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Hydrogen and Fuel Cells Key Goals ENERGY

Enable widespread commercialization of hydrogen and fuel cell technologies:

« Early markets such as stationary power, lift trucks, and portable power

« Mid-term markets such as residential CHP systems, auxiliary power units, fleets and buses
« Long-term markets including mainstream transportation applications/light duty vehicles
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Fuel Cell Market Overview ENERGY

Megawatts Shipped, Key Countries: 2008-2010 Fuel cell market continues to grow

* ~36% increase in global MWSs shipped
 ~50% increase in US MWSs shipped
* Published several reports

» The Business Case for Fuel Cells

« State of the States: Fuel Cells in America
» 2010 Fuel Cell Market Report
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Hydrogen & Fuel Cells - Budgets ENERGY

DOE EERE Funding
($in thousands)

FY 2012

Key Activity Request

~$38 M/year

Fuel Cell Systems R&D $45,450 for Basic
Hydrogen Fuel R&D $35,000 Energy
Technology Validation $8,000 SElEEEE
Safety, Codes & Standards $7,000
Systems Analysis $3,000
; $42 M under

Manufacturing R&D $2,000 Recovery Act

Total $100,450

The Program continues its robust activities to support RD&D of
hydrogen and fuel cell technologies for diverse applications.

Coordination with States- e.g. > CA: $45M spent/committed over
4-5 yrs plus $18M planned for FY11-12 (focus on infrastructure)

Source: U.S. DOE, May 2011



Progress — Fuel Cell R&D
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Projected Transportation Fuel Cell 8ystem Cost
-projected to high-volume (500,000 units per year)-
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Progress — Hydrogen R&D
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High volume projected costs for hydrogen production technologies continue to decrease. Low volume/early market
costs are still high. Hydroaen cost range reassessed - includes gasoline cost volatility and range of vehicle

assumptions.
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Delivery: Projected an additional 33% improvement in tube trailer capacity in the last yr

Storage: Validated 430 mi range on single fill. Focus is tank cost and materials R&D
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Progress - Technology Validation ENERGY

Real-world Validation
Vehicles & Infrastructure

* 155 fuel cell vehicles and 24 hydrogen fueling stations
* Over 3 million miles traveled

* Over 131 thousand total vehicle hours driven

* 2,500 hours (nearly 75K miles) durability

* Fuel cell efficiency 53-59%

* Vehicle Range: ~196 — 254 miles (430 miles on separate
FCEV)

Buses (with DOT)

* H,fuel cell buses have a 42% to 139% better fuel ;

economy when compared to diesel & CNG buses - LT B

Forklifts \

* Over 44,000 refuelings at Defense Logistics Agency site
CHHP (Combined Heat, Hydrogen and Power)

* Achieved 54% (hydrogen + power) efficiency of fuel cell
when operating in hydrogen co-production mode

100 kg/day capacity, renewable hydrogen supply

Source: U.S. DOE, May 2011 7
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Hydrogen & Fuel Cells for Energy Storage ENERGY

Improved efficiency of renewable H, production by matching the
polarization curves of PV & electrolyzers to enable direct coupling.

—
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Direct coupling vs Power Conversion w Max Power Tracking
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test multiple
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DOD-DOE Memorandum of Understanding ENERGY

Strengthen coordination and partnerships between DOE and DOD.

Next Steps

DOD-DOE working
group formed to
identify opportunities.

Industry working
aroup established

: Bio/logistics fuels
Shipboard APUs reforming

potential energy savings using waste-to-energy CHP?

Potentially reduce NOx emissions by for aircraft &

Shipboard fuel cells capable of saving .

IFCHEA, http:/lwww.fchea.org/index.php?id=14,2 DOD Estimates Source: U.S. DOE, May 2011 9
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Progress — Market Transformation & Recovery Act
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Deployed more than 630 fuel cells to date for use in forklifts and backup power at several
companies including Sprint, AT&T, FedEX, Kimberly Clark, and Whole Foods

FROM the LABORATORY to DEPLOYMENT:

DOE funding has supported R&D by all of the fuel cell
suppliers involved in these projects.

DOE: $42 M L

) ift Truc
Cost-share: $54 M $9.7M
Total: $96 M.

< Material Handling Equipment (8 Sites and 504 FC Units)
< Backup Power (80 Sites and 206 FC Units)

O Stationary (1 Sites and 6 FC Units)

4 APU (1 Sites and 1 FC Units)

Source: U.S. DOE, May 2011

Residentlal

Number of FC
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State/Site

Forklifts

* FedEX Freight East, GENCO, Nuvera Fuel Cells,

Sysco Houston
Back-up Power

Portable Power

Auxiliary Power
* Delphi Automotive

* Plug Power, Inc., ReliOn, Inc., Sprint Nextel

» Jadoo Power, MTI MicroFuel Cells, Univ. of N. Florida

Market Transformation Hydrogen and

Fuel Cell Deployments*
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Accomplishments ENERGY

/ Data Collection Snapshot (NREL) \

ARRA Material Handling As of 12/31/2010 Additional fuel cell lift truck
cduipment Baa deployments taking place
Hydrogen Dispensed > 18,500 kg ep y g p
Hydrogen Fill ~ 38,800 based on ARRA experience
Hours Accumulated > 307,400 hrs and |€SSOnS Iearned!
Durability ~3,000 hrs*

\ Reliability 75% w/MTBF > 100 hrs/
AN

MORE THAN 500
ADRNITIANAL ADDITIONAL FUEL CELL

FORKLIFTS PLANNED
E.Q., Sysco, H-E-B
Grocery, BMW

*Average projected hours to 10% voltage drop of all the fleets with a max fleet project of
more than 9,500 hours. 25% of systems have more than 2,300 operation hours and one fleet

averages more than 2,6000 operation hours.
Source: U.S. DOE, May 2011 11



Early Market Cost Reduction Analysis
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Comparison of 2008 ORNL Study and 2010
Fuel Cell Cost Estimates
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2005 and 2010 averages based on estimates supplied by OEMs. 2010 predicted assumed government procurements of 2,175 units

per year, total for all market segments. Predictions assumed a progress ratio of 0.9 and scale elasticity of -0.2.

Source: U.S. DOE, May 2011
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Additional Analysis - Hydrogen Infrastructure ENERGY
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Identified opportunities for reducing infrastructure cost.
High-priority opportunities include station designs,
streamlining/standardizing permitting process, and

Cost Reductions
for Stations

financial, policy and partnership support.

Cost Reductions Opportunities ldentified by Experts

=
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1. Cost reduction from station duplication will a Compression P \
require ~120 stations and was based on 8‘ systems Increase supplier base

by

Ie °° | \ Improve station utilization
i

3% reduction for a doubling of capacity.

Cost of H, delivered to station is ~$5/kg. 5

3. Station cost reductions based on ANL
Hydrogen Delivery Systems Analysis Model

N

[ ] \ \
©o Modular Stations Large capacity stations and components

(HDSAM) 0 I I I I T T

4. Current station cost based on current 0 10 20 30 40 50 60 70
California state funded stations. Capital
cost ~ $2.5 million. Number of Paints (votes by experts)

Source: U.S. DOE, May 2011 13
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Announcements ENERGY

RFI: Tech. Validation RFI: Bus Targets

Areas of Interest Areas of Interest

* Innovative concepts for: « Solicit feedback on performance,
Stationary fuel cell systems for durability and cost targets for fuel
residential and commercial cell transit buses

applications - Sponsored by
— Combined-heat-hydrogen-
and-power (CHHP) co- oy
production fuel cell systems Q EN ERGY
« Technology Validation projects for N United States Department of
Other marketS (., FTA Transportation
For more information:

http://www1 .eere.energy.gov/hydrogenandfuelcel
Is/news detail.html?news id=16873 )
Questions may be addressed to:

http://wwwOQ7 .grants.gov/search/search.do?&mo DOEFCBUSRFI@go0.doe.gov
de=VIEW&oppld=84333

v, U.S. DEPARTMENT OF

Federal Transit Administration

Source: U.S. DOE, May 2011 14
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Acknowledgements ENERGY

lndustry Partnerships

FECS External Input
. DOC . EPA ‘NASA

* Annual Merit Review & Peer Evaluation

- DOD + GSA *NSF « H2 & Fuel Cell Technical Advisory
« DOE - DOI *USDA Committee

» DOT * DHS *USPS » National Academies, GAO, etc.
= Interagency coordination through staff- t

level Interagency Working Group (meets
monthly)

— Assistant Secretary-level Interagency
Task Force mandated by EPACT 2005.

Hydrogen Utility Group
~ 65 projects with 50 companies =

DOE State & Regional
Hydrogen & Partnerships
California Fuel Cell P hi
= Fuel Ce”S Califzr:iaSt;{ionearyiﬁzrzsellp
International Pro gram Collaborative

« IEA Implementing agreements — N SC H, & Fuel Cell Alliance
25 countries Upper Midwest Hydrogen Initiative
* International Partnership for Ohio Fuel Coalition

Hydrogen & Fuel Cells in the Connecticut Center for Advanced
Economy —
Technology

17 countries & EC, 30 projects

onal Rene’ ore P&D,
&D, S, FC, A, SC&S, TV MN .S | Savannah River S, P&D
nne A, FC, P&D SC&S | Oak Ri SC&S Brookhaven S, FC
Alamos S, ab P&D

Other Federal Labs: 'Jet'Prapulsmh'Lalrd, National Institute of Standards &
Technology, National Energy Technology Lab (NETL)

P&D = Production & Delivery; S = Storage; FC = Fuel Cells; A = Analysis; SC&S = Safety, Codes & Standards; TV = Technology Validation, MN = Manufacturing

Source: U.S. DOE, May 2011 15
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Thank you

For more information, please contact

Sunita.Satyapal@ee.doe.qov

Hydrogenandfuelcells.energy.gov

Hydrogen.energy.gov
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