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PIER Program Overview &
Investment Strategy
AIOU Ratepayer Funded Program, Iaunched 1997 AB1890

A$86.5 Million FY 10/11 ($62.5 million electric; $24 million
natural gas)

Energy Efficiency & Demand Response

Renewables
26%

ﬁ L oa d | N g d ¢ /ijancgi yeneration

Program

($587.7 million from 1997 -- 2008) Transmission & Distribution

13% Climate & Environment

Transportation
1%
I
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For most of us, the electric grid is simply
wires, poles and steel towers stretching
acrossfieldsi nt o t he hor

Appearing technically simple,
deceptively static, and at

best, not worth another
t h oug hte
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Power outages are expensive, a threat
to human health, safety, and welfare,
and national security, and just plain

Inconvenient.

¥
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%% &
The 218t Ceﬁfﬂr.y‘ grid faces new,
unprecedented challenges that threaten to
Increase the risk of power outages or higher

costs, unless it IS modernized.
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For most of the 20t Century, the electric grid
had a relatively simple role: moving electricity
from central power plants to the consumers.

Its behavior was predictable, and under the close
control of an operator - much like conducting an
orchestra./ [ [




But conducting the 21st
Century electric grid is
becoming hair raising:

AOne of the worl dos | argest
state, multi-country, brittle power delivery network

AAccommodating competitive power markets

AServing growing and changing electric customer
base that I s becoming part

ADealing with economic and public policy pressures

Being instrumental for meeting

aggressive renewable energy goals
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Cali1 forni abdbs Ren
Goals

ARenewable generation to equal:
020% of retail sales Dec. 31, 2013
025% by Dec. 31, 2016
033% by Dec. 31, 2020

A20,000 MW of new renewable capacity by 2020

08,000 MW utility-scale renewables
012,000 MW of renewable distributed generation

Cali forni aos Renewabl e

one of the most aggressive in the US.

Source: 2011. Staff Draft Report on Renewable Power in California:
0/22/2011  Status and Issues. California Energy Commission, August 2011,
Publication No. CEC.150.2011.002. 7




Why Such nNnAmbi t |
Energy Goals?

When signing the California Renewable Energy
Resources Act, Senate Bill (SB 2), April 2011,
Governor Brown noted:

"This bill will bring many important benefits to
California, including stimulating
In the state, creating tens of
thousands of , Improving
, promoting

Source: California Energy Commission website, http://www.energy.ca.gov/renewables/history.html
9/22/2011



http://www.energy.ca.gov/renewables/history.html
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Source: CAISO, Briefing on Generation Interconnection Trends,
June 13-14, 2011 http://www.caiso.com/2bba/2bba799624040.pdf

Renewable Projects in the CAISO Queue

Made up
mostly of
variable
wind and
solar
resources.



http://www.caiso.com/2bba/2bba799624040.pdf
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But to grid operators, 33% renewables
| ooks more |1 ke t

P = M
| - "'" -
. II -
To better understand,
The Saga of Renewable Generation

and Grid Integration.

9/22/2011
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The Saga of Renewable
Generation and Grid Integration

Most central

station renewable 2l LT
generation will be rvam @, vlﬁ& )

Sadsatbeiiadlll Grid must provide accegs.
from customers. .;

[

49 . .
‘ Line extensions must

s e huilt to the power
/\ plants, but siting and
=l permitting new
. HIGHWIN transmission lines are
-~ 4 becoming difficult.

9/22/2011
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Environmental impacts and financial concerns
are biggest barriers to new transmission lines
APermitting and Siting

_____ oAesthetic impacts
e ) A oEnvironmental and land use impacts

o Getting approval from multiple
agencies and jurisdictions

lanning and Cost Recovery
oProving need and value
oldentifying benefits & allocating costs

NIME

Delays can reduce reliability and economic

efficiencies, and create barriers to meeting
renewable generation policy goals.
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Continuing The Saga of Renewable
Generation and Grid Integration

Some renewables

exhibit unique |

behaviors, for T T s .lllii.‘

which the grid was y ‘

not designed and

the operator is ill ' Some unique

eqmpgei behaviors are:
AVariability &

Unpredictability

AFast Ramp-Rates
8 AOver Supply

012212011 ALow Inertia




Wind and Solar can vary widely by the hour,
and be a challenge to predict day to day.

1800 ~+

1600 -

Tehachapi Wind Generation, April 2009

~ Source: Q California ISO
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Typical load & wind profiles are almost
Inverse, creating oversupply and ramping
challenges.

CAISO Load -- Summer 2006
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Power Profiles with and w/o Wind Show
Effects on Ramping Resource Needs

16x10° =
Dailly __. Daily
Ramp e 4 Ramp Up
Up with |} 12- . with Net
Load ,  Demand
Alone -7 . (Load
s ' minus
; ¥ —Wind
: Gen)

@ Combined Load (2020)
M Combired Loadand Wind

~2,500 MW of new dispatchable generation

required for ramping.

Source: NERC Report - Accommodating High Levels of Variable Generation i March 2009
9/22/2011
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Wi nd + Sol ar seem

2013 - Wind + Solar

4000 MW Solar and 6000 MW WIND Nameplate Capacity
&\ . .
Thanks t s Calif ISO
4500 anks 1o g ‘-alomia 1oL
4000
/ \§ Wind + Solar
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_But wind and sol ar g e
appear to make ramping worse.




Renewable integration analyses agree that
additional ancillary services will be needed.
CAISO  NYISO  ERCOT  NREL  SPP

¥ 2 4 4 . 4

Alncreased need for regulation, spinning
reserves, and load-following

ASteeper system ramping requirements

AMore frequent and serious over-
generation events

AlLess efficient dispatch of conventional
resources

__ASuppressed energy market prices

Source: Judy Chang, The Brattle Group, Renewable Energy Integration
9/22/2011  |ssues and Analysis, EUCI Conference on Renewable Energy Development 19
and Transmission Expansion, August 11, 2010



The power grid is designed and operated
under the influence of inherent inertia.
AThe rotational mass of the turbine-

generators in traditional (thermal) power
plants create inherent inertia in the grid.

ASome renewables exhibit
traditional inertia because they
use turbines.

ABut wind and some solar power
plants exhibit little or no inertia.

|
-, [\

A growing concern is that increasing

renewable deployment will reduce inertia,
causing grid instabilities to worsen.



Western transmission deratings of 1000s of
MW, put into practice to reduce threats to
reliability from grid instabilities, are already
costing millions of dollars a year, and

e LIy
FS R | 555 I

Will high penetrati'ons of wind and solar force
even higher deratings or risks to grid reliability?

Can lower inertia be exploited to benefit grid
stability?




Continuing The Saga of Renewable
Generation and Grid Integration

EXxisting St

Infrastructure s
IS constrained.

== a0 g ons:

Bl ADifficulties Building
New or Upgrading
Transmission

AThermal Limits

AStability Constraints

(Voltage, Transient, Dynamic)

AMMNO Contin




9/22/2011

Continuing the Saga of Renewable
Generation and Grid Integration

U
' A
20 A Grid must integrate D
ot 2% 4
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o i egration adds to
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While the technical effects of renewable DG

are grid-wide, they tend to be felt most locally.

AClustering - uneven DG penetration
Alslanding/Safety
Apreventing unintentional islanding
Avariable power quality and reliability
Aapplication of microgrid concept
AModeling - masking load with generation
ATransformers - local capacity limitations
AProtection
Aback-feed (reverse power flow)
Afault current contribution from DG
Arelay desensitization
AVoltage regulation
Amaintaining voltage in permissible range
Avoltage ride-through
Awear on existing voltage regulation equipment

Areactive power (VAR) support

24



There are essentially two options for
successful expansion and operations of T&D:

The traditional o
Abuil do s Nk
solutions, i.2., T :; )
investmenis in =l (| &L
wires, towers, ) P E
poles and .‘5{ new T&D

power plants, | functions (5

andé | make expansion
and operations
eacier and less
costly.

9/22/2011 : -



Asserti ons: For now w
way out of these problems, but at
hi gher renewabl e pene

Aétraditional #Abuil do
Investments In wires, towers and
power plant s, canot

A New technologies will be needed to
make renewable integration easier and
| ess costl yé

eéespeclially technol ¢

grid smarter.
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Example: Accommodate Renewables & Increase
Capacity by Joining 2 Infrastructures




Synchrophasor Measurements 1
The Bas.i of the nSmar

-
mna

PS Satellite ; % R

7
AW ‘E*"'v“\’m:*“’ - WNMW,;MW
Le Ashe rg
‘Criz rly reaictor#.
Grigzl r4ac or #3
PMUs (PhaSOf' = 150 180 210 240 i =
- seconds
Measurement ona

Units)

Example: Accommodate Renewable Generation and Increase

Grid Capacity via Real-Time Wide-Area Monitoring and Control.



The Before and After of Synchrophasor

Measurements
Synchrophasors 30/second
N N
Tradi# Real-Time Data Rate = Everm
. '\ﬁ.'i."c::‘. W
Disturbance IR CAN |
Unobserved L.‘ Y o G )
System Planning Response lo 85T N\
System Operation s T \WEC
P T—“ Wu._ C. ]
Automatic Control )
Observed . %
Response o I |
e
Decis: Measurement Lm\.fféé'oj\}*:u--u |
ecision Information RO
Based go . | P—

Processes Information

System

An unprecedented ability to see, know, plan and control.
SIesien 29



CAISO, SCE, PG&E, and SDG&E Are
Pioneering the Use of Synchrophasor
Technologies in California

> /
#99122/2011




Two Views: California-Oregon Intertie

460U

Observed COI Power (Dittmer Control Center)

wo - \What synchrophasors showy
August 10th,
1996, Power
Flow During

4200

40U

Generator W Simulated COI Power (initial WSCC base case)

Trlp 4400
What theoperatror sséw mo

A00D
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This event triggered an inter-area power oscillation

and ended in a wide-area power outage in western US.
9/22/2011 '
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Mode Estimate: Visualization Example

Mode Estimates: All Modes (Yule Walker Spectral}
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Example: Accommodate Renewables & Increase
Capacity by Joining 2 Infrastructures




The digital Nsmart n

customer an I ntegr al o
Past. .. Future...

=
Utility Bill | =
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The Benefits of Smart Meters*

AAllows for faster outage
restoration of service

detection and

AProvides customers with greater control over their

electricity use when cou
AAllows customers to ma

nled with time-based rates
Ke informed decisions by

providing highly detailec
AHelps the environment b

Information
y reducing the need to

build new, or use older peaking power plants.

Canot have ANAsmart

nsmarto customer s

*Source: CPUC website:
9/22/2011  http://www.cpuc.ca.gov/PUC/energy/D

emand+Response/benefits.htm. 35



CIEE Website: UC-CIEE.ORG

For additional information:

Merwin Brown
Director, Electric Grid Research

Voice: 916-551-1871
Merwin.Brown@uc-ciee.org
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