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Load, Wind & Solar Profiles -- Base Scenario
January 2020
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Peak Load Reduction
Demand
Response
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24,000 wd Solar Thermal = Solar PV

22,000 = Wind = Biofuel
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18,000
16,000 | z :
14,000 l
12,000 !
10,000 | - —— :

8,000 - -

6,000

4,000

2,000

(8] ' T

.2014 2015 YTD® 2015 2016 2017 2018 2019 2020

Renewable Capacity (MW)

M 8 CAISO piz¢dhe22iimyh

05 2020 & FER-E A LR R 0 E 33% ksl o 3N
AR AN RGP o 22014 & A B EFC BB AN
A B3ERER A N21% - {* 2@ 5 > ¢ X T 2.1GW v E TR PV
5 23MW ik 5 o

AB 2514 & R4 2L E ¥4 B € (CPUC):R T » F a5 A
FEIVEME] S AREDEFIRIBFTH RGP R LD
R T LTINS IS PR P eSS T
2013 & > 3% VELH T AT A S E SR T E 2 E 22 p—??’ié’?:]zﬁ”

- AT o

N

A AGER AN TR a0 2 R B R R EN 2 A g
CPUC & £= By 7+ 27 #HME1L325MW 2 ki » 2 v § ;wz
TR 12020 EARPAR R TR P LY F R o BHERT GRS

¥

25 '41
2% A

FRIEE > 4r T 2 0 BOMW g B oK 4 o kit 3k # F 3 2024 E 5 Y 1F o

%2014 & >3z 4 o T E R FEMOP R » W5 SCE ;i
90MW -~ PG&E % 90MW - SDG&E % 25MW -

Ba P EEd T %51#&(%]ﬁoq,)’fr”* Scfrt B oA o B 2014 & 11

1 LSCE 2% 5 %2 @ e phr 26IMW chiga 11k B 2014 £ 2 358 F

—

Bz B8 F fopte 33HZ LO0MW p (R 4 1)-F $% > SDG&E

20



B R ARREE % £ B0OMW - PG&E et SOMW it 1 i » 3 i T 4
2AMW & » =T % ~ IOMW & » % = g% il <
% 1 2014 & SCE $ph2 i

e we R A MW
Ice Energy Holdings CAE SRR 13— s 25.6
Advanced Microgrid Solutions T2 TP R 50
Stem TR SR P R 85
AES TR 2T A 100

&gt CPUC & 1 g B SUE] o # ¢ & CAISO frte iy ik
£ §(CEC)¥ 2 & fo it MUBRI T § R anh 4L 11 6 L 2
% (CAISO > CPUC > &2 CEC -~ 2014 #) -

e B Fleng s ORI AE AT B Y R AR A
g T L BRI AR 0 R N R AR K BT
EESCRNLRE £ 2 S D S SIEE F LR F ST
B4 88N E 2 i R(VRE)RAT 25 2 B % e s foB R o 5

=

My ﬁié’:%i'ff’ﬁ%?ﬁ’f#’ o TEFEERENLKAE 2R

\\\?’;r

/AR S UENTES S SRR SR G S LR B0

Fay L - 2 h B “/r‘
BEae B R

ETTRS

54
BRTEAE - ailG B w I
LR e RAASHARY Y B3
THE T X QABERERI 7B Fo T R

5
L=
BIAT PP IRIPERR3E A BT

21



REB MR TS A P emE R T4 T H 2 (BEV)E
FTNR &4 73 (PHEV)» 2025 & #-34 &40 4 % 4 #h 40 7,000MW
éﬁ’ﬁﬁiﬁﬂﬁ2m3&$§“§“?§11&m

SN BT R AR E o N E R R T T LA (VGI) o

CAISO =*r 2013 & 11 " & 1§ & & T % & & 2R 3]k 5 B (VGI
Roadmap) » &% p ehid #F ¥ 7 & &

L
F P
BEHD L FEeTH o LT FEPTHD > BT RET A ALY

T
”ﬂﬁi Hoea TR L MRS BAEE A henfl g o 2T
TREEEAAMTRE S AL R
TR 2 AR R RT BRI A AT R B o

(3)ii R * T =P H-(EIM)

B RIEN DT A TR LB S FA T REFFIMAG R
Z CAISO ¥ - BF A KRPS bt 4 3 o fr ik 7 L2 2 0¥ -
B e g HBABARRG R NEF R M
HERPRE PE A IR A R W AME MY ;k(:ﬂv;*r\)u K:
FoATHE D ARG Weg T EEF 0 f T RRM S SR TR
“"‘%ﬁﬂ“" o 1] ;pwlﬁ BAFZ Tk Lo LM RB = A w FE
AET R A AR o (deB 9 2 ] HToT)

22



Today: In an EIM:
Each BA must balance loads and The market dispatches resources
resources within its borders. across BAs to balance energy

(o @D
O @

B 9 % BAZ EIMiZ it/ R

o2 T F(EIM)GSIIR SRETRFEBLEPIRY T E
TRENE IR EAEECH 9L RAF) EIMA LB L BT &
T2 BAR TR F ot TRty iR > B oad g S
A o

= IE g 4 o 2 (PacifiCorp)*t 2014 # 11 * 424 » CAISO =
EIM» 57— e {gdf 2 4p 0 - 3227 4 » EIM 22 2015 # 9 7
SEBEIMAF k7 983,341 § £ ~ (5 A28 10 )it iz 5 (Gross
Benefits) » ¥ p 2015 & 1 * p 9 " wd B 1
13,317MWh > € % RPS + 52 p %7 FIHRBE FIZ BT £ B pr

v

dahFETEE
TR MPRE TP ENTLE o

ITE K o d 3 CAISO *t EIM eh#y 7 20 32 2 4% » “,%"J © dr x s
TEF A P poEE YR ko @ (NV Energy) =t 2015 £ 12 42
der o Rk BB A NI T RN 2 BAL MRS 4~ (4oB 10) 1 ER
W g FAFE A R e 7 (PSE)E & 2 & o # JRGR o 7 (APS)#
2016 & 4 » 5 A B E* T 5 o 7 (PGE)#>t 2017 # 40 » o 4ot B
T3 > CAISO #-#4] Z & 38T BT 4 giﬂﬂ,,.ﬂ%:“ Wit pOREEE &

fva/}J—i‘l’l%Fﬁ&Pf‘x,. rEV LR Eﬁ“?’\@?m‘rﬂ/“:—r%f%‘f‘%kk'?°

23



| Meorkat Cipaeaics
[7] Cabkerna 50
Bl galtly [
[T Acten porticiport [
(B Plonmed B eniry 20016
[ Plonmaed B eniry 2007

B 10 &33BT % EIMZ E T 2 B

LN~

-
Y

doH BT ACEE B G RARE 6 B AT RS LDET
e Fe KAFFI0F o APM P B 67 3 STl B 1 o TS <
e o B AR R FEL P T IHIE B et FE2 TR

ATEALFHO AT VR SL TR EEOET] R it 3

|4
s
(i
5
=
=
)
N
&
(w,\
#

RARL 7 A -k P i 38 3 e BT

RO TATIE s FECE > A LFIERILTE 2 ER I AR o A

QUSSR E R A TS L SRS S LT N S
HADPLFFARRROTE DG S ART RN R RATH2 Ty
BTG T A S o RIS Y R 7§ (e

g A R R ’Fﬁ{ﬁ%%%@%ﬁﬁkﬁﬁﬁ%%go
CAISO & & 7 Fe 4t (7 enifz ¥ > 3 R e % (7 et (7 %

HEF R3], H3 Fhadtdaid 3 5 3 AR 5 I CAISO ¥ 4 eh

24



. %3 PG&E 2 7
C)FEUNRTBIRIFIAF2LEE
1.55 £ ) &% B(Smart Inverter) 3 & 454

L
8\

A

e O S

==
3

Smart Inverter:

LEPIRG AR A

ETREMS L F KT T R

B

7“—'%

LR e LT

25



B PR B A SR ER RSB A
SR S R R

=

G E AR B TE SRR il O R
£

RENPREEARACETE O R AFF AL AP B cRATH S

2.PG&EDRP % % f§ 4

(1) DRP % & B %%
USRS # B 0 %% DER %% % > PG&E # % DRP > % » PG&E #
T2 DRP 3 $4cf] 14 243 % B Fde™

oﬁ?k%‘r%ﬁiﬁuw’ Fed fit  BETRI L Er TS pn o 28

C\' r
N
=N

x4 H ¥ 2 DER & g
(] %?5?%ﬁ%§ﬁﬁﬁ DER #jtv% PRF%
°

L DERFERF EZ W Uizt 43 g2 2 ¥

Modernize distribution

system to accommodate Enable customer choice Identify and develop
expected DER growth of new electric DER opportunities for DERs to
through two-way power technologies and services realize grid benefits
flow

Bl 11 PG&E # 72 DRP % B

y

(2) DRP % & 3+ 4 ¥ 7
DRP % B34 ERZ P} 5 4o 12 %75

26



( ¢ Quantification of DER
locational value

* DER benefits and costs

that impact rates

¢ Distribution feeder
capacity to safely and
reliably accommodate
DER growth

Locational
Benefits
and Costs

Integration
Capacity

DER
Growth Demonstrations
Scenarios

¢ Demonstration of DER
integration into
planning, operations
and investment

® Scenarios of DER
portfolio growth

e Assess impacts to
distribution grid
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Solar Photovoltaic [PV]) and Renewable Auction Mechanism (RAM) Program Map
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Power System Criteria

- Voltage

Note: Criteria with solid border was evaluated
for initial implementation of methodology
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New /More Granular Components PG&E Final Value Components

n Distribution Capacity n Distribution Capacity

DERAC Components ) n Voltage and Power Quality
Voltage and Power Quality
Energy H Reliability and Resiliency
Reliability and Resiliency
Transmission Capital and Operating
Losses . .
Transmission Capital and Expenditures
Generation Capacity Operating Expenditures System or Local Area RA Procurement
Flexible Resource Adequacy (RA) Flexible RA Procurement
L]
Ancillary Services I Procurement — Generation Energy and GHG

HT&D Capacity Renewable Integration Energy Losses
Ancillary Services

Environment Fl Societal avoided costs
RPS Procurement

Avoided RPS

Public safety avoided costs Renewables Integration

Societal avoided costs

Key: [JDistribution [ Transmission Generation [JJ] societal Public safety avoided costs
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Year 2014 +° Year 2025 * ; »,,, :
Interconnected PV f. Interconnected PV TRl o -
by Feeder (MW-AC) by Feeder (MW-AC) o e
¥
— 0.01-0.20 — 0.01-0.20 ¢ ‘@h
0.21-0.50 0.21-0.50 S5
0.51 -1.00 0.51 -1.00 3
1.01-2.00 1.01 -2.00
— 2.01-5.00 — 2.01-5.00
— 5.01+ — 5.01+

8 17 DER = £ 45435 0] % LB

DRP = % & 57 57 #3+ % (Demonstration)4- ] 18 d B 18 ¥ 4
PG&E 2. DRP % # cn A~B~C & {4 2 § #7257 (Fresno Central)
@i g T D& fte F 37 (Gates DPA)iE 77 % 7> E B &
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Dynamic Integration Capacity Analysis

(Applied to all line sections/nodes within a DPA)

Optimal Location Benefit Analysis Methodology Ee“t’“'
resno

(Optimal locational benefit analysis performed for one DPA) DPA

DER Locational Benefits

(Demonstration net benefits where DER will either displace or operate in

concert with existing infrastructure)

Distribution Operations at High Penetrations of DERs g:;es

DER Dispatch to Meet Reliability Needs Angel

(Demonstrate PG&E as operator of microgrid) Island

Analysis and Methodology Deployment of DERs
Demonstration Field Demonstration

Bl 18 DRP & % B 7 #3- % Ml

34U E F M CPUC ¥t 2 275 3+ 4

CPUC# - B3+ HFLEFHEPIC)L 21544 52
FoaZ R4 2P A1IR6H 2T 4 2L FRBABF LT
U3 ehF &% (A5 374 U3 enF & » kit ia B 7 5 U3 ¥ 4
% kA it s B R o Bif- B EPIC 3 40T

PG&EEPICF % %+ &P %

RREEHTA D H L 2]

RGBT AR R

ORGSR SR Y 2

REE L F A

375 DER % 7 i B2 2

DER #. 3 3 & %242 §

Systems for Fast Ramping of Gas-Fired Generation
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% 2 2007 & Rb 2% i % (EISA)

2007 EISA Smart Grid Policy

1.

o EEN W N

Increased use of digital information and controls technology to improve reliability, security and efficiency
of the electric grid.

Dynamic optimization of grid operations and resources, with full cyber-security.
Deployment and integration of distributed resources and generation, including renewable resources
Development and incorporation of demand response, demand-side resources and energy-efficiency resources.

Deployment of smart (real-time, automated, interactive) technologies that optimize the physical operation of
appliances and consumer devices for metering, communications concerning grid operations and status, and
distribution automation.

. Integration of smart appliances and consumer devices.

. Deployment and integration of advanced electricity storage and peak-shaving technologies including plug-in

electric and hybrid electric vehicles, and thermal storage air conditioning.

Consumer access to timely information and control options.

. Development of standards for communication and interoperability of appliances and equipment connected to

the electric grid including the infrastructure serving the grid.

10. Identification and reduction of unreasonable or unnecessary barriers to the adoption of smart grid

technologies, practices and services.

(1)4c 1L 4% 5

2009 & > 4 dldg Al I M B A SRRk SB17 - izt
AP TE e P ARAR A N Se W R E S e F B3 2009 & 10 P s H] T 2Rk
2R SB17 - 2 Fard & { BRP anie iR X 34V ez 330 R
e B IR hr RPS % MR £ 2 0 a B B 2 3502 R R
(EINE AL e R 'j‘é" IVAS TRl 1A I N ST P o
EFHE  MELIBEIR AR HE LRSATEA

*Qtr
Ly
—
U
Im
=

(2)%: 4 PGRE 2 &£ T 42 ¥

PG&E i £ 3 R ff B 25 B 0 & Lol 2 fofrdl pe> & A

TRELEPHREE 2T R A5 T FF AR P i RIRS
d < i*(Decision 10-06-047) ¢ #77|gh= B~ % » Ky

PG&E 2 P& T 2 i B4 P 215 5 4B 19~ B 20 2 PG&E
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Engaged Smart Energy smart Utility Foundational and
mial LHIIE Y . =i
Consumers Markets - Cross-Cutting

Bl 19 PG&E 2 @& T 2 1 Biadom p 275 5

Policy, Legislative and s
Business Mandates Smart Grid
Deployment Plan

Utility Business Drivers Drivers

- Safety
= Reliability Safety, Reliability and
= Security Security

Energy Policy Drivers

- AB 32

= California Solar Initiative
»33% RPS

= Once-Through Cooling

* Demand Response

= Zero Net Energy Homes
= Electric Vehicles

Customer Empowerment

Flourishing and Efficient

Energy Services Markets

SB 17 Characteristics

= Self-Healing )
» Resist Attack y Environmental

« Distributed Generation & Sustainability
Storage '

= Efficiency

+ Empower Customers

» Power Quality & Consumer and

* Reduced Outages Technological

= Enable Markets Advancement

* Intermittent Resources

B 20 PG&E tirE ¢ e m5ds 4
(3)PG&E’s Smart Grid Projects and Initiatives

PGEE 5 A #A LT Kok P fr 4B 2 > %0 240 B Loy
‘%’-g? ’ 1/;2\:3 leéigaéﬁﬂﬁ%??#g?ﬁ,_ﬁﬂ é;}é':lzl'JE‘}iiZ‘
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Proposed New Smart Grid Projects

Engaged Consumers
Demand Response (DR) Optimization

DR Forecasting
Expanded Home Area Networks (HAN)
Open Automated Data Exchange

Smart Energy Markets
DR in Wholesale Markets

Enhanced Energy Forecasting

Smart Utility
Grid System Voltage Control

Advanced Distribution Automation

DR Integration in T&D Operation
Wireless Line Sensors

Substation Automation Interoperability
Substation Asset Management

Advanced Outage Management

E lati | C Cutti
Cyber Security

Telecommunications

Data Management

Technology Testing, Evaluation & Standards
Customer Outreach & Education

Workforce Development

Capital

$25M -55M
Annual O&M 1)
$1.5M-2M

Capital

$ 30M - 50M
Annual O&M
$0.5M-$2M

Capital

$ 630M — $850M
Annual O&M
$8M - 511

Capital

$115M - $295M
Annual O&M
$15M-525 M
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Potential Incremental Benefits (2

Economic Benefits

Avoided Energy Procurement Costs S600M - 51,400M
Avoided Capital Investments S240M - $360M
Avoided O&M Costs $140M - $190M
TOTAL S990M - $1,950M

Reliability Benefits
Outage Distribution (SAIDI) 10% - 20%

Outage Frequency (SAIFI) 10% - 20%

Environmental Benefits
CO, Reduction (Tons) 1.5M-2.1M
CO, Reduction Value S15M - $84M

Non-Quantifiable Benefits

Customer Empowerment

Enable New Pricing Programs

Enable New DR & Efficiency Programs

Reduce Environmental Footprint
(Water Use, Particulate Matter)

Increase Renewables & Distributed Gen

California Economic Development

(4) PG&E 41 # T #(2013~2016 # )F¥
PGRE AL T # ¥ 1AL i &ofp 21 FERL Y 2 6
& kAR T EE CPUC 2 3 3IF 6 ) % frdeT
30 FRTAMA X XFLURBE > 17 FHRAHTRT T
&ﬁﬁﬁw~m%~m¢%&@$&}ﬁiﬂiﬁﬁiﬁ4’Kﬂ?@
Tert FFR F R RREE > G HOTR G T RIS o I L e
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B & E - ~SmartMeter™ g RBIEfriFET REREE T %,{mﬁ%] » RTED
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EH L1 B ¢ 35 SmartMeters™Jrfie © k SL 2 38 KB 0 KRRiT
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043t PG&E 48807 — A& T gt o
F X3t #a et PG&E 5 Pl B i chig ok iR R 2

>
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f32 48036 > a R 7B PEP L PEEL T A IrEBE G R E

PG&E w3ttt B & &3+ F a8 2013 #4237 2016 # fF » w

i‘é}ﬁfe\'ﬂ‘/]l,agoofgim’22}95‘5]‘\&@%‘ P B B A Fd

SRR

(5) PG&E #ER % &2 x5 f &

2014 & PGRE £ T %% % 4 0 & A &2+ 80 2 2248 FF (July 1,

2013 through June 30, 2014)+ 5t JLeTE o & F 4o

PG&E’s Estimated Costs for Fiscal Year
July 1, 2013 through June 30, 2014

= & Costs

Task 3+ 4 # P Value £3%f
Customer Empowerment and Engagement $35,300,000
Distribution Automation and Reliability $288,370,000
Transmission Automation and Reliability $416,900,000
Asset Management, Safety and Operational Efficiency | $42,550,000
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Security

$16,000,000

Integrated and Cross-Cutting Systems

$17,320,000

Total Estimated Costs

$816,440,000

3z ¥ Benefits

PG&E’'s Estimated Benefits Realized for Fiscal Year
July 1, 2013 through June 30, 2014

Benefits »x & Value £ %7

Direct Customer Savings $21,200,000
Avoided Costs $11,000,000
Avoided Environmental Costs $210,000
Customer Reliability Costs $42,100,000

Total Cost Savings $79,010,000
Avoided Outage Minutes 33.3 million minutes
Greenhouse Gas Emissions 36.5 million pounds

BEFHRARR

AT

BRpLE PR

T
&gl B feindl
T ¥R RE X
FHRFHXDKA
T TARRDN BT E
PR T PRAE o

IR~ IR A

& R #

L
FE
P
AaFgdFRtr R

TRBEFTURCBIERF o

i B IR R o

TRIR%T I Bl i
43 B8 BT PV T e
TR AR RE B Y

|J ,J< kA

ERS
FE

'l',(:# _% ~

TRPTT LR 4 PV E T K
TR ITHE R

41

AE




HFlERk B i
PPN 2§ SRRt BAE T
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TETRRARE RBHI B
REIRARERBZVEF2R | BEFETRHM PGRE #it 53 { i#
WA AR BT B | BRFPRAEFSEDE ¥ ETIRS
THRIREERF G| P

FovHper P RIAFE - RAFRES CBANCTIVRELIFR
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RELIABILITY PERFORMANCE RELIABILITY PERFORMANCE
2009 TO 2014 T&D SAIDI VALUES 2009 TO 2014 T&D SAIFI VALUES
(Excluding 2.5b ME Days & ISO OQutages) (Excluding 2.5b ME Days & ISO Outages)

14
157.2 1211 1.208
12 1128
1.067
1
0.8
0.6
04 4
0.2
o
2009 2010 20110 2012 2013 2014 2009 2010 2011 2012 2013 2014

) 2009-2014 EHSEESAIRARH

19.246 19.050

2009 2010 2011 2012 2013 2014
BSFEFEERB(2/F - F) REFREERACR/IE - &)

P BA RR A T AR (TR PR R gt i e
PG&E = 7 2014 # %) 5 220 /= -& ; SR 22 kPPl 5 17.496 4/
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1R REEN300-300 R =+ LR RFAE LT A4 Bk

R EENL IS Ef AR ERT HEE T T5% - B D ERLE X
sl g EIPMW A FE# 5 F OMW g ¥ P74 %79 - 2013
& 2Tk E %k BLI6MW ehgpFi T s o B 21 H 4 AT W H A

(50KW) ~ B 22~ B 23 B 24 % PG&E i+ Vaca-Dixo % 7“7 g

BT BER  SAAERE A o

Dry Sand Heat Insulated

Electric Heater Fuse Container (Upper)

Main Pole

Heat Insulated Container
Cell (Lower)

Beta
alumina
tube

Sulfur

Bl 21 Sodium Sulfur % f#-e ¥ ~rig (S0KW)

(Source: DOE/EPRI 2013 Electricity Storage Handbook - July 2013)
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Bl 24 NaS BESS #av & 5 1L % 3L
(S&C’s “PureWave®” Storage Management System)
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150,000+
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$876 million
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" Together, Building
f a Better California
The Golden State
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Installed Smart Meters
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Silver Spring Networks = & 5 PG&E # =5 » i E T AMI #
2B EE R %o & PGRE T 4 Tl iRid > H B Tio

i 1] 98.5% - Silver Spring FR7% 7% H-Bl4-H 27 - B 28~ # 29 5
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HETWORE CEVRES
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Doployment to less than
16%. of enduserns

Deployment to bebaesn
16% and 50% of and-users

Deployment to more than
50% of end-users

B 2014 1ET

Bl 30 2015 &£ £ W& VP R XHTET L L F L0 F F

R IEI2014 FETAALGFL P HHIFFE R T ¥
T FER LD ESTAHBFEY o F o
Afed s SufFE& CAMI s B F 2 % A (OMS){rfie & ¢ 2 % 5L(DMS)
EFEL O UHBOBRT F R R oL PRT A RE
BATR M2 EE I FETHRAPRE L T3 AR RF oA 4558 T
TEAD R ATORT RS PELT S o
CHEFEIL  FETHRERTEEY XA > wp B4 ~ RO ehd i
At e P BT A -
DA FIRIAT S | LT 4o BP 23R R P HF LI D T4

RN T S

PR RS FERT TR R RY
(=) PG&E =~ @k %
PG&E T ##B R B R 5 2R § V2 2R ATV Fla
THRET-BFASFTAAARTHEL AT F R X

2 A4

- Bre YL R B 3L A AR 2R e

53



Angel Island - Possible DER Locations
Failing Undersea
Cable (Only Grid Tie
Available to Island)

Possible DSM

- S e Favorable Wind, Solar,

“ PGEE Distribution Lines Storage, and EV Location

Bl 31 < h2 ki %

MR @ #¥-DER B g §I0 0 K3 24 | PHEME ¥ TR 2
365 % f& k DER ] 5 B+ {t » & ﬁ,s}%ﬁi%]— UL T iR o
GHETA AR ORBE TR LFREESHS O FE 0 R RT

PG&E # 7 1T 4 &F RANPIZ 0 i { SHhBrey -7
R BT R o PG 100 F X f 5K KT A& F] 500 F
RoBERY SHAFET RN BT RS S FEF BV ik
453 0 g+ 100%@ * £ 4 R oo

TR P AR TR P 0 R g ks i g ST R E SR
SR EF @Y FRO Bk Rfel § TS sk

FLEAE P E EARET A RE N 2T A N i
Iﬁﬁ‘:}iﬁn‘m ’ ;}z—g /E'Jré‘b"i'qﬁ z;i—;:;ﬁ—ﬂ); }%?F@ ﬁ;‘ o ”"‘L;—r,slir,fa I F_}_ N



*i?ﬁ‘%b'frﬁw‘}’\ A "’é’ffli‘** B A FTENA S aa’:SF-'g
T2 NFT R A v T E R EY

FTERFAR S Jrp i@ T ﬁ’:ﬁ&:?‘i«fr%ﬁ PR EFEEF AL

;1‘\
1
T‘j’
b3
JENT
it
%
v
-
pulig
SWe
I
;“35
¥

WAL RIEA - BFF T > R FMT RO T SR B
ot e R A TR BRA - APR R E

PR T o

ETTRS

DIEABIR AR BT BB MAEP R 15§ B 2 H T N
PR JoeE k¥R o

-~

134 0% T 4e & Bgeafor P Uy - BERT LB FLIRT A
HYBH O OREHT L IR

2457 R ITEE OREF N EZKNT T IR A el TR
PRV IR 2 o

&é%i&?%ﬁ%%ﬁ%“f AR Y Y A SR e

e
G el i UL oo R BRAT T e T AR K F

N

AR R EFE o
ALFRR AR WA SFEMT R LA §RFEDRAT R

MR- HE AT R PR TR Y HReL Y4 R R

AL R o

BisT et p2REFALF FE-ANIELRTLA EL
frk dERAfEA S X BT REAFT UL S MR o APEE ]
¢ P b TR A ET o AR R 0 T RET Y
Fo 2 WEES G AT e HIFADEBHT e o

=
Ak IR R L E BB R T 0E S 0 A kP AR



N ﬁ]pa TARHLILAA A ez R a2 R HFH
ﬁ&éﬁ@ﬂi&‘mﬁizf&@@ﬁ L2 RRFER DT 2P
ﬁ%%~ﬁﬁﬁ%%%@&¢“ﬂ?’ LRt 104 & 50 FH TR
AR PR R4 FTE iR &R 4 AR 2025 £ 2 2030
E2 pHERE®HA £ 8 5 13,750MW 2 17,250MW > & ik >k Lo 4
B3 300 - i Fl B b BB RE ~ R4 s P F S
PR EHY > EATRME ST 0 ST N E o IR

B}

dRERELA R PP R GROLD SR AL 2R

a1

HEspmE R inEF FIRFEAT I R TF AT ML
S R FITT PR EREFEBR T IR AR ST 2P HE

ﬁiﬁﬁﬁwgﬁﬁ’%?ﬁmwwpiﬁﬁﬁﬁiéﬁo
(= )FEH P i
ARG L2 0 hE RSB wE o S0 LATIRE 2 SR
Hgei 42 G E *Pf&ﬁ ~ERLANREREHSR O PR
@Lﬂ@%ﬁéﬁ°
)y EaivE2zFi
IR faw s p P SR L 40 R g ie
(Dw A4 B ~NERC~ p A2 ¥ RER2Z L 2 i R peosk
IR ERZTAAR R R RER CEHRFZLAFALE R
a R TR
(2w fE4rie LA 4 5 Rz § &9 3> 4o CAISO
TP DB R CAISO teiv iR ™ Frdeie RJZ ~4rfe F LA TR A 47
o AR A 2 BT B o R RRUS
2R A RIE 2 PR E o 2

(D%ﬁﬁiﬁf%ﬁ?ﬁﬁjFﬁﬁ??%@%%ﬁﬁﬁio

56



QB2 £ R/ & * PfAA TR ? PRI
@B fan #E 2R PAEE ™ 2 4oiER f PEHORRT S L

QFAEF T ~ 1 £ FHE T UH2 3

@ARTHEE - TEFEHE - LFRRRIE LTI BTERETE o

(8) ¢ Sotp2d HAR K> doiptin ~ TR~ kTR A E .
AFExFRE 20 hiE %ﬁfa?ﬂ?f’ﬁv%é%ﬁ r]){ﬁi'fﬁ\’vffé?;‘m;}@\ﬁ

EHPEEAR CFEFE

OEEEE K S Ry

ARBR>ERTRAABRFE A IBHERFTTHFE > o

Ry
=
Py
o3
|
psi

AL

B RIEBIFE o

td

PHTR>EET RO AAE LN RAI P ERE 1B B

H B R g R 2R I et A 4T o VRGP R

EHE B S apPork s § TR o

Bt A v A EFE2 Fh ik

WP IR L AR RRF R R PR FREER
FHHFE BRI UFEE L FTRBFET R FEF
VB FTZ R R R P T o

Cheéiilhp B 2xp fh el ffnk- >0 aF v kg g2

)

R e
Q)37 5T o & %
AM%%#ﬂm%ﬁﬁi (AL 72 20MW R 3 b)) = h 3

FRAER (N R )



A RN AEL ST R R

FrE
%A w4 BH T FRT ~ HVRT 2
ERECEEEE S SRS

o
\\?{r
ok

il =

v
&
?\g
(‘r\}
D
=

'
T

WP R R R M S F TR AR AR
P HER R E LVRT B 2 R -
(@ﬂ@@iﬁwﬁﬁ7@?$£@ﬁ¢#§%%
ARZ 2PRRA 7 ETF2F &R 5T F 05
AR B A e
W SATRLIBE EA FIER G F TS BEFTLE T
FEFERR cRERRT

\3%
. > AN 4 4k 5 Wk 1 .
BEAGAEEFE IMW b # gt kb2 £t Eh fgbe o &

DR RS RRY  EATHRGE f B B F R TR
(4) FIRL 24y FERE OB TR AT EST E2 FIRBH
AR iamgz
Bie i B A7 Ry T 5 .
WP GCRTHMEFFREFIEFIRL Y BB A TLERHEEFTE
B4R SERIA AT
CHest e RN XA Roc k4 BT Wu i T Paise o

FHPe2 FEL

CREFERAPRLIMAKAER

i
a\
=
e
=
1\
i
a0

X

2o
Dt 5 & % £F Iis ]
AR RRER RBHLFELRALFERES - &

(5)@55_)}»’; "t”‘r%ﬂb@ﬁ,??/ﬂ R f’/{\‘;"'ﬁzzﬁ/ﬁﬁ%"

58



7~ ’i}' :‘: = e 3 ':3 kg h < IE ZE Y P

[ ER R AIE R S A B RF T EF ARE L LR R

A RSRATTEARZ Y o

RO 4 g - AR Y4 .. + v

F‘FUFI J&. %“F’%sb’%?ﬁ Bh’}iié})}%{ ’ ﬂﬁ‘ﬁﬁ?]?ﬁi*i'ri’ ;EJE%E
P L R L A e R R R eh T

|

59



()R ALZ “,fﬁ;’%ﬁ?#’% B2 fyped i 4 RF T H e R 842 2
B2 £ 40 R e 2 oh > 200 PGRE 2 7 > Bz o P
WA TR T RELEALEINS ISR 2% o Y AR
BAGFRERAE S 5 0 7 R gad o MO B
Yrepft B izl o B S T E o

(CE)E2RRT R F2TEIRTPET] PR AL TR RERGIT R
TEoFL REABLANMERE AXRPLA $T2ABLBFT
R A k2025 # 2 2030 # 2 P R4 & 5 13,750MW 2 17,250MW >

REA R REREEIREIFET A Hr TR BB AT REGES
EFoVaERAIRILT O BETA P2 BT 2 TRT > &R

R Y R EBT R A LA FEFT LA ERTRF L 27
BT P BRI R BT ERAD SFRFIEHR G §
B&RIIT

CEHHERIEI2014 FERT 2B AWE o hior TLI{* FET 2
FEST A NSFEFY 2 F o

Y&
Moty
=

1]':‘?2,';5_‘ /:‘ﬁ fjﬁ»g@ :AMI % e OMS 'fr DMS f{ﬁ’rb , Ui‘a&éﬁjf’%;ﬁ ?IE":
frigfhfrecd dpe § kSR E T -
2ATRRZEFE N E TR LRER Y TG A S TN I i R A F Al S

AFIBAFT S RBTD BN AT REEET S

3%@%@##r%§?&%f%“ R NNCER R R L

BATHIRIRATI LT E TR FL 2 ATRAE e R FHE R L L TS

R FEE e AT EERT R RS RS

60



(._

(=

(=

(=

Hppd AMIE* »2 5 5% 4 Rk o

AR SHT S AR BEAN ARG FROTTREER AL TR
PRy ~ € 2 EREARPA] RS

Bz s AR EF L2 PP E 2R

HBBANER I T P E T FARE AL LT

B2 AR MR R W R FURH R > A SR L 2 o

JEVEARAEE 2R cR 2T WMTETEY AR R

o f PR AT R AR RE BT R ¥ T T8 69KV 2 161KV

5 2 B A oM
SE BT LR S B

=

&

P B AR F TR R

|

N

_“3.,.

ZHEEE S it

—

7o A s I ARFIAFTERE RL L NR
Febo it o TRY A RS- RETFEB I EE AT -DT e
TEE S URDL LT P2 ETTAR

YFUB A ke ks CE R AR KRR TE S
PR F SR ERHS - I T EET R
FER G ERE > FIEL R AR R ARG 2 ER2 2 o

Yo e F Rt N O LT EL R EHE T ZBRAF R 20 F T
BERLERPED R ¥ 2514 2 LB R X S €2 2 T A 2020 & pF
PE1,325MW sigin » H PR 5 JI* s NERT E S G S FE R
ORI RE E AP Flad R R EF LT

P AT GRR BRABET AV TR A RAATE E RN E AR 2

\ﬂb
M~
=
= »

»

FT S ST ER G (T 00T Fﬁﬁ”ﬁﬁi)f#B"“ﬁ‘«’20143‘f"'"
PG&E =@ 5 220 & /7 -# ; S 2@ R# P 5 17.496 » /= -#

D RHRBTEP SR 7T R EE BRE BT REY e REmp 2

»

61



9.

FAIRG R ko Feak  http//lwww.moeaboe.gov.tw

CETA T TR ARNRERT L REMENE gL > AR 98 E 120 o
CHE BRI RSP T AR ET LA FERTETHE LT
shE AT A k2 TR 101 ERAF I E N R4E2 52012 11

A

. Distributed Utility Associates, Endecon Engineering, 2002, “Distributed

Generation Interconnection Manual Public Utility Commission of Texas
(PUCT)", U.S. Department of Energy Office of Energy Efficiency and

Renewable Energy.

. EIA, U.S. Energy Information Administration, 2014, “Electric Power

Monthly, February 2014”, U.S. Department of Energy. Overdomain, LLC,
Endecon Engineering, and Reflective Energies, 2003, “California
Interconnection Guidebook : A Guide to Interconnecting
Customer-owned Electric Generation Equipment to the Electric Utility
Distribution System Using California’s Electric Rule 21", California
Public Utilities Commission (CPUC).

. Pacific Gas and Electric Company, 2015, “Electrical Rule 21 Generating

Facility Interconnections”, Pacific Gas and Electric Company.

. PUCT, Public Utility Commission of Texas, 2014, “PUCT Substantive

Rules. Chapter 25.211 Electric”, Public Utility Commission of Texas
(PUCT).
AEP, American Electric Power Texas, 2014 ,“Interconnection and Parallel

Operation of Distributed Generation”, American Electric Power (AEP).

10. Distributed Utility As sociates, Endecon Engineering, 2002, “Distributed

Generation Interconnection Manual Public Utility Commission of Texas

(PUCT)", U.S. Department of Energy Office of Energy Efficiency and

62



Renewable Energy.

11. EIA, U.S. Energy Information Administration, 2014, “Electric Power
Monthly, February 2014”, U.S. Department of Energy.

12. Overdomain, LLC, Endecon Engineering, and Reflective Energies,
2003, “California Interconnection Guidebook : A Guide to
Interconnecting Customer-owned Electric Generation Equipment to the
Electric Utility Distribution System Using California’s Electric Rule 21",
California Public Utilities Commission (CPUC).

13. Pacific Gas and Electric Company, 2015, “Electrical Rule 21
Generating Facility Interconnections”, Pacific Gas and Electric
Company.

14. PUCT, Public Utility Commission of Texas, 2014, “PUCT Substantive
Rules. Chapter 25.211 Electric”, Public Utility Commission of Texas
(PUCT).

15. IEEE Std. 1547, Standard for Interconnecting Distributed Resources
with Electric Power Systems

16. California Electric Rule 21 Supplemental Review Guideline

17. Halton Hills Hydro, Guidelines for Applicants Connecting Distributed
Generation

18. E.ON Netz GmbH, Grid Connection Regulations for High and Extra
High Voltage

63



	壹、出國緣由
	貳、出國行程
	參、參訪紀要
	一、參訪Nexant公司
	加州分散式能源所遭遇之問題及努力方向

	二、參訪CAISO
	(一) CAISO簡介
	(二)加州再生能源發展現況
	加州環保減碳政策

	(三)電業自由化下外購電力訂價策略及雙邊合約
	1.外購電力訂價策略
	(1)電業管制單位之成立
	(2)長期合約之簽訂
	(3)購電費率調整機制之建立

	2.研習電業自由化下實施電力代輸之雙邊合約擬定

	(四)CAISO面對分散式能源之作為
	(五) CAISO的挑戰與努力方向
	1.面對挑戰
	(1)過量發電(Over Generation)
	(2)負載驟升
	(3)頻率控制

	3.努力方向
	(1)推動儲能系統
	(2)電動車電網整合(VGI)
	(3)能源不平衡市場(EIM)

	4.結語


	三、參訪PG&E公司
	(一)智慧型變流器及提高滲透率之發展
	1.智慧型變流器(Smart Inverter)發展趨勢
	2.PG&E DRP計畫內容簡介

	(二) PG&E公司智慧電網
	1.PG&E智慧電網發展背景
	(1)加州通過法案
	(2)加州PG&E公司智慧電網遠景
	(3)PG&E’s Smart Grid Projects and Initiatives
	(4) PG&E智慧電網(2013~2016年)階段
	(5) PG&E 智慧電網成本及效益摘要
	(6) PG&E電池儲能設備試行計畫
	(7) PG&E太陽能發電和再生能源現況與未來發展
	A. PG&E太陽能發電執行成效
	排名第1  No. 1

	B. PG&E太陽能發電發展目標藍圖


	2.美國及加州AMI現況
	(1)PG&E
	(2)SCE
	(3)SDG&E


	(三) PG&E公司微電網

	四、輸配電系統對再生能源併網容量與控制等研究議題之探討
	(一)預期目的
	(二)研究內容與作法之探討
	1.瞭解歐美日中等國之再生能源併網規範與作法
	2再生能源佔比之挑戰及緩和方法
	3台電系統因應再生能源併網能力之合理估算方式研究
	4.提供大量再生能源併網對台電公司的影響之因應對策，包括資訊公開、併網規範、運轉調度、備轉容量、風光預測等。



	肆、心得與建議



