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Program Mission ENERGY | o) ~hoiency &

Renewable Energy

The mission of the Hydrogen and Fuel Cells Program is to
enable the widespread commercialization of a portfolio of
hydrogen and fuel cell technologies through basic and applied
research, technology development and demonstration, and
diverse efforts to overcome institutional and market challenges.

Key Goals : Develop hydrogen and fuel cell technologies for:

1. Early markets such as stationary power (prime and back up),
lift trucks, and portable power

2. Mid-term markets such as residential combined-heat-and-
power systems, auxiliary power units, fleets and buses

3. Long-term markets including mainstream transportation
applications with a focus on light duty vehicles, in the 2015 to
2020 timeframe.

Source: US DOE 10/2010- draft Program Plan
Includes basic science through the Office of Science and applied RD&D through EERE, FE, NE
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U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Fuel Cells: Addressing Energy Challenges

Clean, Efficient
Energy Conversion

Diverse Energy

Sources & Fuels Diverse Applications

Source; US DOE 10/2010
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U.S. DEPARTMENT OF Energy Eﬁiciency &

Fuel Cells - Where are we today? ENERGY | ronouablo Enomy

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

Fuel Cells for

Transportation
The largest markets for fuel cells today are in In the U.S., there are currently:
stationary power, portable power, auxiliary
power units, and forklifts.

> 200 fuel cell vehicles
~ 20 active fuel cell buses

~75,000fuel cells have been shipped worldwide.

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

~ 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.

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

Production & Delivery of
Hydrogen

In the U.S., there are currently:

~9 million metric tons
of H, produced annually

> 1200 miles of
H, pipelines

Source: US DOE 09/2010
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Global competition Is increasing

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &

Renewable Energy

Global MWs Shipped. by US Companies and Non-US Companies
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Preliminary market analysis

International Landscape favors H, & Fuel Cells

« Germany (>$1.2B; 1,000 H, stations)

« European Commission (>$1.2B, 2008-2013)
 Japan (2M vehicles, 1,000 H, stations by 2025)

» Korea (plans to produce 20% of world shipments &

create 560,000 jobs in Korea)

» China (thousands of small units; 70 FCVs, buses,

100 shuttles at World Expo, Olympics)

» Subsidies for jobs, manufacturing, deployments

(e.g. South Africa)

Significant increase in MW shipped by
non-US companies in just 1 year

>40% market growth in just one year
Example: Seoul’s
Renewable energy generation plan includes ~
48% fuel cells

Anticipated Renewable Energy Generation in Seoul,
Korea by 2030

ment of Seoul

ource: Municipal Govern

Example: Denmark
Backup Power Deployments

50,000 potential sites
>500 deployments
worldwide

Hasssholm © V5 g
0wt

Bk
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The Role of Fuel Cells in Transportation

Duty Cycle

300

250 |

System Mass (kg)

50 1

Internal Combustion Engine and Hybrid Electric Vehicles
(ICEs and HEVs), using petroleum and biofuels
Fuel Cell Vehicles
(FCVs)

Stop-and-go f Short-Range Continuous / Long-Range

200 |

150 +

100 |

Driving Cycle/Range Adapted from GM
H, Capacity (kg)
H2-Fuel Cell Systems vs Batteries At DOE/USABC5 Targets
o 1 2 3 4 G
’ P ’ '
e .
/ N
s e
// e — — = USABC Minil 1 for Commercializati
; 2 —-— USABC Long-term Target
/_/,- —+— 2015H2 w/ FC
e —&— Ultimate H2w/ FC
o] 50 ‘N‘:)O 1 :50 260 2%0 360 350 400

Range (miles @ 3 miles (kWh)")
FC targets: http://www1.eere.energy.gov/hydrogenandfuelcells/mypp/pdfs/fuel_cells.pdf ; H, Storage targets:
http://www1.eere.energy.gov/hydrogenandfuelcells/storage/pdfs/targets_onboard hydro_storage.pdf;
Battery targets: http:/www.uscar.org/commands/files_download.php?files id=27

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &

Renewable Energy

« A variety of technologies -
including fuel cell vehicles,
extended-range electric
vehicles (or “plug-in
hybrids”), and all-battery
powered vehicles — are under
development to meet our
diverse transportation needs.

« The most appropriate
technology depends on the
drive cycle and duty cycle of
the application.

At extended driving
ranges, benefits of

fuel cell vehicles
become more
pronounced.
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Systems Analysis — wTw Updates ENERGY | Ereroy Efficiency &

Renewable Energy

Well-to-Wheels Greenhouse Gases Emissions Future Mid-Size Car
(Grams of CO,-equivalent per mile) . .
Analysisincludes portiolicrof
Gasallne {Today's vehicle) [IEERI . .
e I el LrANSpOTrtationtechnologiesand
__NeturalGas BRI = Combustion Vehicies
casone latestimodels;andupdates towell:
Natural Gas Hybrid Efe ]
Dlesl [T = e ectme to-Wheelsiassumptions
Com kthanol {Eda) =) -
_____ Cellulosic Ethancl (Eas) _ IECINES
Gasoline & U.s. Grid Mix  [EERIE Plug-in Hybrid
Gasoline 8 Ultra-low Carban Renewable [FES -- Electric Vehicles
Cellulosic Ethanal (E85) & U.S. Grid Mix il -— (power-split, 10-mife efectric
Cellulesic Ethanal (EBS) & Ultradow Carban Renewable [y ls
Gasoline 8 5. Grid Mix - 7 Well-to-Wheels Petroleum Energy Use for Future Mid-Size Car
Gasoline 8 Ultra-low Carhan Renewable [FEE00 .
Cellulosic Ethanal (E85) & U.S. Grid Mix |00 (BTUS per mlle)
Cellulosic Ethanal (EBS) & Uttra-low Carban Renewable |50
___________________ U.S. Grid Mix [JEE) —— Gasaline {Taday's Vehicle) [ —
Ultra-low Carhan Renewable | 0 Gasaline Conventional Internal
" H2- Digtributed Netural Gas [FLEIT _ MeturalGas | 27 Combustion Vehicles
H2 - Coal Gesificatian w/ Soquastratian [EE Gasaline
H2 - Biomass Gesfficatian |55 NaturalGas | 18 _
HZ - Nuclear High-T Electralysis ar Ultra-dow Carban Renewable [0 Diesel LD Lk Hyb}.?d Flectric
s ' ' Corn Ethanol (4s) IECOIE Vehicles
¢ 100 0 Cellulosic Ethanl £a5) NEETEE
Gasaline & U.S. Grid Mix  [JEEE) r Plug-in Hybrid
(Grams of Gasollne & Ultra-law Carhon Renewable  [JEGED) - Electric Vehicies
Cellulgsic Ethanol (E85) & U.S. Grid Mix [ (power-split, T0-mile elfectric
Cellulasic Ethanal {E85) & Ultra-law Carbon Renewable [IE5G range)
Gasallne & U.5. Grid Mix [T Plug-in Hybrid

Gasollne & Ultra-low Carbon Renewable [TEE00000

Analysis & Assumptions at: g —— Efectric Vehicies

{series, 40-mife electric range)
Cellulosic Ethanal {E85) & Uttra-law Carbon Renewable |50

http://hydrogen.energy.gov/pdfs/1 | —— " us Grami | e: Battery Electrfc

Ultra-law Carbon Renewable | 0 Vehicles fioo-mie range)
0001 well to_wheels _gge_ petrol b2 Distlbtted NaturalGas | -
H2 - Coal Gasificatlan w/ Sequestration | 31 Fuel Cell Electric
eu m_U Se. pdf H2 - Biomass Gasification [1100 Vehicles

Notes: HZ - Nuclear High-T Electrolysis or Ultra-law Carbon Renewable | 16
For a projected state of technologies in 2035-2045. 4] 1000 2000 3000 4000 5000 6000
Ultra-low carbon renewable electricity includes wind, solar, etc.
Does not include the life-cycle effects of vehicle manufacturing and (BTUs per mile)

infrastructure construction/decommissioning.
Global warming potential of primary fuels excluded.
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U.S. DEPARTMENT OF Energy Efﬁciency &

Lifecycle Costs: Light Duty Vehicles ENERGY | Renowable Energy

Preliminary Analysis Advanced Light Duty Vehicle

2015 o Technologies (Mid-Size)

» Lifetime cost of diesel

— 90
ownership is roughly §
equivalenttoan SIICE £
S 45 a
» HEVs and PHEV10s & \ 2009 Ref S|
are competitive. c
. Energy storage costs £ 40
are still high for S &
PHEV40s and EVs O3 HEV
L 35 - -
2030 o
>
- Hybrid, electrified, and g \
fuel cell vehicles are = 30 —
competitive 3 PHEV10
» Diesels cost is still E
roughly equivalent to 5] 25 ' T T '
an SI ICE = 2010 2015 2020 2025 2030
* No state, local or utility incentives are included. Federal subsidy policies (e.g., Recovery Act 09 Source: Presentation to ERAC
credits for PHEVS) are also excluded. Fuel prices follow AEOQ9 high oil projections (gases rises November 30, 2010’

from $3.07 in 2010 to $5.47 in 2030; diesel increases from $3.02 in 2010 to $5.57 in 2030); fuel
taxes are included in EIA estimates. The vehicle cost range represents a range of potential carbon
prices, from $0 to $56 (the centerline is plotted at a carbon price of $20). Technology costs are
estimated based on a 50% (“average”) likelihood of achieving program goals.
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Key Challenges ENERGY | Enery Effciency &

Renewable Energy

Ihe Program:has;beenaddressing the key.challenges:facing the widespread
commercialization ofifuel/cells:

Fuel Cell Cost & Durability
Targets*:
Stationary Systems: $750 per kW,
g X 40,000-hr durability Techno|ogy
o0 Vehicles: $30 per kW, 5,000-hr durability Validation:
O O Market
cC 'c Technologies must ;
6 % Hydrogen Cost be demonstated Transformation
* — i d |-world —
Iq_) 0 Target*: $2 — 3 /gge, (dispensed and untaxed) ggngirti:)ena&wor Assisting the
Hydrogen Storage Capacity growth of early
Target: > 300-mile range for vehicles—without markets will help to
compromising interior space or performance overcome many
barriers, including
achieving
_ Safety, Codes & Standards Development significant cost
OS g 0 reductions through
= -S o Domestic Manufacturing & Supplier Base economies of scale.
R
cCEg ,
s Public Awareness & Acceptance
i S
Hydrogen Supply & Delivery Infrastructure

* Targets and Metrics are being updated in 2010 .
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U.S. DEPARTMENT OF Energy Eﬁ’iciency &

EN ERGY Renewable Energy

Progress
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DOE Fuel Cell R&D — Progress: Cost

U.S. DEPARTMENT OF Energy Eﬁ’iciency &

EN ERGY Renewable Energy

Projected high-volume
cost of fuel cells has been
reduced to $51/kw (2010)*

* More than 30%
reduction since 2008

 More than 80%
reduction since 2002

« 2008 cost projection
was validated by
iIndependent panel**

As stack costs are reduced,
balance-of-plant components are
responsible for a larger % of
costs.

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

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

Projected Transportation Fuel Cell System Cost
- projected to high volume (500,000 units per year) -
$300
$275/kW
* Current status: $51/kW
vs 2015 goal of $30/kW
$200
ICE
Cost
$100 - 3108fk/\!1 @ s.smw l
e s7anw ® o S51/KW
se1kw
' - - *
2010 2015
Balance of Plant ($/kW,
- includes assembly & testing)

B stack ($/kw)

Projected Costs at Different Manufacturing Rates

5300

$281 - 2010
— $250
z B 2007
“&“‘ $200
3
£ $150
-]
wy
& $100 $94
$51
$50 2
0 125000 250000 375000 500000

Annual Production Rate (systems/year)

eere.energy.gov
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Fuel Cell R&D — Progress ENERGY | rencwabis encrey

The Rrogramhas:reduced/RGMcontent; Increased powersdensity, andssimplified
palance ofiplant; resulting/in a'decrease in'system cost:

From 2008 to 2010, key cost reductions were made by:
* Reducing platinum group metal content from 0.35 to 0.18 g/kW
* Increasing power density from 715 to 833 mW/cm?
« Simplifying balance of plant
- These advances contributed to a $22/kW cost reduction.

Key improvements enabled
by using novel organic
crystalline whisker catalyst
supports and Pt-alloy
whiskerettes.

There are ~ 5 billion
whiskers/cm?.

Whiskers are ~ 25 X 50 X
1000 nm.

Whiskerettes:
6 nm x 20 nm

Source: 3M

Qs 236@:
Source: US DOE 08/2010 ' &%
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U.S. DEPARTMENT OF Energy Eﬁ’iciency &

Hydrogen Threshold Cost Analysis ENERGY | Rononalo Enorgy

Highvoelumeprojected costsHornydrogen production technologies icontinue toidecrease.: Lowaolume/early market
costs are still nigh=Hydrogen Costirange reassessed = includesigasoline costvolatility:and range ofvenicle
assumptions:

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

updated to
$10 A address
NEARTERM: gasoline cost
Distributed Production S8 Iatili
A Natural Gas Reforming o) volati Ity and
A Ethanol Reforming L 6 ‘\‘ range of
. © ;
A Electrolysis § vehicle
Low-volume (200 kg/day) — 54 assumptions
A Steam Methane Reforming &, H, Threshold Cos
A HZ from Combined Heat, %D 52 Future pathways based on 798
Hydrogen, and Power Fuel Cell 5 AEO Reference Case for 2020
E $0
'S 2005 2010 2015 2020
g s10
LONGER TERM: g
Centralized Production S %8 Notes:
@ Biomass Gasification é;) Data points are being updated to
@ Central Wind Electrolysis c S6 P the 2009 AEQ reference case.
® Coal Gasification with ke, e The 2010 Technology Validation
Sequestration % $4 results show a cost range of $8-
® Nucl R $10/gge for a 1,500 kg/day
uclear v 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
AEO Reference Case for 2020 station.
1]
Source: US DOE 09/2010 2005 2010 2015 2020
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R&D Progress - Examples ENERGY | Sroroy Effciency &

Renewable Energy

Production: Reduced Electrolyzer Stack Cost by over 80% since 20012

) Example: Truncated Chl Antenna Size
2500 -

s
= 2000 - H2
< .
8 1500 1~ Bright
I Sunlight
‘é 1000 - ; > \
ot S 1 ] -
S 500 - \ / 7N >
0 - .
2001 2004 2007 2010 El‘é‘at:dmrpam
Source: Giner Electrochemical Systems, LLC
2 Total cost of delivery hydrogen ($/kg) in H2A Model Rev. 2.0 is $5.20 UC Berkeley

(Cost of delivery in Rev. 1.0.11 is $0.69; Rev 2.0, $1.92

U Improved photosynthetic solar —to-chemical energy conversion from 3 to
25% for photobiological hydrogen production by truncating the chlorophyll
antenna size (Berkeley)

Q Demonstrated bandgap tailoring in photoactive MoS, nanoparticles.
Increased bandgap from 1.2eV to 1.8 eV for more optimal
photoelectrochemical (PEC) water splitting (by quantum effects).
(Stanford U.)

Source: US DOE 12/2010
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Hydrogen Delivery R&D ENERGY | 5rere Efficiency &

Renewable Energy

he RProgramis:developingitechnologies to delivershydrogen from centralized
productionifacilities; efficiently and atilow:cost:

Projected Cost of Delivering Hydrogen

g | Tube-Trailers
(compressed gas)
4
ﬁ% 3 Cost reductions enabled by:
Pipelines » Mew materials for tube trailers
= 3 (compressed gas) » Advanced liguefaction processes
v * Replacing steel with fiber reinforced
polvmerfor pipelines
1
2005%, 20% market penetration for
0 Sacramento at 1000 kg/ day stations

2005 200 3015 2020

We’'ve reduced the cost of hydrogen delivery* —
~30% reduction in tube trailer costs
>20% reduction in pipeline costs

~15% reduction liquid hydrogen delivery costs
*Projected cost, based on analysis of state-of-the-art technology

16 | Fuel Cell Technologies Program Source: US DOE 09/2010 eere.energy.gov



H 5 Sto rag e R&D Eﬁ"‘“E““"REEFY Energy Efficiency &

Renewable Energy

Significant progress has been made but meeting all weight, volume, performance
and cost requirements is still challenging.

Projected Capacities for Complete
Compressed gas storage offers a 5.6-kg H, Storage Systems
near'term Opthﬂ fOI’ |n|t|a| Veh|C|e Projected Ranges of System Gravimetric Storage Capacity

CO m m erCi al ization a n d ea rly ma rketS . For Chemical, Metal Hydride, Sorbent and Physical Storage Technologies

(2]

 Validated driving range of up to ~ 430 mi
» Cost of composite tanks is challenging

» carbon fiber layer estimated to be >75%
of cost

« Advanced materials R&D under way for the long
term

()

Gravimetric Capacity %)
w o w
]
(| 3
=]
-
o
L.
1
4] !
1
1
1
1
1
1
1
1
| |
' 1
| 1
I
' i
1
| 1
| 1
1
H i
' 1
' 1
L 1

-

(=]

2005 2006 2007 2008 2009 2010

Year
Based on analysis using the best available data and information for each technology analyzed in the giv

N year.
Prolected Ranges of System Volumetric Storage Capaclty

350-bar Base Case Factory Cost! =$2,500

$13/kWh based on 5.6 kg usable H, (6 kg stored H,)

p— o For Chemical, Metal Hydride, Sorbent and Physical Storage Technologies
Inspection, $36
Hydrogen, §18 Regulator,
Balance of 5160 2 %
Tank, $100 Valves, $82 = 2015 Target
Other BOP, SO T N
$130 %‘-
§3° | 2010 Target _———.——- ----I--" -
(]
<
@
£ | =m
2
[=]
= 10
Carben Fiber TIAX 0
Layer, $1.970 12/2009 2005 2006 2007 2008 2009 2010

Year

1 . . .
Cost estimate in 2005 USD. |nCIUdeS processing costs. Based on analysis using the best available data and information for each technology analyzed in the given year,
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U.S. DEPARTMENT OF Energy Eﬁ’iciency &

M an UfaCtu rl n g R&D ENERGY Renewable Energy

* Fuel Cell MEA Measurement R&D (NREL)

 Developed IR-based test stand to detect defects such as pinholes, shorts, and electrode

thickness in variations

« High Speed, low cost fabrication of gas diffusion electrodes for MEAs (BASF)

* Developed an innovative on-line XRF

* Developed a predictive model for electrode variation and defect impacts on MEA performance
« Developed process model for controlling GDL coating conditions (Ballard)

« Significant improvement in quality yields and GDL cost reduction estimated at 53% to-date in 2

years
Near-term Goal for Early Markets
GDL Actual Costs Lower fuel cell stack manufacturing cost by
400 1 — $1000/kW (from $3,000/kW to $2,000/kW,
e 0 Miing Labor for low-volume manufacturing)
$30.0 - B GOL (;oatmg Labor
% 8250 1 S21/kW total lmatenl
g $200 | — Project Emphasis
3 s100 1 o susved |, Electrode Deposition (BASF, PNNL)
5100 s « High Pressure Storage (Quantum Technologies)
$5.0 - =3 savings « MEA Manufacturing (Gore, LBNL, RPI)
5 » Gas Diffusion Layer (GDL) Fabrication (Ballard)
ACTOALS) ACTUALS) PROECTED) (PRng‘gTED) « Effective Testing of Fuel Cell Stacks (PNNL, UltraCell)
source: allarg | ¢ Effective Measurement of Fuel Cell Stacks (NREL, NIST)

18 | Fuel Cell Technologies Program Source: US DOE 12/2010 eere.energy.gov



Safety, Codes & Standards R&D

Separation Distances

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Materials and Components Compatibility

Provided technical data and incorporated risk-
informed approach that enabled NFPA2 to update
bulk gas storage separation distances in the 2010
edition of NFPAS5 absorp

Barrier walls reduce
separation distances —
simulated position of
allowable heat flux iso-surface
for 3-minute employee
exposure (2009 IFC).

» Performed testing of forklift tank
materials to enable design qualification

» Added two additional Nickel alloy
chapters to the Technical Reference

Fuel Quality Specification Safety Sensor Development

* Draft International Standard (DIS) was
submitted to ISO TC197 Nov 2010

 Technical Specification (TS) published and
harmonized with SAE J2719, Committee
Draft (CD) prepared

* Developing standardized sampling and
analytical methodologies with ASTM

+ Completed extensive life testing - 4,000 hrs and
10,000 thermal cycles - of a robust, ceramic,
electrochemical Hydrogen safety sensor with
exceptional baseline stability and resistance to H2
signal degradation

Technical Performance Requirements

Sensitivity: 1 vol% H, in air Temperature: -40°C to 60°C

Accuracy: 0.04-4%
+1% of full scale

Durability: 5 yrs without
calibration

Response time: <1 min at 1% Low cross-sensitivity to
And <1 sec at 4% humidity, H,S, CH,, CO, and
Recovery <1 min VOCs

eere.energy.gov
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Technology Validation ENERGY | 5o Efficiony &

Renewable Energy

Demonstrations:areessentialforsvalidating the'performance ofitechnolegies in
Integrated /systems; underrealsworid:.conditions:

RECENT PROGRESS
Vehicles & Infrastructure

* 152 fuel cell vehicles and 24 hydrogen fueling stations
*  Over 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 (independently also
validated 430 mile range)
Buses

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

* H, fuel cell buses have a 41% to 132% 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 deployments
for an industry-wide report

20 | Fuel Cell Technologies Program Source: US DOE 09/2010 eere.energy.gov



Technology Validation

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Demonstrations.are essentialforavalidating the'periormance of technologies in
Integrated systems; undergealsworld conditions.

HSDC - Fuel Cell Systems

« Expected
® Operating
® Retired

Number of Systems

MHE,
251,177

MHE

y 23

FCEV

[—
FCB

!

NREL cdp_comb_01
Created: 11/05/2010 2:45 PM

!
NRE_cdp comb (02
Credled: 11152010945 AM

Hours

BU, 88 44,686

FCB,
455,926

MHE,
19.831__—

Hydrogen Amount

BU, 12

Hydrogen Fills

FCB,
3,179

36,468

eere.energy.gov
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Summary for

Early Gen FCBs

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

AC Transit SunLine CTTRANSIT 10 -
- 9 = :)__(j
Technolo UTC Power/Van [UTC Power/Van |UTC Power/Van E @ ~
gy = Hool/ISE Hool/ISE s ° o O
w7 —
m N m
] Complete, Buses . . 5 & . N = B . =% —a
Project Status Retired In operation In operation = i ra— ¢
Totals e hd >
Data Period 4/06 - 7/10 1/06 - 9/10 4/07 - 9/10 s a6 —b A 2 ! ‘ ! $ ) —b6—
= A \ ) i ‘ - . X
Number of buses 3 1 1 8 g3 S = 4]
Number months 52 57 43 = _::(:TI_PH:IIIG _'_:c;_'_:c'::CB
1 - unLine @ unLine
Total Miles 253,166 110,118 46,468 449,960 o @ CTTDiesel + CTTFCB
Total Hours 25,244 8,411 7,235 44,109 & R A S N S S
?“)Q gﬂ& & S & F ¢ ¢ eﬁ‘ ~ W
Hydrogen used (kg) 41,317 15,365 9,585 79,171
Avg Speed (mph) 10 13 6.4
Fuel Economy Mi/kg 6.12 717 4.85 ‘/ Fuel economy ConSIStentIy
Fuel Economy o
Mi/DGE 6.92 8.10 548 better than baseline buses.
Baseline technology diesel CNG diesel v ~450,000 miles trave”ed
Fuel Economy - o o 1
fifference | 65% 132% 41% :>l since 2005
{ |
Y *Missing data from VTA buses from ‘05-'06

Note: Blue shaded columns indicate
completed projects — data are final

Same FCB Technology at these three locations

National Renewable Energy Laboratory

Innovation for Our Energy Future

22 | Fuel Cell Technologies Program Source: US DOE 12/2010 eere.energy.gov




U.S. DEPARTMENT OF Energy Eﬁ’iciency &

Fuel Ce” BUS Example ENERGY Renewable Energy

Potential deployment strategies envisioned for Fuel Cell Buses deployment
scenario analysis identified in California’s Action Plan.

160 ] 2000
_ | 1800 Assumptions
140 ]
] L 1600 * Fuel cell bus fuel
120 = : a
0 ] - 1400 D economy: 8 mpgge
()]
m ] - -
3 100 - 1200 2 o ~2x diesel bus fuel
®
S g0 | 1000 £ economy @
g _ 2 Fuel cell fuel
2 o -800 ¢ uel cell fuel storage
z 600 O capacity is ~30 kg. 2
40 S _
:.-d/ - 400 « Annual miles traveled:
20 - 200 35,000
0 0 * Fuel demand based on
2011 2012 2013 2014 2015 2016 2017 2018 f | ” b ”
=& -Buses == H2 Demand Uel ce us rollout
Phase | Phase Il Phase Il rates.

2010-2011 2012-2014 2015-2017
a DOE Joint Fuel Cell Bus Workshop
Number of Fuel Cell Summary Report
Buses 17 20-60 60-150

http://www.cafcp.org/sites/files/FINALProgressReport.pdf
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http://www1.eere.energy.gov/hydrogenandfuelcells/wkshp_fcbus10.html
http://www1.eere.energy.gov/hydrogenandfuelcells/wkshp_fcbus10.html
http://www.cafcp.org/sites/files/FINALProgressReport.pdf

Combined Heat, Hydrogen & Power
(CHHP)

Energy Efficiency &

ENERGY Renewable Energy

The cost of hydrogen production from CHHP can be comparable to distributed
SMR at low volumes.

Combined Heat, Hydrogen, and Power (CHHP)

Generation &
Transmission Losses

fl B Baseline
[ naTuRaLGas ] "0“' EESE [an System
[“PowER S
w BB R | o
CITE=y System

* CHHP is an innovative approach that can :

» Help establish an initial infrastructure for
fueling vehicles, with minimal
Investment risk

» Produce clean power and fuel for
multiple applications

* The Program is demonstrating a CHHP
system using biogas.

24 | Fuel Cell Technologies Program Source: US DOE 12/2010

Delivered Hydropen Costirom Distribeted SMIR and MOFC Systesnc

IR0 1 © TotalSNR ontx
auw | TowIMCFC costswalncentives

- \ Tota | MCFC cotx wit hincentives:

Hydrogen Profited Cout (54}
-
—
/?0

/ Actnal ydmeen Production Ke/fitay)

In cases where there is a low demand for hydrogen in
early years of FCV deployment, CHHP may have cost
advantages over on-site SMR production.

Model Calculation of Energy Cost

— Calculated cost of energy (electricity, heat, and
hydrogen)

— Electricity assumed to have the same value as
purchased electricity

— Heat valued at 1/2 value of electricity

— Hydrogen value calculated by difference

eere.energy.gov



Biogas Resource Example: Methane us. oeonsrewt or | Energy Efficiency &
from Waste Water Treatment

ENERGY Renewable Energy

Biogas iromwastewateridreatment:plantsisideallylocated nearurban centers:io
supply-hydrogenforfuel cell vehicles:

« 500,000 MT per year of
methane available from
waste water treatment
plants in U.S.

« Maijority of resource
located near urban
centers.

* If ~50% of the bio-

methane was available,

~340,000

kg/day of renewable

hydrogen could be

produced from steam
methane reforming.

Renewable hydrogen is

enough to fuel

~340,000
fuel cell vehicles per
day.

Methane Emissions from Domestic Wastewater Treatment

Source: NREL report A Geographic Perspective on Current Biomass Resource Availability in the United States, 2005

25 | Fuel Cell Technologies Program Source: US DOE 2010 eere.energy.gov



U.S. DEPARTMENT OF

ENERGY

GIS Map of California

Energy Efficiency &
Renewable Energy

Potential Sources of Biogas

|
of TN f (b)  stranded vs. Utilized Biomethane »  Select categories of biogas resources: Landfills,
: Lo T sewage treatment plants, and dairy farms.
4 3 ; 2 g0 . . . . .
. | ] o »  California landfills offer greater biogas potential at
L z 50,000
- § ! OUtlzed ~1.6 million tons/yr of bio-methane.
, i ; { 2 40,000 — OStrandsd § . i .
£ ) R »  ~50% of the landfill biomethane is utilized currently.
S 3 [ o ’ | . . .
T g = . F . = »  Sewage treatment plants in California produce ~0.1
N A Dairy  Landiils _Sewage million tons/yr of bio-methane.
5 Plants B . .
)" ~_Source: NREL - »  Pipelines are reasonably accessible to most of
bt | : biogas sources.
] ' >  Exact locations of the number of potential
R{C - applications for CHHP are being identified.
NG * Increased demand for DG: Annual distributed power
B i installed has increased from ~9.5 MW to ~70 MW
O ey between 2004 and 2009. @
£ 50) Y. v .
S 5 sy * Focuses on 2 urban areas (LA, San Fran.) with
T ok ® S extremely high grid congestion.
nalysis boundary consists o - ¥ & . .
Saero, Secramorin. and Sun Josiun Courkies. - S * Focus on the other top urban areas with highest
Board. Landfills previded l?y EPA LMQP ‘ e . . .
¢ Sove rvetment arks rovdd by Caorke S *e S0 population density and most likely for early deployment
by HSIP (Homelanq Semrﬂylr!lraatnmure Program). r - Qo C
Tpomohis e puvied s E£R lo==2N =/ of early market fuel cell buses.
Biomethane Gas |
Landfills Sewage Treatment Plants Dairy Farms Natura] Gas VPipeIines
i (Average CHe et Year) (Averags GHé et vean (Brametar-inenes) a Energy Information Administration, Electric Power Annual 2007, Table 2.7.C:
. > 1,500 @ -200 ® >4 —20-142 “Total Capacity of Dispersed and Distributed Generators by Technology Type,
. 1,000 - 1,500 ® 100-200 ® 30-40 —18-26 http://www.eia.doe.gov/cneaf/electricity/epa/epaxlfile2_7_c.pdf AND Fuel Cell
500 - 1,000 ® 50-100 ® 20-30 —— 10-18 Today, 2009.
: 0050 10-50 e 10-20 g b DOE, Office of Electricity, National Electric Transmission Congestion Study,
<10 <10 N gte August 2006, http://nietc.anl.gov/documents/docs/Congestion_Study 2006-9MB.pdf
. st S A« _pNREL ¢ Hydrogen Fuel Cell Vehicle and Station Deployment Plan: A Strategy for Meeting
Mics <Inis map i or intomal (NREL/ DOE) use oniy_Ploase do NOT reditritute " 20 the Challenge Ahead, April 2010, California Fuel Cell Partnership

26 | Fuel Cell Technologies Program Source: US DOE 2010
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Market Transformation activities seek to U S DEPARTMENT OF

Energy Efficiency &
overcome barriers to commercialization ENERGY | renewable Energy

BARRIERS ADDRESSING BARRIERS—Example:

Market/Industry Lack of domestic supply base and L
high volume manufacturing. A government acquisition program could have

Estimated backlog > 100 MW a significant impact on fuel cell stack costs

Low-volume capital cost is $4000 Baseline Cost

>2-3x of targets

i

\l{ast wiGoy't
Acqguisition

Policies — e.g., many early
adopters not eligible for $3,000/kW
tax credit

Delivery Significant investment needed—
0 i-iliei - ~$55B gov't funding required over
15 years for ~5.5M vehicles ($~10B
for stations)*

Government Acquisitions
REARERE

| ¢ |
H,-specific codes needed; only I I I PI I I

60% of component standards Economies of Scale
specified in NFPA codes and Achieved
standards are complete

Cost

Low-Yolume

Fuel Cell Stack Cost (5/kVy)

®06)s[=13 =128 Complicated permitting process.
Standards 44,000 jurisdictions

Need for domestic and international 2015

consistency . .
Government — Material Handling

: . . Recovery Act o Equipment
=ollleziiie1a In spite of >7,000 teachers trained funding will deploy Acquisitions

and online tools averaging 300-500 up to 1000 fuel (unitsfyear) mm %a%kE&nPower

visits/month, negative public cells, in the private 1=

perception and safety concerns sector, by 2012.

remain. Source: David Greene, ORNL; K.G. Duleep, Energy

) . . ) and Environmental Analysis, Inc., Bootstrapping a

*2008 National Academies Study, Transitions to Alternative Sustainable North American PEM Fuel Cell Industry:
Transportation Technologies—A Focus on Hydrogen Could a Federal Acquisition Program Make a

Difference?, 2008.
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Recovery Act Funding for Fuel Cells  gENERGY |5 Efficiency &

Renewable Energy

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
- 4 . .
by a_” of the fuel cell sup_phers Delphi Automotive $2.4 M Auxiliary Power
involved in these projects. )
Auxiliary FedEx Freight East $1.3 M Lift Truck
Residential Power
and Small GENCO $6.1 M Lift Truck
Commercial\
CHP . 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
i Track Univ. of N. Florida $2.5M Portable
sl ReliOn, Inc. $8.5 M Back-up Power
00 St 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.

28 | Fuel Cell Technologies Program Source: US DOE 10/2010 eere.energy.gov



DOE ARRA Fuel Cell Deployments ENEREY |Enero Effcincy &

Renewable Energy

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

(actual and projected) fuel cell installations by more than
90% at 230 fuel cells installed:

1400 = 206 lift trucks (35 with FedEx, 14 with Nuvera,
................. 98 with Sysco, and 59 with GENCO)
= 24 telecommunication backup power units
1200 provided by ReliOn for AT&T.
1000 Projected Operation Quantities —>
800 mMAPU

Bl Backup Power E
| Material Handling Equipment !

600 M Stationary

In Operation Quantity

400

200

0
2009 Q4 2010Q1 2010Q2 2010Q3 2010Q4 2011Q1 2011Q2 2011Q3 2011 Q4

From National Renewable Energy Laboratory
Source: US DOE 12/2010
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Market Transformation - Fuel Cell s oesartuEnTor | Energy Efficiency &

Deployment ENERGY Renewable Energy

U.S. Fuel Cell Deployments Using DOE Market
Transformation and Recovery Act Funding

- u 1
E Spokans =
o DN?:"h .
: Montana akota z eW
Washington Minnesota Brunswick™_
Portland L
@ Minineapolis , : Nova
gﬂhmh ®  Wisconsin Maine & Scotia
Oregon ReaiR - Michigan
Idaho MitwaLkd :
Wi Chicagd [latro . ‘u!e'nnu-nt
(=T e 4 3 - a
ﬂli;l'.?'? Nebraska g .00 LR \\ v lampatine
Q i1 8 =P
Lincoln: “Kansas Ninois |ndiana |Massachusetts
Utah GV o oie ; : Fthqde,.ls_land
H“““; ri® Virginia \ . Connecticut;
\Wichia Kentucky ~ i e
il - . New Jersey!
ki Tennessee ha
| Oklahoma 5 B2 - . . Delaware
e R Arizon New Lo 8T A
WEEE Prde  @Ph Mexico Plallas Mississippi \A@@arolina C
Tljuana H‘Jeﬂf d & ° Alabama ¥ Columbia
o rson L . 0
Ensenads HestNeted vz TR _ﬁ% Moplle,  Beorgia
e o o 3
i o .
Harmaosllio | . ~5en ¥ e l:l-l.llilanf! Blacksanvile) Market Transformation
[} Chihuah IIEI‘\'\-\,.r‘Ir Antonia Hesusion - :
] Q £ @iranda
sonalull Crutlad . \ r < American Reinvestment and
B Obregin . Hefoical Florida® Recovery Act
g ; rradn T IHIE S O MM
Hawaii Cullacan  Torredn MUEEIIEE . oy ‘nm'
II:I"T"? it B misi r\.u Manterrey, MEKEE\‘J
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Example of RD&D to Deployments ENERGY | Ereray Effiency &

Renewable Energy

Deployments

DOE Loan Guarantees

DOE Recovery Act Projects

DOE Demonstrations
& Technology Validation

DOE R&D [—>

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

Investment Tax Credits,
Manufacturing Tax Credits,

|

|

|

|

|

|

|

|

|

|

Government Early Adoption :
|

|

|

|

|

|

|

Grants !
|

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 12/2010
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Recent Federal Grants and Tax Credits ENERGY | ae werey &

Renewable Energy

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 Hawalii 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

UTC Power Corporation Connecticut Fuel Cells $5,300,100
W.L. Gore & Associates Maryland Fuel Cell $604,350
Membranes

32 | Fuel Cell Technologies Program Source: US DOE & US Treasury10/2010 eere.energy.gov




U.S. DEPARTMENT OF Energy Eﬁ’iciency &

Sam ple PrOJeCtS ENERGY Renewable Energy

Federal incentives, including §1603 grant-in-lieu of tax
credit and §48, have helped facilitate commermal transmon
to fuel cell forklifts. -

Examples’:

« $660K: Central Grocers (Joliet, IL)
« $420K: United Natural Foods (Sarasota, FL) @@ "
« $600K: Sysco Foods (Houston, TX)

« $620K: Wegmans (Pottsville, PA)

« $320K: Kimberly Clark (Graniteville, SC)

« $400K: Coca-Cola Bottling (Charlotte, NC)
« $390K: Whole Foods (Landover, MD)

Super Store Industries - First
Grocery Warehouse and Distributor

! Source: Plug Power to Deploy Methanol Fuel Cells for
Source: US DOE 12/2010 Material Handling Equipment

33 | Fuel Cell Technologies Program eere.energy.gov
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Executive Order 13514 ENERGY | 5oy Effciency &

Renewable Energy

» 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

On October 5, 2009

President Obama signed begin the planning process by 2020 to
Executive Order 13514 — achieve zero-net energy by 2030
Federal Leadership in Potential opportunities for fuel cells
Environmental, Energy, and and other clean energy
Economic Performance technologies....

http://www1.eere.energy.gov/femp/regulations/eo13514.html
Source: US DOE 09/2010
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EN ERGY Renewable Energy

Budget

35 | Fuel Cell Technologies Program eere.energy.gov



EERE H, & Fuel Cells Budgets ENERGY | 5oy Effciency &

Renewable Energy

Funding ($ in thousands)
Y2044 | EY 2011

Key Activity FY.2008 | FY.2009° | FY 2010 Request HoUse

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 | $174,000° | $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 Market Transformation will fund only Safety, Codes and Standards in FY 2011, 4 FY 2009 Recovery Act funding of $42.967M not shown in table, > Under Vehicle Technologies Budget in FY 2009
6 Includes SBIR/STTR funds to be transferred to the Science Appropriation; all prior years shown exclude this funding

36 | Fuel Cell Technologies Program Source: US DOE 10/2010 eere.energy.gov



Total DOE FY11 Budget Request ENERGY | Srere Efficiency &

Renewable Energy

Total DOE Hydrogen and Fuel Cell Technologies
FY1l BUdgEt RequeSt M Fuel Cell Systems R&D

o LJ L] >
(in millions of USS) kS
M Hydrogen Fuel R&D g
o
M Technology Validation )
O
Qo
M Market Transformationand O
Safety, Codes & Standards "I.ﬁ
M Systems Analysis M
A
m
i Manufacturing R&D ~—
M Fossil Energy (FE)
@)
~—
i Nuclear Energy (NE)* CDD_
e
ul Basic Science (SC)** 8
m

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

*NE: $5M represents FY10 funding
Source: US DOE 09/2010 **SC Includes BES and BER

37 | Fuel Cell Technologies Program eere.energy.gov



U.S. DEPARTMENT OF Energy Eﬁ’iciency &

EN ERGY Renewable Energy

Key Publications
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U.S. DEPARTMENT OF Energy Eﬁ’iciency &

PI’Ogl’am Plan ENERGY Renewable Energy

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

 Update to the Hydrogen Posture
Hydrogen Posture Plan Plan published in 2006

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

Hydrogen, Fuel Cells  Hard copy of Draft available for
f: .
fothotces Progret HTAC review and comment
\3) - Multi-Year Research, Development

and Demonstration Plan

e piredl Sdvsnps wivie

The Department of
Energy Hydrogen and
Fuel Cells Program Plan
Ay hrvte 1 Stvpteos oo dor e Reogrch,

Draft available 10/22/10 for
D s e stakeholder public comment

published in early 2011.
DOEH2ProgramPlan @ee.doe.gov

Source: US DOE 10/2010
eere.energy.gov
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Program Plan includes Portfolio ENERGY | Ereroy Efficiency &

Renewable Energy

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

—

—_—

Specialty Vehicles
(eg., forklifts)

-h\

Auxiliary Power Units for Transportation

Transportation
p
Fuel Cell Vehicles — Government & Fleets
Fuel Cell Vehicles — Widespread Commercialization

—

Portable Power Portable Power

Hydrogen for Early Market

H Fuel " -
YEKORER Fl Ongoing R&D to provide renewable,

low-cost hydrogen for widespread markets

Near Term > Mid Term > Long Term

40 | Fuel Cell Technologies Program Source: US DOE 10/2010 eere.energy.gov
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Key Reports Recently Published ENERGY | renonablo Enorgy

The Business Case for Fuel Cells:

Why Top Companies are Purchasing Fuel Cells Today
By FuelCells2000, http://lwww.fuelcells.org

Profile of 38 companies who have ordered, installed, or deployed fuel cell forklifts,
The Business Case for Fuel Cells: . .
e e e P A R stationary fuel cells or fuel cell units.

: See report: http://www.fuelcells.org/BusinessCaseforFuelCells.pdf
2009 FUEL CELL TECHNOLOGIES
MARKET REPORT

2009 Fuel Cell Technologies Market Report

By Breakthrough Technologies Institute, http://www.btionline.org/

This report describes data compiled in 2010 on trends in the fuel cell industry for 2009
with some comparison to previous years. (July 2010).

See report: http://wwwl.eere.energy.gov/hydrogenandfuelcells/pdfs/48219.pdf

Molten Carbonate and Phosphoric Acid Stationary Fuel Cells:

Overview and Gap Analysis
By NREL and DJW Technology, LLC

Malien Carborate anid
Phosphoric Acid [———
Stalionary Fuel Calls:

Qvarview and Gap Analysis

This report describes the technical and cost gap analysis performed to identify
pathways for reducing the costs of molten carbonate fuel cell (MCFC) and
phosphoric acid fuel cell (PAFC) stationary fuel cell power plants.

See report: http://www.nrel.gov/docs/fy100sti/49072.pdf

Fuel Cell Today 2009 Market Analysis

The report describes sales of fuel cells in US and worldwide.
October 2010

Source: US DOE 10/2010
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Analysis of Policies for FCEVs & TR | e E
ENERGY | renewable Enert
Hydrogen Infrastructure ity

Analysis by 0Qak:Ridge Nationaliliaboratory explores theimpacis-andinfrastructureand ;policy
requirements.ofjpoiential market.penetration scenarios-forfuelcell vehicles.

Key Findings: N

* 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. Areas of
+ With targeted deployment policies from 2012 to 2025, FCV Fjgfif.?d
market share could grow to 50% by 2030, and 90% by 2050. vehicle ; %
use—an
* Cost of these policies is not out of line with other policies that  fuel demand = g
support national goals.
Cost Sharing & Subsidies — Scenario 3, Policy Case 2
- The annual cost would not exceed $6
billion—federal incentives for ethanol o 6 0 Scenaric? Station Infr.
are expected to cost more than $5 = 5 | mScenarca Fue Subsicy
billion/year by 2010. g & Seenaris? Vehicles
— Cumulative costs would range from & 4
S $10 billion to $45 billion, from 2010 to g
fransition to Hydrogen 2025—federal incentives for ethanol 3
Fuet Cell Venieies have already cost more than $28 = 2
L B billion, and these cumulative costs are =
tho Potentiz! projected to exceed $40 billion by =
Hydrogen ERSIents 2010. =
infrastructure Requireme 0
2010 2015 2020 2025

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

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

42 | Fuel Cell Technologies Program Source: US DOE 12/2010 eere.energy.gov



Analysis of Policies for FCEVs &

Energy Efficiency &

Hydrogen Infrastructure ENERGY | Renewable Energy

NASstudy; “dransitionsitoAlternativeiransporiation 1echnologiessA Eocus on Kydrogen;
shows positiveoutiookdorduel/celltechnologies—resultsiare similarto ORNL'S
Sdransition'ScenaricyAnalysis:

The study was required by Esymated Government Cost to Support a

EPACT section 1825 and the Transition to FCVs
report was released in 2008,
by the Committee on
Assessment of Resource
Needs for Fuel Cell and
Hydrogen Technologies.

[ Hydrogen Supply Capital Cost

- Incremental Vehicle Cost

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

Billions of $ per year (in 2005 $)
1Y

2010 2015 2020

Key Findings Include:

» 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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U.S. DEPARTMENT OF

Fuel Cells - The Economic Potential A S

ENERGY Renewable Energy

Thefuelicelllandhydrogeniindusiries could generaie
substantialrevenues:and/job growin:

Renewable Energy Industry Study*

* Fuel cells are the third-fastest growing

renewable energy industry (after biomass & solar).

* Potential U.S. employment from fuel cell and

hydrogen industries of up to 925,000 jobs (by 2030).

* Potential gross revenues up to $81 Billion/year
(by 2030).

Total Jobs Created by Hydrogen and Fuel Cell Industries
(includes direct and indirect employment)
1,000 - Advanced Scenario:
- 925,000 jobs &>
S 800 |
(Y.
o
& 600 -
c
(193
S 400 - Modest Scenario:
_8 2006 Stgtus: 2007 St.atUSZ 301,000 jobs o
200 | 20,000 jobs 22,000 jobs
\ / Base Case:
115,800 jobs <
0 - X J ‘ ‘
2000 2005 2010 2015 2020 2025 2030

*Study Conducted by the American Solar Energy Society
www.ases.org/images/stories/ASES/pdfs/CO_Jobs_Final_Report__
December2008.pdf

DOE Employment Study
* Projects net increase of 360,000 — 675,000 jobs.

* Job gains would be distributed across up to 41
industries.

* Workforce skills would be mainly in the vehicle
manufacturing and service sectors.

Employment Growth Due to Success of
Fuel Cell & H, Technologies

(as percent of base-case employment in 2050)

0.60%

0.40% -
N I I:
0.00% - . r .

Upper Lower New California Tennessee Houston Nation

Midwest  England and
the Upper

Mid-Atlantic

Region

www.hydrogen.energy.gov/pdfs/epact1820_employment_study.pdf
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ASSGSSIﬂg the Program R s e Energy Efficiency &
Commercializing Technologies ENERGY | rencwable Energy

Close to 30 hydrogen and fuel cell technologies developed by
the Program entered the market.

198 PATENTS

Accelerating Commercialization resulting from
EERE-funded Fuel Cell Technologies EERE-funded R&D:
that are Commerciallv Available )
30 | — 99 fuel cell
7]
‘52 2 — 74 H, production
o2
é S % and delivery
e
50
%Ig 15 — 25 H, storage
=>®©
g % e 60% are actively used in:
gg 5 1) Commercial products
08 . | W . I I 2) Emerging technologies

Jhe. 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 3) Research

Completed Fuel Cell Market
Report provides an overview of

Source: Pacific Northwest National Laboratory _ market trends and proflle_s for
http://www1.eere.enerqgy.gov/hydrogenandfuelcells/pdfs/pathways success hfcit.pdf select fuel cell companies

[ Fuel Cells [ H,Production/Delivery 1 H, Storage
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Key Prog ram DOCU m entS U.S. DEPARTMENT OF Energy Eﬁ’iciency &

EN ERGY Renewable Energy

Annual Merit Review & Peer Evaluation Proceedings

Includes downloadable versions of all presentations at the Annual Merit Review
¢ Latest edition released June 2010

www.hydrogen.energy.gov/annual_review10 proceedings.html

Annual Merit Review & Peer Evaluation Report

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

e Released January 2011

http://www.hydrogen.energy.gov/annual_review10_report.html

DOE

Hydrogen Annual Progress Report
. S ¥ . .. . . .
Program Summarizes activities and accomplishments within the Program over

the preceding year, with reports on individual projects

Hz . ¢ To be released 2011

www.hydrogen.energy.gov/annual_progress.html

Next Annual Review: May 9 — 13, 2011

Washington, D.C.

http://annualmeritreview.energy.gov/
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Collaborations ENEREY | Eneroy Effciency &

Renewable Energy

s : A - N
Federal Agencies 4 DOE A Industry Partnerships
+ DOC * EPA *NASA & Stakehold A y
« DOE « DOI *USDA . * FreedomCAR and Fuel Partnership
« DOT * DHS *USPS TeCh n0|0g|es * Fuel Cell and Hydrogen Energy
| o - % Association (FCHEA)
- Interagency coordination through staff- H ﬁ . .
level Interagency Working Group (meets P rog Fram Hydroggn U“'"Y Gl _
monthly) . * ~ 65 projects with 50 companies
- Assistant Secretary-level Interagency ~ Applied RD&D hN J
\_ Task Force mandated by EPACT 2005. / — Efforts to Overcome Ve N
( Ul Tivey e e ) Non-Technical Barriers State & Regional
S s el AT s - Internal Collaboration PartnerShlpS
projects wi HNIVETSItes } with Fossil Energy, « California Fuel Cell Partnership
- ~ Nuclear Energy and « California Stationary Fuel Cell
International Basic Energy Sciences Collaborative
« IEA Implementing agreements — - /) * SCH, & Fuel Cell Alliance
25 countries » Upper Midwest Hydrogen Initiative
* International Partnership for « Ohio Fuel Coalition
E'Zg:]%?ﬁ;f‘ Fuel Cells in the + Connecticut Center for Advanced
. . Technolo
8 17 countries & EC, 30 projects ) \_ gy J
4 - - N\
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)

KP&D = Production & Delivery; S = Storage; FC = Fuel Cells; A = Analysis; SC&S = Safety, Codes & Standards; TV = Technology Validation, MN = ManufacturingjJ
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Examples of DOE-funded Partners and u.s. oEpARTMENT OF | Enrgy Efficiency &

Locations — Fuel Cell Technologies Program ENERGY | rencwable Energy
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Source: US DOE 2010
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U.S. DEPARTMENT OF Energy Eﬁ’iciency &

EN ERGY Renewable Energy

Thank you

For more information, please contact

Sunita.Satyapal@ee.doe.gov

hydrogenandfuelcells.energy.gov
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U.S. DEPARTMENT OF Energy Eﬁ’iciency &

EN ERGY Renewable Energy

Additional Information
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. . . U.S. DEPARTMENT OF Enerav Efficiency &
New Solicitations ENERGY | renonablo Enorgy

Fuel Cell FOA

« Up to $65 million over three years to fund continued
R&D on fuel cell components. Topics include:

Balance-of-Plant components

Fuel Processors

High Temperature Stack Component Research

PEMFC MEA Integration

Catalysts/Electrodes

Membranes

Innovative Concepts

NOo s LDh =~

Letter of Intent Due: January 28, 2011

Applications Due: March 3, 2011

Source: US DOE 12/2010
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N ew SOI | Clta'“ ons Eﬁ”E““"REEFY Energy Efficiency &

Renewable Energy

Cost Analysis FOA

« Up to $9 million to conduct independent cost analyses.
Topics include:
1. Transportation PEM Fuel Cell System Cost Assessment

2. Stationary and Emerging Market Fuel Cell System Cost
Assessment

3. Hydrogen Storage System Assessment

Applications Due: February 18, 2011

Source: US DOE 12/2010
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