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Public Interest Energy Research (PIER) Program
e Established through Assembly Bill 1890 in 1996 and began in 1998

e Mission - To support public interest energy research and
development that helps improve the quality of life in California by
bringing environmentally safe, reliable, and affordable energy
services and products to the marketplace.

e Six (6) PIER Program Research Areas; Efficiency {Buildings and
Industry/Agriculture/Water}, Renewables, Environment,
Transportation, Energy Systems (Transmission and Distribution
{Smart Grid}, Cyber Security, and Energy Storage)

* Energy Storage - has potential to play a big role to achieve
California Governor’s 2020 Goal (20,000 MW Renewables) and to
successfully integrate renewables with the Electricity Smart Grid.




ENERGY STORAGE PROGRAM

California’s Involvement in Energy Storage Research has 10+
years history of advancing Energy Storage Technologies!

e Pumped Hydro

e Compressed Air Energy Storage (CAES)

e Flywheels

e Batteries (Na-S, Li-lon, Redox Flow, etc.)
e Super-Capacitors (SuperCaps)

e Superconducting Magnetics

 Thermal Storage (Molten Salt and Ice)
 Hydrogen Storage



EXAMPLE - ENERGY COMMISSION LAUNCHED PRIMUS POWER IN 2006
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Rick Winter, founder of Primus Power, applied and received
S95k from the Energy Innovations Small Grant Program
Primus Power formally incorporated in California

Rick built a prototype Zinc Chloride laboratory EnergyCell
Prototype exceeds performance targets at 2X industry standard of 25mA/cm?

Rick develops prospectus to pursued venture capital (VC) funding for Primus Power

Rick Winter & Tom Stepien joined forces (the “free guys”) to secure VC funding
Primus receives VC funding based on the PIER EISG performance and moves into
development facilities in Alameda

This enables Primus Power to win a $47M ARRA project to install a 25MW wind
firming grid storage system including $14M DOE and $1M PIER cost-share funding

Engineering prototype achieves 10x original performance targets (250mA/cm?)
Primus hired 18t fulltime employee

Primus developing Field Prototypes and testing for performance targets

Primus will begin Installing its 25MW EnergyFarm™ in Modesto, California
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ENERGY STORAGE IN CALIFORNIA

* Has existed for long — Battery, Pumped Hydro
e Recent Policy Changes
 AB 2514 — Energy Storage Systems (Sept. 29, 2010)
e SB 2 33% Renewables Electricity Generation by 2020
(April 12, 2011)
* AB 32 California Global Warming Solutions Act
(2006) - Reducing GHG to 1990 Level by 2020
* New System Needs and Opportunities
 Smart Grid and Energy Storage Symbiotic Connection
 Recent Advances
* |nternet, Material Sciences, Electronics, Sensors, and
Controls, Smart Grid,........




AB 2514 — Energy Storage Systems

» Sponsored by Jerry Brown(in 2010), then California Attorney General, and
California Governor now
» Authored by Assembly Member Nancy Skinner, Chair, Assembly Rules Committee
» Signed into law on September 29, 2010
» Requires CPUC to convene proceedings to evaluate energy storage procurement
targets, if any, for 2015 and 2020 (2016 and 2021 for POUs) considering:
= Technology and Application neutral — but must be cost-effective
= Utility owned, customer owned, and third party owned are eligible
= CPUC to consider information from CAISO and integration of storage with
other programs, including demand side management
» CPUC proceedings are underway (March 9, 2011, June 28, 2011, .....) in

coordination with others such as California Energy Commission.

Energy storage and its many applications is
the focus of AB 2514 legislation in California.

AB 2514 provides the necessary focus on storage!



ARRA SMART GRID / ENERGY STORAGE PROJECTS

18 California Based Projects Totaling ~S1.3 Billion

Why PIER Provided Cost-Share For
American Recovery and Reinvestment
Act (ARRA) projects?

=  Without PIER funding DOE would not
award (DOE recognizes California’s
leadership in Smart Grid)

= Early call To Identify How Smart Grid Is
Developing

$426.6 M
DOE

= Ensure Consistency Among California

. $13.2
Projects PIER

» One Smart Grid for California (Energy
Commission Is The Common Participant
For All Projects)

=  Smart Meters =  Communication = Storage = Consumer Behavior = Standards

= Grid Security = Phasors = PHEV = Demand Response = HAN



ARRA SMART GRID AND ENERGY STORAGE PROJECTS
IN CALIFORNIA

Premium Power

Boeing

Wauykesha Electric

Honeywell
International, Inc

Total Project Value to CA - $1.3 Billion

City of Glendale Water & Power
Modesto Irrigation District
Burbank Water & Power
City of Anaheim
Electric Power Group (WECC sub-contractor)
Pacific Gas & Electric (WECC sub-contractor — Not with CEC)
Sacramento Municipal Utility District
San Diego Gas & Electric
Los Angeles Department of Water & Power
Southern California Edison with Waukesha, Boeing -
Headquarters in MO, work being done in Sunnyvale and
Huntington Beach, CA
Southern California Edison with Waukesha Electric Systems -
Headquarters in WI, work being done with SCE in Irvine, CA)
(Fault Current Limiting Transformer)
Primus Power (Metal Electrodes for Zn/Cl Flow Battery)
SEEO Inc. (Li-Polymer)
Southern California Edison (Tehachapi Wind Energy Storage
(CAES)
Pacific Gas & Electric (CAES)
Amber Kinetics (Flywheel)
EnerVault with Ktech Corp. - Headquarters in NM, work being
done in Sunnyvale , CA (Fe/Cr Flow Battery)
Sacramento Municipal Utility District - sub-contractor to
Premium Power, Headquarters in MA (Zn/Br Battery)
California State University, Sacramento (Smart Grid Study)
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2020 Strategic Analysis of Energy Storage in California

e Goal - Develop a 2020 Energy Storage Vision for California

California Institute for Energy and Environment (CIEE) - Prime Contractor and
supported by University of California (Berkeley, Los Angeles, and San Diego)

Project Advisory Committee includes — IOUs, CAISO, POUs, CESA/ESA, National Labs,
EPRI, Energy Storage Industry/Providers, CPUC, etc.

Duration ~10 Months (Began on January 24, 2011)

Help determine the role of energy storage in California
* Look at various energy storage technologies and applications, and policies
e Support CPUC with AB 2514 OIR Proceedings (March 9 & June 28, 2011)

e |nput to 2011 IEPR Committee Workshop on Energy Storage (April 28, 2011
following the November 16, 2010 Energy Storage Workshop)

* Final Report due in October 2011 and a Staff Workshop on November 15, 2011.



Energy Storage Research Team

California Institute for Energy and Environment (CIEE) - Prime Contractor -
Carl Blumstein, Merwin Brown, Larry Miller

University of California, Berkeley School of Law - Ethan Elkind, Principal Investigator
(joint appointment at UCLA School of Law),
Jessica Intrator, Steven Weissman, Morgan Sawchuk, Emily Bartlett

University of California, Los Angeles - Andris R. Abele, Principal Investigator,
Bruce S. Dunn, Tsu-Chin Tsao, Rita Blaik, Christopher Lim, David Luong, Leland Smith

University of California, San Diego - Byron Washom, Principal Investigator



Project Advisors (Volunteers)

* Project Advisory Committee includes — CPUC, I0Us, CAISO, POUs, CESA/ESA,
National Labs, EPRI, Energy Storage Industry/Providers, Consumer and
Ratepayer Advocates, and more ......

. Victor Babbit, RES Americas
. Matt Barmack, Calpine Corporation

. Deborah Behles, Environmental Law and Justice Clinic, Golden Gate University
School of Law
. Nicole A. Blake, Consumer Federation of California

. Ed Cazalet, MegaWatt Storage Farms, Inc.
. Larry Chaset, Sustainable Energy Futures
. Stephen R. Clarke, Applied Intellectual Capital

. Carlos Coe, Xtreme Power Solutions, Inc.

. Michael Colvin, California Public Utilities Commission

. Eric Cutter, Energy and Environmental Economics, Inc.

. Paul Denholm, National Renewable Energy Laboratory

J Jim Detmers, Power Systems Resources, Inc.

J Marcelo E. Di Paolo, Los Angeles Department of Water and Power

J J. Douglas Divine, Eagle Crest Energy Company
. Steve Eckert, Brookfield Renewable Power Inc.
. Jack Ellis, Resero Consulting, Inc.

e  Jim Eyer, Distributed Utility Association

. Adam Green, Solar Reserve

. Cris Grieco, Gravity Power, LLC



Project Advisors (Volunteers)...contd

Ross Guttromson, Sandia National Laboratories
Dave Hawkins, KEMA, Inc.

Joe Heinzmann, Altairnano

Eric Hsieh, A123 Systems, Inc.

Judith Judson, Beacon Power Corporation

David Kates, Elsinore Valley Municipal Water District
(EVWMD)

Praveen Kathpal, AES Energy Storage, LLC
Chris King, eMeter Strategic Consulting

Samantha King, International Quality and Productivity
Center (IQPC)

Monica Lamb, First Solar, Inc.

Janice Lin, California Energy Storage Alliance
Chris Marnay, Lawrence Berkeley National Laboratory

Jim McIntosh, California Independent System Operator
Alex Morris, Southern California Edison

David Nemtzow, Ice Energy, Inc.

Robert Pratt, Pacific Northwest National Laboratory
Dan Rastler, Electric Power Research Institute

Adam Rauwerdink, SustainX, Inc.

Mark Rawson, Sacramento Municipal Utilities District
Stacey Reineccius, Power and Energy Consulting
Johannes Rittershausen, Southern California Edison

Gwen Rose, Vote Solar

Heather Sanders, California Independent System Operator
Klaus Schiess, KS Engineers

Chris Shelton, AES Energy Storage, LLC

Kevin Snyder, HDR/DTA Inc.

John Eric Thalman, Pacific Gas and Electric Company

Sarah Thomas, California Public Utilities Commission, Division of
Ratepayer Advocates

William Torre, San Diego Gas & Electric Company

Rick Winter, Primus Power Corporation
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Participation at Meetings, Workshops, Forums, Conferences
e« 2011 IEPR Committee Workshop on Energy Storage (April 28, 2011)
e CPUC’s AB 2514 OIR Proceedings (March 9 & June 28, 2011)
e 4th Energy Storage Summit (March 28-30, 2011)

e U.C. Hastings Cleantech Roundtable - The Future of Electric Energy Storage in California
(April 12, 2011)

* Electricity Storage Association 2011 Annual Meeting (June 6-8, 2011)
 CPUC - The Economic Viability of Energy Storage - Panel Discussion (Sept. 20, 2011)

e South Coast Air Quality Management District's (SCAQMD) Air Quality Technology
Symposium — Energy Future and Climate Change — Energy Storage (Sept. 29, 2011)

e UC Berkeley’s Center for Law, Energy & the Environment - Energy Storage: A Current
Assessment (Oct. 5, 2011)

e Electricity Energy Storage Applications and Technologies - EESAT 2011 (Oct. 16-21, 2011)



Thanks for your attention!

Avtar Bining, Ph.D.
Program Manager — Energy Storage
California Energy Commission

abining@energy.state.ca.us
916-327-1411
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