* 90 KW Fuel Cell

« Permanent magnet Motor
« Maximum output 90 kKW
* Maximum torque 260 Nm

* Nickel-metal hydride Battery
* Max output 21 kW

6.3 kg H2 in four tanks at 70Mpa
(10,000 psi)

interior space unaffected

No spare tire

68 miles/kq H2
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Safety, Codes & Standards and Education ENERGY ng,g}’aiffe“gf";‘;;’y&

Safety, Codes & Standards
» Facilitating the development & adoption of codes and standards for fuel cells
» ldentifying and promoting safe practices industry-wide

ACTIVITIES PROGRESS (key examples)

Develop data needed for key Published Web-based resources, including: Hydrogen
codes & standards (C&S) Safety Best Practices Manual; Permitting Hydrogen
Facilities

.H:;\rmortl.lze dlocrr(;gstlc and Through R&D, enabled harmonized domestic and
Internationa =P | international Fuel Quality Specifications

Simplify permitting process Developed safety course for researchers and held
permitted workshops that reached >250 code officials

Promote adoption of current
_ C&S and increase access to Growing number of C&S published (primary building
' ._‘J safety information & fire codes 100% complete)

Education: We are working to increase public awareness and
understanding of fuel cells.

ACTIVITIES PROGRESS (key examples)

Launched courses for code officials and first

Educate key audiences to responders (>7000 users)

facilitate demonstration, =) | Conducted seminars and developed fact-sheets
commercialization, and and case studies for end-users

market acceptance Conducted workshops to help state officials
identify deployment opportunities
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Manufacturing R&D ENERGY | rencwabie energy

We are developing and demonstrating technologies and processes to:

 Reduce cost of fuel cell components and systems, as well as components and systems
for producing and storing hydrogen
 Grow domestic supplier base

Near-term Goal for Early Markets

Lower fuel cell stack manufacturing cost by
$1000/kW (from $3,000/kW to $2,000/kW, * Electrode Deposition

for low-volume manufacturing) — BASF, PNNL
« High Pressure Storage

— Quantum Technologies
« MEA Manufacturing
— Gore, LBNL, RPI

» Gas Diffusion Layer (GDL)
Fabrication

— Ballard

» Effective Testing of Fuel Cell
Stacks

— PNNL, UltraCell

« Effective Measurement of Fuel
Cell Stacks

- NREL, NIST

Project Emphasis

Ultracell modular fuel cells
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Energy Efficiency &

Fuel Cell Vehicle Transition Scenario Analysis ENERGY | renewabie Energy

Analysis by Oak Ridge National Laboratory explores the impacts and infrastructure and policy
requirements of potential market penetration scenarios for fuel cell vehicles.

Key Findings:

 Transition policies will be essential to overcome initial
economic barriers.

» Cost-sharing & tax credits (2015 — 2025) would enable
industry to be competitive in the marketplace by 2025.

» With targeted deployment policies from 2012 to 2025, FCV
market share could grow to 50% by 2030, and 90% by 2050.

» Cost of these policies is not out of line with other policies that
support national goals.

- The annual cost would not exceed $6
billion—federal incentives for ethanol
are expected to cost more than $5
billion/year by 2010.

— Cumulative costs would range from
$10 billion to $45 billion, from 2010 to
2025—federal incentives for ethanol
have already cost more than $28

p— billion, and these cumulative costs are

Transition to Hydrogen projected to exceed $40 billion by

Fuebﬂ‘:“ veticles -. 2010.
y ‘

&
the Poteatial
““I_(ggen Energy

Intrastructure Hequirements

http://cta.ornl.gov/cta/Publications/Reports/ORNL TM 2008 30.pdf

Areas of
projected
fuel cell
vehicle
use—and

fuel demand

Cost Sharing & Subsidies — Scenario 3, Policy Case 2

0O Scenaric? Staton Infr
B Scenaric? Fus! Subsidy
g Scenaric? Wehicles

Billions of 2004 Dollarsi™ r
e A Y L N . T =

2010 2015 2020 2025

Projected cost of policies to sustain a transition to fuel cell vehicles
and H, infrastructure, based on the most aggressive scenario
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Current Program Structure ENERGY

Energy Efficiency &
Renewable Energy

The Program is an integrated effort, structured to address all the key challenges
and obstacles facing widespread commercialization.

Basic & Applied Research
and Technology Development

Fuel

Production \

Fuel
Fuel Cells
Fuel
~

Manufacturing R&D

Widespread
Commercialization

Technology Validation

Market Transformation
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Safety, Codes & Standards

Education

The Program includes activities within the Offices of Energy Efficiency &
Renewable Energy, Fossil Energy, Nuclear Energy, and Science.
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NAS Resource Needs Study ENERGY | rerenanie tnergy

NAS study, “Transitions to Alternative Transportation Technologies: A Focus on
Hydrogen,” shows positive outlook for fuel cell technologies—results are similar to
ORNL’s “Transition Scenario Analysis.”

The study was required by Estimated Government Cost to Support a Transition to FCVs
EPACT section 1825 and the °
report was released in 2008, 7

B [0 Hydrogen Supply Capital Cost
by the Committee on

Assessment of Resource
Needs for Fuel Cell and
Hydrogen Technologies.

[ Incremental Vehicle Cost

www.nap.edu/catalog.php?record id=12222

Billions of $ per year (in 2005 $)

Key Findings Include: 2010 2015 2020

» By 2020, there could be 2 million FCVs on the road. This number could grow rapidly to about 60 million by
2035 and 200 million by 2050.

« Government cost to support a transition to FCVs (for 2008 — 2023) estimated to be $55 billion—about $3.5
billion/year.

» The introduction of FCVs into the light-duty vehicle fleet is much closer to reality than when the NRC last
examined the technology in 2004—due to concentrated efforts by private companies, together with the
U.S. FreedomCAR & Fuel Partnership and other government-supported programs around the world.

« A portfolio of technologies has the potential to eliminate petroleum use in the light-duty vehicle sector and
to reduce greenhouse gas emissions from light-duty vehicles to 20 percent of current levels—by 2050.
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Recovery Act Deployments ENERGY | ceneviote enerey

DOE announced ~$42 million from the American Recovery and Reinvestment Act to fund
12 projects to deploy more than 1,000 fuel cells — to help achieve near term impact and
create jobs in fuel cell manufacturing, installation, maintenance & support service sectors.

FROM the LABORATORY to

DEPLOYMENT: COMPANY AWARD APPLICATION
r
DOE funding has supported R&D Delphi Automotive $2.4 M Auxiliary Power
by all of the fuel cell suppliers _
. . . FedEx Freight East $1.3 M Specialty Vehicle
involved in these projects.
GENCO $6.1 M Specialty Vehicle
Auxiliary
Residential Power Jadoo Power $2.2 M Backup Power
and Small
Commercial .
CHP MTI MicroFuel Cells $3.0M Portable
Nuvera Fuel Cells $1.1M Specialty Vehicle
Portable Plug Power, Inc. (1) $3.4 M CHP
Power
~$6M Plug Power, Inc. (2) $2.7M Backup Power
Specialty University of North Florida $2.5M Portable
Vehicles
~$10M ReliOn Inc. $8.5M Backup Power
Sprint Comm. $7.3 M Backup Power
Approximately $51 million in cost-share proposed by industry ) )
participants—for a total of nearly $93 million. \ Sysco of Houston $1.2M Specialty Vehicle
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New Recovery Act Proj ENERGY | renewaste eneray

lovin

Den
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FedEx Freight

1.3 million 35 fuel cells in class-1 lift trucks
East (Harrison, AR) $

GENCO $6.1 million 156 fuel cells in six fleets of class-1
(Pittsburgh, PA) and class-3 lift trucks

Supplement a fuel cell forklift fleet
$1.1 million with 10 fuel cell power packs and a
hydrogen fueling system

Nuvera Fuel Cells
(Billerica, MA)

Sysco of Houston
(West Houston, TX)

TOTAL: ~%$10 million

$1.2 million 90 fuel cells in class-3 pallet trucks

Advantages of Fuel Cells for Specialty Vehicles:

 Allow for rapid refueling — much faster than changing-out or recharging batteries (refueling takes
about one minute, while battery changes can take 20 — 45 minutes, and recharging can take
anywhere from 2 to 16 hours)

* Provide constant power without voltage drop
* Eliminate space requirements of batteries & chargers

» Can provide substantial cost-savings over battery-powered forklifts (more than 50% reduction in
lifecycle costs for a 3-kW pallet truck)
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New Recovery Act Projects EMERG?

Deploying Fuel Cells for Back-up Power

» 25 sites in utility communications network

ReliOn Inc. -
(Spokane, WA) $8.6 million « 180 installations for telecommunications

network

» Evaluation of environmental and cost
benefits of using 1-kW fuel cell, as opposed
to gas/diesel generators and batteries

Jadoo Power $1.8 million
(Folsom, CA)

TOTAL: $20.4 million

Advantages of Fuel Cells for Backup Power:

* Provide longer continuous run-time, greater durability than batteries (Battery systems usually run
4 — 8 hrs, and have to be replaced every 3 — 5 years, while fuel cell runtime is limited only by storage
capacity, and they could last 15 years or more, depending on amount of actual use.)

* Require less maintenance than batteries or generators (estimated routine maintenance of two
hours per year for fuel cells and eight hours per year for batteries and generators)

« Can be remotely monitored

« Can provide substantial cost-savings over battery-generator systems (nearly 25% reduction in
lifecycle costs for a 5-kW, 52-hour backup-power system)
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New Recovery Act Projects ENERGY | renewaste eneray

Demonstrating PEM Fuel Cells for Residential and Small Commercial CHP

ADVANTAGES of FUEL CELLS
for CHP...

« Up to 85% overall efficiency

« 25— 35% reduction in emissions
from household energy use

« Zero emissions
* Low noise and vibration

« Low O&M requirements, less down-
time
— 100x more reliable than the average
power supply for data centers—three
seconds of down time per year versus
an average of five minutes Plug Power’s

. L - in effici GenSys Blue, for
€SS variation In efriciency across residential and small

variable loads commercial
applications
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Stationary Fuel Cells — U.S. DEPARTMENTOF | ooy Efficiency &

Comparison with Other Technologies ENERGY | renewabre eneray
Capital Cost of Distributed Power Technologies
Fuel cells can provide clean, reliable 67000 |
power, and they are starting to | B Power-only Cost
become competitive with other 36,0001
distributed power-generation $5.000 1 B CHP Cost
technologies. Z $4,000
®
$3,000
$2,000 -
gal N
- $0 - ‘ ‘
Leve“zed COSt Of Energy Recip Engine Recip Engine Microturbine FC PV
$0.250 (NG) (diesel) (NG)
$0.200 -
$0.150 -
S
g’_ $0.100 -
*
$0.050 -
$0.000 """ ) _ Sources: NREL, EPA, DOE, and
Recip Engine (NG) Microturbine (NG) FC PV . .
Navigant Consulting

91



New Recovery Act Projects

Deploying Fuel Cells for Portable Power

PolyFuel, Inc. .  Portable power system for mobile
(Mountain View, CA) $2.5 million computing

TOTAL: $4.9 million

Deploying Fuel Cells for Auxiliary Power
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Auxiliary Power Units (APUs) & Portable Power

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Potential Oil Savings and Emissions
Reductions from fuel cell APUs:

> 60 million gallons of diesel in 2030 and 160
million gallons in 2050

> 0.7 MT CO, per year in 2030 and 1.9 million MT
CO, per year in 2050

Portable Power Benefits

Emissions from a Single Truck, due to Idling
NO, PM10 co,
(kafyear) (kafyear) x 10 {Tons/year) x 10
350
300
250
200
150
100
) . .
o | [— Ul -
L F £ g §F £ F §F F
£ & £ & £ &£
Bl At truck N upstream

"\

— Extended run-time for
consumer electronics —
through improved
energy density

— Improved mobility
through portable
rechargers

— Fast refueling

— Weight savings over
batteries

Diesel-powered fuel
cell APUs offer
significant emissions
reductions.
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Key Strateg|c Input ENERGY Energy Efficiency &

Renewable Energy

The Program incorporates key industry input in all stages,
from planning through implementation.

* The FreedomCAR and Fuel Partnership examines the pre-competitive, high-risk
research needed to reduce oil use and emissions in the light-duty vehicle sector.

* Members: DOE; U.S. Council for Automotive Research (Ford, GM, Chrysler)

Major energy companies (BP, Chevron, ConocoPhillips, ExxonMobil, Shell)
Electric Utilities (Southern California Edison and DTE Energy)

Executive Steering Group
Parinarship Executve Management

Fual Operations Group FreedomCAR Oparations Group

Utility Operations Group

Energy Direclors Jaint OEM Direclors ~aint Litilrty Directors
DOE Program Managers — DOE Program Managers e DOE Program Managers
Fuel Technical Fuel-Vehicle Fuel Cell & Vehicle Utility-Vehicle Utility Technical
Teams Joint Technical Technical Teams Joint Technical Teams
+ Hydrogen Teams - Fuel Cells _ Teams + Production/Delivery
Production + Onboard Hydrogen + Advanced Combustion & + Grid Interaction
+ Hydrogen Delivery Storage Emission Control _ + Codes & Standards
« Fuel Pathway - Codes & Standards « Vehicle Systems Analysis
Integration « Materials

= Electrical & Electronics
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Example — Fuel Cell R&D Priorities ENERGY | renenstie enersy

Addressing Cost, Durability, and Performance

Membranes Catalysts/Supports Water Management

* Operate at higher e Carry out Pt and non-PGM * Improve tolerance to
temperature, lower RH to studies in parallel freeze / thaw conditions
reduce BOP size and cost  ldentify degradation * Prevent membrane

* Lower cost by eliminating mechanisms and mitigate flooding or dehydration
fluorine effects

 ldentify degradation * Increase OCV and
mechanisms and mitigate performance of non-PGM Membrane Electrode
effects catalysts Assemblies

* Test Catalysts in fuel cells . Deve|0p characterization
tools, understanding of

Early Market Applications material behavior

+ Develop structure/ Impurity effects Solid Oxide Fuel Cells
manufacturing/ | « Characterize effects of Imorove fel Drocessore |
performance relationships impurities on membranes P uelp

system integration for small-

. i and catalysts e
Expand early adoption y scale applications

activities
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