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}X#V Agenda

VA

y

s ) . .
& California ISO

CAISO Overview
Current & Future Challenges
Renewables Integration

Pl System Display Examples
— Reliability Displays

— Transmission Displays

— Generation Displays

— Renewables Displays

Current & Future Pl System Projects at CAISO
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{%X#v" & California 15O
AV California ISO by the numbers

y

55,027 MW of power plant capacity

[T 150 Control Area = 50,270 MW record peak demand (July 24, 2006)

[:‘ Non I1SO Control Area

= 30,000 market transactions per day
San Francisco = 25,526 circuit-miles of transmission lines
= 30 million people served

= 286 million MW hours of electricity delivered annually

© Copyright 2011 OSlsoft, LLC A
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}X#v Resource reciprocity

VA

Welcome to the Western Grid

y

= CAis one of 14 states within
Western Electricity
Coordinating Council

» Resource sharing enhances
reliability, helps achieve
renewable targets and
manages cost

= A quarter of all the electricity that
keeps the lights on during the
summer comes from other parts of
the west including parts of Canada
and Mexico

“3 California ISO

Shaping a Renewed Future
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'AvAvAv €3 California ISO
VAV p w7 Colifornia 15O
AV The power mix

VA

XIKDEDE

1.8% - coal

y

12.2% - large hydro —>

13.9% - hydro, geothermal,
biomass, wind, solar

15.3% - nuclear

56.7% - natural gas

© Copyright 2011 OSlsoft, LLC A



JAVAVAV “‘% California ISO
WAv Shaping a Renewed Future
JAV. CAISO current & future challenges

VA

y

» [Forecasting

« Generation fleet characteristics

« Ramping requirements

« Ambitious environmental goals

» Reliability with fewer gas powered plants
« Cost containment

We need to strike a balance between reliability, renewables
and reasonable cost.
© Copyright 2011 OSlsoft, LLC A



JAVAVAV " Callfornlo ISO

}X#V The ISO grid control room faces significant short-
}VA and long-term challenges

* Uncertainty of grid infrastructure
development

« Ramping requirements significantly
increased

« Continued development of control room
tools

« Load and wind forecasting accuracy

« Rapid changes in grid generation fleet,
especially wind and solar technologies

© Copyright 2011 OSlsoft, LLC A
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VAV

" CCIIII:OI’I‘\IG ISO

AV The 2-3 year look-ahead: renewable resource portfolios
}VA in 2006 and 2012 (20% RPS), by capacity (MW)

7,000 T
6,000 -
5,000
4000 +
3,000
2,000

1,000

Biomass/Biogas

Solar

Geothermal

Small Hydro

Wind

W 2006

701

420

1,101

614

2,648

™ 2012 (expected)

701

2,246

2,341

614

6,688
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soAv Projected renewable growth

JAVAVAV
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JAVAVAV " Cahfornla ISO

}X#V 2009 CAISO wind profile —

WA, Adjusted for monthly installed capacity average capacity factor = 22.2%

Dec
= —"_// =]
—| l—_’_‘_/-—'
Nov
] — ———
T
\ T Oct
Sep
Aug
\\ /
\_____//

Jul

Jun
May

Apr

——/-—__‘
—’/_-—" \_
— [ | M
Feb
e N | EE———
Jan
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour Ending
© Copyright 2011 OSlsoft, LLC A



JAVAVAY

}X#V Forecasted vs. actual wind output

}'A Simulated spring day in 2012

&
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California ISO

Shaping a Renewed Future

Source: 2010 Integration of Renewable Resources
© Copyright 2011 OSlsoft, LLC
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VAVAVAV “‘1 California ISO

}X#V Variable power resources

WA Electricity fueled from the wind and the sun

Shaping a Renewed Future

= Wind power often increases overnight, when
demand is low

= Some natural gas-fired power plants must a
continue to produce power at night to be
ready for morning spike in electricity demand

» Resulting overnight oversupply of electricity
from wind power and conventional plants
causes utilities to sell power at low prices or
even pay generators to dispose of megawatts

= Surplus power mean consumers can pay twice for electricity

(ﬁ The Big Question:
" How do we prevent over-generation while maintaining grid reliability?
© Copyright 2011 OSilsoft, LLC A



VAVAVAV & Colifornia 1SO

}X#V These challenges can be addressed through improved
}VA control room tools (synchrophasors) and training

« Wind and solar modeling & production forecasting

« State estimator solution & accuracy

« Grid reliability & engineering studies

* Network and market modeling

* Awareness of regional disturbances (e.g. 1996 event)

« Dynamically assess the grid (EMS not sufficient)
« 30 samples per second compared to once every four seconds
Can increase COl transfer by 1500 MW
« Estimated reduction in congestions costs $250 million
Better real time visualization

© Copyright 2011 OSlsoft, LLC A
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VAV

/N4
}VA

Load

MW

CAISO Load vs. Total Wind

Load = Total Wind =— Solar‘

Summer 2006 |
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Wind generation tends to be inversely correlated to
daily load curve, creating ramping impacts

© Copyright 2011 OSlsoft, LLC A



& California 150
Resources required for renewables integration

Price sensitive load

Quick Start Units
Fast Ramping

Shift Energy from off-

peak to on-peak Responsive to ISO

Wider Operating Range Mété%?etrzﬁ)gﬁr dispatches
: | P Frequency Responsive
Solar ower P Voltage Support Responsive to Wind Geo-thermal
Generation Regulation capability Regulation capability ~ Generation Production G i
eneration

© Copyright 2011 OSlsoft, LLC A
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“" California ISO

v Shaping @ Renewed Future
A% Folsom, CA — Control Room
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av Alhambra, CA — Control Room
VA A e
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CAISO Pl System Displays

Reliability



L\\7 California IS

Shaping a Renewed Futur

uy CAISO PI System Display —reliability back-up tie line
WA display with ACE-Area Control Error/FRE
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CAISO PI System Display —reliability CAISO
AGC summary

9.4 %
OPERATING RESERVE
1260 1845
Total & Required OR
M
1140
630 6:45

Ciso

48 %
SPINNING RESERVE

630 943

Total & Required SR

UPPER REGULATION LOWER REGULATION
367 304 - 367 611

CISO REG UP b CISO REG DOWN

l.7 b 7.

6:30 6:45

CISO ACE

5/13/2011 7:27:57 AM

+5 Seconds

FREQUENCY 5/13/2011 7:27:57 AM
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<’ A California ISO

Shaping a Renewed Future
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VAVA'AV “§ California ISO

}X#V CAISO PI System Display - reliability balancing
}VA authority ACE (Area Control Error) limit radar

Balancing Authority ACE Limit RADAR

2000

in last 30 minutes =

Number of BAAL Exceedances 2
0

60.000 -
Frequency L
Time 716 717 718 719 720 7:21 722 T7:23 T7:24 71:24.27
Consecutive Minutes Exceeding Limit(s) 0 0 0 0 0 0

TRt star time o 656 657 658 659 700 701 702 703 704 705 708 707 708 709 T10 711 712 713 714 715
'RL-S to stop timer ~ a ~ ~ Py ~ ~ ~ ~ a a In A A a ~ A ~ A a ] | 4
0. “{ »

CTI
M 4 » M| Parameters DISCLAIMER Data .~ ACPS1 | 59.9-60.1  59.8-60.2 &
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A California 1ISO

Shaping a Renewed Future

=

JAVAVAN
Y&V CAISO PI System Display - reliability WECC

WA transmission path overview
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VAV

A
VA

PATH 66

SMUD
ACE -1
Actual -997

Freq 59.990
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CAISO PI System Display — reliability
adjacent BA summar
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CAISO PI System Displays

Transmission
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AVAVAN
X#V CAISO PI System Display — transmission

WA California-Oregon Intertie (COI) summary
ms PDCI 2990

95% = S
949 = Cntr Schd Limit

93% =




path 15 summary

ACTUAL ARMLIMIT AVL LIMIT
LBN 891 || 2045 2614
Los Banos - Gates #1 500 kV line -183 *LBS 454 3842 4527
Los Banos - Gates #3 500 kV line 85 *MWN 454 3842 4527
Los Banos - Midway #2 500 kV line -149 *LBS & MWN USE P-15 NET FOR ACTUALS & LIMITS

Path 15 Break Down

Gates - Gregg 230 kV line 33 TESLA

Gates - McCall 230 kV line -47
Gates - Panoche #1 230 kV line -24
Gates - Panoche #2 230 kV line -26

454 |

PANOCHE

P-15 CUT PLAN

MOSS
LANDING

DIABLO
CANYON

“\7 California IS

ZAVAVA _ o |
AV CAISO PI System Display - transmission
VA

North 500
500 System Path 15 with VVoltages
500 System Path 15 with Line Flows|

LOS BANOS

McCALL

500 System Path 26
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JAVAVAY
VAV

/N4
nomogram

CAISO PI System Display — transmission

“‘, California 1ISO

Shaping a Renewed Future

A B Cc D E

VA
y

[LIFNIRICIEN
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Victorville-Lugo Nomogram

8 1600

Sylmar Three Banks OTC
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= -2000
35
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Victorville - Lugo Flow

5/13/2011 7:22
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North Gila
Flow Flow Lugo Flow Devers Flow
Flow

756 MW -3 MW 1048 MW 648 MW
1675 MW Sylmar Bank

Flows

499 MW |[_SCE Load 11567 MW_]

Victorville - Luge Limit | [ Victorville-Lugo Margin |

2284 MW | 609 MW

Sylmar Transformer Banks ratings

Normal Rating (MVA) Emergency Rating (MVA)
Sylmar Bank E 600 800 (2-hour)
Sylmar Bank F 672 800 (2-hour)
1134 (2-hour)
Sylmar Bank G 900 1305 (30-minute)

38
39
40
W4 » M| Static

Nomogram .~ DATA - Tracer Data

Revision History -~ ¥1

Select Current System Condition

& All Lines in Senice

" Hass-N.Gila / N.Gila-1V 500 k¥ Line O/S
 Palo Verde-Devers 500 kV Line 0/S

" Eldorado-Luga 500 kV Line O/S

* Lugo-Mohave / Eldorado-Mohave 500 kY line OfS

[ _I—T— [
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A
}VA

path monitor

%L — Cm|i§_¢r'|ﬁ‘n’g ISO

‘\\v California ISO

}VAV CAISO PI System Display — transmission
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Shaping a Renewed Future
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CAISO PI System Displays

Generation
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}VAV CAISO Pl System Display — generation regulation

VA summary

y

E— =0 munses -0 =
Up 328 Down 277

=s 0 mhees -0 = == 0 mbres - =

= o
Req 1383 Actual 2095 Req 692 Actual 1048

Total CAISO Wind ) . Total CAISO Solar

.I
|

Total CAISO Genertion

19163 MW,

“\7 California ISO

Shaping a Renewed Future
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CAISO Pl System Display — generation load forecast and DCS
generator status summary

CoCo 6 7 OPER RESERVE 9.9 % REG UP 307 TIME ERROR 0.492
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monitor

CAISO Pl System Display — generation CAISO reserve

“§ California ISO

Shaping a Renewed Future

RM: ISO Reserve Monitor

‘ ISO Resv. Monitor Incl. 0OM H
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H OOM Regional Resv. |
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Shaping a Renewed Future

CAISO STI/PI System Display — generation — AGC
Summary using Pl System data

Welcome Videowall User ContactUs About

Fuel Type
® BioMass e
COGeneration-“&
GeoThermal
Hydro
Nuglear
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SLIC Ailibility
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.
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©2011 Google
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—
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—_—

Resource Id SLIC Availab. Unit Output
HELMPG_7_UNIT 1 407.00 157
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TotalGenerationOutput (Sum)

COLVIL_7_PL1X2

SBERDO 2 PSP4

Reactive Re... Spinning Res.
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0.00 0.00
0.00
0.00
0.00
0.00
00
0.00
0.00

0.00
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WAV CAISO PI System Display — generation hydro conditions

summary
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WAV CAISO STI/PI System Display — 24 hr renewables

AV ortfolio using Pl System data
WA P g y

Manual Entry

y

Dashboards: Hourly Breakdown

€D California ISO

Shaping a Renewed Future

P

History: |9 From: |EEREIETITI LT 05/16/2011

[ Geothermal ( 1005 M [ Biomass (228 y ) | Biogas (158 MW Small Hydro (528 MW

2 3
Time of Day

05/15/2011 10:38:00,000 24.00 hrs

B solar (286 MW

08 09 10

05/16/2011 10:38:00,000
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Shaping a Renewed Future

JAV CAISO PI System Display —wind forecast and generation summary
vA < California ISO Wind Forecast Display IEZZZE

Total Generation& Total Wind Generation DOT and Total Gen

17000 | 1350 ™
15500
14500

620

5/16/2011 3:36:14 AM S, =, 4.00 hours <€ » < 5/16/2011 7:36:14 AM 5M6/2011 3:36:14 AM 4.00 hours 5162011 7.36:14 AM
Total Wind 927
Total Generation 16460

2
18.52 18.45
0
SRR
0.50 -0.50
Techachapi .
J

© Copyright 2011 OSlsoft, LLC



JAVAVAV

WAV  california ISO’s goal is to have wide-area situational awareness
Vi through a common visualization layer that integrates the results of
\VA multiple applications

Wide-Area Situational Awareness Visualization

Nomogram Pl State
Validation Displays Estimator

y

ommon Visualization Layer

Phase - Small
Angle Signal
Difference |  Analysis

[ Synchrophasor data SCADA, CIM/XML
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Shaping a Renewed Future

CAISO PI System Display —wind speed, directions and output summary

wind Speed
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CAISO STI/PI System Display —wind speed contour and wind
WA deneration using Pl System data

o

Generation Output
DOT
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B NonSpinning Reserves
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Spinning Reserves

a0, USDA Farm(Service’Agency.

T T L WI ND ple S a?%‘ﬁlé‘.%ﬁ%" U'S I NavyING A |GEBCO

©:2014{Go0gle
1{INEGIE




" 2 California 1SO

CAISO STI/PI System Display — solar generation summary
with cloud cover usm Pl System Data

Shaping a Renewed Future

Fuel Type

Generation Output
DOT
Generation Output . J % N
I NonSpinning Reserves oy J - ! A O Phoenix
SLIC Availibility v o §
Spinning Reserves W

W.‘ J%,Google
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JAVAVAV “‘% California ISO
WAv | Shaping a Renewed Future
{%X CAISO Current & Future Pl System Projects

y

« Synchro-Phasor Integration

» Western Interconnection Synchrophasor Project
« 56 PMUs already sending data

« 100 PMUs estimated by December 2011

« 180 PMUs estimated by December 2012

250 - 300 PMUs estimated by December 2013

© Copyright 2011 OSlsoft, LLC A



" 2 California ISO

Shaping a Renewed Futur

Questions
or
Comments?
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