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About CTE & SHFCC

e Center for Transportation & the Environment

— A nonprofit, member-based organization that facilitates

development of advanced transportation technologies and
environmental sustainability.

e Southern Hydrogen & Fuel Cell Coalition

— An initiative from CTE that facilitates opportunities for
research, development, and demonstration of hydrogen and

fuel cell technologies to establish capabilities in the
southeast.




SHFCC Members

YSHFCC Members ~ ASHFCC Projects
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Our membership includes:

Energy Providers
Vehicle Manufacturers
Component Suppliers
Research Firms
Start-ups

Universities

Utilities

Transit Organizations
National Labs
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Objective

 DOD
— Energy Policy Act of 2005

 MHE Pilot Program

— Scientific Study and Evaluation
o Collection of Operational Data
* Technical and Cost Evaluation

— Advance TRL’s and MRL’s for the technology

e CTE

— Successful pilot project
 time, budget, data output

— Prove out and advance technology
(/ﬁg — Enable success of our members fSh[EE
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Agenda — Projects Review

 Fort Lewis, WA

« DDJC Tracy, CA

« Extended Range Utility Vehicle
e H2 Terminal Tractor
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Ft Lewis Fuel Cell Vehicle and Hydrogen
Production Project
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Ft Lewis — About The Project

In response to BAA N00164-07-R-6982, CTE and
partners proposed

* A turnkey demonstration at Ft Lewis, WA

* Including all elements of a clean, sustainable
hydrogen energy cycle

« Balancing project requirements, risk, affordability
o Utilizing an exceptional team of industry-leading

(if Shitee




Ft Lewis — About the Project
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Ft Lewis — H2 Generation

Three Stages

1. Custom digester
gas cleanup

2. Biomethane
reformation (SMR)

3. Hydrogen
Purification (PSA)

Integrated, automatic
control with remote
monitoring

System Capacity: 25
kg/day



Ft Lewis — H2 Infrastructure

o [Status goes here]



DDJC — Fuel Cell Forklifts

GenDrive Power Pack
— 13 kW continuous; 60 kWh



Ft Lewis - Fuel Cell Bus

Top Speed
Battery Capacity

Range (battery +
Hydrogen)

Range (battery
only)

Fuel Consumption
On-board Capacity
Length

Curb Weight
Capacity

Fuel Cell

Drive Motor

Body Construction

55 mph

55 kWh @ 350
volts

300 miles

40 miles

1.1 kg/hr

29 kg @ 5,000 psi
35’

27,000 lbs

37 seated

Two 16 kW PEM

Permanent
Magnet 150 kW

Hybrid Composite
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Ft Lewis - Status

Site Design

Equipment Build and
Delivery

Vehicle Commissioning

System Safety Planning

Training

General Construction

- Dispensing Site Complete, Generation Site 11/19

Infrastructure Commissioning
— Dispensing Site Complete, Generation Site 11/19

System Shakedown
- Dispensing Site Complete, Generation Site 11/19

2-Year Pilot Start: 11 Oct 2011



Ft Lewis - Lessons Learned

* Proper System Sizing
— Balanced Supply and Demand > Right Sized Equipment

* Risk Management

e Good Communication with Project Team, Sponsors,
Operation Site



DDJC H2 Material Handling Project



DDJC — About the Project

Grid Power
Solar PPA?

= Maintenance Depot

H2 Generation: Proton
FUELGEN Electrolyzer

| H2 Compression,
Storage & Dispensing

Hydrogen Backup:
Delivered Gaseous

20 Fuel Cell Lift Trucks:
Plug Power GenDrive

A




DDJC — Hydrogen Generation

FuelGen 22

e H2 Generator
and Cooler
«21.6 kg/day

« Upgradeable




DDJC - Infrastructure

* Air Products CSD with backup
gaseous availability



DDJC — Fuel Cell Forklifts

GenDrive Power Pack
— 13 kW continuous; 60 kWh



DDJC — Status

Site Design

Equipment Build and
Delivery

Vehicle Commissioning
System Safety Planning
Training

General Construction

— In Progress

Infrastructure Commissioning
— In Progress

System Shakedown
2-Year Pilot Start: 14 Nov 2011



Ft Lewis - Lessons Learned

* Proper System Sizing
— Balanced Supply and Demand > Right Sized Equipment

* Risk Management
e Good Communication



Hydrogen Extended Range Utility
Vehicle



H2 Utility Vehicle — About the Project

CEm

Performance

Continuous speed on flat roads

Up to 25 mph

Range (varies with route and payload)

Up to 300 miles

Gradeability at 5Smph

>16% (fully loaded, on-grade for 30 ft)

Acceleration to 12 mph from a standing start

3.0 seconds

Ambient Temperature Operating Range
Hydrogen Stor

Hydrogen Fuel Capacity

-10°C to 40°C

age
3.7 kg @ 350 Bar/ 5075 psi @

Nominal Hydrogen Storage Pressure
Power Trai

Motor

350 bar

|

17.3 Hp, 48 Vdc, NEMA class H

Fuel Cell Power Module (FCPM)

Hydrogenics HyPM-HD 8 (8.5 kW)

Ultracapacitors

4X Maxwell BMODO0500P016B (64V,

DC/DC Converter
Payload

Total Payload Capacity which includes passengers

US Hybrid CV10 (20-40 Vdc in/ 42-58

700 Ib

Personnel Seating Capacity

Cargo Box L xW x H

2

Dimensions & Weight

33" x 44" x 14" (stake back on flatbed)

Cargo Box Capacity 300 Ib
Curb Weight 2080
2780

Gross Vehicle Weight




H2 Utility Vehicle — Results to Date




Hydrogen Terminal Tractor Design



H2 Terminal Tractor — About the Project

CEMmM
» Retrofit of Capacity of Texas PHETT —

* Dual Hydrogenics HyPM 16 kW fuel cells
modules with dual DC-DC converters
— Provides redundancy and reliability

o Corvus Energy lithium-polymer batteries with
integrated BMS
— 77X Corvus AT6200-500-48 battery modules
— 30 Ahat 307 VDC

* A single control unit will link fuel cell power
systems to overall PHETT control system via
CAN-Bus

 Hydrogen storage will be provided by a 700
bar system designed to provide 8.6 kg of
gaseous hydrogen storage using DDWG 350
bar fueling infrastructure



H2 Utility Vehicle — About the Project

*At 350 bar, Phase Il fuel cell yard tractor eclipses range of state-of-
art commercial all-electric and hybrid-electric yard tractors

» At 700 bar, Phase Il fuel cell yard tractor more closely matches
range seen by state-of-art conventional diesel ICE yard tractors



H2 Utility Vehicle - Status

Requirements Definition
Duty Cycle Definition
Vehicle and Major Component Downselect

Decision Matrix Evaluation And Final
Vehicle/Architecture Selection

Technical Comparison to State of Art Vehicles
Prelim Electrical and Mechanical Design Completion
Phase | Project Complete



Questions?

Jason Hanlin
CENTER FOR TRANSPORTATION & THE ENVIRONMENT
Jason@cte.tv
www.cte.tv




