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Commercialization Scenario

2000: Proof of Concept
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FCPS Cost Breakdown

Fuel Cell
Stack
Reactant 35%
Manager
45%

Electrical
Manager
20%

Assumptions

5 kWe CHP

Ramp Up Production Costs

Cost: $2,500 / kWe ~ 40% of Retail Price
Cost Reduction Rate: 20% / Yr

REACTANT MANAGER

Air Management 125 % 1,563
Water Management 25 % 313
Thermal Management 3.0 % 375
Fuel System 20.0 % 2,500
Sensors & Sub Controller 5.0 % 625
Plumbing & Piping 2.0 % 250
TOTAL RM 45.0 % $5,625
FUEL CELL
MEAs 30.0 % 3,750
Housing, Case, & Assy 5.0 % 625
TOTAL FC 35.0 % $4,375
ELECTRICAL MANAGER
Voltage Regulator 5.0 % 625
Batteries 7.5 % 938
Sensors & System CPU 50 % 625
Wiring & Assy 25 % 313
TOTAL RM 20.0 % $2,500
TOTAL FCPS 100.0 9% $12,500




Alir is Expensive

Fuel Cells Use a Lot of Air

2-6X the Stoichiometric Ratio

Drives Primary Electro-Chemical Reactions
Often Provides Stack Cooling
Can Drive Fuel Processor Chemical Reactions

AMS Power is the Largest Loss in a FCPS

Target <10%
Typical 15-20%

High AMS Power

Increases Fuel Consumption
Increases FCPS Manufacturing Cost
Increases FCPS Size & Weight




FCPS Efficiency

Fueling Rate
FC Stack Efficiency

Fuel Cell Stack Power
AMS Power
Other BOP Power
Inverter Losses

Fuel Cell Net Power

FCPS Net Efficiency

Goal
9,950 W

6,667 W
1,000 W
167 W
500 W

5,000 W

Threshold
15,000 W
50 %

7,500 W
1,500 W
250 W
/50 W
5,000 W

33 %



Blower Case Study

Embracing Customer Needs
Lower Cost & Higher Production Rates
World-Class Quality & Delivery
Dependable Supplier Relationship

Product Targets
Reliability & Durability
Best-in-class Efficiency
Reduced Noise TN e
Advanced & Flexible Control | SHECHAESS




Selected Blower Results

Project Overview
Customer Relationship Management Tools
Design For Manufacturing & Assembly
Management Information Systems
Supply Chain Development

Demonstrated Improvements

~50% reduction in assembly and test times
~15% reductions in direct material spend
~30% reduction in supplier lead times
Significant reduction in support efforts
Significant improvements in first-time quality

And, significant increases in units shipped



Blower Target Price Curve -E

VAIREX Next Generation Regenerative Blower Price Targets

$1,500

- Targets represent typical, 24 to 48V, H2 FC integrated blower in
the 6 to 10¢/s class; system includes motor, controller, and blower

- Prices shown are targets, work to demonstrate the ability to
achieve these targets is on-going

- Pre-production and tailoring costs not included; tooling is included

- Targets are a factor of design, volume, time, material prices, etc.

- No macro economic events have been considered; 2008 US$

- Arrows show estimated degree of forecast error that VAIREX hopes
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Vane Compressor Case Study

Project Goals
Lower Cost, Reduced Parts Count
Faster Assembly
Lower Friction & Pumping Losses
Wider Operating Range
Reliability & Durability
Reduced Noise




Selected Vane Compressor Results
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Demonstrated Improvements
Parts Count Reduced >10%
Bill of Materials $ Reduced by 35% (@ Qty 10)
Assembly Time Reduced by 90%
Lower Friction & Pumping Losses
Wider Operating Range
Reliability & Durability
Reduced Noise




Vane Target Price Curve

o n

T 1stYear of 2nd Year of 3rd Year of Production
Production Production

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000

Units Sold Per Year




Ski Muir Milburn

Chief Executive Officer
VAIREX limited
Cambridge, UK
+44(0)7894.178.035
milburnski@vairex.com

Eben Johnson

Global Sales & Marketing
VAIREX corporation
Boulder, Colorado
+1.303.444.4556
eben_johnson@vairex.com

Jim Hishinuma
President
VAIREX asia pacific
Tokyo, Japan
+ 81.3.6215.6262
jim_hishinuma@vairex.com

EX

tional



