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Safe Harbor Statement

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.





PC  Hybrid Storage Analogy

PC memory storage example:

One type of memory does not fit all

Application MBytes Speed Portable
RAM 1 5 0
Hard Drive 2 2 0
DVD 1 1 4
External HD 5 1 3
Thumb Drive 1 3 5

Scale on chart is 0 (low) to 5 (high)
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Many Storage Choices Available

Type Storage 
Mechanism

Common 
Duration Cycles

Capacitor Electrical 
charge

Seconds 
(minutes) 100,000’s

Flywheel Kinetic 
energy

Seconds / 
Minutes

1000’s -
100,000’s

Battery Electro-
chemical

Minutes 
(hours)

100’s-
1000’s

Pumped 
Hydro

Potential 
energy Hours 1000’s

Thermal Ice, Molten 
Salts Hours 1000’s









Fast Regulation: Speed Matters…

A coal fired power plant poorly 
following an AGC regulation 
command signal

Energy Storage 
accurately following an 
AGC regulation  
command signal

Storage provide near-instantaneous response



Flywheel Technology

Composite 
Rim

Vacuum 
Chamber

Magnetic 
Bearing

Hub

Motor Shaft

• Up to 17 times more effective 
than fossil generators

• 20-year design life

• >125,000 equivalent cycles

• Available à la carte

• Low operating cost

• Zero emissions

• High AC/AC efficiency ~85%
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Flywheel Product Evolution

2010

Gen 4
Grid

25 kWh / 100 kW

2006-2007

Gen 1
Telecom

2 kWh / 1 kW

2000

Gen 2
Telecom

5 kWh / 2 kW

2001

• 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 

Gen 3
Grid

4 kWh / 15 kW

2005-6

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

2004 2008

1 MW Module
10 Gen 4 Flywheels

20 MW Plant Constructed in 
Stephentown NY

2010
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1 MW / 250 kWh Module

• Ten 100 kW / 25 kWh flywheels

• Transformers and support equipment

• Electronics and controls inside container
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1st 20 MW Plant — NYISO

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



Cyclic Content: ISO-NE Pilot Program

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

April 18, 2009

State of 
charge

(Percent)
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Breaking Cost Paradigms

• What is worth more?

1MW

-1MW

20 hrs10 hrs

1MW

-1MW

20 hrs10 hrs

10 MWh

10 MWh

10 MWh 10 MWh

Storage 1 Storage 2
Nameplate Power 1MW 1MW

Nameplate Energy 10MWh 3.33MWh

Cost $1M $0.5M

Cycles in 20 hrs 1 3

Energy delivered 10MWh 10MWh

$/kWh nameplate $1000/kWh $1666/kWh
$/kWh delivered $1000/kWh $500/kWh



What is the Right Cost Question?

C1 charge/discharge rate  (1hr duration)

Nameplate 
Energy Cost

Power 
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

$/kWh $/kWh Cycles % % $/kWh cycles $/kWh

Lead Acid 300 300 2,500 50% 100% 100% $0.24 5,000 $0.24

Li-ion 1,000 900 5,000 90% 100% 11% $0.22 5,000 $0.22

Flywheel 4,000 4,000 150,000 100% 100% 0% $0.03 5,000 $0.80

Ultracapacitor

Flow battery

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





ARPA-E: 360 MJ “Flying Ring”

•Bonded magnetics
•E-beam curing
•Touch-down system
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• Features

• 100 kWh, 100 kW

• 1 hr. duration

• Cost / kWh 1/8th current

• Response time < 4 sec.

• Very low parasitic losses

• Applications

• Ramping, wind and solar

• Peak power shaving / demand limiting

• UPS

• Fast Reserve
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ARPA-E “Flying Ring” Flywheel



Naval Ship Flywheel Layouts

300 kW/110 MJ Assembly
7.2 feet long

10 MW/100 MJ Assembly
9.4 feet long

270 kW/1.4 MJ Assembly
3.6 feet long

1 MW/0.4 MJ Assembly
3.3 feet long





Safety & Reliability

• 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 

• All failure modes leave to imbalance and slow 
shutdown



Hybrid Storage Concepts 

• 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



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

mailto:lazarewicz@beaconpower.com�
http://www.beaconpower.com/�
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