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EPRI @?5;-;;@ (37— =)
Monday, June 7, 2010 — Palo Alto, CA

Time Topic Speaker

8:45 AM Meet at EPRI Lobby Delavane Diaz
9:00 AM  Welcome, Introductions, Review Agenda Delavane Diaz
9:15 EPRI Climate Program and Research Update Tom Wilson
9:45 Climate Update and TPC Interests Shao-pin Hung

10:15 Break

10:30 Taiwan Electric Sector Model Overview Delavane Diaz

Noon Lunch All

1:00 PM  Taiwan Data & Assumptions Discussion Delavane Diaz,
Steve Wan

2:30 US-REGEN Progress Update Geoff Blanford




3:30 PM  ADJOURN

6:30 PM  Dinner, Delavane Diaz,
Steve Wan, Tom Wilson
Discuss logistics for remainder of trip

EPRI %3657 (512 %)

Time Topic Speaker

9:00 AM  Welcome, Review Agenda Delavane Diaz

9:15 Taiwan Model Reference Case Results Delavane Diaz,
Steve Wan

10:15 Break

10:30 Scenario Results and Discussion Delavane Diaz,
Steve Wan

Noon Lunch All

1:00 PM  Taiwan Model Demonstration and Training Delavane Diaz,
Steve Wan

2:00 Final Thoughts and Wrap-up All

2:30 AESIEAP WG2 Discussion All

3:30PM  ADJOURN

ZHEYR %{i:\ﬂﬁéﬁw”ﬁﬂ@ ‘FIJ ( San Diego Gas and Electric » SDGE) fés?j =R

Thursday, June 10, 2010

Agenda

9:00-9:10 Introduction

9:10-9:30 Forecasting demand for power and fuel under economic uncertainty
Steven Jack

9:30-9:50 Yearly and monthly load forecast models/methods applied by utilities
Steven Jack

9:50-10:10 Smart Grid/AMI System Risa Baron




10:10-10:30

Break

10:30-11:10 Planning a reliable, affordable and sustainable energy system
Ben Montoya
e Energy Efficiency and Demand Response
Renewable and Conventional Power
¢ Reliability Planning- reserve margin and resource adequacy
11:10-11:30 Renewable energy development Mariam Mirzadeh
11:30-12:50 additional Q/A and lunch

[RIGES EIE ﬁj ( Southern California Edison » SCE) és?ﬁ i~ A

Friday, June 11, 2010

Agenda
10:00-10:10 Introduction Gary Stern
10:10-10:20 Background on SCE Gary Stern
10:20-10:35 Regulatory Environment Gary Stern
10:35-10:55 California Energy Market Jeff Nelson
10:55-11:15 Energy Planning in California & Break Jacqueline Jones
11:15-11:40 Long-Term Forecasting John Gillies
11:40-12:00 Day Ahead Forecasting Roller / Balgos
12:00-12:20 Procurement Planning Ranbir Singh
12:20-12:40 Gas Price Management Joanne Tran
12:40-13:15 Lunch
13:15-14:35 Loading Order Jacqueline Jones
13:25  Energy Efficiency Tory Weber
Break
13:55  Smart Grid Bryan Lambird
14:15  Renewable Energy Gary Allen
14:35-14:55 Supply Planning Gary Stern
14:55- Wrap up Gary Stern




™ 2 il (Southern Company » SC) %?5 A
Monday, June 14, 2010

Agenda
09:00-09:15 Introduction / Logistics Doug McLaughlin
e Review Safety and Housekeeping concems

09:15-10:00 Overview of Taiwan Power Company Shao-Pin Hung
10:00-11:00 Long-term Load Forecasting Kenneth Shiver
11:00-12:00 Lunch

12:00-13:00 New Technologies Larry Monroe
13:00-14:00 Long-Term Resource Planning Garey Rozier
14:00-15:00 Transmission Planning Doug McLaughlin
15:00-16:00 Discussion and Questions All

16:00- Adjourn
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(1) FEEFPR-P TR R ke

Frot F et ] 2007  RRERELES > 20 B I s R 1
CPI T > PP REY » 2 S g4 N ol
PSR F AR Pyt R AT =
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FZ£ (total consumer benefit) &% P(Q)fl1 0 = D V#f;j :
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B [GERETH  ANSEEE ARGV S ey o SR
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(1) 5% (RIS Gl = I e P = PabpyRe s =2 sEfREl S hm Rt
il
> X(5,1,v,t) ~hyps(s) + BS(s,t) = DI (t) *dref (t) *load (s) * (1+ loss(s))

IF=5g > st Fffl%ﬁﬁ?j?& (load segments )
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i *’Fﬁ‘ﬁil}.&fﬁ; (capacity block )

t o ]

vi F [

X(s.i, v 0: 7 PR s SR L
hyps(s) * Jfiig it ﬁﬁjuﬁﬁ

BS(s,t) : vk pIEN FE s TERRAT € N PR R T
load(s) : FL¥E= ,JE}&EJJ‘FEB s FJE&;

loss(s) * FIANRIRE s VasdEl (= 7 [ SR
dref(t) : AP RLYEF 1 ¢ Gt Rk

DI(Y) * AR ve st # 1

(2) 23~ (RIS Great e — IR ¢ lfﬁﬁﬁzﬁ DA (1) :

D(t) = DI(t) * Zsl(dref(t)*load(s) (1+hours(s)) (7<)
=g DY) ¢ AR RN (TWh) (S EHRERRERT ERfTT A4
hours(s) : FIENRFE s ] [
loss(t) - A84E (&)
(3) V= RIS RS R N R L Rl « B FrRIBIALLS v
HRI L RS
XC(i,V,t) = nyrs(t) * (0.5* IX (i,t = 1) + 0.5 * IX (i, 1))
=5 XC(ivt) ”’g&,ﬁﬁﬁafﬁ = v R RR] D A Fﬁﬁi
IX(i, ) - FTHEV BRI 2R €70 5 5 PRBY e 00 SR 22020
JUIFH) 12015 » A BVIIFL i RUPTAS RS > F) X, 2015) =
4GW - IX(i, 2020) = 6 GW, F[I¥fe] t=2020 Vit -5
HEIED 25 GW -
nyrs(t): S ¢S -1 TR B ) LR B T RIer I )
(4)  SYPFRIGIS et Ao SPC R RILRR - RN T G AR
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X(s,i,v,t) < XC(i,v,1).

tr"hﬂ

i) af(i)yAe £ AR VR (availability factor) > g
SR U E “fE' ’ yﬂ[%ﬁ[ﬂi ( capacity factor ) CF(1)EJ[HﬁfU

ARl M= T af(i) Vi CR@) o TR 0, v, Rt o
St o

lfmtm

fiEe
I

iy

M=

D (X(s,i,v,t) *hours(s)) < af (i) * XC(i,V,t) *8760

SR R PV FRIRIT - (5 8760 - [ SERER] Il NG B - v
LV B
X(s,i,v,t) =af (i)* XC(i,v,t) *CF (i)
?iﬁfiﬁfu?“ (3) flro =TR el ety IX(, t)#= ;E%?&I’EEM;F&J/ XC(i, v, t fi9

) 5 EEE FLEHEﬁfFaL I XC(i, v, t) ~ P/ it (on-line ) === & (off-line ) &

me:
= - FL EVBhIPL i 225 5 v;[/%ffﬁl'}ﬁii TR - ARt
XC(i,v,t+1) < XC(i,v,t)
(5) FEBEIEEE F*E'r’ff‘ COPHTTEL] 157 caplim(type) Fi -

EHERIE type
N4 EA\ IKxLﬁr“ O N tgnﬁqfﬁ —LFIJ'FI: type* ,

Z XC(i,v,t) < cap lim(type)

idef (i,type),vt(v,t)

1P idef(i,type)}lﬁ“ﬁ'ﬁiEﬁiﬁ%ﬁ#%ﬁél@# vi(vt) FE
OB 1 v -

i COL PHY B 7 > 5

e S I

- TR VI
D (X(s,i,v,t) *emit(i,v,"co2") * hours(s)) < co2cap(t)

P emit(i, v, “ CO”)% ?‘,EEE&JL’FJA =EEG v ”’Fﬁ’ﬁﬁ;[/ CO, EFv {8
COCap(t) %= ] t  CO £l H[IXL -

H IR G R [l B R = B9 3 R ]
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;_I/%:E Fj\glgzég?f_':»_fil[@ﬂ\ (= [{.iﬁrﬂﬁkjﬁ I :3:1/% tF /)}7"%[ (i/[li‘ @TF [E:IFI
U RSGHIRET o  SPIR ¢ SRR £ SR B A g
FC(f,t)= > (X(s,i,v,t)*htrate(i) * hours(s))

fmap
s FO(, 77 7 SR USR] £ 07 B htrate ()7 4 B1 B sid § /24
% (heatrate) ; ifmap %7 ffli ' [5] £ Vﬁ BB htrate(l)]@%%”iﬂﬁﬂw [
F 178 -
4. RYRIEPIEEE
ARREIrG e rRlbeE o R RIRL SRR IRty = A
S
4.1, FREIED
FLEI Il = | s 1l FEANES ) P 2007 3 5 sl o] £ 1 A ([
2008 2 2009  ALFFLAIHE ) - £ I 8760 /| [ - HI{RIG (L e
RS SRR A e
SR EIE | B RS T R AR B AT, > (7 K-mean [iY nearest centroid sorting >
Rl = AT 1 assh 53 £ NS RS - JINFREI RIS -
A JF 8760 FIikISSAUSTES @9;@@ ) MEE YA o
B. JHf 8760 /| {18 53 £L NS RS > 55— RIS S fmspnagpuBle il 1 CF
FIE e FOR AR ] hsd T R RS SR T R R R R A
TR T RS T R ) o BRI M
C. Fir= ‘Eﬁ F,TIE& Ly (k=1,...,8760)= =)~ E\ﬂjﬁkj‘ HEr My VEEEED, -
D. Dy=|Mi-L]|;
B ErPepdT | Wl p1h Lk = e R CR AL DK b PRSI R -
Fo AEE — R PrTp L [ flet p R - R T ISR M
HIH TR 3-5 0 [0 EI - X (iterations) [T E R FS 3 AEPRIAESHS T »
FY R PR AR R g
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2025 =& F':_T*H‘fw}f:‘ @TEJO
A1 i 2025 # i R
Year 2007 2008 2009 2010 2015 2020 2025
Demand
1878.2 | 1876.9 | 1800.1 | 1881.0 | 2248.6 | 2705.9 | 3016.6
(hundred GWh)
Supply
1974.1 | 1962.7 | 1889.5 | 1974.2 | 2359.7 | 2839.3 | 3164.8
(hundred GWh)
Supply Growth
. 1.000 0.994 0.957 1.000 1.195 1.438 1.603
(indexed to 2007)
Losses (%) 4.86 4,37 4.73 4,72 4.71 4.70 4.68
2 2025 F & ey R ARG
¥, 2026 | 2028 | 2031 | 2036 | 2041 | 2046 | 2051 | 2056 | 2061 | 2066
ears
-27 | -30 | -35 | -40 | -45 | -50 | -55 | -60 | -65 | -75
Supply Growth
HPPY IO 19 | 18 | 17| 16| 15| 14| 13| 12| 11| 1.0
(year over year)
Losses (%) 4,68 | 4.68 | 4.67 | 4.66 | 4.65 | 4.64 | 463 | 4.62 | 4.61 | 4.60
4.2 I
%[iﬁ’fﬁ?ﬁ‘lﬁﬂﬁﬂﬁiﬁlﬁﬁﬂ“%fiﬁ”‘:\ﬁﬁiﬂy' o S PN I'EVF“ 2045

IR A

I/E f b i @Ej[li 3 B

11

50" US$/mmBtu % o =9} » i




20V R £ E VISR ML 2010 FRELIAL SO v - 1

ﬁ?f* LT = e SR 5 A i - U 4 B

A3 P RS

Fuel Type TPC Price (NT) Btu Content US$/mmBtu

Fuel Oil (#6) | $14,489/1000 L | 1 gallon = 153000 Btu $10.86

Diesel (#2) $25,161/1000 L | 1 gallon = 138500 Btu $20.84

LNG $15.58/cm 1 cf=1,029 Btu $12.99
Coal $2,677/mt 1 1b=12,000 Btu $3.07
* 1 gallon = 3.785 liter (L), 1 cubic meter (cm) = 35.3 cubic feet (cf), | metric ton (mt) =
2204.6 1b

¥ 1US$=33NTS$

4 AT

$/mmBtu Fuel Oil (#6) Diesel (#2) LNG Coal
Year Low | Ref | High | Low | Ref | High | Low | Ref | High | Low | Ref | High
2010 9.47 | 10.86 | 13.54 | 17.69 | 20.84 | 23.99 | 10.79 | 12.99 | 15.20 | 2.54 | 3.07 | 3.59
2015 10.02 | 11.50 | 14.35 | 17.19 | 20.30 | 23.41 | 11.33 | 13.66 | 15.99 | 2.38 | 2.87 | 3.36
2020 10.33 | 11.86 | 14.81 | 16.83 | 19.92 | 23.02 | 12.15 | 14.26 | 16.38 | 2.28 | 2.75 | 3.22
2025 10.49 | 12.06 | 15.06 | 16.94 | 20.12 | 23.30 | 12.61 | 14.85 | 17.09 | 2.19 | 2.63 | 3.08
2030 10.54 | 12.12 | 15.14 | 17.10 | 20.37 | 23.65 | 13.13 | 15.51 | 17.89 | 2.09 | 2.52 | 2.94
2035 10.49 | 12.07 | 15.08 | 17.28 | 20.64 | 24.01 | 13.68 | 16.20 | 18.73 | 2.00 | 2.40 | 2.80
2040 10.36 | 11.92 | 14.90 | 17.51 | 20.97 | 24.43 | 14.30 | 16.98 | 19.66 | 1.90 | 2.28 | 2.66
2045 10.17 | 11.70 | 14.62 | 17.77 | 21.33 | 24.89 | 1497 | 17.81 | 20.65 | 1.81 | 2.17 | 2.53

2045 1 V SIS IR TR LNG (bl i 560 196 » ANt it 7

196 » 435 2045 & [} 5 VEFRT(EH 778 o F RS EME PRI R FE A 5 e

Y
]%2030 %5 F Y R R }‘:ﬁZ/
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Year

2010

2015

2020

2025

2030

$/mmBtu

0.418

0.618

0.709

0.799

0.890

43. FHHCEYR]

SRHTE] TPC =2 IPP AT e R IE > = AR FoZe At T A=k - 2% A
IS A= (G VLD B i 5 (ﬂﬁj"& ARl ) - ASLE 1D =
(L Ejljﬁ%%gﬁ’fﬁ’g A1 E] TR e E ) 65 ﬁ[ﬁ S o

PR FIEE | 12 FE TSR éﬁ?ﬁif‘; > &y fﬁ : New Coal (clst-n), NG Combined
Cycle (ngcc-n), Cost with Carbon Sequestration (clcs-n), NG with Carbon
Sequestration (ngcs-n), New Nuclear (nucl-n), Hydro (hydr-n), Wind (wind-on),
Off-Shore Wind (wind-off), PV (PV-n), Biomass (bioe-n), Ocean Energy (ocean-n),
K Geothermal (geo-n)=" - &) FEif: fiatsy oy ?ﬁfﬁ HIE1HA (availability date ) ~ overnight
capital ~ [l E52GEN 4~ RAEERERS £ CHSRIFRIE ) B T pr R (R e

[ S TR (SOx, Nox # CO2) > AIRHISRAIA 4 6 -
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Technology Avail | Capital | Capacity | Heat A\{a'il— S(;))z NOx (Ib %?)2 FOM VOM
Year | ($/KW) | Factor Rate ability JGWh) /GWh) grtllrlr)l ($/KW) | ($/MWh)
new Coal | 2010 | 2,028 1.00 8575 0.90 543 335 215 16.13 1.241
NGCC 2010 895 1.00 6608 0.90 0 478 45 12.78 1.975
Coal - CCS | 2025 | 3,200 1.00 10719 0.87 543 335 22 19.24 1.886
NG-CCS | 2025 | 1,650 1.00 7930 0.87 0 478 5 20.38 2.813
Nuclear 2015 | 3,928 1.00 10342 0.88 0 0 0 39.14 2.948
Hydro 2010 563 0.38 0.95 0 0 0 20.00 19.000
Wind 2010 | 2,470 0.30 0.98 0 0 0 15.00 0.000
Wind -

OffShore 2010 | 4,677 0.40 0.98 0 0 0 43.64 0.000
PV 2010 | 4,192 0.13 0.98 0 0 0 3.98 0.000
Biomass | 2015 | 3,100 0.45 10280 0.80 0 0 0 35.00 2.500
Ocean 2018 | 5,000 0.50 0.90 0 0 0 80.00 0.000
Geothermal | 2014 | 2,600 0.68 0.90 0 0 0 57.00 0.000

=

FE L ETE RS A PRI BLIEESET 2010 USS « 1> wFE Y4 R 2015 gn;ﬁ&ﬁ:g ; ,g;r%ﬂqg}t; 206 » fHUEIY 2015 ;yﬁc@ .

‘E'Jﬁﬁﬁ%%ﬁﬁ‘jjﬁ?gﬁ%i% E[F{Tf ) IHF‘]EFJ &ﬁTj\ F”TE 8760 |

EE—_':

[ E,F HEH fﬁi]%ﬁ'fp ° lﬁiﬁ O Y s S E) 9101
Btw/KWh> CO, EF= ][54 215 Ib/mmBtu- £l 9} nF%iL ER e B CO R 2

PR R R R AT
R EEF IS R

A

CREVRR P RIR TR

4.4. ?El gﬁﬁ
Tﬂfﬁfl[?ﬁ'l oy A PRI 20 R o PR IR R B R L AL

AT 5 ERE T E*]FEB Iﬁ 73 ?El AR 1
uf_[T A ?F, B N E
’f”‘ Tﬂﬁlylﬁk,{” ﬁfﬁ? (MW ) =

AT 1L3SKWh -}

TR H B Jﬁiﬁ|@@
’ IE%J T EJJKE JF e FEl (charge )= 5@}%@ (discharge )
éﬁ%" P 53 9F 4 A » fEUBa s £, 0.74- » -

P PJSES IRWh VFEs o (R E R o e
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5. B RER
PRGN T > BT T EVR T RS 0 & GAMS FE
R TR AL (set)
IR
: ”ﬁi%@atﬁ
t - ]

f o AR E

w

type: : FL tE[f= (capacity types)

pol : 1= H4(SOx, NOx, and CO2);

new (i) : ié’?”’Fﬁ'E'rEﬁiFi (pu="8);

irnw(i) = £ f=V R

dspt(i) : p*ﬁ%ﬁ Fkglla%tﬁi (TEF”JEJ% Vi Fj‘ﬁ”*‘* )
ndsp(i) : T ﬁﬁ%’ ?ﬂglﬁaﬂu

chrghr(s) : TEITE S TR R

dischrghr(s) : JfIi 2 bR 51 FiHT P

cogenhr(s) : F||" ¥4 & lé“, I
ifuel(i,f) : ?}'EHE&&FM i S BT

vi(vt) < R ¢ R v IJJFL

N(Y) 5 VL R

idef(i,type) : ”’ﬁi%EﬁiF&%'?fgj'r&?,ﬂ/E%[%@ (map )
ifmap(i,f) : {2 PSR £ ?ﬁ’ﬁ%lﬁaﬁﬁ.

ST ALY R AL R (R9) % AR TR Y BT - T
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GAMS a—:ﬁ% GRS T 328 (parameter ) ©

dfact(t) : t # T’?EEJW%'(T@F%E PR L 59)
nyrs(t) IR SRR o1 IO B nyrs(L) = 1o F VL R
2010, 2015, 2020, 2025, 2030, 2035, 2040, 2045, 2050 & 2075 -
hours(s) : F,LTIEB;E?J{F& sV 'J~Eﬁ§(f (input)
veost(i) © RAEEERY 4 (input, excluding fuel)
htrate(i) : ?}’EE&;@ i VEIEER (input);
pf(f.t) = FIFE] ¢ LASRIBTRE £ A5 i (input)
emit(i,v,pol) : }E’E%Eﬁﬁii, F 57 v REBPIRIEE pol VIS REEYER (input)
pp(pol.t) : ySEPIRE[RE pol #72/]t 1 15347 I’Ffﬁ? (input)
opcost(i,v,t) : }E’EEE&‘% i, &) v R Rt SR A

opcost(i,v,t) = veost(i) + htrate(i)* >_ pf (f,t)+ > (emit(i,v, pol)* pp(pol,t))

ifuel (i, 1) ol
bscost : = ﬁFJ (%{?‘i)ﬁi}i (input);
fomcost(i) : [l E5ERERY 7+ (input);
capcost(i,v) : %ﬁ??ﬁﬁi@ﬁiﬂi =2F 5 v I overnight Y& 5 4 (input);
Qe i t &I ﬁliff:“ﬁ:ﬂTﬂ*(calculated from load input);
Prer t 5 VLIS SRR CRLE IR A A R T A VR
i T S5 G
pelas (G, Pler)/ F’%I’E%ﬂl‘iﬁ ’ f@r%wi HHRS t IS ERAIE (input);
cot) : ST Y BT (= har® (11 pell)
Chia(t) : BT B BEFI= (Per/ Aer) * (1/ pelas));
loss(t) : & T 558Ut i(input);
dref(t) : AFlfeehe FLYEF 1 ¢ & il;*jljzﬁ*’?‘/:% (input);
load(s) : Bl E\JJ%BB s W Eidy (input);
af(i) : ”’Fﬁﬁﬂﬁhfﬁ i V'R [E (input);
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CF(i) = A BIBAIRk | % Bl (input);

caplim(type) : F*,E [ type [V §AH MW Ff‘Lﬁ‘IJ

captgt(type,t) : FL B ERE type Z=/feft 0 AT [ MW F%PFF[ FLIE]'

psdischrg(t) : =+ §f [*j‘j.Jf:_[/ B’F::T‘EKTE

pscap : - 4 [:]?I A E

annualcog(t) : ?Fﬁ%‘il % F%’FL, B

HRLe > & GAMS DHFIHI?E] £y, TA@gy | (variable) » gqgm&;ﬁ! IR
FHIES T L5 (positive variable) -

X(sivt) It HEBI L 03 v, pIERE S VDR (TR

XC(i,vt) © H ﬁ EIEIRLL, Ty v /éﬁé ' Fﬁ‘ﬁi(}@@'@

IX(i,t) © [ t, ;9%@‘} ElEhIRL 1 VF #r F {77 investment ([ @)

BS(s.t) : W] t, FIEiFE s v fézﬁﬁ (PR SR T Bl (178%0)

DI(t) : AEEHE LY ¢ 2 T‘(I—?E’ﬂ@@

DA(t) = Al (k)

hyps(s.t) + 4T A9 o PPt = B G R A TR R o A

%

cogen(s,t) : I% Fj:i[ * EF%E' : [g?m}* | gii EF EHEAHH] -
Surplus : Ffflflfﬁiﬁiﬁ’ﬂﬁ% °

AR R ’F‘A'f FIER Tl Ay~ [
Surplus = z (dfact(t) * nyrs(t) *( > (X(s,i,v,t)*opcost(i,v,t) * hours(s))

s,i,vt(v,t)

+Z(BS(S t)*bscost *hours(s))+ > (XC(i,v,t)* fomcost(i))

i,vt(v,t)

+ 3 (IX (new,t) * Y capcost(new,v)) — (cb, (t) * DA(t) + cb, (t) * DA(t) * DA(1))))

new tv(t,v)

FJ [fil - EIEL ‘lwﬁlf‘tl?ﬁﬁﬂj Il B A= - TR cb1+cb2*DA(t)rf’71ﬁ
F o Bl ¢ D Sk DAQERI
DA(t) = DI(t) * (1 —loss(t)) * Z(dref (t) *load(s) * hours(s))
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P> IS — S R s(s,0. 1 et B 7R

Z X (s,1,v,t) —hyps(s,t) + cogen(s,t) + BS(s,t) = DI(t) *dref (t) * load (s)
iL,vt(v,t)

hyps(s.t) 747/ 4 chrghr () 4l f= » ?ﬁ*fﬁ;?ﬁ@ 0.74 (1 KW 9@%‘%:%—‘ H11.35
KW i) o & [af] t

Z(hyps(s,t) *hours(s)) =1.35* psdischrg(t)

chrghr(s)

hyps(s,t) <1.35* pscap

1 BHFH] t o dischrghr(s) Eﬁ?& ;rg[ Jq:r,ﬁ;: X(s, “PSHydro™, v, t) :

Z X (s,"PSHydro",v,t) * hours(s) = psdischrg(t)

dischrghr(s)

El’,’s T&i%; cogenhr ,f//ﬂ?r’“ > cogen(s,t). /i £50 - ,,f// cogen(s,t).7 /i £ !

(5

cogen(s,t) = annualcog(t) /( Z hours(s))

cogenhr(s)

e AR F v ?}'EWWF@E@W%E{?{E ° AE- %ﬁ?}i'{
Wbk i =28 & (7) VIEIJF"EI il f' s TR v ?i IEIJ%:E AR (tv(t,V)),
XC(,v,t) = nyrs(t) *(0.5* IX(i,t = 1) + 0.5 * IX(i,t))

= AT FEIEHIART ¢ ) gﬁ VBRI F B TR ;%@ S5 i(dspt (i)

il

X (s,i,v,t) < XC(i,v,t) * af (i)

D (X(s,i,v,t) *hours(s)) < CF (i) * XC(i,V,t) *8760

ST MR Gt o P R RS SR SR P SR

BIFIGEEVR] + 7 1T SR af(l)ﬁl* U AT (IR » 7 )
FFIY Cf [ - P AR
B R FORSRE LT B CF g

X (s,i,v,t) = af (i) * XC(i,v,t) * CF (i)
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F R NS SR R (vrse(s, ) F AR PR RI Y o [ A Y

X(s,1,v,t) =af (i) * XC(i,v,t) *vrsc(s.i)
N AR AR, RN 8, F v ;ﬁf/;///if/ﬁ“i
XC(i,v,t+1) < XC(i,v,t)
iz o f ] [lEHYaE! | ”@F&Hﬁ‘ﬂv[” :
(1 3- ?ﬁﬂ&%fﬁ?fﬂ =i HAR ¢ OV RdAE ﬁglf‘ﬂﬁjﬂ .
D XC(i,v,t) < caplim(type)

idef (i,type),vt(v,t)

@ H-HE FL[E Bl o5 Vb PR R E MR (UIF 2 =i -

D" XC(i,v,t) > captgt(type, t)

idef (i,type),vt(v,t)
() SR IENFC) > U] CISRIEIRE £ /a5 i R - B e
FC(f,t)= Z(X (s,i,v,t) * htrate(i) * hours(s))

ifmap(i, f)

(4) CO2 £ H(co2cap) » i BV CO2 EHv HiEL :

co2cap(t) = z (X (s,i,v,t) *emit(i,v,"co2") * hours(s))

st

(5) FJ2F f=IRa Rl (mwgen) - LR & V4R -] ] gEIRAE FED
rwgen(t) = Z(Of (8,1,v,t) * hours(s))

6. BT

(1) felprlEtR

(2) fepss il

(3) S IE

4) Tl feipaeE,

(5) A= P L g il 1350MW B

(6) AL CCS

(7) J‘Jf,%%:f,
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7. AUE| ]

‘ New Generation Technology Options:

Heat rates improve over time, especially IGCC + CCS
I

Heat Rate (BTU/kWHh)

14000

Coay

12000 - Wity Ces
C) Biomass
10000 ==

o \ NG gas turbine
5000 \ Coal without CCS

NGCC with CCS R -
———— NGCC without CCS
G000
4000
2000
O T T T T T 1
2015 2020 2025 2030 2035 2045 2050

Electric Generation with State RPS Only

TWh

6000 -

5000 +

4000 e

3000

2000

1000

0
2010 2015 2020 2025 2030 2035 2040 2045 2050

20

Price Response
Solar
[ Geothermal
B Biomass
e Wind
s Hydro+
Nuclear {New)
m Nuclear (Existing)
Gas-CCS
[ Gas
Coal-CCS (New)
[ CCS Retrofit

B Coal



 Additional 30% by 2030 Federal RPS

BODD == === = e

Price Response

5000 + o Solar
[ Geothermal
2000 B Biomass
o Wind
 Hydro+

3000

TWh

o Nuclear {Newy)
m Nuclear {Existing)
Gas-CCS
[ Gas
Coal-CCS {New)
[ CCS Retrofit

2000

1000

I Coal

0
2010 2015 2020 2025 2030 2035 2040 2045 2050

- US Electric Generation with CO, Policy

6000 mmmmmm == e e o 2.5
Price Response
3000 AN o Solar
[ Geothermal
2000 - I Biomass
o Wind
= 3 s Hydro+
E 3000 E o Nuclear {New)
m Nuclear (Existing)
2000 Gas-CCS
[ Gas

Coal-CCS {New)

1000 1 CCS Retrofit

I Coal

= (0, Emissions
2010 2015 2020 2025 2030 2035 2040 2045 2050
CO,Price $30 $38 $49 $62 580 $102 5130 $165 :

21



~ Change in Generation from 2010 with CO, price

2500 -
2000 -
1500 -
1000 - .
Price Response
500 - Other Renewables
= Wind
= 0
E M Nuclear
Cccs
500 4
W Gas
-1000 A | Coal
B Load Growthin
-1500 - Reference
-2000 -
-2500 -

2015 2020 2025 2030 :

Limited Portfolio: No new nuclear and No CCS

6000 - - 2.5
Price Response
5000 1 :  Solar
[ Geothermal
4000 - B Biomass
15 e Wind
= O~ s Hydro+
E LI E Nuclear {Mew)
1 m Nuclear {Existing)
2000 Gas-CCS
[ Gas
0.5 Coal-CCS {New)
1000 = CCS Retrofit
= Coal
0 0 = (0, Emissions

2010 2015 2020 2025 2030 2035 2040 2045 2050
CO,Price $30 $38 $49 $62 $80 $102 $130 $165
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STPE B

1. The Challenge of Scaling Up U.S. Domestic and International Offset
Supplies
S IER RERLD  SP 5 (5ABAE o 50 PRI R e R 2V A

fE o @"ﬁ%éﬁ (M rgr o el FEEE 0 bh (cap and trade) 3£ Y]
1> 28+ i;t?ﬂlgl‘j\ﬂﬁ_' —’\ﬂjﬁ@ﬁfﬁﬁﬁ} v 2020 F ﬁfJEIL—iZOOS F ¥ 17-20%
Ol 50 PRI ED » 2030 F Fifa 40% » 2050 & Rifoifi D 83% o SR 4]
(2010~2015). V7| » FFRPRGEE. | JLE[E AR ~ [RAY A bt = fHEEE > [
o A R @ SR (R B B
F,,j,ﬁrﬂﬁ:’r B WG @F”l »ﬁ]f]k ,iﬁ E1ib (>US$30/[FH CO,) » [RZE:

. LJT;I?T%Q@IE%%‘{ WJ F&JJ ﬁﬁ& RS E‘Vﬁﬂﬁ&*ﬁﬂ

o EIfyUd ﬁ‘ﬂff A~ piaeer > fy T~ p R

o L] p%;@zﬁy(offset)
) R v R e e - Rl TRV R -
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Net Emission Reductions Under Cap-and-Trade Proposals in the 111th Congress, 2005-2050

Million metric tons COze

e
7,000 [g, 1 semn—
projected emissions™ 1990 levels

6,000
5,000 [

Cantwell-Collins, 5.2877"
4,000 [~ Emission cap only

Kerry-Boxer, 5. 1733 (as reported)

| = Emission caps only
3,000 = Caps plus all complementary requirements
* Potential range of additional reductions

2,000 [ Wéxman-Markey, H.R. 2454 (as passed)

December 17,2009

9,000 [

Business as usual

8,000 [

2005 levels

== Emission caps only

1,000 [ = Caps plus all complementary requirements

Potential range of additional reductions
| Y N 1 N Y Y O 1 [ Y N A A Iy v |

0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

For a full discussion of underlying methodology, assumptions and references,
%; WORLD RESOURCES INSTITUTE please see http://www.wriorg/usclimatetargets.

*"Business as usual”emission projections are from EPA's reference case for its analysis

of the Waxman-Markey bill, * Sﬁ?ﬂ -term projected emissions” represent EIA's most

recent estimates of emissions for 2008-20 6

** Cantwell-Collins sets economy-wide reduction targets beginning with a 20 percent

reduction from 1005 levels byrrg However, additional action bvn%ongress would

required before these tar%t]au could be met. Reduction estimates do not include

emissions above the cap that could occur due to the safety-valve.,

RN G RHE SR g R UL R

TR T SR A IS 7 OIS S Y SRRl
Wi "I B (cap-and-trade ; IET] o F I BLAOEERES
il =" F %R G BEY CDM B L I gl pS DR b Attt {5 h iy
Ik 2 % P HT(Reduction in Emission from Deforestation and forest Degradation,
REDD) ; %= " HIIFFH4 fl(sectoral mechanism) |, - L (¥ iRt Bt
M COPAATES TR D) ~ B (R D 2 PR | > AR GE) ~ B V5e Sk s
PURR PR~ SRV s SRS ERIERDSRIE] AN o R
FI&F=if ~ CCS ~ ASR[ims A B (75D ERVIOEE R 2 ] [ G £S5 I
R PP R SIS PR RO ETRIESTREL o (E LT S
IRIEE ST =R T R A AL

5 Natsource ffi7f > SUSHERAEIFES 2 1 American Clean Energy and
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Security Act, ACES)#H > 7 & LV (BAU) =AY [l Z it e A
VR BT 201222 2020 £ [ 2 S {200 FYPE COs Bl (1 2)- for=
 Waxman-Markey(ACES) ~ Kerry-Boxer » Kerry-Lieberman 73 4 % i &!
SECIE JF_MI,FLIE_-I 20 &I CO, Aﬁ,{ﬁ} FOBRAREEL > 1 e f'%[’f |Z(Western Climate
Initiative, WCT)' - “¢ FFRHE 1Y 49% [ F|| B £ 55 o SRY For e P 4548
AU 1 ELS R

(Million metric tons CO.g)
3000

2500

2000

1500

1000

500

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

[fl 2 FE¥ BAU ZHY 2P AR Y 2 P

L KR R =5 AT e A S MR R S R R SR L S ]
Ah  PREE T REE IR o (T GBS UV R - =

2007 2726 F1  EEEE B AR O RGBT
SIMIE TR RPN 5 S IR T T
5 R AEE R ARE T o FRE AR R 0 THERERY HEEE T B R PR D 2 SNE T
55 2020 F Ghiif AR o
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[AIER E LRI - DRI BAU BRFEI £ 100 - (H[N-0 i #H
% HEL90 - S AP E! 15 100(BAU) » FEEHITE! S 190 « 7 [
FABO  + SHIIOAI SR S IS S 4 10 e
PHIHE » [SPETEIE 100 » S HHIIITRS 10 15 B TR F

P PRI ED 90 » SEEEIVEI 1@ 0 (95T 190 » F T 10 $150 S 9
FEl 1 5’??@%% (EHe 5 Jiek s fllIA A;»g‘fﬁﬂﬁﬂﬁm:fﬁ I EL 95 0 SHEHT

£l 195 ’Dﬁnjl;i’_F}Litﬁfi 190 ?.T’bﬁ:’J °

AR I
B T REHIE BEHIER TREHEF
100
oAU Pool
= 10 GHG = 1y
ER__, R, 47 5
90
90 90
i3 TRV O S

ﬂ\j“[[j“[’*‘& T EE 2 (Congressional Budget Office)® [' [Ff[;f i HR2454 e
e CE T R T 2030 F EEOE B YR T o PSR
T 1 AT ORREL A AR KRB

FEEEBA T 2012 52 2050 £ U] T HSE F ATHES T0%[9R8 1 -
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ERE s RG

# LR AL
SRS 2 (2007 ?Pﬁwg $1010 {57 $2480 {5 T
AR VF‘( 7 /85 CO, ,5, $40 $138

Ay"’»:T—‘U}?HJJVfITfi*ETﬁiUFm’@'{ﬁj/ﬁ[ﬁflﬂ RV ) P T
ﬁf‘?’ﬁﬁl N el Z/[Ij\ qglll :

= f "‘l'gy Secfor CO ohr.e’cs - =

~— -xH_AFOernfron / P_Eggfﬁ?f’h e

2
R

B4 I AR

ol

FUR > A Rl | RLSWAY B BRTE LA f] 2 & EPRI 2% BIIERIEE
PIHEGRE IR ?f?‘li CHFRGE TR SR FRINER S 10 EEEROLT
e PIETR] =l PHs S puLtigiat a8 CDM BT Fifi@iigiie 1997 # 49 »
2003 F FF: Eﬁﬁ B3PI (77 > £ 2005 # § 55T {id CER > = 45 (2010)F 7 £
e [k S UL RS 4 (PR > SEFETVEERE 600 (83 ] - CDM 7
TR Bk TR0 HIJE@EIfJF"’ﬁe”ﬁHZi%7F3FA/ﬁ LS GV 2
FETp SRR F R EAREI PR 5 Y A T 2 R R PLRL B
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P~ HIPE S T S) « SR E'\H’EF—\[[‘SJHI%FE ZfY CDM Fhai - 39hLE)
= 53 (2026 [ RERITERA STER B WABAR D (R 6) -
gt 2012 5 R QY 10.5 [EPF COp » SRIBHT | (= (AFHAVEL - i =

sk Bl F }‘?J%Jéa g

Top countries byissued CERs

200.0 100%,,
& 180.0 7 a8 88 |0
0 160.0 1 / 80% <
T 1400 70% &
@ 1200 {— //r 60% &
= 1000 - o 50% =
@ 80.0 1 __ 40% "E
S 600 1— — 30% &
S 400 20% &

200 10%
0.0 : : : = = = = | gy
°c 0§ 3¢ ? F § 2 &8
B > 83 & 5 3 CHE-

° E;

Source: File: cdmpipeline xlsx downloaded from http: fwwww cdmpipeline orgloverview him#1, accessed on 427710,

B v H CER [V BI%EEE
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Accumulated number of projects submitted for validation &
registered projects

FO00

£000

2000
".'."( —=— Registered
4000
/f" —e— Submitted far
3000 validation
‘.,.n', —— Projects with
2000 issuance

1000

Number

Source: File: cdmpipeline xlsx downloaded from hitp: Sfeaviw . cdmpipeline orgfoverview htm#1; accessed on /2710,

6 I o L A B L4

o

CDM S Pfton-by-ton) i [0 AEH{I £ 5k + 2 e 4404 i35
PRES PR = I BR S HRE - el = R TIPS SR 1) eyl ) a5 bl
T SR LS R > 5 #n:tp 1% r—_[tlp YFHR BT E] 500~700 fF 0 - EE
fEf= 1000~2000 fF = [NIF= CDM FHIE T 28 5ol B ool
FLEN >~ RS

ST CDM Vg Bl v 8 4 B AL SR Ey ~ R TR R ]

(sectoral crediting mechanism)pAfsa. @ FHIFH S8 [ 1B 1RE t@ﬁiﬁ FIFff = [k

- D

"HEHBAU) ;i TR LiS emissions baseline) ;> I A HAD
ARV BRRRE! 2R L /[E?‘%;k’/ﬁ[ﬁﬁﬂél bt I G PR -
S T dEE (o loss) ) TR+ WERRHITE i PR, - S
ZETH P (1] RIS - - R SRR -
(EVF A AT PRS2 i) 2 T3 DRl (O 7) -
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Business as usual
2 Developing country contribution
-% to global emission reductions
g (supported and non-supported)
L Emission baseline
% - — - Credits/allowances for sale
(D - - —— e
= Actual emissions
» Time
7 AR T DR
R BRI “ﬁF'FﬁJ AR T 2R o SRR N SRR
HiG -
o ViIgGlH PV ¢ ﬁmi[ﬁﬁﬁ'[f%ﬁ&léﬁ«' ?Zf lG]IiES ’f@ﬁkﬂ’* » FONEE -
(B o | H b o || 'ﬁTﬁ“ y LB SRR
o =¥ CDM Hih5iik » i’ ﬂ:ﬁ{%lﬁﬂﬁ f"FE'E'}’r%FWE?*] [ef]
o WY n’ﬁjﬂ o R [ 2V ‘ﬁf ] IEs At l’”ﬁ\ [V e
o W-M BRI U F I s HIE T i B VR BT

[ ISR It o T A B 4 PR R A ) (LULUCF )AL =
SRS CUREREVSTT SR 0 FI1990 BT ESE B 5 58 BTV &
(S (TR TS 20% - (R A BB - 3 SRR
FHELE F 1300 %“LF?(1990 2005) » 2000-2005 F ] » © ' IF'T ! JKL“tHL_'JﬁE@ﬁ?f
FPIRY 50%([A! 8) » BTl ik L e I o g4l I"JT_J' 60% © " i JRAR R Aot [
i—'ﬁ’?‘}Elfliﬂju'%?E'}?EW(Reduction in Emission from Deforestation and forest

Degradation, REDD | 74 ¢ 25 [t J}H’?‘/f LR J?f?ﬁ JHTRAIR YR Fklfh“ /LI‘—’J' K
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million metric tons carbon (Mmt C)

70%(fil 9) > #15 REDD B £E5Gh A i {8 Fbly BUR 0 HObs 17 Bl ey g

ULAEC g - REDD TS [ i 248

o % REDD Ffaifiulsy BV ) @

[ ]
bt ul

4

G B ARIEE - R

e ¥ W-MAIK-L ¥ %1 REDD T 17 (5 s,

VSE SR T 20 GRS BEH 0 -

s SUGRID A R G R IEE S A e e R R

2,000
1,800
1,600
1400
1,200
1,000

800
600
400
200

e (5554 REDD LAY -
B K TR B SR TS -

* Indonesia & Brazil are the world’s 3! & 4! [argest carbon emitters N

+ 710-80% of these two countries carbon emissions are from deforestation [

@ LULUCF Emissions

@ Fossil Fuel Emissions |

{M.E:gC:hmmxozﬂt‘LwECm‘“_‘ds'DEo T ET

w.5$§mgg%'ag:gmﬁggﬁE:.gﬁsgwmgﬁsﬁg

D=2 onc > <= O ETme ool Qc = ®wn_
CEm3~SEzS & 2o88 BIoBcE5H550h2w
5 O ST/ = gm: =< Z50 - O ©c
= < DN = A
= 0= = => <C

[ﬁl 8 RR[INEER LULUCF il
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Cumulative Carbon Abatement
(for 550 PPM Stabilization)

1 L
() T

BOQ f-+-veesseesness e

BOO --mmmmmmmememe e
O Other abatement

400 - W Forestry: NON-OECD
@ Forestry; OECD

GtC

1

230 P S —

A

2’ & &
(AR
PP >

AV
S o

9 &
& o
>

o

(1/
S
o

Source: Tavoni, Sohngen, and Bosetti (2007)
q%ﬂ' 9 2020 F REDD i’ﬁﬁﬁﬁj:
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ST PR T

DU 10 A 8 7 BB 2 e T il

PG&E ~ SCE » SDG&E =

% ﬁzs'ﬂiﬁ%fﬂ“ [T BIEE 19,100 MW ~ 19,800 MW 4,000 MW » H £ 15

£1I'] SCE & >

86048ﬁ|]{*:J

» 1] SDG&E & &k

Background on California

j

(PR [EA SCE [iv 24% -

Leading the Way in Electricity ™

f

~19,100 MW peak demand

~ 19,800 MW peak demand

PG&E

SCE

SDG&E

SOUTHERN CALIFORNIA BINSGN Y

B0 U2 Bk ]s 2 il f e i
F 8 IR Rl R
o | e | g | e | T s
| Eeey | oaawy | ey | P | e uss)
P T sy | P
SCE 4,366,000 | 86,048 | 22,020 | 50,000 0.15 11,243
SDG&E 1,368,060 | 20,644 | 4172 4,100 0.16 3,183
PG&E 5278737 | 74783 | 20385 | 70,000 0.13 10,738
Sierra
Pacific 366,021 | 9.687 | 1,648 50,000 0.14 1,031
Power
PacificCorp | 1,706,128 | 54462 | 9,501 136,000 0.08 4,494
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L NER VRV — e AR AVRRRD

Fepisst — s DI TR

A T VA Do R |

FI2 fEVRI—2020  F) & GEVRE o L5 3300 ) - -
SNPSR3R — O on

T RO, e o A 2 o

2. feipFss

fiEVfss (BE) (RAFREEIE) i b (= iy irrpogeif e -
7 20 ¥ > SDG&E =1a[ i 42 [V i » AHH{H°F4 655,000 Hif= o~
¥R EeE REL PR 952MW [/_J\IIIQ%F 1ED ﬂ[rg 15 ][_{J\F[J?CT‘JSJ(‘

'J#FI il— Lj‘?}[?g?ﬂ F Ry A 38 F[\JFJujﬁirg\E s

3. E{ggfﬁbmj?’sr}p\ i ﬁ_

IR

> B P T OB IR R AR [ gy -

b IR K 2 IR

SsEs

> IESCEGT BE R o A O PP R -
> i BE R REOF IR S O i B e
R

> BRAIA O

> VLR BE R o IS L R

4, %Tﬁl’if’f;%

TR TERLAF H T B IEB S TR > ST A8 D B LB g 2 Vg
Foonl [P = 51 P9 -

= ﬁfii PR T BT E | 20919 8 PR RURLM e gy el 2 = DA 1%
[FRIAV A IR EiEl > 1) SDG&E 2006 F EGfy] - £ b £15U5S 4400MW >

34



Hi 1 P NS R BT 100y R IR £
3600MW » = I 5% 800MW o ﬂmﬁjﬁ.@ b it el VR
o

B TR TR IR TR ~ TR~ S b R -
SlAS R SXP S R 2e s O R LN I%I%J: I @ﬁ?&yf“}%

FRES RISEE S

[V EIEC) (7RI VY » F] % o gssss )
= RBRPIEL TP AP )~ AP 30MW b

T MR R TN R AN SR T QAN - e AR S TR

SIS o (E- AR PN L R o ] [E California Solar

Initiative [%fgfﬁfjwﬁﬁ PR TR * SCE F mﬁg%ﬁiml o

GI3fE 3OMW VA< I PSR SRS Py b o ki

G FLE R

6. PHE]E T R E R (RPS)

[MBL2002 = SRS SB 1078+ 2006 # 331U SB 107 % > 2010 & F|
L

FI fEiRfoms =Rt B R
96 5 [I/ERRVEH oo SR o () F R

SSinie Ep%fﬁ%ﬁw 20% - [

FIE elppve - 2 ”chT‘,:i fi' 753 Western Regional Energy Generation

Information System 3f{#4£-o

Pl R LR S R R @F 5 RLF B
P LRI - BEHT R R SRS - D R 0.5
X5

Bl GES =l e

iﬂmylipuw
> 2006 F 4 F]HL Y S-06-06 foi s | & VR F RS TR
20% ;

35



> 20085 11 7] S-14-08 ! 2020 5 £| % fiZ i erhl b=k 33960
P
> 2009 & 9 7| $-21-09 {7 Air Resources Board §22V {45 - |
W1 3300F | 2 el sy
o BRUFEFI(Feed-in Tariffs)
> 2006 7 [19 AB 19692008 F SB 380 ¥ 2009 F i SB 32 3k %4
BRI BN S SMW Ol 5 N FIR
IgﬁﬁﬁW§k%n£uvamyﬂ§ﬁnﬁﬁ%ﬁﬁﬁo
B E| 4 HEVRISEL E VRO
o [EFRAR-pIl A BIEE | S RIS AT SR S I R
Wwﬁ%@;ﬁ@#hﬁwﬁ%ﬁ%ﬁﬁ740~’@H;ﬁﬁﬁﬁ%
RRVEERER R 1-3 -
o EIPUpHY
> e #fﬁﬁg‘ J,%E@p RIS~ 4 PR J”Vr%bﬁ%fk F 'JD"L“?{,FI"]&&
IR
> PR TEIRRE SRR R 8 R
> FIZ EIRRSE HORLER R P -
RGeSk
. %imﬁﬁ B AU IR AR R Y R L
RSt i S by
> SRR I — SR T R - R A R
[ 7 ENE R 2 (TS
> ROLPPVER - SRR SRR - B2 TR RdnE e

LIRS
> HEE L W 2 ARSI A R R

T T

36



ST IR

93— g WP Rk P SR

1. SDG&E fijfi
SDG&E £} Sempra Energy [V #11h 1/~ > £~ <7 ﬁ‘U SEH s [j:f gt
IR 4,100 2 R C[JT" INPNEHEY B (San Dlego)E"ﬂFIT% #l(Southern Orange

Counties)i*‘ﬂE&:([ﬁ[ 11) » ZRlEST ?F,;LH R 57553 138ﬁkr JF1K 85 f TSR

:7? ET E'J“@’Bﬁ}?ﬁ TR ;’T%Lj”?f:% 1.2% > J‘ [J@fﬁ]}hﬁ&ﬂ}‘ﬁﬁq, I Hlj /F;?J
FOPTE LS P BT E BITER S  B  B  F T - S e
BIR9ID 2 TR o BT R0 29 Y 0 TSR E Y 169 300 G i

5.4 7v) o i EIEVE f e S 4,642MW -

Escondido

Al 11 SDG&E F{¥ Gulsh

2. FrHES
2.1. ?ET’}J%T—}

37



o WIS F RN 100MW (B RREIESsR g ) > F RS
i+ B T SSRSHTI SOMW -
> *ﬁﬂfﬁ%g'ﬁ’l%fi PR R YRR -
> R rwﬁ“ﬂf” F‘*fw
° U\;FJ%&I IR F ‘Fgu ﬁ;ﬁifg’ﬂﬁﬁ' =g JE B °
2.2. ”ﬁ‘}lﬁi’]’%ﬁhﬁ%ﬁlﬁdé‘g
o %
o CRUAEHR
o Flf}ré@
23. F|EEEdR
o  SDG&E fiff; 2010 & F| % RV T ERE 149 - (o LR
AHES 2096 5 AEERF) 2 R E R YRR e F T (banking )
# T € (borrowing ), V15K -
o U I R EdE 2020 FE |4 E F-TpiaE s | 42—33% » SDG&E
IS 2020 F B fedpiaR e PO Wﬁ‘?*—ﬁ”ﬁﬁlﬂ 33
% °
#9 SDG&E f kA=
E [ pa e s | e | g | | A
(GAS)
2009 11% 3% 38% 8% 18% 11% 11%
2015 26% 0% 44% 8% 18% 4% 0%
712015 E YU SN 2l (PGRE ~ SCE » SDG&E) AT fifift s [ 17 4R

FEEl (5% 45,000 mﬁj% ) 2RI U R AR -

2.4. PFRYROFEEN

S O

> AR R T (SR U G -

38




>
> PR R
> ARSI L Rl PR TR T35 -
o« FHilgeH

- RO PR s

> OFRR S VR R TV 2 iR
> f\l‘ﬁ%%&ﬁmf I A el e R P T ﬁ’?f‘r&ﬂ%
> AP R A Bl
25. FrlER
o FIOHEH FIAL) IR I
> HR A '/jfl‘f\‘%“rﬁ
+  Palomar Energy Center(560MW)
+  Otay Mesa Energy Center(590MW)

¢  Miramar Energy Facility Peaker Plants (95MW)

o FCRIRRELENT RIS E SR R T

’gﬂﬁﬁ%f/[l California Solar Initiative(CSI), Solar Energy Project to add

additional solar PV, Small Generation Incentive program.

2.6. :%;ﬁ}:]i@%-f ?‘Iil B}?’F‘]ﬁjﬁ%ﬁj‘

o FAFERREHTE (RA) - SDGKE S (7909 i

PERVRns > ABERY 159 i " A RS «
o BB RS RA VAR SR T A SR

> B ST LU SO RpATIE -

N el A gk gy

> B ISR RAE L ,&@Eafq—‘ﬁ%#u@ﬁ T Rl S e oo

> ERRLE P LR BT 90-10 VR I FE 10 1

RN -

39



> N-UG-T e dify + [ [ s — Hial friac -

#* 10 F] ngu flfﬁg';

REEL UTRM | e N ST
HEIE%) 70 82 27 11 1
HER=1(%) 88 84 100 45 16

R TR E] 75001 ) RO PR R )

27, VRS bl S R
e RILE
> EEFHIH
o T[S USRS (EE)
s FrvESE (EE)
o EREERRPIL (EE)
o PR FEE (BE)
¢ WREEERERERIEEE (DR)
- RO H

e
¢ PSS (EE)

CHE fféfE%F 181 [ﬂz ﬁ AC ki&@ﬁ? (DR)
o PFEFRIZET 200KW 1) R TR R TR S (DR)
3. Smart Grid Vi3,
<> Smart Meters: the Foundation to the Smart Grid — One utility’s View

[INECIPN ﬁjﬂ?&_ﬁﬁﬂii’ﬁ (=BT 2 (energy action plan) » % 5 [H1% 1L

40




2 I U] R A S AR AR - CPUCHT 2004 5 Bisf 4 M 7 ff
[ o BT P B R T RN R A« B TR ORI

SDG&E § 2 ,};145 | ”Flf-'ffrj%%ﬁ YHE (N SDG&E [ stz gt i35

SO B (O R (Smart. Grid) it (g
Pt FB VR R > T R S 2 L R
]9 > Smart Metering J| ’r 5 R N ﬁl cﬁ%("‘” pdw qgﬂ) SDG&E 7 Tk £

ﬁ%ﬁﬁ%ﬁT@ﬁ%ﬁiw&@ﬁ'wﬂ%y%$ﬁgm@12fﬁ?atﬂﬁwwﬁ“

Grid
metering In-Premise Sensing Smart
Communicatio Mesuring Grid
Controlling

q?.ﬂ‘ 12 Smart meter £} smart grid .V EL#E

FﬁPJ#WW%¢% vﬁﬁimw@@’ﬁ*“miw[ [ L
I 5 2 A A 55 T B 2 5 2. > T A R 4
5 3P A (AT TR e 5 4 TP ) R
VPl 5 5.3 P A R Y < ™ U BRI ¢ LpE
FOO IS i 2 R 0 2.5 PR T RS [

g e 2 @wtpwﬁfﬁ“ﬂWWEﬁgﬁﬂiﬁﬁﬁwww
HE J“l%ﬁﬂ@fbﬁjﬁﬁ é@ﬁf

2003-2004 # ] » |1 79645 SR i R AL - (07 pJFﬁ%ﬁ
S FHHAREET ¢ T 83 2500 = 6K “*uﬁagﬁﬁﬁﬁ%

A9 ) L P B R o B PR DT T B 14% < b 4
Pl #SDGRE fFHEIFRY R 4 AT 5 @R - T AT H

Eﬂﬁﬁ%ﬁﬁi D16 T PE 6T 5 FIESR () R R 32

41



wl) o SERIFEREAIUSH SDG&E KR * 22 filfo— ARy H > e il
A E [ MR I 2.5 S (R S b SPATHeS

IS EURRT > P gl BRI - SDGE [RIfsfr ﬂ%%f ffl(meter
reading department) -

SDG&E G fi " | IR R AR Ik fI= P LR
(79 I R o SR R P T = S A Al (google
i PowerMeten) IR i 7 » 1 RSB I~ Tl > PSSR A 7 F Y
RTH R = 2 RN ¢ S g I A AL F % % %‘Wwﬁh‘p
B BRI« 30 P o PR R g S P R BT
FE9 PO TEISREN & 11 o PSRRI R R L Frsz“—ﬂf"m;y%f% vn|
*1» SDG&E rf’* FIR = BRI o 0 2 ﬁﬁjpu » SDG&E [V}
kL B FER l” JEHTHIFTHTE ] SDG&E [BELIUEY o (NI R PR T
CE > SR R TR R R ) 2 R R R T

SDG&E [IUFHHIIRLEL 140 47 512 il St R i (6P i B IuRL
@’J‘Eﬁr PVEREE ) R T R IR RIS 15 ) Ft‘%i o fl
2009 4 Fifhfy » HE 11 E[SIREE T 20 Py SRR 35 5 T E A e
SAHETERTE 7000 Hi o BiE ST PIE R SRR S0 FY S R
o g > 2 - LA 5000-7000 R FHRDIES 2011 I 2 kb 2
HIE IR HET [ SDG&E RRL IV AR5 = 1 REHRIREHY A 2
E'Jﬁ o

g,ffﬁ%%& CHEIRE | DREH t’l(O.lS%)[in]%%@%F%ﬁF 58 - P 345

IR IR AU TE e BT e (8T SDG&E 2& ﬁpﬁfﬁ?ﬂgh :
T1%[9H 1% SDG&E gu%%““m%*ﬂ ?F,“l‘ifl THHAE > BUE 9%FA S E

([ H ] - SDGEE Siiaf|{ 1 ATE | b HRer] 2 | T R -
Ao TJREIERE
o HPELLEREIN Y ROE HAY A~ R - TR A P A

42



B.

http://ww

(M Y 91T

VP I R s )
Jlﬁ%ﬂ‘%@ﬁ?ﬂi#* PIIRERVRf B R AR
sl el

% SDG&E 1 1495 i £

R fE iETE(Summer preparedness campaign)-Fifiy = F7=H [ I?T‘er

Rl A T A S bt

g
EEI TR F RS R TR A

w.sdge.com/smartmeter/gmap.shtm #j7 » p oIt SR = E9d 1

F* & F:y

O R -

SRV e L U

60-90 | IF

A r&%m :

30-60 FI[fj | ZE G AR

30 FIFT

AR

3 FIT

Tkl

PHETE

YR~ 7% SDG&E F1= A= » 117 i BWF TR
A

Pk 2

JH['] | SDG&E &= H [ F IS HE-» [pi*‘““ il ke F;[H%fﬂj;;t&ﬁ
TR55

il
17 Goo

— £

= [HEH:T

ROFERR T AL SR B 5T S RS R A T > SDG&E
gle PowerMeter %' (gadget) * ¥\ 1B 1+ 19 iGoogle 1[5 HE2 4 |5
 VEBER T iGoogle fii * FIEIRIT A EE e AL S~ FIGHET O
VRIS B BRI PSSR LT S o P9 SRt I

CEE T 2010 R T B S TR 2012 5 FE fi fi" I SDG&E ?[ﬁf@

43




A E e ISR B (=0 ~ Rl P 225 VIRES S R T
SRR R PRI EOPTEERL - SR IR R VYR -
SDG&E [ i 17 FHREHER IR L - R P h sy i Tl
E\szﬂj?g STk i) J@‘.;[ﬁg_ﬁ A1 =43 (Home Area Network Pilot, HAN) ©
F R TR RS BRSSP
A REEAIFY RS - SR AT & RVl -
B. L BFHLISTOR . IURBSHONERAD RS e
o~ ke ~ MY
C. IR U G K
D. Frf i RS (HAN) « {5 (EMS) « 4R

(In-home display, IHD) - %TE} Bi%\?zt’ﬁjﬂi%\E'Jﬁﬁ"ﬁE(DRCA) o

[p 13 TR B

4.1, SDGE i
o ISR GARAEEE R AR -

44



. EIJ?H 138f IR FTEE 85 FIJJ:\%%EIJF[
° ISF ﬁ?ﬁ;/i ¥

e F g[rz_f:i[ 2 _rf

o F[EELIFIET 4,642MW (9/3/2007)

o EETMET 29 BT

L_l

o THUE{IIEE 0.169 S
o ZRGEPNIIGA ¢ B B T VRIS
4.2. SDGE TH i
o A F ISR SR 1296 @AY 13%
o [V[IRPY AR AR o FE S R 18%

43. FEFRE

° F JIE IR
o FPER (KWh)

o FPEF (MW)

—m]
L

44. EEE

. mﬁﬂ%%u
> POSIE] CEERERE - $27%Y)
> Irlf“f TWJ':%JEIU
> HE
> BRI

o EIHISEE
> DR

o T
> T
> ?Ffﬂ]ﬁin F‘-f | il (ﬁ]ﬁF
T h M) F“ft‘igﬁfu

45



> S

> DIYERIEIAT CFUAn - MK YRS IR - GHO)
o T TR

> R

> @S

> RERE

¢ BRI
> AR (end-use) 157

*

'l

> @'F |T§L§J
45. 7 EI%/@E&E’Q;"
° ~ [

Y
[ ] ﬂ§Iﬁ‘ﬁl§\

e
° FFHPF?I
o et RIS ()

o T EAH (IFIHED)

o HfY GG ~ BPTEUR -~ HTRT )
4.6. FEFHS

o AR

G i R I i

> TR EER

> T BERET
o FHMABYEUR ~ HIFE I ARYE

> ERETEIET BTN

> EHE TR R

46



5,000

Megawatts

3,500

3,000

L

o H B P D O Q}x ng
5 B & & o gk db Q
SRR N [

S Ll

> FIRL T S TR B RS

TIRFRRIgE R e

> DIREAEPE CRANE=TRS fi - CEC S I M1 fi
CPUC ; rfni[ (Wﬁfﬂjéﬂrﬁ » FERC ; J[[[ ISO » CAISO ; 7[%[
B Fi - WECC)

> VIR EL TR IR ) (TBPR) B SFYS £ -

SDG&E System Peak Load Mu:l Case Adjusted Furecast

Without Incremental
Energy Efficiency

“With Incremental
Energy Efficiency

Source 2009 JEFR Forecast ‘

$ I o G

S e S a® g
S f@mmww

N G I RS A
PR P PP P R P ‘

— VN Actual —Forecasi without Uncommitted EE

------ Actual «
%

Total Adjustied Forecasﬂ

[ 14 SDG&E -7kt F1ab gl (fl1%)

47. 3 ﬁﬂmﬁ‘ﬁﬁ*ﬁﬂ

[fllgjrmi,%;ﬁ}? ’fﬁﬂ[ﬁ[%ﬁﬂg}% , glﬁ_g@[ﬁf\j\ .

TR
> <UFHHES

> MR 20 SIS 24 GBI R
R

el By B (=

Y
IjL[l'—m

BIREVISIIEIIAT) 2 Y Bt 2ok -

47



o E[NIZ i RIFEMIFY

> E

o

o

lH

> S

A

o

v
A

e
=

° EF%%’E'J’F

[

BOEE =

5! &l (Housing Stock )

e R A

Bl
[ 1% El

J’F;:f—‘ N HTOE R RE £! ( Annual Unit Electric Consumption ; UEC )

* M S =T % UEC

. A?ﬁ 7 BN AN S ki AR

o TSI (260 FRITE] 796 1Al RIS L e

J

o iuf IR kLt 9-1096 «

Residential Energy

RulrigFreezer

19 LUghls, 16%

TV, 8%
Other, 22% A Corputer, 75

Ddwasher, 19

! T
! | ' PoorSpa, 5%
Water Heating, |
% . L Laundry, 4%

Healing, 4%

June 10, 2010

1S R

Al Coneioning,

Contribution to Residential Peak

~Lights, 2%
Reing/Freuzer,

~TV 4%
12% T 4%

~Compuler, 5%

Other, 14%

Dighw asher. 1%
Conking, 2%
Water Hezafing, :.':'Ilr
1%
Heating, 0% | | " Al Condiliening,
Laundry, 3% | 530t

FoolSpa, 4%

s R

48



13

1. SCE ZHIfffi

SCE FLZ @i Ay
5299MW - El {H FL{E.:T E| 6%Fu¢gllﬂﬂfgi"éj F‘ﬁ*ﬂ E [j:f
HEIAHET 5000 10 P BRG] 28 i (RSO 50,000 T
UL G PO T~ 3 RIS LR e 180 i _Hfobs ] o (0
T r,? /B =R S B T (R 16) © ?FFJ}, fil- TR 14.0 3005 G
Tt~ IRTRER AR oA P

F,H4487v) F

=

[

S TIRBE] E SR -

"

- 47 FyEspE

SRV - FHE 130000 4%

K

S

W16 SCE ${% s

49

f
[ 8

™~
\w
ALPRECD. ™,
& O,
‘:‘ \\ OLEAP0T
TUGLUMME 0 ! \\\
i NOMO G
", ~, i' 7] southam Cabtoesia Esison o
“y N b} Toniony Beusdury
MARIPGSA 0. ,/, . [‘_\_I.\ Gosnty Boundary
-/ ‘-*-h ...I\
MADERA D, PR
..... AN
o ) L -\.' \.\‘ NEVADA
ERESND C. A\ ™
CALIFORNIA .-«"'"“'-/'\'.‘ \: IR
B | L.
s nr ."l? b
Y TULARE 2, 3 ~
% o - ..-!'_h'-- 0y
mosca. |y \ y
\ >
'u.,L______ . i. LRTFONA
| ™, !
E ™ {
SAN LS OBISPO 00, .sgq'-u.-u \\ ‘E
. ]
_ N§
11
LM BERMARDIND G0 Y
(I
- 2
é r--—-‘r--1 r’
mvs‘nspe-:n _“‘—-
B ™~
: ' L,
L L L
!
ke
IWFERIAL C11, !
SN DEGO OO A

- Lyl ”’Fﬁéi ;
i 1400 ]F




<> ’Fmr@f:f L

o SCE AV LIRT RIS 0% A« {hs iRt
CPUC ¥ FERC F,Tﬂ‘c [l b ey S Fgf ﬁﬁ]ﬁfbflfﬁg YRy A
SELIER

e CPUC ﬁﬁi[} SEC ey ?ﬁfﬁb F’—\[%EU%E'\' :
> ?Iﬂ% 48%
> =~ I’ﬁ 1 43%
> BAE9%

o [} SCE & fJtfuer&ny s ¢
> ;%’,EIEJFF",ﬁ‘ 6.229%
> B 6.019%
> ?Iﬂ% 11.5%

. ﬁ,éﬁﬁ%lﬁ W‘/¢ﬁ HEHS (T2 A A |ﬁ R4 AV S A
SCE uzr k] S E Y

12 SCE HEP Al | A P

TR I% R P

R B BT R
e 8 % o RS

ﬁ@@¢w®$ o T AL A R
R AT ) P A
FI FEVRBAR E e i S
14 SRR I TR
SRS EES PN ERES

50



2. BB
21, HEE UL
FIIE FAASRER AR > Ty Ly o e T (R O BB
(B~ i~ ) F,\J}gﬁﬁ% [HEl o SCE fifH F%%J Fﬁﬂ/‘} Rl
M PIEEES FY(CPUCRVIF Rt ™ » iy 5 4 s | [V E 1R -
e [I*-SCE ﬁﬁﬁj’rﬁ“ﬁjﬁiﬁﬁ@ EEVedR > Y EE > D> ® DG =57 > ETE
)
> L PUC Ateepv M
> KT ERE R
o  SCEifyRl ™ Gl Sk ™ futtewfiay * -
> R B AR RO
> R R R e
> [fi AB32 % SBI368 1 L i fie i
RRES R
o [BY Hrjl_p;ﬁJﬁliipugwﬁbﬁﬂﬂﬁlTgﬁ%%ﬁuaﬂ FIYT > SCESR I i
Efia“a“:?thf}ﬁﬁf EaE S E BRI I SR
> Al qLE&H i, E SRl 3
> R~ T ST R R R
> R R
> SERBRUMEYAN ST T SRR b
> R R j'“gf‘ﬁ:b
22, ﬁ;rg;/mta»y s
o FIEVRIAC IR S U TN R BT AR SR AERURAL (CCGTs )
FREE > a«n?miﬁ (GT) puhEIRS £ ATAE (S -
o FIMIF pIEVEEE s (LDC) Z PR S BT FrRal pudstoy Rl PNBE -
. jé'l‘ﬁiﬁd"“‘?f’SCE}HﬁF‘f PR T TR IR AR 5 T R

51



BIFRAROE > C SR PR > SECRTEFA e i R L Ao
E
PY ®

Composition of portfolio is determined by matching least-cost
economics with the a load duration curve on an annual basis.

Leading the Way in Electricity ™

Portfolio Design Approach ILLUSTRATIVE
sl — Baseload
- = Irtermediate
— Praking
2] Economics determines
5 - what type of plant to run
| £ under various capacity
factors.
v Peaking _Capa%itﬁ- efgscti;-trh«::lpti{rjniz.atifclnn
: is matched with load profile
S q Intermediate to determine optimal number

g e Base Load of MW to build for each plant
= classification.

1@ L SOUTHERN CALIFORNIA EDISON ©

17 g e

52



Resource Planning Requires Identifying And Filling
The Future Resource Need

Leading the Way in Elecricity

Resource Gap Electric Demand Plus Reserves
(demand increases over ime due to
customer/usage growih)

|
‘ Energy Efficiency Reductions /

INustrative

.......

GAP (the resource gap is filled
through compatitive solicitations,
bitateral negofiations, and ubility
genarafion)

Demand Response Resofircas

Generation Resources and
Purchased Power Contracts

({contracts expire, and resources \__\_\_

refire to reduce the fevel of Cm———
commited resources over ime)

91 SOUTHERN CALITORNEA EDISON

[B18 o AP

23. F|ZpEiREsEE]

o  SCE |2 = i E M FErRIY 179 > -7 2009 ¥ - SCE [ * 54 136
(€U FEAVF] 2 IR 2 RS S0%VF] 4 il ﬁaﬁ SCE -

o WRRIIF  SCEH[LINY 20 R T FIE EIR L H PR FEIR—2009
RS BT T NIRRT SCE Bt 49 i) % EIERIE 5
oA R TR (R A 300 8% -

o SCE K7 59 21 [ 3 fpliff Tehachapi fUfafrasiss » ')
4,500MW | % fiVFi -

e 2009 7 SCE [ * 54 136 B4 ﬁpJ% TRl AP F'4/ ByE 57
% ~ NEHfE 6% ~ E] 26% i’?’rﬁ 7% > FEFZ 2010 F = 148
RO FASFRI N Fy AR | R 20% - (HPYfapsetly B IR

53



=AY > 2020 F 287 (B (PR E BT 33%) o

e 1978 #@&lfﬂ@ﬁu PURPA RLA =R PqEE Ry~ H 55 - o2 kLo Tl
B RRYR —TeIR e FT IR E[—j‘ﬁf VRN R RS A o e
F,?F?g“ﬁ?:f%[fﬁ(QF) gE:*]* ‘E[F‘[ 2020 FFfEGRERE 100 ST /AR o Ff
fi=TRE PR 0 2005 57 PURPA 7 [fil## (535 (ST & i
PRI SRR R R e T AR R
I 20MW 19 £ A S P 0o BiE 2010 F 4 71 E1SCE

[~ PURPA [ * Fr 210 (17974 166 [ » FEl A7 45 4000MW -

3. Smart Grid ;'/?f’é’%

Il AR SRR TR = SCRARRY - SR 7] 4
fEV ~ oIS B I IO R 19) - L1 SPROF] S R
1E°F 18(Renewable Portfolio Standard)t% 2010 & S [ 20% » 2020 & %] 33% »
[ 1] SCE I | F¥R =4S 17% = 5" FI3% 551 31 (Lg Rooftop Solar PV Program)
RIS 2015 5 [kl SOOMW [0 PV Sfi - £ {1 SCE SEGi01% 250MW » H
250MW fl1 IPP };;&r%qréi:%%wk%w 350 {f 1~2MW [y [ 5t &} - CSI(California Solar
Initiative)[9 | HIRLERT 2017 £ i 3000mw #| IS e - 102 B
F1 Tehachapi(Mojave Desert)#[! San Gorgonio(Palm Spring){ie# » 1 ]t
VI ERE VIS i o SR » N LT T AR o R S S g
PO e B (5 e ) 2 VR TSR ] R ARRYAY - ST BETRY] R
T TR (SRR BT TG 20) - 5 LRI B
194 > ¥ 2020 # ] - SCE f# Fﬁﬁﬁ&ﬁ ST 1000 PRI R (e
A AT TR R T R RS AL SR Y
B> 2SI IR P T S RN TRL véffﬂiﬂﬁﬁ IR

:;l{’? o
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Environmental

Once Thru GHG: 1990 levels GHG: 80% Below
Cooling (Proposed) (15% reduction from today) 1990 levels
Renewable 0% ofenergy 500MWof 3,000M 33% of energy
Energy w/ 20% biomass Rooftop PV  DG-PV (C wi20% Biomass
L 'l Il i Wi
| A i 1 | vV
2000 2010 2013 %016 017 2040 2030
Customer Energy &  Smart PEV  1000MW  400k-1M PEVs
Interface Pricing Info  Metering Metering Demand Resp
B 19 PR S P R PO R
1,200
1,000
800
600
400
200
0 h T

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
[faﬁl 20 SCE {#f %Eaiﬁs[‘ j%ﬁﬂﬁ |G EE [’FL'
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E gt [l?f?%ﬁﬁf} SCE fi J‘?fF‘JfQ_E,I " BE 3% ~ Sﬁ f[ﬁiﬁlﬁ‘ﬁré‘ EAEIRE
o~ APVl o SRR R R RS L o A
?51:’ . ?@*?ﬁf: : ﬁ‘%ﬁg;ﬁﬁmﬁqﬁ[ﬁg?"’i”?ﬁ%?ﬁﬁ s P Ry o ERY R | F”gﬂ
AR - S E'“ﬁjﬁﬁ”ﬁﬁﬁﬁ@?ﬁﬁ" SCE #% 2007 & 1 j’tﬂ%uﬁ"ﬁﬁ’ﬁﬁﬂlfj?ﬁl
e F‘rﬁ ,mﬁ«qﬁa\'(roadmap) N f%i[*JT;%??ﬁﬁﬁz‘}‘l‘lﬁfﬁ‘{]‘Elfl';ﬁl%ff};‘éf*%ﬁf}??ﬁ?@éﬁ s ZRR

#7 0 2010 & SCE f FEEER I EARYH AT O 21 -

Smart Grid Strategy & Roadmap Development Approach

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6

Develop

Develop Future Technology Refresh
Scenarios & Adoption Smart Grid
Decision Criteria Evaluation Strategy

Smart Grid
Technology
Roadmap

Project Launch '§ Data Gathering
and Visioning and Analysis

@& e'e
~zgm -/ “
oty & Ay O Rastianey =ik

Supporting Contributions from :I\V

IBM, Quanta, Cisco, Enernex

External Review & Feedback from:
SCE Technology Advisory Board
(TAB), PG&E and SDG&E, Jesse
Berst

qgﬁl 21 SCE Tlﬁf?ﬁlﬁﬁ?’*wﬁ#

Fﬁ””ﬂﬁiWﬁiﬁ%ﬁﬂﬁN¥WWﬁW%%?%ﬁﬁWﬁﬁmﬁﬁm

TR R - LR r|[4m eV E
A PRIV R ﬂ%}*ﬁﬁ PR~ ST BCRIEARR T PR

?ﬁ@ﬂ’fﬁﬁwﬁﬁﬂ%°

B PRk 2 R S SO Y R - R
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O -
C. FJ & {EIFEsi IRy« B R - AR B Pt - &

Fr RS [ S (power electronics) IR FER FHATEY, ©
D. s i () (resiliency) « AIHETISSIR F )0 s BIRY ~ #6534

L PSR R R ATR )
E.  BYFUR il JR ] BEARYE ELRLRY ~ b = A T PG R T P A Ry

PRI CT)SL e -

L E BT 4 1T 2020 5 SRR - SR NSRRI
R PRI - TSI LR A = PR VR - (O BRT o [EUpe
e RO s LR L gl E e e 7 I WL R R e T L
(BRI 2020 5 1is - FI{yee 4% 05 (R (R 22) -

SCE Smart Grid Project Portfolios

Laggards
Late Majority

Early Majority

Smarl Grid
Deploymeant
Project Porticlio

Technolagy )
: Evaluation &
«/ Project Porticko

* Deployment Portfolio Projects — Involve Smart Grid Technologies that are
commercially ready for deployment

e Technology Evaluation Portfolio Projects — Seek to identify, evaluate, and
test emerging technologies that might be deployed in a later roadmap stage

W22 SCE fivietEaffit 15
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dl = BRI T S B o SCE FLHIRTERRI 0 35
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C. [RLEFEIRETRT s s R AR R A T B
(SR -

D. [ [SFHEAS A ¢ B (SR IE F R A WIS A o

B SHEG]  DRS TR R o R R O L
B (TR R~ RSP

Foo BREEIT 43 T SRR R R R e R (e

G. e, o R0 )2 Sl 6 (S ~ AR IS MU R SR B T
TR = TREEHED = -

H. [ (SIE  RPUERY 0P| e e ﬁ@@“%@ﬁ

Lo LSRRI 1 R ) R oo S
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£ o
F
SCE ~Ijfllfj5# {7 Edison Smart Connection( F{EtE#) - %Tgpz,r‘%bﬁ Vs

ﬁ%i?ﬂ?’g}i HIERES Hbi’—ﬁl?ﬁ[ o &Eﬁ' 23~24 H[|£} Edison Smart Connection ="k | 7y
F ] IFF Lrﬁ%ﬁﬁfiﬂ JEJJKW’?NI? ¥ oy Mo B A F AR 3 84 ‘rf
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SCE é?:ﬁ@ﬂ Tl?—%%ﬁ[ﬁd FE! ﬁF N AR

o ALY RO e

I S e e TR R e e

o I ZREFERE BRSO 2 R

o BEENRRIOHIF LR I T Y R LR
Bral E‘Jfl%“‘ﬁjﬂ?cfliﬁ

o SHR[TEAIULT I HE I R PR

Il
Palos Verdes |

) F
Estatess o ;—|,—r| D December 2009 - February 2010

22f== [ | February 2010 - March 2010 /e
N [_| March 2010 - Aprit 2010 Vit

\-;.'_'_—IF:. BE SRR @
HE-.‘\' 23 Edison Smart Connection %{?ﬁ%
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07 PVRR ($Ms) Nominal |
. Phase |l Pre-Deployment $  (45)
Total costs Total Benefits Acquisition of Meters & Comm Network (726)
$1,981M $2,285M Installation of Meters & Comm Network (285)
Back Office Systems {251)
Customer Tariffs, Programs & Services (117}
Net Societal Customer Service Operations 82)
$295M Overall Program Management (45)

Contingency {120)
Total Costs $13,263) $11,981)
_

Meter Services $ 3,809
Billing Operations 187

Call Center 96
Total Costs Transmission & Distribution Operations 22
Demand Response - Price Response 1,044
Demand Response - Load Control 1,242
o . Conservation Effect 828
perations Other a9
$1,174M
Total Benefits $ 7,437 $ 1,990
Net Benefits Excluding Societal $ 4174 $ 9
Societal Benefits 295
Net PVRR $ 304

q?:ﬁ' 24 Edison Smart Connection 5% 74 #3557 #+

i R AR RS PR -
> SCE 2| “bottom-up” *‘JE&»?E?EUI%%'E‘ °
> BITBESTEBES R D B EE R A
T R SRR L S
By BTSSP O e
o PTG VE SEP R S ST
> BRI T B BT R
o TIRVESREE N LIRS IR T
o TEEHEIRESRSS I LT AR (stationarity ) i
¢ EREA IR FE AR

> HIIRP R RS A Y B PR RS R R

*
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Flvases * [0S
> = ﬁ[ﬁ f [:H_f ' |:] EI m\_‘b% =L, F F H_E;]TJJDQJ?—E[EIJ £ T ”:I [/;\:

LT

o [EIEN[FURTUIREE ! ¢ FEREEEE R RIS R

> 2006 F aafbﬁx;ﬁ S o JETU165,000 FrH] e

> 2010 5 [l i

Thousands

0 ¥ T T T T T T T T T T T T T T T T T T

%, %, % %, % O oo U %y O %, B %y O %, T
eo@ooe,o«'x/oe,a@ %, % %, Vo % 0%, T
0‘06‘:0\5‘ 06?‘06-.»%\‘%' f%ov ov) 00\0-“ ' ’)\0'1 ‘Q'QK 2 -"‘0

[f' 25 SCE [=8H 5] DiplI5h

o [EIEA|FI VIS
Dependent Variable: Residential Meter Connections

Sample (adjusted): 1998MO01 2010MO3

Included observations: 147 after adjustments
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Variable Coefficient Std. Error t-Statistic Prob.

Intercept 927.4685 113.3773 8.180369 0.0000
Jan -423.7746 137.2916 -3.086676 0.0024
Feb -628.3497 137.3041 -4.576337 0.0000
B1205 1572.010 474.5904 3.312351 0.0012
B0407 -1314.211 472.3855 -2.782073 0.0062
B1103 -1286.951 473.7776 -2.716361 0.0074
B0706 -1114.838 474.4707 -2.349645 0.0202
PDL(18 month Lag of permits) 0.012551 0.000391 32.09107 0.0000
R-squared 0.889960 Mean dependent var 4203.469
Adjusted R-squared 0.884419 S.D. dependent var 1381.038
S.E. of regression 469.5153 Sum squared resid 30641805
F-statistic 160.5969 Durbin-Watson stat 1.480651
o [ E

> SCE ¥, 7 i [l 5 B dsh > 5 =3 il > (220 g2 5 [l -
Dependent Variable: kwh consumption per customer in San Bernardino country

Sample: 2001M06 2010M04

Included observations: 107

Variable Coefficient Std. Error  t-Statistic Prob.
Intercept -488.1815 74.27527 -6.572598  0.0000
(CDD/EffIndx)*SumSeas*HsidSize  0.001188 1.54E-05 77.27537 0.0000
(HDD/EffIndx)*WinSeas*HsidSize  0.000191 1.09E-05 17.48987 0.0000
Bill Days 0.955942 0.043163 22.14720 0.0000
Elec Rate(-1)*CRISIS -11.98764 3.016397 -3.974158  0.0001
Elec Rate(-1)*NOCRISIS -10.42682 3.027084 -3.444510  0.0009
Real Income 0.016609 0.002439 6.810685 0.0000
March -24.44375 6.354778 -3.846515  0.0002
Trend 1.363252 0.065427 20.83612 0.0000
B0907 -81.52395 16.91229 -4.820398  0.0000
B0805 79.59703 16.87643 4.716461 0.0000
B0305 100.0507 17.0553 5.781429 0.0000
B1103 61.14907 16.61852 3.679575 0.0004
B1008 -69.33028 16.45907 -4.212283  0.0001
R-squared 0.991774 Mean dependent var 690.0692
Adjusted R-squared 0.990092 S.D. dependent var 161.5487
S.E. of regression 16.08045 Sum squared resid 22755.11
F-statistic 589.4635 Durbin-Watson stat 1.974385
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, Ifi:f'%?ﬁm&,; =k (1970-2025)

5.0% e

New Customer Driven, 1970-1990

4.0% 1.
3.0%

Actwal to 2009 .|  Forecast

20% -

1.0%
0.0% -
-1.0%

Avg Annual Rate of Change

-2.0%

(NN ’I%, Q. %, .0 0.0, 0, 0
,)15* a@%pqoop%oao |
Gl B A R RR B W

Contribution to growth: 2/3 new customers, 1/3 existing consumption, on average, 1970 to 2005.

26 o 8 TR R S

N
Dependent Variable: Daily Peak MW
Sample: 5/01/2008  9/21/2008

Included observations: 144

Variable Coefficient Std. Error  t-Statistic Prob.

Intercept 13689.89 122.4948 111.7589 0.0000
MAY -854.7771 143.2603 -5.96660 0.0000
MAY *WKDAY *EFFT70 234.0844 10.61367 22.05500 0.0000
MAY *WKEND*EFFT70 219.6111 10.99720 19.96974 0.0000
JUNE*WKDAY *EFFT70 307.6619 10.85860 28.33349 0.0000
JUNE*SAT*EFFT75 293.6741 15.22830 19.28476 0.0000
JUNE*SUN*EFFT75 256.9316 14.61563 17.57923 0.0000
JULY*WKDAY*EFFT75 334.7103 10.38829 32.21997 0.0000
JULY*SAT*EFFT75 284.7225 15.93169 17.87145 0.0000
JULY*SUN*EFFT75 252.5266 18.59261 13.58210 0.0000
AUG*WKDAY *EFFT75 328.8920 8.896984 36.96669 0.0000
AUG*SAT*EFFT75 296.0046 15.03082 19.69319 0.0000
AUG*SUN*EFFT75 263.3528 15.96623 16.49437 0.0000
SEP -1057.129 304.3377 -3.473540  0.0007
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Variable Coefficient Std. Error t-Statistic Prob.

SEP*WKDAY*EFFT75 404.9572 20.56074 19.69565 0.0000
SEP*SAT*EFFT75 434.0060 31.01485 13.99349 0.0000
SEP*SUN*EFFT75 366.9530 31.37234 11.69670 0.0000
SAT -1727.424 179.5893 -9.618749  0.0000
SUN -1752.768 179.8575 -9.745312  0.0000
MDAY -1634.110 402.5796 -4.059097  0.0001
JADAY -3133.508 409.7257 -7.647819  0.0000
LDAY -2446.179 410.1682 -5.963844  0.0000
R-squared 0.981953 Mean dependent var 16599.77
Adjusted R-squared 0.977362 S.D. dependent var 2595.828
S.E. of regression 390.5699 Sum squared resid 17390114
F-statistic 213.8861 DW stat 1.610540

A comparison of Retail sales forecasts over the last 2 years.

105,000

Actual fo 2009 —» Forecast
100000 4—— oo St e e .

95,000 4 S RS e L

< 90,000 -

GW|

85,000 E

80,000

75,000 - =l = 2 : — - .|
Recorded —o— Adj —e— Sept. 2008 —e— Sept. 2009 —e— March 20ﬂ

0 a1 S N S ! 1" %8 . 0 |

I I H T ||

0, B, 0, 0, B, D, D W D D 2
% e Yo 9 %, O’I—" % % % % |

27yl (S A s SRS

64



1= ] YRS

1. sC 3?}7]@%

P D TR TR A BIE 42,000MW > 8 TREL (= SCFR T B 4.7% -
ST cp;ﬁ ST ) Eﬁ}?}ﬁ&ﬁf‘, TR ~ 1) 2 RV A
TR - H % ;ﬁrlrﬁ JARFESCE] T B Fi“ﬁ'J (Public service commissions ) =
AP - 2 P K EY el o SRR CROf TR
PR 2 L PIFEIRET R ) SRR [ 2 S T R G

) il @04 Alabama Power, Georgia Power, Gulf Power * Mississippi
Power 345 Fr ] 2 il A58k a8 122,500 1 4 AL i (164 48,008MW( 2008
G ﬁp;rﬁ AMEA - OPC » MEAG * Dalton {1 ) » L-J %E HIFTHER 4.4 fll‘ﬁﬁjt’u
(2009 & ) = Fy s 2 iR 50 = e
o I - SIBERRR f{gﬁ“ﬁifﬁﬂﬁ“ﬁ%ﬁ °
o IEFMRFFHPFETEE  NESF TR
o [BHEBHISHEER TV E|E FAR -

o PRSI
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New Generation Additions::
» Natural Gas

* CT - Peaking Technology Inputs:
* CC - Intermediate » Installed cost
# Qil - Peaking » Operational cost
» Coal - Baseload »| » Performance
# Nuclear — Baseload » Availability
» Renewable * Fuel cost
* Capacity
* Energy

Load Forecast

3
Resource Least Cost plan

Mix yields lowest
(IRP) impact to customer
rates

Energy Efficiency

Demand Side
Options

Generation Unit Retirements?

» If replacement costs less than
compliance w/ environmental
requirements

20 BEBTRER SR

2.3. PHERE
PHFRIE (Competitive Procurement, RFPs) v 1998-2006 F [H] » [y ) ] 5
R BB 9 SRR R R R HUE) 102 $ARE IR 200 R
Rt ﬁ?ﬁﬁ%ﬁfﬁﬁ% KL 162,000MW - SR I ED (5T 8,525MW - £ 593
IFTT S % 20 2 137 o 10 5%+ RO 1S (R e
BRI 5T RIS 48,000MW [ -
24. Z RIpVRREPNS R RNV T REEE (Greater uncertainty in key risk areas )
o TEHF PV L
> R ﬂ?ﬁ‘fﬁj[J—%[{@% s T
> AR %’Tﬁg FF]'?FF?%EH"\EI*J

> m& Eﬁl%&%‘?njru{ Bl JT\’IJTE—\F:[\&[:
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Increasing risks facing the company...
= Environmental legislation and regulation

(climate, RES, HAPS, water, ash, etc.)
* Fuel price volatility and availability
* Peak demand and energy uncertainty
...create challenges for energy planning.
G re a‘te r « Next baseload unit (long lead time)
+ Environmental control decisions

. . ’ * Generation unit retirement
u n Ce r‘t al nty I n * Role of energy efficiency and renewables
» Sufficient fuel supply (natural gas)

k . k * Impacts to financial plan

Speqirum of i
Fuel price 3
and volatility plannmg scenhnos ;

Increasing risk highlights the need e T S e
for more robust scenario planning. 1 Sef“ ’f
_ veri ylo i

Climate Legislation

30 I P
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2.5. ?ﬁ@‘[@ﬁ%ﬁi’ﬁtﬁl%u%i ( Indicative Resources Plans)
o G T HRE S ORI
KRR » A IR (O 2 2018 &0

i h [ = HIRARYE 15% ¢ 457 (1 Vogtle m%"ﬁr (AP100 - 2015 &

2016 Iit’ﬂ%[@@:?q*)  Kemper * *Fk';@[“’ﬂﬁrF ’?r(582MW TPREEY S

65%EI~J%QTF']TE—’ S KT EOR » ﬁ‘fﬁ'lﬁ'lf““PSC 752010 &+ 5 F[FpE) Vixpy

PrIETERE 25 “?f BV -

o HRT SRS

> TR R o I R SR R o P
TRy = 2015 & g

> PRIV RS 223 F BIHIER C ARED [ - A
A ]‘E;lié?%mﬁ VREE o

> PSS EF | R LR S 2026 8 M i

CCS » 2030 &+ I'[ iz CCS fiVF| E"’lﬂfj’ﬁlé °
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Results for Risk Balanced Scenario

Total Customer Cost= Capacity Cost + Economic and Emergency Purchases +
Customer Cost of Lost Service (EUE Cost)

Optimum System Reserve Margin

400,000
350,000 | LY A= NS
300,000 | | |
250,000 |
200,000
150,000
100,000

50,000

2012 Dollars per Year (Thousands)

0 o 1 R EI NS ISR IR RIS

8% 9% 10% 11% 12% 13% 14% 15% 16% 17% 18% 19% 20%

Reserve Margin

@ Capacity Cost ® Purchase Cost @ EUE Cost

31 R AR A

Indicative Resource Plans

System Capacity Additions and Reserve Margin
{2010 Energy Budget IRP)

Reference Case — No Carbon Legislation o planned =
* High near-term reserve margins due to recession

* All gas expansion plan (after Vogtle Nuclear and ; 2
Kemper IGCC) g
3 15
1 |
S || LTI
Systermn Capacity Additions and Reserve Margin
Carbon Le IstatIOn case {520 CO; Moderate Fuel Scenario)
+ Capacity need now moved forward to 2015 due to
coal unit retirements projected in this scenario =
« New gas units are primary option until longer lead- Z
time baseload options are deployable. =
* Nuclear additions are at max g’
» Coal with Carbon Sequestration more viable option in I I
outer years 5 -

32 DWEHSE U
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2.6. ﬁ’ﬁ“@@ﬁjﬁ?ﬁ ( Reliability Model Overview )
o MR R (L] (SERVM))
> PR IR T AR 1
> PRETAL T [ E R A R
> PR SR FRTERTR AR AV & 8 R FIRVEEES 4

> SERVM LR [ HOEFR v iRl (1

i

o  SERVM By * vrf]
> LR PRS- ARSI T
> SRR/ R 1962 = 2009 F FEF PR
> FIESTIRRE —4 R
> éﬁ‘?ﬁr‘.}ﬁgm{i} B A B tqfﬁgs@{%g&;¢
o BN H B SRS
SETHEH I B RS 4 A BRI RS 4+ S 4
=T Sl S
2.7. FEHTH SIS
o By AR St BLRE T o P P R IR -
° @TFL‘E FUZTgs RS
> U EAORRRRAT| R R AR AR 4 R
IR ') MW 2V RAFEES(CT) 2
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> SR R B O B P

S Rl R
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ErV R SAE | SRS | SREE ICE [K="
0)
) 7 8 100 769%
5 8 200 819
e i R 76%
waﬂwﬁﬁfﬁum B
B S 0—1%
A EH 369%
S 100%

iRl LI

R

o SCHEHEIGE 150,000GWH - Iy LA 717 g =

1 ST SO 2
HOF e [ SCRIEIAY fflt > 3496 R R T 3596 TR M - 30%
WP 196 PR -

US Retail Sales

27%
37%

36%

‘ [0 Residential @ Commercial & Industrial ‘
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SoCo Retail Sales
1%

30%

34%

35%

U Residential @ Commercial E Industrial 8 Other

[ ob B TE 3,798,261 ~ ¥ F 15 580,436 + T % ' FiE 14,906 5 IR

PS5 TR TR T (25 13,700 %~ ¥ 93,000 7% ~ T % 3,200,000 7 -

Customers

4,000,000

W

798,261

3,500,000

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000
580,436

500,000
14,906

0

Residential Commercial Industrial

[ji' 35 SCF)y > il = 25 i Hp
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Sales per Customer

3,500,000
3,200,000

3,000,000

2,500,000

2,000,000

kwh

1,500,000

1,000,000

500,000
13,700 93,000

0

Residential Commercial Industrial
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Southern Company Weather Normai Sales Growin
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y

Economic Forecast

\ 4

Customer Forecast

A\ 4

Energy ST & LT Forecast

A\ 4

Peak Demand Forecast

v
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