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— DOE Releases Program Plan for
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U.S. Energy Consumption

U.S. Primary Energy Consumption by

Source and Sector
Transicrtation

Industrial Share of Energy Consumed by Major
Residential and Commercial

Electric Power

/ Nuclear
Renewable Electric
E'}%}QF Power ¥ Petroleum ™ Natural Gas ™ Coal
° 9% " Renewable Energy
B MNuclear Electric Power
Total US EI‘IEI’Q}F =093 Quadrillion Btu Source: Energy Information Administration, Annual Energy

Review 2008.

Source: Energy Information Administration, Annual Energy
Review 2008, Tables 1.3, 2.1b-2.1f.



Fuel Cells - Where are we fodaye

U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Fuel Cells for Stationary Power,
Auxiliary Power, and Specialty
Vehicles

power units, and forklifts.

>24,000 fuel cells shipped in 2009
(> 40% increase over 2008).

Fuel cells can be a
cost-competitive
option for critical-load
facilities, backup
power, and forklifts.

The largest markets for fuel cells today are in
stationary power, portable power, auxiliary

~75,000 fuel cells have been shipped worldwide.
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Increase in Fuel Cell Sales

- Significant
increase in
MW shipped
in 2009.
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Fuel Cells for
Transportation

In the U.S,, there are currently:

> 200 fuel cell vehicles
~ 20 active fuel cell buses
~ 60 fueling stations

Sept. 2009: Auto
manufacturers
from around the
world signed a
letter of
understanding
supporting fuel
cell vehicles in
anticipation of
widespread
commercialization,
beginning in 2015.

Source: US DOE 09/2010
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Key ChCI"enges ENERGY Energy Efficiency &

Renewable Enerqgy

The Program has been addressing the key challenges facing the
widespread commercialization of fuel cells.

Fuel Cell Cost & Durability

Targets*:
Stationary Systems: $750 per kW,
; . 40,000-hr durability Technology
on Vehicles: $30 per kW, 5,000-hr durability Validation: Market )
g '9 Technologies must Transformation
=
o Hyd rogen Cost be demonstrated o
3 g Target*: $2 — 4 /gge, (dispensed and untaxed) under real-world Assisting the
e conditions. growth of early
Hydrogen Storage Capacity markets will help to
Target: > 300-mile range for vehicles—without overcome many
compromising interior space or performance barriers, including
achieving
significant cost

Safety, Codes & Standards Development

reductions through

. . \ economies of scale.
Domestic Manufacturing & Supplier Base
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Public Awareness & Acceptance
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Hydrogen Supply & Delivery Infrastructure

* Targets and Metrics are being updated in 2010 . Source: US DOE 09/2010 5



U.5. DEPARTMENT OF

Fuel Cell R&D — Progress: Cost ENERGY | oreroy Eficiency &

Rehewable Energy

Projected Transportation Fuel Cell System Cost
- projected to high volume (500,000 units per year) -

Projected high-volume $300/KW -~~~ e T T
cost of fuel cells has been
*
reduced to $51/kW (2010) Gonwd N
* More than 15% ICE
reduction since 2009 $100/kW 1~ B e AR Cost
- $51/kW /
v Pe TARGETS
¢ More than 80% " I ' I$45/’:W' 'sstz/kv;::

2005 /2010 2015

reduction since 2002 2000

S | e
« 2008 cost projection = .. 526 525 [N TS
was validated by

independent panel™* /
Projected Costs at Different Manufacturing Rates

$300

As stack costs are reduced, \ : 38%
balance-of-plant components are sas0
responsible for a larger % of '\\
costs. -

System Cost {$/kW, )

s1s0 5143
5118 s110

*Based on projection to high-volume manufacturing 5100
(500,000 units/year). so1

594

$51

$50

**Panel found $60 — $80/kW to be a “valid estimate”:
http://hydrogendoedev.nrel.qov/peer reviews.html

$0
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Source: US DOE 10/201 0 Annual Production Rate {systems/year) 6
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Hydrogen Threshold Cost Analysis ENERGY | rerenavic nergy

Revising the hydrogen threshold cost will result in an assessment of Hydrogen Production and Delivery R&D priorities.
Projections of high-volume / n'" plant production and delivery of hydrogen meet the targets for most technologies.

Projected High-Volume Cost of Hydrogen (Dispensed)—Status Updated to

address
$10 A gasoline cost
NEAR TERM: e
Distributed Production S8 VOIatIllty and
A Matural GasReforming :§ range of
A Ethanol Reforming x S6 ‘\‘ vehicle
AE|edr‘0|yS|S g assumptlons
Low-volume (200 ke/day) —_ $4 /
ASteam Methane Reforming 5 H, Threshold Cos
AH, from Combined Heal, 22 <2
- Future pathways based on 2%
Hydrogen, and Power Fuel Cell 5 AEO Reference Case for 2020
c_>u 50
'S 2005 2010 2015 2020
o
@ s1o
LONGER TERM: °=-’
Centralized Production % $8 Notes:
® Biomass Gasification L Data points are being updated to
® Central Wind Electrolysis ? 56 the 2009 AEOQ reference case.
© Coal Gasification with o . ® The 2010 Technology Validation
Sequestration Euo $q results show a cost range of $8-
NuCle: ~ $10/gge for a 1,500 kg/day
@ Nuclear 'L"; New H, Threshold Cost : $2-4/gge distributed natural gas and $10-
$2 $13/gge for a 1,500 kg/day
Future pathways based on 2009 distributed electrolysis hydrogen
T AEOReference Case for 2020 station.
S0
2005 2010 2015 2020

Source: US DOE 10/2010
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Technology Validation ENERGY

Demonstrations are essential for validating the performance of technologies in
integrated systems, under real-world conditions.

RECENT PROGRESS

Vehicles & Infrastructure
* 152 fuel cell vehicles and 24 hydrogen fueling stations
* QOver 2.8 million miles traveled
* Over 114 thousand total vehicle hours driven
* 2,500 hours (nearly 75K miles) durability
* Fuel cell efficiency 53-59%
* Vehicle Range: ~196 — 254 miles
Buses

* DOE is evaluating real-world bus fleet data (DOT
collaboration)

* H, fuel cell buses have a 39% to 141% better fuel
economy when compared to diesel & CNG buses

Forklifts

* Over 18,000 refuelings at Defense Logistics Agency
site
Recovery Act

* DOE (NREL) is collecting operating data from
| | ts_f industrv=wid + Source: US DOE 09/2010 8
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Recovery Act Funding for Fuel Cells ENERGY | eroe enory

More than $40 million from the 2009 American Recovery and
Reinvestment Act to fund 12 projects to deploy up to 1,000 fuel cells

FROM the LABORATORY to

DEPLOYMENT:
DOE funding has supported R&D . COMPANY AWARD APPLICATION
by all of the fuel cell suppliers Delphi Automotive $2.4 M Auxiliary Power
involved in these projects. \\\ :
Auxiliary FedEx Freight East $1.3M Lift Truck
Residential Power
and Small \ GENCO $6.1 M Lift Truck
Commercial
CHP AN Jadoo Power $2.2 M Portable
MTI MicroFuel Cells $3.0 M Portable
Nuvera Fuel Cells $1.1 M Lift Truck
Back-up Power Plug Power, Inc. (1) $3.4 M CHP
$18.5M
Plug Power, Inc. (2) $2.7 M Back-up Power
Lift Truck Univ. of N. Florida $2.5 M Portable
il ReliOn, Inc. $8.5 M Back-up Power
DO SePt 20 Sprint Nextel $7.3 M Back-up Power
Approximately $54 million in cost-share \ Sysco of Houston $1.2 M Lift Truck

funding from industry participants—for a
total of about $96 million.

Source: US DOE 10/2010 9
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ARRA Fuel Cell Deployments ENERGY

DOE ARRA-funded Early Market Fuel Cell Installations | Exceeded 2010 target for Recovery Act

(actual and projected) fuel cell installations by more than
1400 -~ 90% at 230 fuel cells installed:
= 206 lift trucks (35 with FedEx, 14 with Nuvera,
98 with Sysco, and 59 with GENCO)

= 24 telecommunication backup power units
ided by ReliOn for AT&T

1200

Projected Operation Quantities ————>

1000 -~

800 Wl APu
| Backup Power

| Material Handling Equipment
600 | Stationary

In Operation Quantity

400 -

O ARRA Forklift Site
{> ARRA Backup Site

O ARRA Stationary Site
A ARRA APU

200

2009Q4 2010Q1 2010Q2 2010Q3 2010Q4 2011Q1 2011Q2 2011Q3

From National Renewable Energy Laboratory

Some site locations TED

Source: US DOE 09/2010 10




Market Transformation - Fuel Cell Deployment

U.S. Fuel Cell Deployments Using Market
Transformation and Recovery Act Funding
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New Report Just Released ENERGY | et oty

The Business Case for Fuel Cells:
Why Top Companies are

Fﬁm September 2010 Purchasing Fuel Cells Today

www.fuelcells.org

The Business Case for Fuel Cells: By FuelCells2000
Why Top Companies are Purchasing Fuel Cells Today http:”WWW.fuelce"S.org

: : 38 companies profiled in the report,
e Loy : :
LEEERE cumulatively, have ordered, installed or
deployed:
ME 8 * more than 1,000 fuel cell forklifts;
B 58 stationary fuel cell systems

totaling almost 15MW of power;

* more than 600 fuel cell units at
telecom sites.

See report:
http://Iwww.fuelcells.org/BusinessCaseforFuelCells.pdf

Source: US DOE 09/2010 12
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Systems Analysis — wTw Updates ENERGY | & Eficiency &

Renewable Enerqgy

Well-to-Wheels Greenhouse Gases Emissions Future Mid-Size Car
Grams af Ci-equivalent pee mie [Grams of CO-equiveaiaar pee k)

Analysis includes portfolio of

Sacalnz [Todys's vehkd e

. Virmedire Conventional nfcrnal transportation technologies and
_ Ml o Coimbustlan Vehicles
—— latest models and updates to well-
e e e to-wheels assumptions
- Fiug-in Hybrid

Electric Vehiches
fRovwer-apdn 18-mie =lecaric

Gasclire & Uk b Corfon S cwecbie
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CRlrae e [0 e e e e ki rarge}
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Analysis & Assumptions at:
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Source: US DOE 10/2010



Program Plan

U.5. DEPARTMENT OF

. | Energy Efficiency &
EN ERGY Renewable Energy

Describes the planned RD&D activities for hydrogen and fuel cell technologies

Hydrogen Posture Plan

Ar Integrabed Research, Develogiment
and Demanstration Blan

—e

Hydragen, Fuel Cells
& Infrastructure
Technalogies Pragram

Muhi-Yoar Research, Devalopmeant
and Demonstration Plan

[ PP BLL LR e B )

 Update to the Hydrogen
Posture Plan (2006)

 Addresses previous
reviews (e.g. GAO, HTAC,
NAS, etc.)

The Department of
Energy Hydrogen and
m Plan

DOEH2ProgramPlan@ee.doe.gov

http://www1.eere.energy.gov/hydrogenandfuelcells/

Source: US DOE 10/2010
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RD&D Timeline ENERGY | o Eircency &

The Role of Federal Research,
Development, and Demonstration

. Federal RD&D . Commercialization and Ongoing Industry Improvements
—
Backup Power Systems
Primary Power Systems stationary
{Including CHP}) Power
—
T

Specialty Vehicles
{eg., forklifts)

Auxiliary Power Units for Transpertation

Transportation
p

Fuel Cell Vehicles — Government & Fleets

Fuel Cell Vehicles — Widespread Commercialization

-

Portable Power Portable Power

Hydrogen for Early Market
Hydrogen Fuel

Ongeing R&D to provide renewable,
low-cost hydrogen for wid espread markets

Near Term > Mid Term —2 Long Term
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Example of RD&D to Deployments ENERGY

Deployments
DOE Loan Guarantees

DOE Demonstrations |

DOE Recovery Act Projects
& Technology Validation

DOE R&D |—>

Government Early Adoption

Investment Tax Credits,
Manufacturing Tax Credits,

1
1
1
|
1
1
1
1
1
: (DoD, FAA, California, etc.)
:
1
1
|
1
1

Project Example:

» Stationary fuel cells (hundreds of kW to tens of MW) for commercial
applications including combined heat and power (and/or cooling).

« Multimillion $ loan guarantee available.

What more can Government do to accelerate
commercialization?

Source: US DOE 10/2010 16



Section 1603: Payments in Lieu of Tax Credits

Gills Onions, LLC California $1,141, 560
M&L Commodities, Inc. California 0.6 $997,913
Preservation Properties, Inc. California 0.1 $300,000
Logan Energy Corporation Hawaii 0.3 $900,000
Plug Power, Inc. lllinois 0.28 $723,334
Logan Energy Corporation South Carolina 0.05 $148,988

Section 48C: Manufacturing Tax Credit

" Business | Location | Product | Amount

UTC Power Corporation Connecticut Fuel Cells $5,300,100

W.L. Gore & Associates Maryland Aeleal $604,350
Membranes

Source: US DOE & US Treasury10/2010




Executive Order 13514

U.5. DEPARTMENT OF

ENERGY

On October 5, 2009
President Obama signed
Executive Order 13514 —

Federal Leadership in
Environmental, Energy, and
Economic Performance

» Requires Agencies to:

» Set GHG reduction Targets

= Develop Strategic Sustainability Plans
and provide in concert with budget
submissions

= Conduct bottom up Scope 1, 2 and 3
baselines

= Track performance

Examples:

= Achieve 30% reduction in vehicle fleet
petroleum use by 2020

» Requires 15% of buildings meet the
Guiding Principles for High Performance and
Sustainable Buildings by 2015

= Design all new Federal buildings which
begin the planning process by 2020 to
achieve zero-net energy by 2030

Potential opportunities for fuel
cells and other clean energy
technologies....

Source: US DOE 08/2010

http://lwww1.eere.energy.gov/femp/regulations/eo13514.html

18



Total DOE FY11 Budget Request ENERGY

Total DOE Hydrogen and Fuel Cell Technologies
FY11 BUdget RequeSt M Fuel Cell Systems R&D
(in millions of USS)

M Hydrogen Fuel R&D
i Technology Validation
M Market Transformation and

Safety, Codes & Standards
M Systems Analysis

(3¥33) axay paiddy

i Manufacturing R&D
M Fossil Energy (FE)
i Nuclear Energy (NE)*

*%
Ld Basic Science (SC)**

3040 /Y10

Total FY11 Budget Request $256 Million i SECA - MW SOFC (FE)

*NE: $5M represents FY10 funding
**SC Includes BES and BER

19

Source: US DOE 09/2010



Next Steps & Activities Underway ENERGY

Continue R&D portfolio

Infrastructure Analysis

— ldentify options, business cases

— Regional coordination (e.g. CA)

Market Analysis

— Assessment of manufacturing capacity

— Impact of tax credits, grants, ARRA

Interagency Coordination

20
Source: US DOE 10/2010



( Federal Agencies f b
S DOE N Industry Partnerships
- DOC « EPA *‘NASA
. DOD . GSA ‘NSF F l C ll & Stakeholder Assn’s.
- DOEd - DOI ‘USDA ue S * FreedomCAR and Fuel Partnership
- DOT « DHS USPS TeCh no Iog] es * Fuel Cell and Hydrogen Energy
- PR - * Association (FCHEA)
- Interagency coordination through staff- ﬁ . .
level Interagency Working Group (meets P rogram Hydroge-n ”t""}’ e .
monthly) » ~ 65 projects with 50 companies
— Assistant Secretary-level Interagency - Applied RD&D - /
\_ Task Force mandated by EPACT 2006. j /
( Universiti \ " Horts to Overcome State & Regional
on-i1ecnnical barriers .
niversities Partnerships
L ~ 50 projects with 40 universities ) - In_ternal C?”aborat'on + California Fuel Cell Partnership
. with Fossil Energy, + California Stationary Fuel Cell
International Nuclear Energy and Collaborative
+ IEA Implementing agreements — Basic Energy Sciences * SC H, & Fuel Cell Alliance
25 countries * Upper Midwest Hydrogen Initiative
* International Partnersh!p for * Ohio Fuel Coalition
Ezg;%?ﬁ;‘_& Aelleds e » Connecticut Center for Advanced
L 17 countries & EC, 30 projects | \_ Technology .
4 . . )
National Laboratories
National Renewable Energy Laboratory Sandia P&D, S, SC&S Lawrence Livermore P&D, S, SC&S
P&D, S, FC, A, SC&S, TV, MN Pacific Northwest P&D, S, FC, SC&S, A Savannah River S, P&D
Argonne A, FC, P&D, SC&S Oak Ridge P&D, S, FC, A, SC&S Brookhaven S, FC
Los Alamos S, FC, SC&S Lawrence Berkeley FC, A Idaho National Lab P&D
Other Federal Labs: Jet Propulsion Lab, 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 )

* Office of Energy Efficiency and Renewable Energy  source: Us DOE 10/2010 2



Key Progrdm Documen‘l's EﬁEﬁEFY Energy Efficiency &

Rehewable Energy

Fuel Cell Program Plan

Outlines a plan for fuel cell activities in the Department of Ener
Hydrogen Posture Plan plan for f p f 9y

an Integrated Researck, Develapment

n Intosraon Sosearct, e Replacement for current Hydrogen Posture Plan
e To be released in 2010

s e e a—
—pdr=span Pz ggonr
R T

_ y Annual Merit Review & Peer Evaluation Proceedings
SN Includes downloadable versions of all presentations at the Annual Merit Review
- - o Latest edition released June 2010
www.hydrogen.energy.gov/annual_reviewl0_proceedings.html
) ENERGY Annual Merit Review & Peer Evaluation Report

Summarizes the comments of the Peer Review Panel at the Annual Merit
Review and Peer Evaluation Meeting

e To be released 2010

www.hydrogen.energy.gov/annual_review09_report.html

~ Annual Progress Report

gt o

e g ‘;;-_ Summarizes activities and accomplishments within the Program over
SN0 R the preceding year, with reports on individual projects
LA Hydrogen & 16 pe released 2010

== Program B8
g AT www.hydrogen.energy.gov/annual_progress.html

e ; o Next Annual Review: May 9 — 13, 2011
SO o 253 Washington, D.C.

T e & N

e o http://annualmeritreview.energy.gov/
m D

Source: US DOE 10/2010 22
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3 Effici &
ENERGY | renewaie eneray

Thank you

Sunita.Satyapal@ee.doe.gov

hydrogenandfuelcells.energy.gov

23



Additional Information
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EERE H, & Fuel Cells Budgets

Key Activity

Funding ($ in thousands)

FY 2009° | EY 2010 FY 2011 FY 2011
Request House

FY 2008

U.5. DEPARTMENT OF

ENERGY

2011
Senate

Fuel Cell Systems R&D' - - 67,000 67,000 67,000

Fuel Cell Stack Component R&D 42,344 61,133 62,700 - -

Transportation Systems R&D 7,718 6,435 3,201 - -

Distributed Energy Systems R&D 7,461 9,750 11,410 - -

Fuel Processor R&D 2,896 2,750 171 - -

Hydrogen Fuel R&D? - - - 40,000 40,000 47,000

Hydrogen Production & Delivery 38,607 10,000 15,000 - -

R&D

Hydrogen Storage R&D 42,371 57,823 32,000 - -

Technology Validation 29,612 14,789* 13,097 11,000 11,000 20,000

Market Transformation 0 4,747 15,026 0 0 20,000

Safety, Codes & Standards 15,442 12,238* 8,839 9,000 9,000 9,000

Education 3,865 4,200* 2,000 0 0 1,000

Systems Analysis 11,099 7,520 5,556 5,000 5,000 5,000

Manufacturing R&D 4,826 4,480 5,000 5,000 5,000 5,000
Total $206,241 | $195,865 $174,0005 $137,000 | $137,000 | $174,000

1 Fuel Cell Systems R&D includes Fuel Cell Stack Component R&D, Transportation Systems R&D, Distributed Energy Systems R&D, and Fuel Processor R&D
2 Hydrogen Fuel R&D includes Hydrogen Production & Delivery R&D and Hydrogen Storage R&D

3 FY 2009 Recovery Act funding of $42.967M not shown in table
“Under Vehicle Technologies Budget in FY 2009

5 Includes SBIR/STTR funds to be transferred to the Science Appropriation; all prior years shown exclude this funding

Source: US DOE 10/2010

Energy Efficiency &

Renewable Enerqgy

25
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Request for Information (RFI) ENERGY | Ero Eficlency &

Renewable Enerqgy

Market Transformation
RFI: Fuel Cell Commercialization Topics

Need ideas for “turn key” approaches to finance, procure,
install and operate fuel cells for stationary power on Federal
facilities and utility scale hydrogen energy storage from
renewables.

Need information and recommendations for installing and
operating fuel cell powered airport Ground Support
Equipment.

Need stakeholder responses by mid December 2010

Source: US DOE 10/2010 26



