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Energy Innovation Pipeline — Partner Across Boundaries
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US Power Grid: World Largest Supply
Chain With No Warehouse

Electric Grid: Premier
Achievement of
20t Century [ NAE ]

Harness Renewable Power:
#1 Challenge for
215t Century

Storage Separates Electric i
) ) nited States
Generation and Load in transmission grid | /v

Source: FEMA b
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Rule of Warehouses: Low Storage Cost Matters
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Without technological breakthroughs in efficient, large scale

Energy Storage, it will be difficult to rely on intermittent

renewables for much more than 20-30% of our Electricity.
Secretary Chu, Feb. 2010

The need for regulation services can dramatically increase

as the amount of variable renewable resources is increased.

Local storage is among the best means to ensure we can

reliably integrate renewable energy resources into the grid.
FERC Chairman Wellinghoff, March 2010

Transmission and storage capacity are key issues for
energy resource planning. If you like wind power, you
have to love transmission and storage.

Terry Boston , CEO, PJM, June 2010

RS )
s - e N T T
| of _
A\ /l Advanced Research Projects Agency * Energy




Electric Energy Storage Applications

Ancillary Reliability
Services

Renewable Power Quality
Integration

Generator
Cycling Cost

Congestion
Relief

Asset
Utilization

Asset Capacity

Storage Duration

Price Arbitrage T&D Upgrade
Peak Shaving Deferral
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Rate T&D Life
Optimization Extension

Differentiation: Capacity (Power), Duration (Energy),
Ramp Rate (Rate of Change) and Cycle-Life
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Example: Storage For Firming
Renewable Generation

Solar PVin AZ (TEP)  Wind in OR (BPA)
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Need: Grid Storage that is Dispatchable
| Problem: and Rampable
MUUICER el CR O SN RCCS | ARPA-E: Energy Storage to Enable High

Penetration of Renewables
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ligh Renewable Generation Integration
Challenge is a Grid Problem, not a Storage Problem
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Balancing Reserves Firming Wind Generation for
High Renewable Penetration on Power Grid
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System Challenge: Efficient Energy Storage at Minutes
to Hours Duration to Firm Ramping Balance
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http://blog.oregonlive.com/environment_impact/2008/07/damphoto.jpg�

Grid-scale Rampable Intermittently
Dispatchable Storage (GRIDS) Metrics

$10Kr

S Limited Cost Target

=< Sites Economics of Hydro / Deployable Anywhere

@ Pumped

V) $1K_ Aelie - .
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Portfolio of Projects: ARPA-E Gridscale Rampable
Intermittently Dispatchable Storage (GRIDS) Program
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Transformative Electrochemical Flow Storage System

2. Pratt & Whitney

A United Technologies Company

l  United Technologies |
Research Center

Laver®” Pratt & Whitney Rocketdyne, Inc.

lon Exchange Power Qut

Membrane

Electrolyte
> Flow

A unique flow battery cell that provides 10X
iIncrease in power density

Novel cell design will reduce system cost by
2-4X
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Jump-starts domestic effort in redox flow
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http://www.clipperwind.com/index.html�

Rechargeable Iron-Air Battery

Cell Reaction:
Fe + H,O + %2 O, < Fe(OH),
Anode: (discharge)
Fe + 20H = Fe(OH),+ 2e
Cathode: (discharge)
Y5 0O, + H,0O + 2e- 2 20H-

)
CO, —free
air supply
with
advanced
amine

< $100/kWh & >5000 cycles
high power, low cost,
electrochemical storage

“Iron is Cheap, Air is Free”
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Grid Scalable Lead Acid Battery
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End Stationary Storage Technology is Not All Just
Electrochemistry: Superconducting Magnet Energy Storage
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End Stationary Storage Technology is Not All Just
Electrochemistry: Flywheel Storage
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OE Stationary Storage Program

OE stationary storage program pursues

research in developing new chemistries and devices,
pioneering demonstrations and deployments,

and stimulates new approaches through use case analysis

OE storage program currently leverages expertise at Sandia,

PNNL, and Oak Ridge, supports university research projects,
manages 6 SBIR projects jointly with BES.

OE partners with ARPA-E to translate stationary storage
projects towards commercial adoption.

OE program manages the ARRA Smart-Grid Storage
Demonstration Program through NETL.
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Stakeholder Workshops
and Integrated DOE Stationary
Storage Applied Technology

ENERGY STORAGE

Under the Auspices
Of the Materials SOCiety Advanced Materials and Devices

for Stationary Electrical Energy AR /—-

Storage Applications
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Stationary Storage Research at PNNL:

Redox Flow Battery Development of 2 new Chemistries
With >70% increase in capacity and 2x power

Planar Na—Metal halide Batteries leveraging ARPA-E work

Room Temperature Na-ion Batteries by using Na,MngO,4
nanowires as cathode

Low cost, long life Li-ion Batteries using self-assembled
Nanostructured anode with LiFe(Mn)PO,

Detailed component cost model for redox batteries
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Stationary Storage Research at Sandia:

Sodium-Based batteries using solid state separator and
agqueous or ionic liquids for a projected cost of <$100/kWh
Teamed with university (EFRC) and industrial partners.

Developed new class of electrolytes including a metal atom
as part of an ionic liquid thus also functioning as electrodes

Tested lead-carbon batteries with 10x cycle life. Currently
studying enhancement mechanism while supporting grid-scale
demonstration of PV/Pb battery system

Supporting SBIR research leading to 2 recent R&D 100 awards

Developing a suite of analytical studies on market structure
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ARRA Stimulus Funding for Storage
Demonstration Projects ($185M)

A ten-fold Increase In Power Scale!

3 projects,53MW
2 projects, 450MW
20MW
5 projects,9MW
5 projects

533MW - $585M Costshare!!
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ARRA- Primus Power:

===eanzs POWPOY™ -

()
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; Zamased| i 250kVA
Standard 28" steel ASME, | Genset
NFPASS conforming tank : Comm

Electronics EnergyCells

Primus Power Corporation
P RIM U s 2450 Mariner Square Loop

POWER  Aimeda, ca 54501

ARPA-E support
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ARRA - Southern California Edison / A123 — Li-lon:
8 MW / 4 hr battery plant for wind integration at Tehachapi, CA.

8MW Storage Plant under Construction
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A Tehachapi Wind Field
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5 ARRA Distributed Projects = 9 MW
Peak Shaving, Energy Management

Ultrabattery And VRLA Battery 1C, Capacity
After HRPSoC Cycling.

Testing at Sandia




American Electric Power: Community Energy
Storage ARRA Project in Columbus, OH
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Frequency Regulation

ARRA - Beacon Power: 20MW Flywheel Storage in PIJM

Coming: Pay for Performance Doubles Return!
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Compressed Air

Midway Line

500kV transmission line
Wind projects
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ARRA: 5 New Technology Projects
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ARRA - Aquion Energy:

Cost Goal: <$200/kWh
Lifetime cost: <$0.10/kWh
Ubiquitous, low cost precursors
Inexpensive manufacture
Roundtrip Efficiency >85%
5000 cycles demonstrated

: Y —— Charge Capacity
—»—Discharge Capacity
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ARRA - SustainX

Electric Hydraulic Izothermal High Pressure Isothermal Hydaulic Electric
MOTOR PUMP COMPRESSION GAS STORAGE EXPANSION MOTOR GEMERATOR

L COMPRESSION CYCLE—! L EXPANSION CYCLE ——
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OE Storage Program collaborates with BES,
EERE and ARPA-E, as well as academia and industry.

Increasing role of Stationary Storage.:

Electric Energy Storage Applied Technology
(EESAT) Conference held this week has attracted
some 400 attendees from 15 countries.

The OE Program Review, also held this week,
will bring together projects from OE, ARPA-E,
BES-OE SBIR research and ARRA projects.
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Summary

e Stationary Storage has range of science and
technology needs and opportunities

 Low-Cost, Highly Cycle-able approaches of
high potential impact

e Leveraged approaches critical some, but not
exclusive, impact

New thinking needed — Creates new
opportunities for technology translation
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