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SES| Heat Recovery with Hot Water System Energy Schematic
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M EE H B b A S22 San Ramon WFZE L OMIIFSE BB — » By TR 42
RETRCEE R KPS CE)TERLEE S 48T > Volt-VAR Optimization (VVO) AT -8
FLFR - ] BRI AC B BR €5 (L TC transformer) ~ B4R DAVSHEASS « A EE
B BN S 240 - RESE B BRI AR AR BB AT (H R AR R Bl & L
AR B BRI 2 BGOSR ME AT nI Bz i E - 2 AT E AR BRI (Conservation
Voltage Reduction, CVR) » fEARMERFEFE T 1~2%EHRETEH] -

5 BrEER B S A R A5
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l Bl 6 AR&R R R R R A T

PG&E CL5e B BER L4 - HAAR 2% » PG&E HYEREBLE
ATVEAH AR JRAE San Ramon #8717 © PG&E FHATH A 2B FRAFFR A PLC 4831 » 4
HARy A EHeEE nlm e 750K - (B2 EEREEN F] 50 B 5HF - PG&E 453 S48t A
BT o R E EEHUBER R - T 2edeny PLC BB -

H Bl PG&E B F47H Silver Spring Networks HYEER 247 » #BEHIEAH(NIC,
Network Interface Card) A Ri{[E#EAEETT « — (B 2.4GHz #HEZ(ZigBee) * 1EF
B E H P EEE R E  SS—{EfEH 900MHz #HES » 1 RAEREE A EE

BRI T

Silver Spring Networks AY#AEAH4E 7% [Pv6 » RIFE mesh 48R&E(ERHENEF] -
(5B — S P BB RE A B BE B RV DR o Il SRR S Y B R S B (hop
count);& 16 ° 1F PG&E B M » H % hop count A E#E 9 5k A LACRFFNEIGHY A
FEERLA 2 (data throughput) B58EEHIZAH - hop count 1 B2 9 HYZZ S RELIME 5~10%
EHEIE R payload size) Ry 100 bytes Hf > T (down-linkn) EREAFRL Ky 13
kbps > A7 (up-link) BRI ZEY By 15 kbps 5 E#ERIA/ N payload size) &y 1400 bytes
Rf > NTERDAAREY Ry 30 kbps - EITERNARE Ky 33 kbps » EE3Z MIEEIRER
BHELAERE RS o 2 F EE % 2 [HIAY mesh 48 > Silver Spring Networks B il —{# & +H
PR A LAUGAE 3500 ELEERVER) - 1 PGKE £7HENEE mesh 485E > (15— (E4E

s ZULEE] 9000 BERAVER} - SrpEsil NIC Z MY E SR EERELY K 3
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I > T EEFRNIC) Z AR E AR ANEEREAY Ry 0.25 M - Serhgsny EA a1
Ba TR U —(E LKA IR -

HNETHE > PG&E WERERIEEHIER 1 /NT  BPRHPAIR 15 71
o ERENE 4 /N A ER O E R - sz T as A IR R B B AR ES
ROHIZS DLRCRES BB B R By & EH » PG&E REYAE T 5 FAYIFRISERE 550 &5
S RAAE > BATEITHENEF] - San Ramon #5E A B 1 PG&E £Ji# NIC
MIERE Ry 35 55T » S EREEE RV DI - NIC BEARE2E 100 5T ©

NIC 7 NAN 48#& ] £ 902~922MHz B¢ 2400~2483.5MHz (B A5/ FIFEER) »
HEmE R Ky 6.25kbps~2.4Mbps » SRy FHSS » S K23 E IW 5 HAN
HEPEERF 2400~2483.5MHz #EE% » B ZigBee Smart Energy Profile 1.1 » BT
B 10~200mW ©

FH Silver Spring Networks FY4EUIEISE] NIC $EFA/HEEREE S ANSI
C12.18/19 B DLMS-COSEM - £ FIAZEAE[E F Jig o i Y S BE FR Bl 2 e US A 4H Ay B 23 1
BIRKHIER -

l 7 San Ramon #H5E 0 HIEA RV T 28R
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8 PG&E BEELRZLATHE A ERED S

O PG&E HYEZE I as R B S ERAVEN AR
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1 ~ SMUD(Sacramento Municipal Utility District)

SMUD BhnNEE Rz miEdREf A AHESE > BENAOEERETE 146
B B R 147 B350 0 ARG EELT R 3.3GW (MFEAEE) - BT
495 2,600 A -

SMUD 7£#% 48 Smart Sacramento Project » EL B FE5E:% AMI ~ HESHCEE
HEL - EHETEL - IHEEE - FERETERE > DT EahERHZ -

(—) EENEEER

£ SMUD [k PSR A 2 A e IV 2R - FHPRERICER L
i 2 SRR IRE - EREREHE R OIT Y& 2B S AMI &R AL
AU HARSE Rt - B(E A B AT HC B S S AR - A2 = R e
EAENSPATTE A

() BEERERXE

£ SMUD [k 8ea%4y 620,000 (A EER - WAt HEEERIE @ 25
MREE 2 RERENE - FERFtieEFEEE 2T WoR(bREE 2 00 - B AMI &
R A B B s PR R s i E R -

(=) WFfa]EEEHE

£ SMUD [k PR (it 2 B3R5 Z2 AR el s (E ~ BT ki (8 (critical peak
pricing) DUR IR EE A& & BTRIREEFITZ » BEE 2 P il B S Bl R
HFE > RESREHEREE TR - Wi R 7 A THY H AR A 7 23 H
FREZ R - AFBERTEZ ARG BB R TR 2 Ehit > Al
MPAES e E LB - WAL EE -

(M) P AR
A3t EHERER BB T R TR R P E S M T
TRETELY e - SMUD 1EEE R VRS AP 64T 10,000 (85 A B8
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Bt > SR P AV E AR R A 2T ¢ ST - REETE MR BRI E
HIZERIRS - EHEEASHEEFENETE IR -

(F1) BRG] E

SMUD JRlEssk N HES il iR AL 25 K S fdzedse i - nIEH PR 2k
P AET T R R S - SR P et SMUD e E SR I RF T
Bkt - RN EREIEE TR -

(73) ECEE# RS

SMUD JRlaigiNry 171 FoeE A st 2 Bo e 5 #h{bakth - AT HEhiE
TTAEIGRELEIEL - SMUD B4R R {RE B SRR BN f] - 307 Sy F EEAR BRI 2
BAR -

(1) ECBERGREIRRCRNE

BEREE AU R E B AU TSR S BB PR W PR HIC R 280
RETRASR - A RS MRS T DR IN R LU ) hnE - [RIRFBC EERE 70 i N e
ENRS SIS [ MR L SEnr e

Tz”a

R

(V) EEAEHNESB I EETHTE

SMUD E.4E4E 20 FrERfe bl ke 60 (Ett(FEHY; - s EREEEINIEEH)
BEENTE T EN - AE TR BRI R M B R DG ESEE DU AT
CSENSNIN[EaL =
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J\ ~ CEC(California Energy Commission

A B A S AN AERECRETAS] - CEC T AM0 L
s

® Forecasting future energy needs (5535 K FEHN)

® Promoting energy efficiency and conservation by setting the state's
appliance and building energy efficiency standards (5% 1€ 2% 88 Sz R EREERN

FRtE - SEFTRER R ENAEHERS)

® Supporting energy research that advances energy science and technology

through research, development and demonstration projects (G5 fiThf %)
® Developing renewable energy resources (F54=gE ) 2% )

® Advancing alternative and renewable transportation fuels and technologies

(S i 2 (CRE TR

® Certifying thermal power plants 50 megawatts and larger (50MW [/ [k

HRT)

Planning for and directing state response to energy emergencies (B2 HEJH

S R A

2 E R GHEIDNERZ B 9B B/ 4801 NE LR TR KR RS TR AH B EUR
FEENERy - PUTNZEREREHZ

(—) DOFEAERETRECR

i AB32 7AZE fIIYNAE 2020 42 Hif» O = SRACHFIRUEEI 21 1990 42 2 /K%E -
£ 2050 A Z FHiFETY 1990 SFFERUKAEZ 20%  FyrEfFiit 2 - JINEUE /g
RIS RETR R - REBNDNEE HATRE - ££ 2020 F 2 /1 - AR S
FLEERER] 3396 > 2024 FERTE S 409 » 2027 £ FiBE#E ] 459 - ik %] 2030
FEFEAERETR G EEEE R 5096 - LA - £E 2016 - 2 A1 > FEHTHE 3000MW HYKFZE
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TEEEEE 2400 1F 2020 4 BiT%E4E 8000MW (AR FF A BE TR £47 LKz 12000MW
A NS A RETR SRR AER

RIS IE AR T > DI t[ES e 2 IE 5%

VR & A RE R R B 5T = (Desert Renewable Energy Conservation
Plan) : BEEM & A REIR SIS - (£ DRECP Hul@(R% 22.5 H &
BATE Ryt R AERE R 2 -

A EEFEEE (S5 (Renewable Energy Transmission Initiative ) @ f@&fjil

M ER I RE] - A fmibritE 2 FAERETRE A -

HIEETEREYEEEFE (New Solar Homes Partnership ) © 4541 4 (&7
AT BRSO E 24 © HEE R 360MW -

A GEJFRCEEAEAE (Renewable Portfolio Standard ) : £ 2020 FE 7 Fij » &
BEHH 33% 0 HARE PR ¢ F] 2030 FEFEH-E] 50% -

e AT & ( Net Energy Metering ) & ] e AT 54 36 77 5 0] BE 48 24700
B AFEISA T R PR L D B E R AR A A A H (s
ELPEEAREE - DOy —{E NEM ZEHA(True-Up) &y 12 (EH - TE2EHAR] -
FH = (5 I BB 4 B ) (dlel) B a5 o] B 4 vy B ) (rec) mTAH 40K

#(ZE 2015 FJE - GIHAEEH 440,000 HFHEE NEM - ST E A SRT
3,450MW : Hf{ETEHFEZ FREUSEER 97% > ZEEFE(SEERIR 63% ; pisEM
FZ FEUSEEE R 3% > FEE A BAGEEAIR 23% » T3 R HARI ] = HEE P8
EERIAZ] 1% -

31



Cumulative Interconnected MW

2500
2000

1500 ///
1000

500 _///

0 1 1 1 1 # 1 1 1

> o) SIS < > ™
&) &) N N N N N

=
=

- Residential =———Commercial

Industrial —_—Other

Cumulative # of Interconnections

450000

400000

350000 ‘/’
300000 1/'
250000 /
200000 /

150000 "”’

100000 /

50000 - ——""'—,##—“’

#—-—

o]
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SfiNNAE 2015 SiE4E SB350 JAZE » PREDKAE 2030 - Z AR AR IIETE
THAI > AETEEAE 2030 - Z B AR RETR G EEFE S 2 50% I 35 Bl INHES)
FAERRECEEBOR 21BN - HATd A 29 T EA R IRRCEEE T2 - HAquhnipT
SCEHIECEE B PR = H B R ey 1 -
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Renewable Portfolio Standard Policies

www.dsireusa.org / October 2015

OK: 15% x f
2015 | LLFK %

7 ‘L/ \*'\_\ \\
. 29 Stat
by
U.S. Territories N \J\ a es +
Guam: 25%x 2085 7 Washington DC + 3

_— territories have a Renewable

Portfolio Standard

. (8 states and 1 territories have
. Renewable portfolio standard sl Eytra credit for solar or customer-sitedrenewables repewable portfolio goals)

|:| Renewable portfolio goal T Includes non-renewable alternative resources

HI: 100% x 2045

FEREIRSRCR I 7 > NIINHEED FZEFERE S (zero-net-energy, ZNE)ZfE » ZNE
R AR R T KA EEE R E LN E T /e et
ZEFTAEIEM - ZNE S JR7A 2 B0 2 5% 5 50U #E (Building Energy
Efficiency Standards) » %25 3= S2AE R I H 5 T E ARSI (3 # SR FEARAE -
BT B BB SRETE B AR - THET 2020 IR BEUEAY(EEEEREL 2030 (&5
BRI ETHER - F R ET] ZNE 74 - Jb5) - 21 2030 2 i > S0%HYRE5E
AR A A ZNE FEAE -

4

BRI S) - SHERRHE 2 RSN K B MR >
T A AR P DA RERE 0 « P A B PO
7 (RSB HFR S - 15 2000 4E51] 2015 4F-2 181+ SYRISHEIE R - AR
FERROR TR -

RS S - 7] 2015 SRRV TE Al Ei&4y 700 (SEAYHER - 7H

fli £ 2020 £F AR IE] 800 (I -
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J1 ~ CAISO (California Independent System Operator)

CAISO (California Independent System Operator) == Z {4 & 20N H I = BE
BAEps 2 HEE A HE TR EE IS AR E ) 24 2 nI SRR E S AHRA T
{E o CAISO EdLENRBILAGHERFR 2 — » EEBIHE =772 DL EAEE
J&Y 1SO &R lE, -

e i 8 |soI g
N = ew Englan
\ ,*‘ e]

Midconfinent
h IS0 £y

‘ L
L

~ New York ISO

PIM
Interconnection

Electric Reliability
Council of Texas

CAISO iz 2 IFERaHE, - HATESA Z 3B EEE R E fy 66,000 MW
FMUE S4By 50,270 MW (July 24, 2006) - B sS4 Fy 26,014 FEIE -

CAISO HY={EFZEIhREAEN R E T ~ 4eFF 250 v] SE/8 R AR i kA & -
FEhsEsr » FEAEE _(EHAim5 (Integrated Forward Market ~ Residual Unit
Commitment ) Kz ={EE#F 45 (Hour-Ahead Scheduling Process ~ Real-Time Unit

Commitment - Real-Time Dispatches ) -

H AT 22 ik e A A RETRAGEL T - A A A REIREE & 2 MR - DL T 4%

it H A SR REAET T4 -
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HFYIINTREHE 2020 5= 2 i) - O 5 SR AGH R 1] 1990 42 2 7K#E » ££ 2050
2 HiE 1990 SEHRIUKAERR(K 8096 - 153 BRI HE ] BHTERYE U - 1£ 2020
F2t%  ERAHHARE IR ER NEIEES  BFRoR U RIE R 2 IHBIREUR
FrRlE RSV -

600 Electric Industry
Year (MMTCO,)
1990 89.2
500 2004 115.5
2013 90.6
400 Rl MG 8 oo
Delayed Reference

Straight Line

California Total Greenhouse Gas
Emissions (MMtCO2e/yr)

300 (Low Carbon Gas)
(High BEV)
(Distributed Energy)
200
100 ----------------------------------------------------------------------------------------------------
2050 goal: 80% below 1990
0 |
1990 2000 2010 2020 2030 2040 2050

NS T P B 2675 > BB VA e L B e —
KA B SR B AR A A R B ST E AL
£ CAISO 2 BAETHS DU RV » LIRERRAE T & B RO L3575 -

FEREITTLIE T, - FHIAE 2030 4EFT AR AL TR LSS TR 51 50% » B
ST PR AR RN T DL B 4 P AR (7
2030 4 Fli > i » TS A AR AR A L A CAISO 2 Bk
$e - TERHE] 2030 4L 14.6GW KI5 BLE AT E T 2% -
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CAISO Contracted Renewables

Contracted_SW_Solar
Contracted_NW_Wind
Contracted SW_Geothermal
Contracted NW _Geothermal
Contracted NW Biomass

Contracted_InState_Solar

= Contracted_InState_Wind

we Contracted_InState_Geothermal

Annual Generation (GWh/yr)
2
[=]
8

mmm Contracted_InState_Small_Hydro

mmm Contracted_InState_Biomass

—&— RPS Obligation (GWh/yr)

2015 2020 2025 2030

NIE B CAISO EZANET-HH4R - N A RE R e AL > IR/
I RK G EER 2 F RS EEE > HAF R B & B A 2 kS T
48 (must run) - RFEEENRE 2020 427 1% H IR 28R 2 Bl b o

Net load - March 31

28,000

26,000

24,000

22,000 .
2012~/
% 20,000 (actual) /
s /
08’, 18,000 : 2013 (actual) \
16,000 = »gglg, i, ramp need
\ ~13,000 MW
14,000 )
P in three hours
2019
12,000 - / s
over generation
10,000 risk
120m ' 3am’ ' 6am’ "9am ' 1 2pn‘| ' ' 3pm' ' '6pm‘ ' 9pm

Hour

H R Bt R R R g I B 28t R Sl 2R RS
TE NE T PASER > RS A PR A - 2014 4 ~ 2015 FBHAG{E H K H
A EREZ SRR -
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Distribution of Negative Prices - March, April & May

2012,2013, 2014 & 2015 . . .
Increasing real-time negative

energy price frequency
indicates over-supply risk in the
middle of the day
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SiRE CAISO 284k » 11 2024 F£ 1 KIGEE 2 B HE 2 KA (E - IERFFRiE
TTREIAATRRZ AN - R O S A B T ) 2t P

20,000

CCGT & storage
dispatched to
provide reserves

D A S

15,000

10,000

s
2
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By T (A R TR & B 1 2% » CAISO [ iRt T3 & s 5
% USRI BRI - R -

38



Category

Integration Solution

Findings

Net benefits * Regional + More efficient dispatch and reduced renewable
even without coordination curtailment
renewable
+ Time of use retail Shifts energy consumption toward daylight hours
Low cost rates
solutions with * Sub-hourly Allows system to operate with fewer thermal resources

potentially large
benefits

renewable dispatch

* Renewable portfolio

diversity

during over-supply events
Avoids curtailment by spreading renewable production
over more hours of the year

Costs and
benefits should
be evaluated on
specific project

+ Flexible loads and

advanced DR

* Additional storage
* Gas retrofits

Shifts energy consumption toward hours with over-
supply, but cost and potential are unknown

Reduces curtailment but requires significant investment
Makes existing resources more flexible at a low cost

Solutions
with the
highest

~ identified
renewable
integration
value

or program ¢+ New flexible gas Provides limited dispatch flexibility at a high cost

basis resources

Valuable, * Energy efficiency Provides significant cost and GHG savings but may not
though not as reduce curtailment

much for + Conventional Provides cost savings but does not significantly reduce
integration demand response curtailment
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B~ OISR

ARTAINEETIR S EEETAEE G - B SRR R DR AR
B > ST BEAIRIEEER o AR DU A O B

EPRI A&y Eriat (i LA US-REGEN 2 —{#iH My LAV THE - AE
FRORNZE 2 BEREHE P EERERIS AR » AT ERER -

PSR EAHR(ESHEE -

IR R S WO AR AR ES - RACRE RIS CEE AR - 65
SREE ot 'E L AR e MR R A ST Y E B > NG > VVO BEH{DIAYHT
FEEIR IR T ] Z SRS A B 2 - SR B SR S R S Y B R HEN 2 Jy
PRIRBHRE > HAZERIA 2 EEE - T EBERES NAYRTA B AR R Z AR
B - DRI S A SRR A (R B AR AR MBI B ER B R oK - B4R SR PR A B
B4R 7 [N B FE TG 12 DA R A BB Sy AT 12 i S R 1l B A TR R EE 4
RARHITREESE - R B E N RRA TS -

PG&E M EZEERAMEERATE > I SEMN AR PR A
(7] > 5% N F TR R R G I > MR A FIRYEEERE =35 {E
FFREI(ESR - —lER SV BER L RRE1H - DURIE B AR RIS =
ERARAVESD > QIAIAE T/ NS P S R ARAT R T B A 5 R A48
REE R - M REEHEEGR (0 THEAEEN) ~ RF mesh ~ RF 2 /REEES -
PLC. - Sl A AR - BB oY ERFEE MR DR L. -
CEHA PR SR SEREE RN ESERIS
FEEAER L Z I A AR, - (B D BOIE ZE B & R ERE TR B RS (In
Home Display, IHD) » BNEEZRJAE T B S FErY 3R » HT4E2K - 7R ~
H AR S SR E BORE E RN AL 56 (3 - PAE
MEEERHERGH P AR E S ERE 2 A A E R ZERIYAE
PG&E W SEFR B EHH P @AY T (EHE FERAGIENE
HA5EtE - =2 HE B ERZ T mARE > H AR E
DLMS/COSEM > PG&E £ Z ANCI C12.22 » B FAEEE A g

40



E Ry Bt AHER B 35 EAERIR A/ i > AR R AR E - B ER
FH 7 BRI RE - WIR(REE ) A E] B R AVAEIERCA -

BTG UCEHEBEEHEE T LR AR 5w — RIS - AR
My aat TR AR ARGS - HFREA S E AR R A - ¥k
BIME » RAACHEBIE Sy i sy - B DBt )5 g - Bre] it
BB AR SN > WA R NEGT A RELRE L EHE -

KRR A RE RO ERAR CTAEST 2 B A A G AR - DU S
M AR RE TR BN LRI AR AR RN B RS E AR TS
B > R AIEAE R SR PR BRIV - BRI T 2t
H K TG B R SRR IR AN - IREERF R LR S i sh - K
AR ANE B

NFEFE LR RN B E AR b A H SR E R R IDNEYE 2
 CUIFREREN L K AR B AR ] ~ FR B AT AR - SRliCE AR
MRS (LS - REURERFER LR 2 -

41



