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California ISO Overview

* Nonprofit public benefit corporation

. Puget Sound
P! Energy
L 8

Portland

« Part of Western Electricity General

Coordinating Council: 14 states, _
British Columbia, Alberta and parts P

of Mexico

e 71,000 MW of power plant capacity

50,270 MW record peak demand
(July 24, 2006)

o 26,014 circuit-miles of transmission T
. California
lines ISO

* |ISO is governed by the Federal
Energy Regulatory Commission,
which has jurisdiction over
transmission lines that cross state e California 1O
borders.

I EIM entity
I Planned EIM entry 2016
[l Planned EIM entry 2017
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California energy and environmental policies drive
renewable integration

« Greenhouse gas reductions to 1990 levels by 2020

 33% of load served by renewable generation by 2020
12,000 MW of distributed generation by 2020

 Ban on use of once-through cooling in coastal power plants

» Less predictable load patterns — rooftop solar, electric vehicles, and
smart grid

« SB 350 2030 goals
— 50% renewables
— 50% reduction petroleum use — cars & trucks
— Double energy efficiency of existing buildings

— Greenhouse gas reductions to 40% below 1990 levels
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What does the ISO do?

« Uses advanced technology to efficiently
and effectively operate the grid in day-

ahead and in real-time. s a8saa00000t
=My
 Deployment of advanced technologies Y
enable the ISO to provide real-time 5 R —

minute resource optimization to CA and
five additional states in the West.

* Plans for transmission, generation
Interconnection and operates the grid in
compliance with Federal reliability
requirements for 80% of CA and part of
Nevada.
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How the ISO fits In...

.'.

Independent @
Generators
\ / Power Marketers

Utility Owned
Generation

Operated and |

optimized by
ISO
f Customer

Local Utility
\’
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A Balancing Authority (BA) I
operating a transmission co

Electricity is produced, delivered, and
consumed at the speed of light.

The ISO balances the system in two
timeframes:

Market down to 5-minute resolution
AGC on a 4-second basis
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S responsible for
ntrol area

WECC is the regional entity for the provinces of
Alberta and British Columbia, the northern portion
of Baja California, Mexico, and all or portions of
the 14 Western states between

Western Interconnection
Balancing Authorities (38)

Slide 6
Slide 12




Emerging operational areas where information
technology will be leveraged

« System reliability and situation awareness

 Renewable Integration

* Increased system coordination
— Transmission / Distribution System operational coordination
— Regional coordination and optimization
— Gas/ Electric Coordination

« Demand and supply forecasting

« GHG emission tracking and control

e Information security
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Power Iindustry transformation

« Unpredictable Output
* 4768 MW Peak — April 12, 2014
* 6087 MW Installed Capacity

N Solar Thermal / Photo Voltaic

» Semi — Predictable Output
o 7755 MW Peak — May 11, 2016*
« 8000 MW Installed Capacity

Roof Top Solar

e Semi — Predictable Output
e Behind the meter — Residential
e 4000 MW Estimated Capacity

&> California 1SO

Main Drivers:
v' California RPS
v" GHG reduction

v Once-through-Cooled
plants retirement

Goals:

v Higher expectation of
reliability

v Higher expectation of
security

v Smart Grid

v" Situational
awareness through
Visualization
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Original estimate of net-load as more renewables
are integrated into the grid

Typical Spring Day
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Negative energy prices indicating over-supply risk
start to appear in the middle of the day

Distribution of Negative Prices - March, April & May
2012, 2013, 2014 & 2015
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Solar supported energy needs lost due to drought
conditions- 2012 through October 2015

Hydro vs. Solar Monthly Production
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Renewable curtailment in 2024 at 40% RPS is significant

Target energy efficiency
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2021 Monthly Net Load Distribution --- Weekdays
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1234567 809101112131415161718192021222324
Net Load Distribution --- May 2021
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Net Load Distribution --- Sep 2021
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Off-Peak

Super Off-Peak
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Net Load Distribution - Mar 2021
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Net Load Distribution - Jul 2021
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Net Load Distribution --- Nov 2021
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Peak

. Super Peak

Net Load Distribution --- Apr 2021
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Net Load Distribution --- Aug 2021
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Net Load Distribution - Dec 2021
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2021 Monthly Net Load Distribution --- Weekends
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Net Load Distribution - Oct 2021
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Off-Peak

Super Off-Peak
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Peak
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Proposed Weekday and Weekend TOU Periods

Weeakdays Weekends/holidays

Hour starting HE Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec
12:00a.m. 1
1200 a.m. 2
2:00am. 3
3:00am. 4
4:00 a.m. 5
00 a.m. 6
6.00 a.m. 7
700 a.m. 8
§:00 a.m. ]
9:00a.m. 10
1000 a.m. 1
11:00 a.m. 12
12:00 p.m. 13
1:00 p.m. 14
200 p.m. 15
J:00 pom. 16
4:00 p.m. 17
2200 pom. 18
6:00 p.m. 19
7200 p.m. 20
8:00 p.m. 21
Q00 p.m. 22
10000 p.m. 23
1100 p.m. 24

- Super peak I:l Peak DSU per off-peak |:|Oﬁ-peah

FPeriods were simplified to provide a CASO system-wide uniform approach and limit variation in peak and off-peak periods.
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Energy Imbalance Market is an important to tool
for effective use of resources around the west

Builds on existing market Prior to EIM:

] Each BA must balance loads and
Automated dispatch resolves resources wi/in its borders.
Imbalance & avoids
congestion

Increase flexibility &

decreases flexible reserve @

Provides situational
awareness, enhances

reliability In an EIM:
_ The market dispatches resources
Voluntary and no exit fees across BAs to balance energy

Preserves autonomy,
including compliance,
balancing, and reserve
obligations

Decreases integration cost

: 5 Slide 16
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EIM benefits $64M since October 2014

» Arizona and Puget continue Q.Pu%ifefg;nd
. . d‘
their respective .
. . orflan
Implementation progress: General /1 W
Elec‘rrlc%

nf’

— August 15t begins parallel
operations, teams begin fod
preparing Readiness
Criteria for FERC filing

— October 1st Go-Live
— ldaho Power will join EIM
In spring of 2018. California “

SO
— LADWP has announced
its intent to explore EIM
participation.

aa California ISO
I EIM entity
I Planned EIM entry 2016
B Planned EIM entry 2017
g% California ISO I Planned EIM entry 2018




18 large power plants representing ~9,800 MW
of capacity are supported by Aliso Storage

o i B ® Santa
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] \ \ -
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Mitigation Measures

 Power Flow Analysis — Joint ISO and LADWP
— ldentified minimum generation required to maintain reliability
— Areas at risk for transmission constraints

— Generation and Transmission available outside the LA Basin
for energy and operating reserves

« Gas curtailment methodology and walkthrough May 16
— Joint effort — ISO, LADWP, Peak RC, SoCalGas

» 1SO Tariff Changes — Approved June 1
— Market Constraint / Nomogram

— Broader authority to reserve transmission on ISO internal
paths — Path 26

« Coordination with Peak RC to increase SOL in emergency

 EIM energy Transfers

: 5 Slide 19
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EXAMPLES OF
VISUALIZATION & SITUATION
AWARENESS
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Information available by phone app

0000 ATRT =

Supply and Demand e
Current System Demand: 26757 MW
Forecast Peak Demand: 27002 MW

35

w
(=]

r
@

Megawatts in thousands

20

0 5 10 15 20
Hour Beginning

[l Day-Ahead Demand Forecast

Hour-Ahead Demand Forecast

[ Available Resources
M Actual Demand

6:48PM @ 7 % 81% 4

= £ Cdlifornia1SOC @

Loads and
Resources

0000 ATRT &

£ Cdlifornia 150 ¢ © =

Net Demand e
Current Net Demand: 24358 MW
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Megawatts in thousands

6:48PM @ 7 f 82% [+

50

45

Megawatts in hundreds
- [y [N N w w e
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0 5 10 15 20
Hour Beginning

M Actual Demand
Hour Ahead Demand Forecast

0000 ATET 7

M Biogas

M Net Demand Biomass

6:48PM @ 7 3} 82% )4

Z- California 1SO C @

Today's Renewables ﬁ
Current Renewables: 4253 MW

—_—e e ———

0 5 10 15 20
Hour Beginning

[ Geothermal Solar
M Small Hydro Wind

@' View Yesterday's Renewables Output

Net Demand

ISO Today: Free Smart Phone App:

Renewables

0000 ATAT 7 12:54 PM @ % 82% W)

= 2 Cdlifornia 15O C @
Fifteen-Minute @

07/10/2016
Hour: 12-13 Interval: 4
Marginal Energy Cost: $28.15

@ under-$50
@ 55010 50
@ 5010550
@ 550 to 555
@ 555 0 560
@ 56010565
@ 36510570
$70t0 75
$75 to $80
$80 to $85
$85 to 590
590 to 595
) 595 to §100
@ 5100 t0 $125
@ 51250 5150

Prices

http://www.caiso.com/Pages/ISOToday.aspx

Real time view of supply and demand, renewable energy
production, emergency notifications and requests for
energy conservation.

&> California ISO
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http://www.caiso.com/Pages/ISOToday.aspx

A common visualization layer integrates the results of
multiple applications to provide Wide-Area Situational
Awareness

Wide-Area Situational Awareness Visualization

Nomogram
Validation

operational

data Synchrophasor data EMS: SCADA, CIM/XML
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July 18, 2015 illustrates the need to integrate satellite

Information to forecast supply variability
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Renewable Profiles

S wwl
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Balancing Authority ACE limit (BAAL)

Balancing Authority ACE Limit RADAR

| 1 BAAL shall not be pxceeded for more
Number of BAAL Exceedances than 30 consecutiJe clock-minutes

in last 30 minutes = 0

* BAAL is designed Fipste-Ls-Aiag
to replace CPS2

» Control opposes
frequency
deviation

* BAAL relaxes
area regulation
needs

* ACE is allowed to
be outside BAAL
for up to 30
minutes BAAL shallnot b¢ exceeded for

more than 30.consecutive clock-
minutes

Time 1455 1456 14557 1458 1459 15,00 15:.01 15282 15:03 15:03:44
Consecutive Minutes Exceeding Limit(s) 0 0 0 0 0 0 0 0 6

14:35 14:36 14:37 14:38 14:39 14:40 14:41 1442 14:43 14:44 1445 14:46 14:47 1448 1449 1450 1451 1452 1453 1454
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Wind Summary Visualization

Generation Output

B 0OT

I Generation Qutput
B MonSpinning Reseryes
SLIC Availibility

Spinning Reserves

e Agcncy

TTL, WIND:925 MW %
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Synchrophasor data exchange between
utilities and California 1SO

<
CAISO -

BC Hydro

receives data a1/63)
from 56 PMUs

CONVENTIONS

States/Provences with
PMU Installations

Macrodyne PDC
(Not in Service)
et BPA PDC
(6/42) WAPA (5/32) SEL PDC

Network connection

SCE-LDWP-BPA
Microwave Circuit
@ SDG&E =

- (5/40) APS Wﬁ)ﬂg ] Possible Future Network
connected to Connection
BPA PDC)

# PMUs / # Phasors
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RTDMS Application — Visualization Tool

E3 Phasor. Real Time Dynamics Monitoring System (Phasor-RTDMS™) - Visualization and Event Alarms Client v5.5

Situational Awareness Dashboard

Angle Difference Monitoring
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5995 59497 60 60.03 60.05
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QUESTIONS
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