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US Hyvybrid
Power your fleet with US Hybrid’s powertrain éomponents
to provide cleaner, quieter, and lower cost operation




Z"US Hybrid

US Hybrid Group

www.ushybrid.com

US Hybrid
HQ: Torrance, CA

Year

Established 1999

Electric Powertrain for
BEV, Hybrid and Fuel Cell
Heavy Duty Vehicles

Core
Competency
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US FuelCell
Windsor, CT

Year

Established 2013

Fuel Cell Power
Plant

Core
Competency

www.magmotor.com

Magmotor Corporation
Worcester, MA

Year
Established

1876
(Acquired by US Hybrid in 2008)

Servo Motors and Drives
Automation, Robotic and
Semiconductor Mfg.

Core
Competency
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¢ US Hybrid  US Hybrid’s Business Focus is Commercial Vehicles

US Hybrid’s Business Focus is Heavy

Duty Commercial Vehicles
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¢ US Hybrid Electric Powertrain Components
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& US Hybrid US Hybrid’s Fuel Cell Experience
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Telecom Back-up (2010)

H2 Ride Shuttle Bus
(2013)

20kW Fuel Cell Bus
(2004)

FCTT(2013)
Fuel Cell Tug (2006)
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2010 2011 2012 2013 2014 2015

Utility Van Gen 2 (2014)

Isolated CV35

60kW Utility Van
(2007)

FC Range .
Extender Ford CVv35
Ranger (2008)

R12 Refueller
(2012)

SR

Class 8 Truck (2013)




?US Hybrid Plug-In Fuel Cell Shuttle Bus

Fuel Cell Plug-In Ford F-550 Powered Chassis

2014 Commercial Deployment

Hydrogenics
HD30. 30kW Hydrogen Fuel Storage System
' 10kG
iDrive
Wireless Battery
Telematics Johnson Control

Li-lon, 28.4KW |

DC-DC Converter

__ Electric Driven Electric Driven
Charge Port

Brake Steering
J1772

Integrated Controller
Electric Driven | Hydrogen | Flectric Drive | |ti-lon Battery
HVAC System ‘ | Tanks 2x5kg | cocling | 23kwh
200kW Traction Motor *
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HD30 Fuel Call CV35 DCDC
System, 30kW 35kwW

[ Electric Direct |

14 V' :
Drive Motor |\ >
200kW ; a . |
12vDCDC | safoty ‘ ‘ fuelcell |
Converter | Disconnect |

Cooling |

Fuel Cell Power Train Diagram
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¢ US Hybrid Comparable Fuel Energy Density

e Diesel: 37.1 kwh/gal, 15.16 kWh/kg, Engine Output: 4500 Wh/kg, 11kWh/gal

e Gasoline: 32.9 kWh/gal, (11.8 kWh/Kg, Engine Output: 2800 Wh/kg

e Hydrogen: 39.7 kWh/kg,
(1kg H2 =11 gal @5000 psi, or 11 gal @5000psi tank is same as 2 gal of diesel fuel)

Total Energy Density (Electric output power) per kg: 15,000 Wh/kg
e Mixed Fuels:

e Ethanol(E100) = 22.1 kWh/gal,

e (M85) 85% Methanol, 15% Gasoline = 18.6 kWh/gal

e Energy Storage Devices have much lower energy density:

e Ultra Capacitors 0.004 kWh/kg,
e LeadAcid 0.025 kWh/Kg
e NiMh 0.06 kWh/Kg
e Li-lon 0.11 kWh/Kg

1 Gallon of Diesel fuel has same net energy as 100 Kg of Li type Battery at 100% SOC

1kg of H2 (7miles/kg) > 2-Gallons Diesel (3.8mpQ)



#US Hybrid US FuelCell

US Hybrid has established US FuelCell division to

support fuel cell transit bus commercialization

 US Hybrid has established the facility at former UTCPower plant

« Purchased the necessary development, testing and production equipment
to complete the FTA project.

 Has established a development, test, validation and production team at
Windsor, CT facility.

Product Cost Reduction and
Technology A i Product
: Improvement and Pilot Introduction in Pt
Demonstration Optimization United States Commercialization

~
Task Description

FCPP Development

Advanced American Fuel Cell Bus Development
FCPS Development

Advanced CSA Development

Advanced American Fuel Cell Bus Procurement & Operation
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Accelerated Operation
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US Hybrid 130kW Fuel Cell Power Plant

PureMotion 120kW FC power plant is the most robust fuel cell for transit
applications with millions of miles logged.

Generation2 130kW Fuel Cell Power plant has the following advantages:

PC40 PC58
Requirement PC40 FTA Requirements PCS8 NFCBP
Status
Net Power (kW) 120 120 130
Durability (k hrs) 81 9.6 -12 12-16
FCPP Cost X 60% to 75% of X 73% of X
FCPP Size (m3) 1.8 0.87 -1.22 0.57
Weight (kg) 840 420 - 588 530

(1) Demonstrated durability at time FTA proposal submittal
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JUS Hybrid Fuel Cell Power Plant Performance Status

NREL Technical Report NREL/TO-5600-55367 FCEB and Diesel Bus Comparative Availability
2008 FleetLeader FCEB
! Category Diesel #
700 11\ | # Days Days
"\ 2013 FleetLeader (in service) Planned work days 1,943
675 Days Available 1,087 56 498 79
_ Unavailable 856 100 133 100
% 850 \ Fuel cell propulsion m 12
° | 2007 FleetLeader Hybrid propulsion 30 3
g 695 Traction battery issues 160 19
3 2013 secondbus (in service) Bus maintenance 557 65 133 100
o
& 500 Fueling unavailable 10 1
5 Maintenance Cost $/mile $1.30 100% $0.79 60%
< 2006 Fleet Leader
575 Comments: Most costis due to learning curve
Bus Maintenance and Battery are major items
Fuel Cell Technician labor rateis higher than Diesel
550 Table 9. Maintenance Cost per Mile by System (Evaluation Period)
l( FCEB Diesel
System Costper Percentof Costper Percentof
Mile ($) Total (%) Mile ($) Total (%)
525 Cab, body, and
0 1000 2000 3000 4000 5000 @000 7000 8000 9000 10000 11000 12000 13000 14000 accessories 0.5 42 0-26 3
Load Hours Propulsion-related 0.39 30 0.22 28
PMI 0.23 17 0.09 11
S Brakes 0.01 1 0.14 18
Frame, Steering, and 0.04 3 0.01 1
Fuel cell power plants can provide better or <W§e\ - - os |4
. ofe . Lighting 0.01 1 0.00 0
comparable reliability and maintenance costs A general 0.05 4 0.03 4
: I . ) h f A;(Ieﬁs, wheels, and drive 0.01 1 0.01 1
— sha
to Diesel engines with after-treatment. shaft - 5 505 5
Total 1.31 100 0.79 100
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JUSs Hybrid FC Powertrain Life-cycle Economics for Transit Buses

Total cost of ownership FCPP Cost ($/kW) vs. H, Price ($/kg)

300,000 12 FCPP
Cost S/kw
250,000 10 g —$3,000
< —%$2,000
0 200,000 8 5 ——$1,500
= =y 31,000
S 150,000 6 © $
% S5/gal Diesel
100,000 - 4 o 3.8mpg Diesel
> 8miles/kg H2
50,000 — 2
! 1- 100kW FCPP, price amortized —u—
0 2- Diesel Engine and after treatment cost $50,000 0
$8 $6 $4 $2
H, Cost ($/kg)
Operation Fuel Cost $/Mile for various H2 and Diesel pricing
1.6
912 -
£
& 0.8 -
g 0.4 -
o
0 | | _
$5/gal $6/gal $8/kg $6/ke - sa/kg - S2/kg
Diesel Fuel Type and Cost H2
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& US Hybrid 130kW FCPP FTA Transit Game Changer

Fuel Cell Power Plant (Fully Integrated)
Transit Bus Commercial Viability and ROI

Price ($/kW) $2,000 4 - _$1,5OO $1 (ZO_O R
Quantities 10 wo 250
Warranty @ 1 year . -~ 2’y’e;r_ e ~5~year~ .
Extended Warranty @ 4 Years R <5 Years 10 l(gars 2
Design Life @ 5 year 8 year 12 year

1kg of H2 => 2-Gallons Diesel
(D Estimated operation at 4000 hr./year
@ Extended Warranty price ($/mile) comparable to Transit Industry
(3 Design Life include scheduled Preventive Maintenance and FCPP rebuild.



