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Project Objectives
(Under CEC Grant # PIR-07-010)

 [dentify At Least Two Priority Sites In California To
Deploy Energy Storage Devices To Mitigate Wind
Generator Critical Transmission And / Or Operational
Issues.

e Use A Metrics-Based Tool To:

—Quantify The Value Of Energy Storage Devices To
Mitigate The Grid Challenges Of Wind Generation

— Select Energy Storage Plant Type And Specify MW
And Hours Of Storage Needed For Each Site.



The Wind Challenge and Industry Response

Challenge: Wind/Renewable Fluctuating Power Output
* Produce power oscillations with high, unpredictable ramping problems
* Provide power when not needed (off-peak rather than on-peak time)

Response: Deploy Electric Energy Storage, sized and operated for:
* Frequency regulation
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Two Step Process to Determine the Value of Energy Storage
and To Select Best Storage Technology for a Particular Site

Two Step Process to Select Best Energy Storage Device
To Match Transmission Site and CAISO Needs
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SCE Antelope-Bailey 66 kV System One Line Diagram Showing SCE Cal
Cement and SCE Goldtown Substation Sites Needing Energy Storage Plants
To Resolve Transmission Curtailment Due To Wind Generators
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EPRI Metric Tool Results Indicate The SCE Storage Plant Should Have
5 Hours Of Maximum Discharge Capability And Be A CAES Plant
Using An Above Ground Air Storage System
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EPRI Metric Tool - 5tep 1 Preliminary Results for SCE Substation Sites:
Economic Screening Tool For Energy Storage Plants
{Note: The lowest cost plant is the one with the lowest S/kW-Yr
for the expected maximum hours of discharge needed.)
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For SCE substations imvestigated, which
need a 5 hour discharge, the lowest
levelized cost storage plant option is a
CAES Plant using an above ground air
store, since underground gealagy for
CAES does not exist atthe SCE
SUDSLAtON $ites Where S10Tag8 1S 8Nergy
storage Is needed.

Source: EPRI
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SCE Energy Storage Recommendations

* Two Storage Plants Needed to Total 110 MW — 5 Hour
— Cal Cement Substation: 70 MW — 5 Hour
— Goldtown Substation: 40 MW — 5 Hours

* Type of Storage Plant

— Compressed Air Energy Storage Plants Using Above
Ground Air Storage Systems

— See Next Slide For Preliminary Plant Layout



SCE Advanced CAES Plant Device Schematic Layout

Plant, Using Above Ground Air Storage System
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Note: The schematic shown is for a 50MW-4Hr Plant, which can be
scaled for the 70 MW-5Hr and 40MW-5Hr Plants Needed.
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PG&E Transmission Sites Likely to
Benefit from Energy Storage Plants
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PG&E Midway Substation:
Estimated Power Flow for Year 2014, Summer Peak
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Average Tehachapi Monthly Wind Plant Production As A Ratio Of
Actual MW Output To Maximum MW Output

w— o =—[ah March Apr =gy w——lyn eyl e=—pyg ==—Sgpi ==——(0Ocf ===Nov ==[Dac
| /\
08 e —

0.7

P

L
y /S T~
¢ A LD

Source: EPRI and PG&E
B i a g 10 11 12 13 14 15 18 17 18 19 20 21 22 231 24
Hour Ending

-
ra
Ll
-
i3]

ELECTRIC POWER
RESEARCH INSTITUTE

=Pl

© 2012 Electric Power Research Institute, Inc. All rights reserved. 12



EPRI Metric Tool: Results Indicate The Storage Plant Type And
Capacity Of The Storage Plant Needed At The PG&E Midway
Substation Is A CAES Plant Using A Below Ground Air Store
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EPRI Metric Tool - Step 1 Preliminary Resuits for PG&E Substation Sites:
Economic Screening Tool For Energy Storage Plants
(Note: The lowest cost plant is the one with the lowest $kKW-Yr
for the expected maximum hours of discharge needed,)
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PGAE Midway Substation is in Kern
County, which has sites for CAES
plants that use under-ground air
stores. Since this type of energy
storage plant has the lowest
levelized cost, it is the type of
storage plant recommended for
mitigating the off.peak wind
generation issues associated with
the Tehachapi wind region.

© 2012 Electric Power Research Institute, Inc. All rights reserved.

13

=Pl

ELECTRIC POWER
RESEARCH INSTITUTE



© 2012 Electric Power Research Institute, Inc. All rights reserved . 14

PG&E Energy Storage Recommendations

* One Storage Plant Needed: 300 MW — 10 Hour
— At, or Near, Midway Substation

* Type of Storage Plant

— Compressed Air Energy Storage Plants Using
Below Ground Air Storage Systems

— Preliminary CAES Plant Schematic Design Included
In Final Report of this CEC-PIER project.



Conclusions and Recommendations
(Part 1 of 2)

e SCE Conclusions

— Cal Cement Substation Site: 70 MW — 5 hour Advanced
Compressed Air Energy Storage (CAES) Plant. This plant is
recommended to be built at this substation (using an
aboveground air storage system) to mitigate transmission
bottlenecks caused by the current and the expected increase of
wind power flowing through this substation.

— Goldtown Substation: 40 MW — 5 hour CAES plant. This plant is
recommended to be built at this substation (using an
aboveground air storage system) to mitigate transmission
bottlenecks caused by the current and the expected increase of
wind power flowing through this substation.

ELECTRIC POWER
RESEARCH INSTITUTE

=2l

© 2012 Electric Power Research Institute, Inc. All rights reserved. 15



Conclusions and Recommendations
(Part 2 of 2)

e PG&E Conclusions

— PG&E Midway Substation Site: 300 MW — 10 hour CAES Plant. This plant is
recommended to be built near this substation (using an underground air
storage system) and should be connected to the high voltage California grid.
Note: It has been determined by working with PG&E staff familiar with their
natural gas storage facilities and potential CAES underground air storage
media, there are potential sites for CAES plant that can connect into the
Midway Substation. This type of plant will assist the CAISO to keep the
California grid stable during rapid ramp-up, ramp-down and frequency/area
control error regulation time periods.

— As part of this project’'s Technology Transfer activities, EPRI assisted PG&E
to submit and win a proposal (for $25M) from the DOE American Recovery &
Reinvestment Act of 2009 (ARRA), to build a 300MW-10Hr Adv. CAES plant
near the PG&E Midway substation. The final design, costing and geological
assessment work for this plant is ongoing, which is Phase 1 of the ARRA
project. If all permits and PG&E management approvals take place, this plant
will be build and operational in the 2017-2019 time frame (which is Phase 2
of this ARRA project).
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Questions & Answer Session

Together...Shaping the Future of Electricity
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