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A This balancing of generation
and load must be done nearly
Instantaneously.

A The ability to store electricity
changes the equation, by
decoupling supply and demanu

(.e. providing inventory). { dzLJLJ &

(at least for short period of tlme)

Generatlon
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Additional Challenge: Incorporating more  53*

renewable energy on the grid SYSTEMS
Renewable Portfolio Standards

www.dsireusa.org / October 2009

WA: 15% by 2020*

‘

ND: 10% by 2015
THHEL 3 N DA

ME: 30% by 2000
New RE: 10%: by 2017

| ' NH: 23.8% by 2025
.7 MA: 15% by 2020

+ 1% annual increase
{Class [ Renewables)

| RI: 16% by 2020 |
[ CT: 23% by 2020 |

WT: (1) RE meets any Increase
MN: 25% by 2025 in retail sales by 2012
¥cel: 30% by 2020 (2] 20% RE & CHP by 2017

MI: 10% + 1,100 MW g/

2B by 2015* Y4

WI: Varies by utility; [l - NY: 24% by 2013
-~

10% by 2015 goal

v ¥

IA: 105 MW}
- Bl s

. =t
77 IL: 25% by 2025 [§ g2t 2022

7 OR: 25% by 2025 (large utilities)*
5% - 10% by 2025 (smaller utilities)

S0 10% by 2015

NV: 25% by 2025*
"+ CO: 20% by 2020 (10U=)
10%% b

2020 (co-ops & large munis)*

Vi ioeboer]  LLNJi22:5% by 2021]
. MO: 15% by 2021 I\ [ MD: 20% by 2022 |
. AZ: 15% by 2025

— 1 DE: 20% by 2019*
= NC: 12.5% by 2021 ous)] | ¥ |
* ‘ 7 NM: 20% by 2020 (10Us)
10% by 2020 (co-ops)

10% by 2018 (co-ops & munis) [ DC: 20% by 2020 | &
.w L '
™ ; - 4
[HI: 40% h‘zuaulé é

| 0 PA: 18% by 20207 |
e 10

29 states & pDC

have an RPS
. State renewable portfolio standard J}lf Minimum solar or customer-sited requi 6 states have goals
T quirement
L] state renewable portfolio goal k Extra credit for solar or customer-sited renewables
& Solar water heating eligible T Includes non-renewable alternative resources
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Change in % of Full Qutput

SGSSS 08/11/2004 1 Minute Power Changes for the Full System

o **  Regulators may require PV
0% «s  developers to reduce the size of
- . their project and/or require they
meet certain ramp rates
o ’,,.a—""'—‘-h ﬂ 35% (which is best satisfied using
0% Hn. NN AN s0z energy storage)
SGSSS 12/3/2006 1 Minute Power Changes for the Full System
0%
50% 5.0
-10% 40% ; T I 4
-20% LIV I
30% id 40
0% - 20% . | / I 35
é | | + =
40% S 1% o - ! 10 2
-50% d# % 0% 4 e ——— 2.5-§
5:00 6:00 700  8:00 9:00  10:00  11:00 12:00  13:00 : z
Time of Day E‘, 0% - l b } 20 %
=] ; i H I o
I L ! f
-30% + - 1.0
% 310 Bk DA
40% a5 B — | - ! 05
-ED%J ..... t t T t 0.0
730 8:30 9:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30 17:30
Source: Tucson Electric Power One Minute Period Ening
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Wind Challenge and Opportunity: PersistentA123"2
Intermittency and AntitCorrelation with Load sysrems
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CAISO Wind Production (Tehachapi)
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Source: ERCOT and CAISO
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A Mitigates intermittent nature of renewables
I Helps integrate wind and solar

I Provides ramp management:
When wind stops blowing or sun stops shining,
SGSS instantaneously can output power,
Making up for lost generation from renewable source

I Allows higher penetration of renewables

Power Al23
Generated SGSS Net Power

w =t
S+

Firms wind power

Firms solar power
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Power industry recognizes the value of storags‘%?é'

Most Transformative Technology
for the Electricity Industry?

_s and low-carbon generation tech.
[19% 2. Transmission Suiperhighways

* 3% 3. Energy storage technologies, inc. PHEVs

- 5. Demand resources that reduce newbuilds
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A Corporate headquarters: Watertown, Massachusetts

A~ 1700 employees in multiple locations worldwide

A >400,000 square feet of manufacturing facilities in China, Korea, Massachusetts ar
Michigan

Hymotion: Canada
«, . HQandR&D: Watertown, MA

Materials Research an‘d. ® o« .Systems: Hopk"’]tQMA Prismatiacells: Icheon b Korea

Automotive Applications: Powdercoating cell plants: Changzhou, Chinga _ ¢ ;
3 = |
Michigan Supplier qualityShanghai, Chinas - ;

Wellpositioned for transportation and grid services markets:
A Working with AES on multhegawatt battery systems capable of performing
ancillary electric grid services, including frequency regulation services
A Working with major North American and European OEMs developing HEVs, PHEV

and EVs
safety. life.”



A123 Markets A123"
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Opening Several Applications for Advanced Energy Storage Technologies

Transportation Other Markets

Electric Grid Portable
Services Power

| W

HEV / PHEV /| EV HeavyDuty Hybrids Aviation

-
d

Drivers: L : i - i} .
Fuel economy ¢ Lighterweight € Increase plant efficiency / ¢ Reduce emissions
& Reduced emissions components utilization & Reduce toxic battery
& Energy independence € Fuel efficiency € Increase grid reliability chemicals
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Nanophosphate Technology oo

~5 microns

<0.1 micron
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A123 Technology Benefits A123"
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wWide product portfolio with industry leading power and energy
wFor high energy applications:140Wh/kg with 3000W/kg
wFor medium power applications: Various designs
wrFor high power applications: 90WH/Kg with 5000W/kg

wSafest Li lon chemistry in the market, validated by National Labs
and multiple automotive customers

w20 year calendar life
wExcellent Watt Hour throughput and cycle life
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Comparison of energy storage systems SAY;IT%%
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Performance Characteristics Comparison A123":
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System Rati
y g (modified)*
Installed systems as of November 2008
100
10
Al123
T Nanophosphate
= 1 Zn-Br S
E L/A
=
& 0.1
E CAES Compressed air
n EDLC  Dhbl-layer capacitors
(] Fhywheel
0.01 Lead-acid
Li-ten  Lithium-ion
Na-5 Sodium-sulfur
Mi-Cd  Mickel-cadmium
0.001 Ni-MH Nickel-metal hydride
ESAa: e
LSRR B AL REACKCIST Y Vanadium redox
BiElectnioly Storage Assocaion IZn-Br Zinc-bromine
0.0001
0.001 0.01 0.1 1 10 100 1000 10,000
Rated Power (MW)
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Grid Storage Technologies: First Cost

Quality Applications

10

100 300 1,000

(=1
8 |High Power
- < |E.C. Capacitors
= High Power
= FlyWheels | :
-: Li-ion Lﬂllbm
= Fly Wheels
== §
o> > .
'z . = NaS ,Zinc-Air
gé == @ Ba(tgw Bat.
£ 5 e85 Lead-Acid
s - s §'g Batteries Rechargeable
b =
-~ e §= Flow Batteries
b =
S5 8 g 8
s T Pumped
g_*g @ Hydro
22 Metal-Air
© Better for UPS & Power Batteries
®
—
o
Q
&

3,000 10,000

Capital Cost per Unit Power - $/kW

Source: ESA
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Total Cost of Ownership: Al 23;':

: : SYSTEMS
Battery Cycle Life Comparison
120%
y = 14,84x " A7
y = 145,71x y=1516x""
: Al23 26650
0o T g bt 100% DOD
y = 18,889x" """ “\
2 2%
> \
£ \
3 60% X
) + Pb flooded \ Al23 26650
3 @ PbAGM o § o A ® so%000
D 40% 4 Lidon A
= NIMH \ \
Potentiell (Pb AGM)
20% —Potentiell (Pb flooded) i ' " ‘Alfi 203550
~Potentiell (Li-lon) o A
——Potentiell (NIMH) ———
0% : ; - r

1 10 100 1.000 10.000 100.000 1.000.000
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A23°

Grid Applications SYSTEMS
Energy Storage can provide:
A
A Frequency Regulation
Electrical systems60Hz or 50 Hz
A Renewable Energy Management Peak Shaving
Qo
Ramp _managemenf[ = Replacement
Intermittent smoothing ~ -
A SynchronouReserves, NERC Compliange
A T& D Facility Deferral % Supplemental
) Reserve
A CustomerEnergy Management s Synchronous
Reserve
Renewable
Frequency Energy
Regulation anagement R
Power Energy,
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RENEWABLE GENERATION

ﬂ /\I s
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FUEL BURNING

INTEROPERABLE uTiLTY
COMMUNICATION: COMMUNICATIONS
ANTERNET
“SMART APPLIANCES
- A\
- N

GENERATION

A123°

HOME CUSTOMER PORTAL AND PLUG-IN HYBRID
%‘fg: ENERGY MANAGEMENT SYSTEM AND ELECTRIC VEMICLES

T
COMMERCIAL & INDUSTRIAL
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Energy Storage Enabling New Possibllities for the Electric Grid

1 I
N

e " , 3 | »/:.'
A 2MW 500kWh Modular Units
T i Scalable to 200MW Arrays

A High Cycle Life

T >8,000 full DoD,

I >500K micrecycles to 80% capacity
A High Efficiency

T 90% roundtrip

FLEXIBLE: Can be usedrEguency regulation, spinning reserve,
smart grid applications, integration of renewable sources and as a La

Scale UPS Battery.
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A 18 battery racks
By

A 8 battery trays pé

A 6 modules per trayf\{

A 2 air conditioning u its BRHES

A 6 inverter cabinets |
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