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Flywheel technology

 Flywheels store energy kinetically

 Energy stored is proportional to the flywheel’s mass times the square of its 

rotational speed

 Kinetic Energy ~ Mass x (speed)2

 Energy capacity increases exponentially with speed

 Flywheels are like batteries, only more powerful 

 Can charge and discharge very rapidly

 Clean and sustainable energy storage – no lead or sulfuric acid like 

lead-acid batteries
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Pentadyne has the worldôs leading flywheel 

technology

3 IP-protected innovations (total of 16 patents) make Pentadyne superior to competitors

Maintenance-free 

magnetic bearings

Maintenance-free molecular 

vacuum sleeve 

Carbon fiber 

wheel 

 1/2 the footprint of a comparable 

lead-acid battery cabinet

 High energy density

 No floor loading issues: <1/4 the 

weight of lead-acid batteries

 Unparalleled uptime availability

 Saves $ thousands/yr in utility 

costs and 38,000 lbs of CO2 

emissions/yr per unit deployed

 Uses <10% of the energy of 

competing flywheel products

 Near-zero maintenance 

Lower Radial 

Electromagnet 

Synchronous 

Reluctance 4 pole

M-G Rotor

Carbon Fiber

Composite 

Flywheel

Lower Vacuum

Chamber

Upper Vacuum

Chamber

2ò Thick Steel

Containment Vessel

Molecular 

Vacuum Sleeve

Axial 

Electromagnet

Upper Radial 

Electromagnet

Coolant Passages

Motor-Generator 

Stator

Patented
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 Applications 
Estimated addressable  

market size 

  

  

  

 

  

  

  

  

 

 

  

  

  

  

 

  

Large addressable markets

Pentadyneôs technology solves significant problems in large markets
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Industrial Datacenter Healthcare Broadcasting

Rail Crane Amusement Parks Elevators

Wind Solar Tidal Energy

~ $2 billion

~ $5+ billion

~ $2+ billion
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http://images.google.co.uk/imgres?imgurl=http://www.hydrogennow.org/images/Wind/Ponnequin3.jpg&imgrefurl=http://www.hydrogennow.org/Facts/Wind/wind.htm&h=1605&w=1536&sz=738&hl=en&start=2&tbnid=K82l7brRYzFUwM:&tbnh=150&tbnw=144&prev=/images%3Fq%3Dwind%2Bfarm%26gbv%3D2%26svnum%3D10%26hl%3Den
http://images.google.co.uk/imgres?imgurl=http://www.solarsales.com.au/solarnews/archived/Apr06a/images/array.jpg&imgrefurl=http://www.solarsales.com.au/solarnews/archived/Apr06a/projects.html&h=400&w=600&sz=57&hl=en&start=20&tbnid=iCHq_it81OGeQM:&tbnh=90&tbnw=135&prev=/images%3Fq%3Dsolar%2Barray%26gbv%3D2%26ndsp%3D20%26svnum%3D10%26hl%3Den%26sa%3DN
http://images.google.co.uk/imgres?imgurl=http://home.clara.net/darvill/altenerg/images/MarineTurbines.jpg&imgrefurl=http://home.clara.net/darvill/altenerg/tidal.htm&h=294&w=400&sz=26&hl=en&start=1&tbnid=NRLZ0tk4wCD22M:&tbnh=91&tbnw=124&prev=/images%3Fq%3Dtidal%2Bpower%26gbv%3D2%26svnum%3D10%26hl%3Den%26sa%3DX


5

Energy Storage (UPS) market

Addressable annual market ($ billions)

$1.1
$1.2

$1.4

$1.5

$1.7

$1.9

$2.1

$2.2

$2.4

$2.6

$2.8

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Source: Frost & Sullivan (2007)

 Provide ride through power and voltage 

stabilization

 Increasingly critical as the cost and impact 

of power disruptions have dramatically 

increased to businesses 

 Main applications include:

Energy Storage (UPS) market 

Industrial Datacenter Healthcare Broadcasting

Utility feed Protected

load

Back-up

genset

ATS UPS

Energy storage device 

(lead-acid battery)
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The problem is rarely a full power outage

Power outages are estimated to cost U.S. businesses more than $100 billion annually

 99% of all utility disturbances 

last <10 sec

 Pentadyne’s product protects 

the load from that 99%

 Backup genset covers the 

other 1%

 Lead-acid batteries are ill-

suited for partial power 

outages

Source: EPRI (2005)
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The incumbent technology: lead-acid batteries

 Lack of reliability

 Memory effect limits charge capacity

 Total cost of ownership

 Hazardous materials 

 Large footprint

 Short life expectancy

Issues with 

lead-acid 

batteries

Utility feed

Protected

load

Back-up

genset

ATS

UPS

The weakest link

Lead-acid 

batteries

The solution

Pentadyne 

flywheel
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Pentadyne flywheels are a better solution

 xxx Batteries Carbon fiber (Pentadyne) 

Installation cost High Low 

Footprint Medium to Large Small 

Maintenance Frequent Very infrequent 

Life expectancy 2 - 4 years >20 years 

Standby cost Low Low 

Lifecycle cost 

 

Air conditioning cost Medium None 

Recharge Very slow Very rapid 

Diagnostics and monitoring Speculative Precise 

Known state of charge Unpredictable Predictable 

Reliability 

 

Mean time between failure (MTBF) ~2,000 hours >1,000,000 hours 

Operating temperature range Narrow Broad 

Hazardous materials Yes None 

Explosive and toxic gas emissions Yes None 

Environment and 

safety 

Disposal and ventilation requirements Yes None 

 
Pentadyne has been recognized by several awards and achievements

http://www.pentadyne.com/News2006Dec04.htm
http://www.pentadyne.com/News2006Dec04.htm
http://searchdatacenter.techtarget.com/productsOfTheYearWinner/0,296407,sid80_gci1238377_tax306005_ayr2006,00.html
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Pentadyneôs key customers ïUPS market 

Data 
Centers

Aerospace

Broadcasting

Hospitals

Key 

Customers

Financial

Industrial

Repeat customers

>700 Pentadyne flywheels deployed globally with  >5 million hours of reliable fleet operation

*

*

*

*
*

*
*

*

*
*

*Utilities

*
*

*

http://www.ftgx.com/
http://www.deshaw.com/index.html
http://www.sanjoseca.gov/
http://crossettfund.org/images/childrens_logo.jpg
http://www.ornl.gov/ornlhome/
http://en.wikipedia.org/wiki/Image:Vegastvktud.jpg
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Energy Recycling market ïrail application 

Current situation

 Increasing requirements for more power at rail 

tracks

 MTAs need higher capacity, faster trains 

to move more passengers without 

building new tunnels and tracks

 ALL such trains require more power

 Current solution 

 Deploy new electrical substations

 Costs >$6 million per substation

 6+ months to permit and install

 

 Pentadyne can provide customers the only 

technology that has already been 

successfully demonstrated for these rail 

applications

 Lead acid batteries are physically 

incapable of supporting this application 

due to the high charge/discharge rates 

required

 Advantages of Pentadyne’s solution:

 Less than 1/2 the cost

 Less than 1/5 the time to install

Pentadyneôs solution
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Financials - Summary
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Summary of Investment highlights

 Several multi-billion dollar addressable markets

 Patented technology for next generation energy storage (UPS) 

and energy recycling (rail, crane, other) applications

 Established company with proven product already in volume 

production

 Highly leveraged "channel based" sales strategy via world 

leading UPS manufacturers

 Attractive business model: low capital intensity, positive gross 

margin trajectory, with clear path to positive cash flow and 

profitability 

 Experienced senior management team

 Highly respected and knowledgeable cleantech investor base


