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Safe Harbor Statement o)

This presentation contains forward-looking statements, including the
Company's beliefs about its business prospects and future results of
operations. These statements involve risks and uncertainties. Among
the important additional factors that could cause actual results to differ
materially from those forward-looking statements are risks associated
with the overall economic environment, the successful execution of the
Company's plan of operation, changes in the Company's anticipated
earnings, continuation of current contracts, changes in gaming and
other applicable regulations, and other factors detailed In the
company's filings with the Securities and Exchange Commission,
Including its most recent Forms 10-K and 10-Q. In addition, the factors
underlying Company forecasts are dynamic and subject to change and
therefore those forecasts speak only as of the date they are given. The
Company does not undertake to update them; however, it may choose
from time to time to update them and if it should do so, it will
disseminate the updates to the investing public.
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Agenda Beacon

« Hybrid Storage — PC Analogy

« Basic flywheel and battery comparison

« High Power Frequency Regulation application
* Cost paradigms

* Next Step in Flywheel technology

« Combining High Power with High Energy



PC Hybrid Storage Analogy POWER

PC memory storage example:

Application MBytes Speed Portable
RAM 1 ) 0

Hard Drive
DVD

2
1
External HD 5
Thumb Drive 1

One type of memory does not fit all

Scale on chart is O (low) to 5 (high)



Many Storage Choices Available

Storage Common
Type Mechanism Duration Cycles

. Electrical Seconds ,
Capacitor charge (minutes) 100,000’s
Kinetic Seconds / | 1000’s -
Flywheel energy 100,000’s

Electro- Minutes 100’s-
Pumped Potential ,
Ice, Molten ,




Storage Types Beacon

POWER.

Laptop Computer Power Grid
« RAM * Flywheels, Capacitors

— Millions of operations/min — >>10° deep 15 min cycles
« Hard Drive « Batteries

— Current work — <than 10*deep 4 hour cycles
« DVD « CAES and Pumped Hydro

— Occasional Usage — >1 day cycles

Technologies can do other functions — but not well



Why Flywheels for Power?

Battery cyclic life reduced with high
power draw and depth of discharge
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Which would you choose for high power? Long duration?

Battery curve is sample for illustration based on 10 year old data for VRLA



Typical "Regulation” Profile Beacon

ISO Goal: : Daily Load Curve

Load = Power Generated
Power < Load:

— Frequency drops under 60 Hz.
Power > Load:

— Frequency rises over 60 Hz.

4 ‘gﬂ'ﬂ-ﬁ | Short term variation
% \ _ | + ~1% of daily load

« Managed via regulation
* Fluctuation is net zero

MIDNIGHT



Fast Regulation: Speed Matters... Beacon
POWER.

A coal fired power plant poorly
following an AGC regulation
command signal
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Energy Storage
accurately following an
AGC regulation
command signal
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Storage provide near-instantaneous response



Flywheel Technology Beaon

« Upto 17 times more effective

than fossil generators

Composite _
Rim Magnetic

Bearing ° 20-year design life

e >125,000 equivalent cycles

vacuum ©* Available a la carte

Hub Chamber

Low operating cost
e Zero emissions
* High AC/AC efficiency ~85%

Motor Shaft
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2006-2007 2008
Gen 1 Gen 2 1 MW Module
Telecom Telecom GGer']d?) Gen 4 10 Gen 4 Flywheels
2kWh/1kW 5KkWh/2kW r Grid
4 kWh / 15 kW v

* Over 650,000 hours of operation
in the field. Units running
continuously without service 9
years

» Technology is product of 10 years
of R&D and testing at a cost of
$180M

2005-6

(2) 100 kW demo sys
(DOE co-sponsored)

tem

25 kWh /100 kW 2010

20 MW Plant Constructed in
Stephentown NY
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1 MW /250 kWh Module Beacon

POWER.

e Ten 100 kW / 25 kWh flywheels
» Transformers and support equipment

 Electronics and controls inside container



1st 20 MW Plant — NYISO

v PSS

Highlighted by the White House as one of the
100 Recovery Act Projects that are Changing America




State of
charge
(Percent)

Stored Energy Percentage

Cyclic content for regulation is demanding:
6,000 to 8,000 equivalent full charge/discharge cycles per year!
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Beacon

Energy Throughput Comparison POWER.

Frequency Regulation Diurnal storage

« 20MW / 5SMWh « 20MW / 100MWh

« 16-20 full cycles/day
* 125-150K cycles in 20 yrs
« 80 -100 MWh per day

1full cycle/day

7.5K cycles in 20 yrs
100MWh per day

throughput throughput
e Operates at 1.5C to 4C * QOperates at C/5
charge/discharge rate charge/dischrge rate

Energy throughput is similar, C-rate severity is very different




Breaking Cost Paradigms Beacon

POWER.

 What is worth more? 10 MWh

10 MWh %
1MW é/////////”///// 1MW é{//// > ¢/

10 h 20 hrs 10 hrs 20 hrs
-IMW //ﬂ -IMW S\\\\\\ B N
/
10 MWh 10 MWh

] Storage Storage

Nameplate Energy 10MWh 3.33MWh

$1000/kWh $1666/kWh




What is the Right Cost Question?

Nameplate
Energy Cost

Cyclic Life

Useable Depth
of Discharge

Nameplate
Energy Extracted

Installation
oversize factor

Lifetime Delivered
Energy Cost

Required
cycle life

Cost of required
cycle life application

S/kWh

Cycles

%

%

$/kWh

cycles

S/kWh

300

2,500

$0.24

5,000

$0.24

1,000

5,000

$0.22

5,000

$0.22

4,000

150,000

$0.03

5,000

$0.80

A

Nameplate based

Lifetime delivered energy based

Cycle limited based

Ask the wrong cost question; maybe get a wrong decision
At higher C-rates, difference is much higher
Flywheels are best for high cyclic, high power applications




Flywheels in Grid Applications Szl

» First Application is Frequency Regulation
« Coming up:

— Frequency Response

— Renewable energy ramp mitigation

— Mini-grid load following stability

— Light Rail Applications

— Pulse power

— Ship Power

All are high C-rate (5C to 50C), high cyclic applications



ARPA-E: 360 MJ “Flying Ring” e

FLYWHEEL
50 KW 100 KWH

10K RPM ACTIVE AXIAL

0010001775
04/01/10 MAGNET BEARING

HEIGHT=65.02 i
OD=( 82.00 PASSIVE RADIAL |

MAGNET BEARING

*Bonded magnetics
*E-beam curing
eTouch-down system

TOUCHDOWN
BEARING

IRONLESS P
MOTOR/GEN




ARPA-E “Flying Ring” Flywheel

e Features

e 100 kWh, 100 kW

1 hr. duration
Cost / kWh 1/8t current

Response time < 4 sec.

Very low parasitic losses

* Applications
« Ramping, wind and solar
e Peak power shaving / demand limiting
« UPS

e Fast Reserve

Beacon
POWER.
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Naval Ship Flywheel Layouts Beacon

300 kW/110 MJ Assembly 10 MW/100 MJ Assembly
9.4 feet long

1 MW/0.4 MJ Assembly
270 kW/1.4 MJ Assembly 3.3 feet long
3.6 feet long




Single Flywheel Module Beacon

TLYWHEEL CONTROL
/ WODULE

co CYLINDER—
" FILTER VENTS

FLYWHEEL— CHILLER QUTPUT

ISCMETRIC WIEM
WITH WalLl, COORS AND ROOF REMGVED
SCALE @, 080




Safety & Reliability Beacon

o Composite flywheel rotor is wound like fishing reel

— Chunks can’t break off like on a steel wheel

— Circumferential crack leads to loss of balance

o All fallure modes leave to imbalance and slow
shutdown



Hybrid Storage Concepts Beacon

e The models show:

— Flywheels are much lower $/kWh than bulk storage for
highly cyclic applications

— Bulk storage is a lot cheaper than Flywheels for long
storage cycles

 What about mixed applications?

Can hybrid systems be cheaper than straight systems?



CAISO Integration of Energy Storage Beacon

ﬂ CAL] FORNIA IS O California Independent

ACE “Smoothing”

System Operator

Regulation
Requirement

Mw Flywheel
A Regulation _

Expected Benefits for Conventional Regulating Units:
- Lesser regulation procurement is needed

- Reduced number of reversals

- Units to operate closer to their POPs




Beacon
POWER.

Energy Storage for Use in Load
Frequency Control

Olivia Leitermann
James L. Kirtley

IEEE Conference on Innovative Technologies
for an Efficient and Reliable Electricity Supply
28 September 2010

I I I ]
| I I Massachusetts Institute of Technology

Research at MIT suggests fluctuating signals can be
separated into long term and high frequency signals



Contact:

Matt Lazarewicz
978-661-2832
lazarewicz@beaconpower.com

www.beaconpower.com
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