĘ¼1200�kWƱ2020rƲ
*kĘ¼%žƖ§;
*^ł ãń§;ƽSolar-InitiativeŏNEMø

ƯêžƖ�ĳ

*êžƖ1°2030rŭťŨ2�ŨƱSB350Ʋ *êń/�De-Coupling
*ZEHŏZEB *ì�è»ƽ¢aƙƬũêžƖ50%D�Ʊ2030rƲ
*ZEVƽ230�@Ʊ2030rƲŏ *ì�è»ƽƂƌƫƮ�a5.,ÐƱ2030rƲ

ƯDER§;
*StorageƽIOUsŨģĵĊ2�ŚƱAB2514Ʋ
*DR ƽ IOUsŨƚưƄũ10% ģĵŹĊ2�ŚƱ 2025rŏAB1330Ʋ 7

0oũãńń/ļ¹�Ʊ2014ruƲ
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All renewables:20.38% of Generation Mix

Ʊ&�ƲCEC

0o%žƖãńń/ļũ�ò
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2015r
RPSƽ

50%/30r

2002r
RPSƽƸ0%/17r

2010r
RPSƽ20%/10r
Ñ©4jùÊ�õ

2011r
RPSƽ30%/20r



ƸƴƁƫƛſƬƕźISO
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I5®Á9�³ũ�òƱCA-ISOƲ
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ƚưƄ¦

ƀƛƚưƄ¦

Ʊ&�ƲCA-ISO

CA-ISOũŅăĕî Ʊ7/8/2016Ʋ
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6�ƽMW

Net-demand
À�ŅĖ

%žƖãńļŅă�ò

Ʊ&�ƲCA-ISO

ƎƏƄƁưƜŦRump-need
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6�ƽMW

6�ƽMW

Ʊ&�ƲCA-ISO

ƯDuck-CurveŪ9pV<wťj~?č
ƯRE50%Ū?čŐ



Energy Imbalance Market (EIM) ���
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Ʊ&�ƲCA-ISO

Ƴ2014r11¬ųŵŏƫźƬƍżƤpVŹ
o[BAAsƱBA-AreasƲŨű�xŐ
Ư:0BAAǊ

*CA-ISOŏǂǃǄǆǅǆǁǇǉǈƱ2014/11Ʋ
*NV-EnergyƱ15/12Ʋ
*Puget-Sound-EnergyƱ16/1Ʋ
*Arizona-Public-ServiceƱ16/1Ʋ
*Portland-General-ElectricƱ17Ʋ
*Idaho-PowerƱ18Ʋ

Ư<wpV
*FMMƽFifteen-Minute Market (15')
* RTDƽReal-Time Dispatch (5')

ƯĢŊ
*RPSƬưƬøũģ�
*�Ç(�ƾƉƋƐƤ(�

EIM�düĄiļ
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Ʊ&�ƲCA-ISO

EIM<wŦšũ1°Ʊ2016ru÷ƹI5®Ʋ
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EIM<wũ1° Ʊ6�ƽä�ƓƬƲ

Flexible ramping procurement diversity savingƱMWƲ

EIMũ<wÖÉ (6�ƽMWh)

Ʊ&�ƲCA-ISO

CA-ISOPÔÁ9pV�³ũĕîƱ15'ÁƲ
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Ʊ&�ƲCA-ISO



CA-ISOũ¸ĖŦ{.Ʊ%�+αƲ
ƯBAƱBalancing-AuthorityƲťIOUžƫźŹ�yƱ80~85%ƲŐ
ƯƉƋƐƤƀƟƭưƉƩƮƱüĄĴÝƲŹe¡Ő

ƯƢưƆƏƒƀƟƭưƉƩƮŹe¡ƱnodesŏlocationsƲŐ
*1£-pV
ƳƼ£-ǋ1£-ŏ13¦ŨĂ°ãĕ

*ƫźƬƍżƤpVƱ15'ŀŏ5'ŀƲ
Ƴ-£13¦ǋy£75'-ŏ30'-Ũãĕ

*źƮƉƔƫưpV
ƳRegulation energyƱupŏdownƲ
ƳSpinning reserveƱ10'ŀƲŏ non-S.RƱ10'�$Ʋ

ƯEIMƱEnergy Imbalance MarketƲũĴH
*2014r11¬ųŵŏƫźƬƍżƤpVŹo[BAAŨű�xŐ

ƯDERũpV:0ŨţŕŤ
*Ę¼Ė�ƽ0.5MW��
*ĴÝUÓƱOperation-RequirmentƲŏăńUÓƱDispatch-InstructionƲ
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ƹƴ]Ę¼ƨƐƫƐŻŏ
PG&Eũ��
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PG&Eƽ¸Ė

20
Ʊ&�ƲPG&E

427pondsCO2/kWh
ûNqQŪ1232P-Co2
Ʒpound=0.45kg

PG&EƽħYń/ũģĵÖÉƱ2015rƲ

21
Ʊ&�ƲPG&E



ńÒ¹�ũ�òƯėįŝ
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Ʊ&�ƲPG&E

PG&Eú$^ł ãńĞĉļũ�òŦ	�
ƱÿěƞưƋƲ
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Ʊ&�ƲPG&E

Ư"û«]ũPVŌfƱ23�ŏ2.Ʋ
Ư6000ī/¬ũƟưƋťX0
Ư6rŀťƇƋƒ5.�Đ
ƯX0ĖKƽ�Ĕĳ¿ŏƇƋƒ�Đŏ
�ù��ŏŌfķ�Ư+|ŏ
ƱƫưƋĿ_2009rƲ

ƁƫƛſƬƕźoũ%žƖ�ĳù
RPSŦÕ)ģĵ
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Ʊ&�ƲPG&E

]Ę¼ƨƳƐƫƐŻPG&Eũ��

ƯƁƫƛſƬƕźo«]ũžƖƬƃƳƯƨƐƫƐŻƱIOUƲŐ
Ư0oń/8½¦Ʊ2000rƲŨ�ïªÜÊßĤ
Ư�kĘ¼ŅĖhŪkYŵ�ăĊ2Ő

PUCũĘ+Ź=ŚŶŐISOŗƗƪƮƉƮƅe¡Ő
ƯGHGŏ%žƖŏêžƖŏDERŏĒńÅø\řũ�ùĖĤŹ=ŚŶŐ
ƯƑƁƏƝƫƮƅøũĻ�űŔŶŗŏ²�ġ¥ŹEŰL�ŝŤŕŶÖ
ÉŐ

ƯÕŨŏBTM§;ũzŉŗ]ŘřŏśũjùŨË/Ư�t�ĚŐ
* BTM+uėéŝ * ƇƣƧƕƐŻƌưƪư+u
* o[]Ę¼%žƖũRPSƁŽƮƒ

ƯDER§;�ùŨjŝŤűŏĻńěàŲ�Ľ+uŨ�ŶµĜŹƯ�
´Źe¡
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ƺƴƁƫƛſƬƕźoũ
pHń/�ïSMUDũ��
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ƈƄƪƥƮƒpHń/ƱSMUDƲũ¸Ė
pÂŗĴHşŶƋéĄASũƨƐƫƐŻ

27

Ʊ&�ƲSMUDƽSacrament Municipal Utility District

Public Owned Ư11,000GWH sale

%žƖńÒũĘ¼Ŧ¹�Ʊ2014rŏ2020rƲ

28

ƸƶƷƺruƽ2795GWHŏ26% ƸƶƸƶruƽ4070GWHŏ39%

Ʊ&�ƲSMUD

BTMƌưƪưũ§;ŦĢŊƯjù
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BTMƱBehind-the-MeterƲũ§; jùŦBTMũ§;	�

NEM�ťũ
Solar-CityŦũö


Ʊ&�ƲSMUD



Ŗ3ŰńÃ�ĽƽRTOU

30Ʊ&�ƲSMUD

ğ(ũpHń/�ïSMUDũ��
ƯSMUDƽSacrament	Municipality	Utility	District ƵRéĄAŏBA

ƯƁƫƛſƬƕźoĺƈƄƪƥƮƒpŗĴHşŶń/�ïŐķ�ťķūŷ
Ţ7CũƠưƓƥƮƗưŨųŵĴHŐ��ÆdĬİŏ�ÂŨĭŕŏ'�
SƉƋƐƤ¦�ŨĶşŶƉƋƐƤŦũğ�űŐ

Ưņ*æĀĈťŏ1Øŗųřŏ�ĽŪ�ŕŐ

Ưo#æ�¶`F�ƱPUCƲũĘ+jĦ[Ő�ĽøĎÞŨÆŰŴŷŶŐ

ƯpÂ�Dũ�ŏo�tŹ�JŶè»ŹĞdŐ

Ư^ł ũ�Xťŏ�Ţŧ�¶ƦƑƬŹó·åŨ¼þŐDER§;Ŧ�ƦƑ
Ƭũ�õŹµĜŐ

*	�Ľ�ùƽTOUƯCPPŏƑƢƮƓ�ĽŏMdĨũ'Ńø
*	ƋƢưƒƅƫƏƓŏDERpV��
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ƻƴCAoń/�ňũŭŦŰ
ƯCAoŪŏ�áŹƫưƓşŶÛWƯžƖƬƃƳ�ùŹąĆŐ
ƯjùŪŏpVŦĘ+ũĀŮAŸŠŐ

ƯÕŨ^ł ũX0ŪđŝřŏĞĉļŪ"ûũ6.Ź7ŰŶŐ

ƯÎĨċŗķ�şŶ� ťŏƎƏƄƁưƜũ&ÙƯ�ľ4ŏ
ƬưƛƒƏƝPVŗ§;şŶ�ťŏƨƐƫƐŻŗéŇşŶĢŊ
ŗĕŇ4ƱƑƋƋƘżƪƬƿƲ

ƯISOŪŏpVĴHŹo[ŭť�]ŝŏŭŢĒńÅƯDRøũƛƭ
ƄƉƙƫƐŻũ<!ŷøŨųŵŏƎƏƄƁưƜŬj~Ő

ƯIOUƱðHƲŪŏ�Ľ+uũZªŏo[]Ę¼%žƖũÌÝ
øŹ�´şŶűŏ�ùÆdŨ¦ŀŹĖşŶŐ

ƯPOUƱ#HƲũ�ŨŪŏpÂŦũjĠŹįŞŤŏŁ�ċŗwin-
winŦŧŶ�ĽĞdøũjùŗĳůŐ


