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Energy Imbalance Market (EIM) D&
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i *Puget-Sound-Energy (16/1)
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Energy PadfiCarp *Portland-General-Electric (17)
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EIMEXS| EFD3hE (2016 FEEE 1MFER)

EIMEEIDZE (BA:F/AERIL) EIMDOERS RS (BfL: MWh)

CAISO 197 119 318 6.35 2016 January | CISO NEVP 100,643 69,845
2016 January | CISO PACW | 31,606 34,024

NV Energy 0.34 0.75 0.62 1.70 2016 January | NEVP CISO | 48,895 93,833
PacifiCorp 191 495 3.69 10.85 2016 January | NEVP PACE | 84,902 65,572
2016 | January | PACE NEVP 36,387 51,786

Total 4.53 6.89 749 18.50 2016 January | PACE PACW | 39,612 58,139
2016 January  PACW CSO 59,035 60,965

2016 February  CISO NEVP | 70,729 75,587

2016 February | CISO PACW | 15,617 17,377

Flexible ramping procurement diversity saving (MVy) 2016 February NEVP  CISO | 69,461 92,008
2016 February NEVP PACE 62,732 65,937

2016 February = PACE NEVP | 48,928 49,354

: 2016 February PACW CISO | 74,595 83,854

Average MW saving 255 261 265 2016 March  CISO NEVP 136,887 139,781
Sum of BAA requirements 758 752 753 2016 March  CISO PACW | 11,347 11,413
Percentage savings 30% 35% 35% 2016 March  NEVP CsO 49,315 79,251
2016 March | NEVP PACE | 95,008 88,972

_ ' . S 2016 March  PACE NEVP 38,034 46,286
2016 March | PACE PACW | 9,278 23,291

2016 March PACW CISO 93,571 97,051

There is no PACW to PACE transfer capability

18
(i Ffr) CA-ISO



4. KPR —T")T4PG&ED PEEX

N ITAIL=ZTMEROIRILE—-2171)T4(I0U),
NN E DB (20004F) [T B AL
-/NRIBEFEERIT/PDFYEBETS.
PUCOR&IZZ1T5, ISOMINSUL T EHE,
‘GHG. BI . EIAR.DER. EEHMEZLNDKS
15,
ThHYT) T EDNBELHHD . BEEFHBAZSOHREZLTLY
AR,
S . BTMERDEZENKEL CORMFKITEANBFIRE.
*BTM&IEREL *a3a=T44Y—>—H#lE
* P4 KRBT RORPSADO R

X

BiRT

JAlLY




PG&E : #} &

PGSE service Territory  COmpany Facts

San Joaquin Valley ®* Fortune 200 company located in San Francisco, CA

San Francisco Bay Area = $16.8B in operating revenues in 2015
Sacramento Valley

© North Coast
Sierra Nevada

Central Coast Energy supply

= Services to 16M people:

= QOver 20,000 employees

« 5.4M Electric accounts
« 4.3M Natural Gas accounts
= Peak electricity demand: Approx. 21,000 MW
= Approx. 58% of PG&E’s electric supply comes from

non-greenhouse gas emitting facilities
427pondsCO2/kWh

Service Territory *%foﬂilgﬁiécw

= 70,000 sq. miles with diverse topography

= 160,000 circuit miles of electric transmission and
distribution lines

= 49,000 miles of natural gas transmission and distribution
pipelines

20
() PG&E



PG&E: ER1ER (2015%5)

Figures represent% of PG&E’s
total bundled retail sales

Natural Gas +
Other Fossil
25%

Renewable
30%

Solar
11%

Wind
8%

(H77) PG&E 3
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2002 Actual 2015 Preliminary 2020 Forecast
11% of total bundled retail sales 30% of total bundled retail sales 37% of total bundled retail sales

Geothermal |
“12%

Small Hydro Solar

Geothermal ~
% % 47%
Total RPS-Eligible Procurement Total RPS-Eligible Procurement Total RPS-Eligible Procurement
7,504 GWh 21,291 GWh 22,051 GWh
22
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Traditional Procurement

Prescriptive
procurement is
growing fast

Carve-outs are more
expensive

Technology and size-
specific carve-outs
do not reflect

portfolio needs PV
Program

RPS

BioRAM

RAM

BioMAT

ReMAT

PG&E prefers a technology-neutral competitive solicitation process that ensures the least-cost best-fit
procurement

() PG&E

23




%[ Rooftop Solar is Growing Rapidly

PG&E has 25% of all U.S. rooftop PV installations
and continues to support our customers who want to “go solar”

« PG&E has 225,000+ solar customers,
more than any other U.S. utility

« P&GE adds 6,000 new solar
customers each month — with
industry-leading interconnection speed

» Drivers of growth: technology/cost
improvements: policy support; and
customer choice and control

» Over the past 6 years, solar costs
have declined by over 50%

2,500 -

2,000 -

1,500 A

MW

1,000 -

500 -

Cumulative Retail Solar PV Capacity

34% CAGR

5
P A AR PP
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B Non Residential = Residential
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California Solar Initiative $/kW credit for roof—top solar Program closed upon reaching
investment targets
Federal tax policy Investment tax credit and accelerated 30% through 2019
depreciation 26% in 2020
22% in 2021
10% beyond 2022
Net Energy Metering (NEM) On-site generation in excess of New program being
demand paid full retail rate implemented
NEM Customers avoid ~$0.25/kWh Current NEM customers
protected; reduces cost—shift
by “5%—15%
Residential rate design Steeply inverted tiers / no fixed Rate reform underway
charges
DG Incentive Programs j DG Tariff Programs

. California Solar Initiative Program . Net Energy Metering (NEM)

. Self-Generation Incentive Program . NEM Aggregation

(i Ffr) PG&E

. California Solar Initiative Thermal . Virtual Net Metering
Program

. Multi-Family Affordable Solar . Renewable Energy Self-Generation 25

Housing Bill Credit Transfer



® Upcoming Changes to NEM

'

Overview of NEM Successor Program

Underlying NEM design providing full retal rate compensation remains the same

Protected for existing customers for 20 yers from interconnection

Changes for new customers under the NEM successor program (estimated mid-2016)
o NEM program cap (previously 2,4094W) is removed
o 1 MW project-specific cap removed
o Customer pays small interconnectiol fee
o Customer must take service under aTime-of-Use rate structure with evening peak

o Customer must pay for certain non-kypassable charges per kWh of usage

Virtual NEM and NEM Aggregation will covtinue and be subject to the same
requirements

The California Public Utility Commission vill re-examine NEM in 2019

() PG&E
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M@ PG&E’s Community Solar Options

Solar Choice Program
o 272 MW Program

» 2 customer options
*  Customer-Utility

* Customer-Developer-Utility
* Enrollmentopen for 3 years
» 40,000 - 50,000 customer maximum

*» Customerdoes notreceive NEM benefit;
Customer pays a modest (cost-based) premium
for the solar energy

Incremental, New Solar Projects

* |n response to customer enroliment, PG&E issues
competitive solicitations for the power and sign
long-term contracts for new solarresources within
our service area.

* Projects are procured through existing wholesale
procurement mechanisms.

Eugene Bend
. OREGON

- - e = —li

Project Name: Pristine Sun Harris
City: Live Oak
County: Suttar

Capacity (MW): 1.50
Project Type Interim Pocl Rescurce

Status: Operaticnal

Commercial Dperation Date 12/2/2014
Contract Term (years): 20

Parent Company. Pristine Sun, LLC

- ._— ,,\0%‘“_1“5 - :

£\ { |
Sacramento ~ ' H%ﬁiﬁfi

i £ ag NKM
San Fr:ﬁ;‘:‘i's'::uW i '\H‘x
Pﬁﬂ_ﬁ{tu ~ g .
i3 .
SanJd@ . ,
\]I Fre'.!‘g

cuﬁ'ﬂmn . Nab

22\
1
Map data 82016 6
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m@ CPUC Energy Storage Mandate

Proposed Energy Storage Procurement Targets (in MW)=

= PG&E to deploy 580MW of storage

o ) ] Storage Grid Domain
within its service territory by 2020 Point of Interconnection 2014 | 2016| 2018 2020|  Total
Southern California Edison
= PG&E can own up to 50% of targets | Transmission 501 651 8] 110 310
Distribution 30 40 50 b5 185
er ey . Customer 10 15 25 35 85
* Flexibility in targets: Subtotal SCE 90| 120 10| 210 580
Pacific Gas and Electric
= Between T/D/customer buckets | | Transmission 50/ 65| 85 110 310
Distribution 30 40 50 65 185
. Between ears Customer 10 15 25 35 85
)" Subtotal PGE&E a0 120 160 210 580
San Diego Gas & Electric
= Utilitiesto host biennial solicitations | Transmission 0| 15 2| 33 80
Distribution 7 10 15 23 55
through 2020 Customer 3 5 8| 14 30
_ _ _ Subtotal SDG&E 20 30 45 70 165
= Customer storage primarily drive by Total - all 3 utilities 200 270] 365 490| 1325

upfront incentive program (Self
Generation Incentive Program
(SGIP))

28



Distribution Resources Plan

E AB327 and CPUC Code 769 Mandate

= Distributed Energy Resources (DER) defined as:

& e
= =
& =
% s
P 5

Electric

Energy Energy Demand
Vehicles

Storage Efficiency Response

Distributed
Renewable
Generation

= |Submit distribution resources plan proposal to the CPUC by July 1, 2015

o
o

Evaluate locational benefits and costs of DERs located on distribution system.
Recommend standard tariffs, contracts, or other mechanisms for deployment of cost-effective

DER

Propose effective coordination of commission-approved programs, incentives, and tariffs to
maximize benefits

|dentify additional utility spending to integrate cost effective DER into distribution planning to yield
net benefits

|dentify barriers to deploymentof DER

29
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("« Available distribution
capacity to safely &
reliably accommodate
DERS * DER benefits and

» Feeder by feeder Integration costs that impact
L assessment Capacity Locational rates J
Value of

~

( * Develop methodology
for quantifying DER

locational value

(DER Hosting

Capacity) AN

Predicting Demonstration
DER Growth B & Deployment

r"

\

N
* Customer adoption * Demonstration of
forecast of DERS DER integration into
* Various DER growth planning, operations
scenarios J L and investment .,
»




5. FFFIDHEEN=HLSMUDD BREX

SMUD : Sacrament Municipality Utility District .~ ZEE#f& . BA

-73[)771-)L:7'J‘I‘I%‘Bﬂ73)“/l~ﬁi75‘“ﬁ"é?3’%>527] *i EETE
[ENT-7TBDR—KAN—IZLYEE , ERRTEHRE. RIS
LN DRI AT LRRICET S5O RATLEDEE TS,

JER AR T, AL HEFTEL,
-'J%I‘I’Aﬁéiﬁé‘%é% (PUC) DRFI RS . MEFBERICROHLN

"TRERDT. INBEFFEERSBEZETE.
KNG DRE T H-LAEETETILETHEBIUIZER, DERE R &
%%?»@ﬁﬁ%@ﬁ
*HEWE :TOU-CPP, T UrHE BITED RS
*AY—kJ1)wk DERTIEZ (&

31




SMUDD#EE

gty A

* 620,000 meters * Not-for-Profit Utility
* 1.46 million population » 2nd largest muni in
- $1.47 billion in revenues California, 6th largest in the

us

7 member, elected Board of * 3299 MW peak load
Directors Piblic-Owned « 2071 employees

-11,000GWH sale les

900 mi?, 2331 km? service territory

- Board Adopted Goals
« 33% Renewables By 2020
« 15% Efficiency Savings
« 90% Reduction In GHG
Emissions By 2050

(HiFfr) SMUD



SMUD Total Greenhouse Gas Emissions -Metric Tonnes CO2

Board Greenhouse Gas Emissions Targets for SMUD Retail Load through
2050 - 90% below 1990 levels

4,000,000 (HFT) SMUD
m Cogen Emissions
3,500,000 I Cosumnes Emissions
s Erniissions History and Frojections
3,000,000
\ 30% below 1990 levels in 2020
2,500,000 2,572,200

2,000,000 1,015,?451.'.“
i 50% below
T “ 1950 levels
1 500,000 | I
1,361,667 “
|1
1,000,000 1,024,444
I
537,222
500,000 | |
350,000
’ 3
SESREE R ERREREREE RN ERRER RS
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2020 EE/DSM @ 2.5X 2007

Unknown Generation

7 o 33% RPS @ 2020 Requirements

E Hydro (UARP + WAPA) Total Retail Demand
— —©
-—
a—

Natural Gas Resocurce

——

SMUD Gas Fired Generation - -—
T Energy Gap

2008
2010
2012
2014
2016
2018
2020
2022
2024
2026
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20144 :2795GWH. 26% 20204 E :4070GWH. 39%

Geothermal,
111, 4%

Geothermal, Biomass and
420, 10% Biogas, 500, 12%

Biomethane,
1080, 27%

Eligible Hydro,
387, 14%

Eligible Hydro,

Biomass and 100, 2%

Biogas, 782, 28%

Wind, 1640, 40
40%

Wind, 718, 26%

Biomethane,
517, 18%

Solar,
283, 10%
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GWh

RPS Compliance Requirements, Existing, Committed Resources

(2015-2030)

6,000 Annual-RPS-Shortage

-1 Applied-RPS-Surplus
4,000 Az e N
__..--"""*"#
] LA B A
3,000 | wind [ =
A B - > Z
=zl -- > -
5,5,5/:.:-:. | [F] solar F a2 =23
2,000 - = e . ae : =
' ~ E I:Il_ o ﬁ .:;_
e = = . . giothermal | = = H =
1] =
1,000 - biomethane ﬂ [
biomass&waste
0 LE_E_E_‘ = - E , == - = , , ,

T T I I _ T

2015 2016 2017 2018 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028 20259 2030

[E—IBiomasz and Biowaste [T Biomethans [1Bicgas == Geothermal 36
——IEligible Hydro < 20MW —I5clzr —IWind 1 Applied RPS Surplus

y
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Module $/w ‘460%
by ~2020

Creative financing
and data driven
marketing

e B

Forecasted Lithium Battery Cost

é k
B
@

2015 2020

Battery modules Currently at

cost-effective (for 60cents/gal
SMUD customers) at equivalent, will
$200/kWh decrease with battery
Cost-effective by costs
2025-2030, sooner Affordable 200 mile
with demand charges range by 2017

(H Ffr) SMUD

o

37% households

likely to purchase
Smart Thermostat in
next 12 months*

Will make DR more
cost-effective

*Icontrol Networks study,
N=1,600, US and Canada
StateOfTheSmartHome.com
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2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

0 1st Year Solar PPA Price w/3% Escalator vs. Avoided SMUD Rate for Solar

SolarCity quoted 1% year PPA price (w/ 3% escalator)

and forecasted price decline, ITC expiration by 2022
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Summer
Super Peak

14.67 ¢ kWh June —Sept.

Mon. — Fri. only
4 p.m-7p.m.

Peak
All year 8.67¢ kWh
Mon. — Fri. only
9a.m.-9p.m. Ot1t—Pe
All year
Mon. - Fri. 29 p.m. -9 a.m.
All hours on weekends and holidays

1.5¢ kWh electric vehicle credit
12 midnight — 6 a.m.

9 4 7 9 12 6 9

am pm pm pm midnight am am

() SMUD 39
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(i Ffr) SMUD

EE

ES - Load Red.
— CHP
W DR - Load Red. ——-RH73AH
PV - Customer
 Utility-scale Renewable
m Market Purchases + WAPA
e Hydro

Natural Gas
= == NP15 Spot Sale to SMUD NFU
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Distributed Solar Sensor Variability and Aggregate Ramp, with Hour-
Ahead Forecasts November 8, 2012

1200 Solar resources over 2,200 square km service territory, 25kml resolution

—
o
o
=

800

Distributed Solar Sensors (74)
— Average of Sensor Network
Hour-Ahead Solar Forecasts
400

Global Horizontal Irradiance (GHI) - W/m2
-
o

N
o
o

(HFr) SMUD
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DER IMPACT ON RAMPING
Ip

e Evaluated maximum and average 3 hour ramp
rates from PLEXOS runs (2020-2030)

e When compared to unmanaged load (no DERs),
results show that DERSs clearly reduce ramp rate

Maximum Average
Ramp Up Ramp Up

the

Unmanaged /49 MW 101 MW ~400 tot? MW of
PV generation
IRP Base
. 689 MW 21 MW
Combined _
680 MW /2 MW 700 total MW of

DER PV generation

42 @ SMUD
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