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Key Energy Technology Challenges
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Presentation Focus

Displacement of Petroleum-Based Fuels

. Cost
. Life cycle sustainability
- Fuels infrastructure

. Demand and utilization

Reducing Energy Demand of Buildings, Vehicles, and Inci‘.xstry

']- Coordinated implementation
3 . Valuing efficiency
a - Cost
. Performance and reliability
-- Energy storage has an enabling role in all sectors --
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Renewable Energy: .

Still a Small Fraction of Total US Production
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State RPS Incentives Provides Strong Impetus for Growth

Renewable Poritfolio Standards
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Forecasted Growth in U. S. PV Demand .

Source: GTM Research
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2. Renewable energy integration challenges



Bonneville Power: Harbinger of the Future?
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Renewable Energy Integration Impacts

Regulation services — resulting from the need for short-term
ramping (seconds to minutes)

Load following — resulting from the need for hourly ramping

Resource uncertainty — resulting from having a suboptimal mix of
units online because of errors in forecasting. Referred to as “unit
commitment” or “scheduling cost”; involves costs associated with
committing (turning on) too few or too many slow-starting, but
lower operational-cost units.




Example - PV Intermittency -

4.6 MW System
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Impact of Increasing Renewable Generation
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Dispatch with low VG
penetration (wind providing
8.5% of load)

Dispatch with higher VG
penetration (wind providing
16% of load)

DOE NREL, January, 2010 10
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Cost of Renewable Energy Integration

Table 4.1. Summary of Recent Wind Integration Cost Studies (DeCesaro et al. 2009)

D ate Study ind Regula- |[Load- LInit ther ot Oper.
apacity [tion Cost |Following |[Commit- [($/MWh) |Cost Impact
enetra- [($/MWh) |[Cost ment ($/MWh)

ion (%) ($'MWh) |Cost
($/MWh)

2003 X cel-UWIG 3.5 0 0.41 1.44 Ma 1.85

2003 JWE Energies 29 1.02 0.15 1.75 MNa 2.92

2004 X cel-MNDOC 15 0.23 na 437 MNa 4.6

2005 IFPacifiCorp-2004 11 0 1.48 316 Ma 4.64

ICalif. (multi-

2006 year)® 4 0.45 trace trace Na 0.45

2006 Xcel-PSCo” 15 0.2 na 3.32 1.45 4.97

2006 MN-MISO® 36 na na na na 4.41

Fuget Sound
2007 Energy 12 na na na na 6.94
Arizona Pub.

2007 Service 15 0.37 2.65 1.06 na 4.08

2007 Avista Utilities® 30 1.43 4.4 3 na 8.84

2007 ldaho Power 20 na na na na 7.92

2007 IF’aciﬁC:::rp—EDD? 18 na 1.1 4 na 5.1

L2008 X cel-PSCo” 20 na na na na 8.56

* Regulation costs represent 3-year average.
® The Xcel/PSCO study also examine the cost of gas supply scheduling. Wind increases the uncertainty of
gas requirements and may increase costs of gas supply contracts.
¢ Highest owver 3-year evaluation period. 30.7% capacity penetration comresponding to 25% energy
penetration
? Unit commitment includes cost of wind forecast error.
® This integration cost reflects a $10/MMBtu natural gas scenario. This cost is much higher than the
integration cost calculated for Xcel-PSCo in 2006, in large measure due to the higher natural gas price: had
the gas price from the 2006 study been used in the 2008 study, the integration cost would drop from 11
£8.56/MWH to 55 13/MWh.
DOE NREL, January, 2010
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Many Energy Storage Applications ...
Many Renewables Integration Options

Energy Storage Renewables Integration
Applications Options

P

ransmission & Distribution .
Investment Deferral

Flexible Generation
Curtailment
| Dynamic Line Rating
Demand Response

Increased System
Scheduling Freque

Congestion Relief

Frequency Regulation | |
Voltage Support
Transmission Utilization

Succar, NRDC, March, 2011
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Relative Costs of RE Integration Strategies
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Increasing RE Penetration DOE NREL, January, 2010 13
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Multiple Benefits of Energy Storage

for Integrating Renewables
* Provides regulation services — precisely match generation to load
(sec-by-sec)
e Provides load following — adjusts to shifts in wind and solar over
mins to hrs

e Provides ramping — adjusts to shifts in wind and solar over multiple
hours

* Provides operating reserves, without adding energy to the grid
(and emissions), reducing the need for partially loaded thermal
generators

e Zero emissions at point of operation
* Uses no water

14

* Quiet operation
D
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3. Energy storage industry status and implementation

challenges
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Installed Energy Storage Capacity — Dominated by Pumped Hydro

Worldwide installed storage capacity for electrical energy

. Compressed Air Energy Storage
440 MW

Pumped Hydro

() Sodium-Sulfur Battery
316 MW

® Lead-Acid Battery
~35 MW

127:000 Mwel s Nickel-Cadmium Battery

27T MW

o Flywheels
<25 MW

o Lithium-lon Battery
~20 MW

+ Redox-Flow Battery
Source: Fraunhofer Institute, EPRI <3 MW
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Growing List of Non-Hydro Demonstrations

What Utilities Are Doing in Energy Storage
(AARA Funded Utility-Scale Projects)

Sustalny 1 MW ! £ MWh

leothermal CHES MA T NH
DTE 500 KW I 250 kWh Li-lon

M [4123) HYSEG 145 MW Adv. CAES
PGE § MW [ 1.25 MWh Li-lon Watkinz Glag. NY (EPRI)
Salem, OR (EnarDal]
HGrid I3 MWh ZnBr
w NGrid 500 kW | 3 MWh ZnBr Evarstt, {Prarpium Power|
. Y [Premilum Power

PJM 20 MW Flywheal

SMUD 500 kW I3 MWh ZnBr

Chicage, IL )
Sacramenta, CA [Premium Powsr) Iﬁ DTE 500 kW 250 kwh LI lon
mgﬁ%ﬂm cepaL Liton *\ W (4723
Kansas Cliy, MO Slamenz)
Zn-Alr Flow Battary & r Camegls Melon Ma lon
amber Kindfics Flywhasl e "

Plitaburgh, P& [Agquila)
Fremont, CA {LLNL) AFP 2 MW Li-lon for CES

OH [international Battery, S&C]

PGAE 300 MW Adv. CAES
Kaern County, CA [EPRI

250 KW 1 MYWR
SCEEMWI32 n
Tehachapl, CA [4123) Irzn | Chrome flow battary
' Modesto, CA [Hisch Corp )
PHM &dv, Lead Acld

SCE Distributed LiHion Inlfiative Alouguerque, NW (East Penn)
Southemn CA (LG Chem)

Duks 20 MW TSD Wind Support
Motraes, TX

_ EPRI, December, 2010 I
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What Impedes Large Scale Energy Storage?

e Massive capital requirements to scale

e Unproven business models

—  Benefits often accrue to parties other than those making the
investments

—  Highly fragmented, regional markets

 Incumbents not incentivized to invest (without significant
federal support)

e Under-investment in federal R & D

e Regulatory uncertainty

18
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Significant Regulatory Uncertainty / Issues

e Generation, transmission, distribution or end- user asset?
— Who owns, operates, maintains
— Who's taking the risk...Who’s reaping the benefits?
— Cost recovery

 Who has Jurisdiction of storage system installation and operation?

(e.g. State vs. Federal)
— Approval
— Operation
— Rate case, Tariffs

e Bi-directional flow does not fit into conventional regulatory model
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Regulatory Enablers — California Leads the Way
Why California?

Energy storage is fundamental to many key California policy initiatives
that are shaping the storage market today

» Its BIG: 13% of US GDP, 8t largest economy in the world (if it were a country), ahead of Canada
and Spain

» ‘Foundational’ Legislation
= Energy Storage Procurement Targets: (AB 2514)
= RPS Legislation (SB 722, introduced)
= Self-Generation Incentive Program: SGIP (SB 412)
= Smart Grid Systems (SB 17)
= Global Warming Solutions Act of 2006 (AB 32)
= Solar Energy System Incentives: CSl (5B 1)

» Pro-storage policy makers in Legislature and at key agencies: California Public Utility
Commission, Energy Commission & California Air Resources Board

» Incentives available for customer sited applications via SGIP and possibly PLS too

» Non-Generator Participation in Ancillary Services Stakeholder Process—California Independent
System Operator (CAISO)

» Many CA storage projects currently underway
Source: Strategen



How Much Storage is Needed in CA? I

California 2020 Vision
(33% Renewables)

Storage Target (conservative):
5% Peak = 4 GW

Storage Attributes:
No Emissions, Water, Noise

Displaces 4 GW Transmission &
Distribution

Provides 4 GW RA Capacity

Geo Provides 8 GW Dispatchable Ramping,
:

Solar . Load Following, and Regulation
B

‘1 solat Provides 4 GW Over Generation

2 .1 ' Protection
CW aaWige =
x ,.,.r_ T Provides 4 GW Voltage Support
..‘.‘ 1 P

G .
GWwW _;:J Need to refocus CA Transmission,
Distribution and Generation Planning.

45
& MegaWatt Storage Farms, Inc 5/11/2009 4




Summary -

1. The renewable energy industry will continue to experience
rapid growth to meet state policy (RPS) goals

 Limiting factor is operational impact on the electric grid
(integration issues)

2. Energy storage is viewed by many as a “must-have” to solve
renewable integration challenges

3. Given many solutions to mitigate renewable integration
issues, bulk electricity storage faces strong competition over
the foreseeable future — costs must continue to decrease

4. Growth in storage market will largely depend upon the pace
of required regulatory changes to monetize benefits among

disparate stakeholders .
I
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IREC Business Focus

NIREC is a non-profit corporation whose mission is to accelerate clean energy
innovations from the laboratory to the market

| TECHNOLOGY ' DEPLOYMENT

We mentor clean A\ We enable RE

energy companies INNg TION INNO ATION project development
nationwide -\ in the western U.S.

We support clean
energy cluster-
building in Nevada




NIREC - Regional and National Partnerships

ECONOMIC

SBAo, ﬂENERGY ArpPQG-@

T T e Advanced Research Projects Agency = ENERGY
DEVELOPMENT

=
= @’
dfenrock fé P ovrage SERITUS
Building Companies that Shape the Future SIERRA ANGELS Tachnalogy Ventures

PARTNERS

&%-.NVEnergy R BERKELEY LAB UCDAVIS

UNIVERSITY OF CALIFORNIA

commercialization
E"}ERGY| center

Y ecosystem.

University of Nevada, Reno




NIRELC

Nevada Institute for Renewable
Energy Commercialization

ﬂw&rm&g Clean 5&&% Ldeas into Sustainable Cnterprises

Thank You.
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