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Why Energy Storage?
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Apresentador
Notas de apresentação
Climate change is real, extreme weather is becoming part of the “new normal” 
Covers 10% the globe (vs. 0.1-0.2% 1951-1980)
2012 was the hottest year on record in US
28 consecutive years with an average temperature higher than 20th century average
Losses are skyrocketing
On track for a 2-4°warmer world



Chart 1:Weather catastrophes worldwide 1980-2012
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Apresentador
Notas de apresentação
Energy demand set to increase by 33-50% 
High oil & energy prices here to stay
9% of GDP on energy
Regulations & legislation going 1-way 
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Califomia annual GHG emissions (MMT CO2e)

Pre-2020 and Post-2020 emissions trajectories
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Load & Net Load

2020 High Net Load Demand Curve

Load, Wind & Solar Profiles — High Load Case
Example: winter 2020
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Energy Storage Law & Policy



Technology Overview

Electrochemical — Promising Technologies:
— Advanced lead-acid

— Li-lon

— Flow batteries

Mechanical — Promising Technologies: Definition: “A physical system with
— Pumped hydro the ability to capture energy for

dispatch or for displacement of

— Compressed air electricity use at a later time”

— Flywheels

Thermal — Promising Technologies:
— Solar thermal

— HVAC applications

Hydrogen, Ultracapacitors, Superconducting
Magnetic Energy Storage

BeljkeleyLaw




Mandates: AB 2514 (Skinner, 2010)

Three Goals:

1) Grid optimization (including peak reduction, reliability
Improvement, or deferment of transmission and distribution
upgrade investments)

2) Integration of Renewable Energy
3) Reduction of Greenhouse Gas Emissions

|Ssues:

o Utility vs. Customer Owned
o Offramps & Flexibility

« Technological Innovation Certer o Law Enrgy &



Apresentador
Notas de apresentação
Promising technologies depend on duration
	Short duration: Flywheels, Li-Ion & advanced lead acid batteries, potentially supercapacitors
	Long duration: pumped hydro, CAES, flow batteries, and advanced lead acid
R&D Needs: field demos

Baseline Scenario - Lacking sufficient info on how much storage, where, & available cost-recovery mechanisms
	LTTP: preliminary results for 2020 display increased need for regulation and load-following capacity and indicate some curtailment will be necessary. The calculation of revenue requirements for different procurement scenarios includes a cost for incremental transmission additions. The planning methodology includes a proxy RA contract cost to fill any RA capacity gaps, as well as a market balancing tool that purchases unspecified generation or sells surplus energy into the market when the capacity contracted to a service area is out of balance with load– all gaps that could be addressed by coupling energy storage with VER. And all scenarios calculate the impacts of greenhouse gas allowance allocation under ARB’s draft cap & trade regulation, opening up a possible value for storage in reducing the emissions attributable to IOU ratepayers. Thus, it is possible that even a baseline scenario may present opportunities for energy storage technologies to achieve value by providing some combination of services – e.g., reducing need for new regulation resources or spinning reserve, eliminating/ reducing curtailment, shifting load to fill capacity gaps, reducing GHG emissions – to the IOUs.





AB 2514 Targets: 1.325 GW by 2020

Use case category, by utility 2014 2020 Total*
Southern Califormia Edison
Transmission 30 110 310
Distribution 30 63 185
Customer 10 33 83
Pacific Gas and Electric
Transmission 50 110 310
Distribution 30 63 185
Customer 10 33 85
San Diego Gas & Electric
Transmission 10 33 80
Distribution 7 23 35
Customer 3 14 30

Total — all utilities 200 490 1325 Berke]ey]_aw



Apresentador
Notas de apresentação
Adopted caps for procurement of storage in various grid domains (Transmission, Distribution and Customer



— | -] Progress to Date

‘ ©  Electro-Chemical (e.g. batteries)
Shasta C  Electro-Mechanical (e.g. flywheel)

- ' | nae » Pumped hydro: 4,500 MW (2017)
_ S e Thermal systems: 178 MW

Installed/1,371 MWh (as of Dec.
2016, up from 24 MW/150 MWh

in 2014)
« Stationary batteries: 147 MW/401

- MWh (as of Dec. 2016, up from

) 41 MW/117 MWh in 2014)
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Additional Mandates

« AB 2868 (2016): 500 MW additional behind-the-
meter energy storage

 Nuclear & Natural Gas Plant Closures: replace
with energy storage

BerkeleyLaw



Apresentador
Notas de apresentação
San Onofre SCE storage target was 50 MW and more than 260 MW were eventually procured


Zero-Emission Vehicle Mandate.:

EV Sales 2011-17

COLLABORATIVE
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Battery Price Decreases

Average battery pack price
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Incentives & R&D

« AB 1150 (2011): extended self-generating
Incentive program (SGIP) to energy storage

o Jan. 2018 CPUC Decision: allow "stacking"
revenues (wholesale market, distribution grid,
transmission system, resource adequacy
requirements & customers)

o (California Energy Commission research grants
BerkeleyLaw



Apresentador
Notas de apresentação
San Onofre SCE storage target was 50 MW and more than 260 MW were eventually procured


Trends & Future Policy Needs



Trends: Renewables & Bulk Storage
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Trends: Microgrids & Resilience

WIDE. SPREAD PO WER OU TAGE
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Trends: Backup Power
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Global Scale






187 states, provinces, regions, cities, and nations have signed or endorsed the Under2 MOU — spanning six continents and 38
countries.

O City signatory
I Endorser
I Signatory

b BerkeleylLaw

UNIVERSITY OF CALIFORNIA

Center for Law, Energy &
the Environment


Apresentador
Notas de apresentação
A total of 187 jurisdictions spanning 38 countries and six continents have signed or endorsed the Under2 MOU. Collectively, the Under2 Coalition represents 1.2 billion people and $28.8 trillion in GDP – equivalent to 16 percent of the global population and 39 percent of the global economy.


Conclusion: Future of Energy Storage

GDP & EMISSIONS
CALIFORNIA, IN 2015 $
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Apresentador
Notas de apresentação
Is 1325 MW enough?

Rate shocks?
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