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National Support for Clean Energy ENERGY | ey Efficiency &

Renewable Energy

“We’'ve got to invest in a serious, sustained, all-of-
the-above energy strategy that develops every

resource available for the 21st century.”
— President Barack Obama

"Advancing hydrogen and fuel cell
technology is an important part of the
Energy Department's efforts to support
the President's all-of-the-above energy
strategy, helping to diversify America's
energy sector and reduce our
dependence on foreign oil."

- Energy Secretary Steven Chu

"Fuel cells are an important part of our
energy portfolio...deployments in early
markets are helping to drive
innovations in fuel cell technologies
across multiple applications."
- Dr. David Danielson
Assistant Secretary for Energy
Efficiency and Renewable Energy
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U.S. DEPARTMENT OF Energy Efﬁciency &

Portfolio Examples ENERGY

Renewable Energy

Transportation: A diverse portfolio to
meet the full range of driving cycles and duty cycles

in the nation’s vehicle fleet. /

H, and fuel cells can play a key role

— by enabling longer driving ranges and
heavier duty cycles for certain vehicle types
(including buses, light-duty cars & trucks,
delivery vans, and short-haul trucks)

k Fuel Cell Electric Vehicles
| (FCEVs)

Heavy-Duty

Duty Cycle

Light-Duty

<Stop-and-go / Short-Range Driving CYQIQIRange Continuous / Long-Range>

@
Q
o

Electric Power System Mass vs. Vehicle Range

Advantages of Batteries and
Fuel Cells:
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Q
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e For shorter distances, batteries are more \
effective in terms of system mass

ss of Energy Storage (kg)

]
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/

N
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* Fuel cells can provide the driving
ranges of today’s vehicles without the

Irlcremental Ma
-
o
(]

weight penalty

» But there are challenges: H, production, o ; = : : , :
. o (8] 50 100 150 200 250 300 35
infrastructure, fuel cell cost & durability SOURCE: General Motors, Inc.  Driving Range (mile)
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Hydrogen: A Diverse Energy Carrier ENERGY |y Sheeney &

Renewable Energy

2010 Hydrogen Consumption Market Share by Application
Diverse Energy Diverse 5% 10%
Sources Applications 20 __1.0%
3% u Petroleum Recovery &
Refining
Fuel Ammonia Production
Natural Gas *  Fuel Celis )
® Methanol Production
* Engines/Turbines
m Metal Production &
Renewable * Energy Storage . Fabrication
. 4.5 m Electronics
Resources Chemical
(wind, solar, biomass) HYdrogen * Petroleum Recovery & ® Food Industry
Clean Energy Refining
Carrier * Methanol Production Others
Nuclear *  Electronics
*  Ammonia Production
* Metal Production &
Coal Fabrication Global Hydrogen Production Market Revenue
(with carbon *  Food Processing 120 2009 -2016
sequestration) m Merchant = Captive
*  Cosmetics 133
$ 9
@ 80
G 70
. : £ 60
* H, can be produced from diverse domestic resources ¢
* ~95% of U.S. H, comes from natural gas reforming N
N0 . :
e ~30% grgwth estimated for global p.roductlon by 2016 o — = = [
$118 billion in market revenues projected 2009 2010 LI N
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Fuel Cells Overview and Benefits
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Energy Efficiency &
Renewable Energy

The Role of Fuel Cells

Diverse Energy
Sources & Fuels

Clean, Efficient

Energy Conversion Diverse Applications

Bighd s Stationary Power
Natural Gas s
Propane y \ —
Diesel Fuel Cells Transportation
= Alkaline
Other | - Direct Methanol | P SR
Hydrocarbons * Molten Carbonate Bk
= Polymer Electrolyte . -
Membrane (PEM)
Methane ® Phosphoric Acid @ r“m
= Solid Oxid =\ -
Methanol e v
Hydrogen
from renewables
or low catbon Portable Power
resources !

Energy Storage for Renewable Electricity
Fuel Cells Grid/Distributed

ﬁ
e or Power
I'| Turbines
—> 2,
Fuel for

Transportation and
Other Applications

Intermittent
Renewables
(solar, wind, ocean)

5 | Fuel Cell Technologies Program Source: US DOE 12/5/2012

Very High
Efficiency

Reduced
CO,
Emissions

Reduced Oil
Use

Reduced Air
Pollution

Fuel
Flexibility

Key Benefits

* > 60% (electrical)
* > 70% (electrical, hybrid fuel cell

/ turbine)

« > 80% (with CHP)

* 35-50%-+ reductions for CHP

systems (>80% with biogas)
55-90% reductions for light-
duty vehicles

>95% reduction for FCEVs (vs.
today’s gasoline ICEVS)

>80% reduction for FCEVs (vs.
advanced PHEVS)

up to 90% reduction in
criteria pollutants for CHP
systems

Clean fuels — including
biogas, methanol, H,

Hydrogen — can be produced
cleanly using sunlight or
biomass directly, or through
electrolysis, using renewable
electricity

Conventional fuels —

including natural gas, propane,
diesel

eere.energy.gov




Benefits: Well-to-Wheels CO, Analysis

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Analysis by DOE -Argonne National Lab, DOE Vehicle Technologies Program, and
Fuel Cell Technologies Program shows benefits from a portfolio of options

Well-to-Wheels Greenhouse Gases Emissions

Gasoline (Today's Vehicle)

Gasoline

Natural Gas

7 Vﬁarsoline

Natural Gas

Diesel

Corn Ethanol (E85)

Cellulosic Ethanol (E85)

Gasoline & U.S. Grid Mix

Gasoline & Ultra-low Carbon Renewable
Cellulosic Ethanol (E85) & U.S. Grid Mix
Cellulosic Ethanol (E85) & Ultra-low Carbon Renewable

450
340
270
235
185
220
180
90

230
195
105
70

Cgnventional Internal
Fombustion Vehicles

Hybrid Electric
Vehicles

Plug-in Hybrid
Electric Vehicles
(power-split, 10-mile electric
range)

H, from Natural Gas

Even FCEVs fueled by
H, from distributed NG
can result in a >50%
reduction in GHG
emissions from
today’s vehicles.

Use of H, from NG
decouples carbon from
energy use—i.e., it

. Gasoline & U.S. Grid Mix | 27/s] m Plug-in Hybrid allows carbon to be
et o e o } - — Electric Vehicles managed at point of
ellulosic Ethanol .S. Grid Mix  [JEE . . " .
(series, 40-mile electric range)
Cellulosic Ethanol (E85) & Ultra-low Carbon Renewable | ) p r_o d_u ction vs at th €
U.S. Grid Mix  [JEE) e Battery Electric tailpipe.
pemmmmmmmmmeceeeaad Ultra-low Carbon Repewable_ | 0_ _ _ _ _ o M e e e a2 ] Vebhicles. (100:mile range)_ .
e H2 - Distributed Natural Gas | 2100 =
|’ H2 - Coal Gasification w/ Sequestration | =5 Fuel Cell Electric Even greater emiSSionS
' _ - H2 - Biomass Gasification | =F0 Vehicles reductions are pOSSibIe
)-{2\- Nuclear High-T Electrolysis or Ultra-low Carbon Renewable |7 .
----------------------------------- as hydrogen from
0 100 200 300 400 500
) ] renewables enter the
Grams CO,-equivalent per mile
market.

Notes:

For a projected state of technologies in 2035-2045. Ultra-low carbon renewable electricity includes wind, solar, etc. Does not include the lifecycle
effects of vehicle manufacturing and infrastructure construction/decommissioning.

Analysis & Assumptions at: http://hydrogen.energy.gov/pdfs/10001_well_to_wheels_gge_petroleum_use.pdf
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http://hydrogen.energy.gov/pdfs/10001_well_to_wheels_gge_petroleum_use.pdf

U.S. DEPARTMENT OF Energy Efﬁciency &

Benefits: Well-to-Wheels Petroleum Analysis ENERGY

Renewable Energy

Analysis by DOE -Argonne National Lab, DOE Vehicle Technologies Program, and
Fuel Cell Technologies Program shows benefits from a portfolio of options

Well-to-Wheels Petroleum Energy Use

Gasoline (Today's Vehicle)

Gasoline Conventional Internal
~ Natural Gas Combustion Vehicles
Gasoline

Natural Gas

Hybrid Electric
Vehicles

Diesel
Corn Ethanol (E85)
Cellulosic Ethanol (E85)
‘Gasoline & U.S. Grid Mix Plug-in Hybrid
Electric Vehicles
(power-split, 10-mile electric
range)

Gasoline & Ultra-low Carbon Renewable

Cellulosic Ethanol (E85) & U.S. Grid Mix

Cellulosic Ethanol (E85) & Ultra-low Carbon Renewable
Gasoline & U.S. Grid Mix

Gasoline & Ultra-low Carbon Renewable

Cellulosic Ethanol (E85) & U.S. Grid Mix

Cellulosic Ethanol (E85) & Ultra-low Carbon Renewable
' ' U.S. Grid Mix

Plug-in Hybrid
Electric Vehicles
(series, 40-mile electric range)

Battery Electric
P el Ultra-low.Carbon Renewable - O- o/ Vehicles-[Hoe-milerange)- _
,/' H2 - Distributed Natural Gas | 21 IS
' H2 - Coal Gasification w/ Sequestration | 31 Fuel Cell Electric \
\\ H2 - Biomass Gasification | 100 Vehicles ,'
H2- Nuclear High-T Electrolysis or Ultra-low Carbon Renewable | 16 7
-------------------------------- I ™ T T = = ===
0 1000 2000 3000 4000 5000 6000

Btu of petroleum per mile

Notes:

For a projected state of technologies in 2035-2045. Ultra-low carbon renewable electricity includes wind, solar, etc. Does not include the life-cycle
effects of vehicle manufacturing and infrastructure construction/decommissioning.

Analysis & Assumptions at: http://hydrogen.energy.gov/pdfs/10001_well_to_wheels_gge_petroleum_use.pdf
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H, from Natural Gas

FCEVs fueled by H, from
distributed natural gas
can almost completely
eliminate petroleum use.

* 1 million FCEVs would require ~1
billion cubic meters/year of NG;
current NG consumption is about 600
billion cubic meters/yr

eere.energy.gov
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U.S. DEPARTMENT OF Energy Efﬁciency &

Current Hydrogen Infrastructure ENERGY | ronouetio Ency

Current Status
* Over 9 million metrics tons of hydrogen produced per year
* Over 1,200 miles of hydrogen pipelines in use (CA, TX, LA, IL, and IN)
» Hydrogen is delivered via liquid tank truck and gas tube trailer.
* There are more than 50 fueling stations in the U.S.

« Significant hydrogen

*""“’: supply infrastructure
| is already located

Wycaing near most major U.S.

cities.

[ier

Colorado

 Hydrogen can be
delivered from central
production facilities to
fueling stations by liquid
truck, tube trailer or new
drop-tank system (Air
Products).

Albugueroue

New
Mexica

Jusres

NGk

Q.
b Chihuahia @
4
d
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Hydrogen Production Strategies ENERGY | o Sfheiency &

Renewable Energy

Goal: Develop technologies to produce hydrogen from clean, domestic
resources at a delivered and dispensed cost of  $2-$4/gge H, by 2020

.
Coal High-temp
Gasification Electrolysis
Natural Gas With CCS
Reforming

Central

Electrolysis Biological
(wind)

Today - 2015 2015-2020 2020-2030

I5

s Natural : Bio-

- Gas EIectrc_»Iys;s Derived

f®) Reforming (Gra) Liquids

-

-

B2

()]

Estimated o >500 000
: pto 50,000
Plant CapaCIty 1,500 = 1 FE, NE R&D efforts in DOE Offices of
(kgl day) Fossil and Nuclear Energy, resp.
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Techno-economic Pathway Analysis ENERGY | ororoy Bifciency &

Renewable Energy

The 2012 “new & improved” H2A Model v3 with unified cost assumptions

General Streamlined and \

Features clarified user input
Plant Design Specifications \

rUser |nput ) (e.g. size, capacity factor) ° Updated H2A “Built-

e Process modeling Finandial Assumptions In” database

« Vendor quotes (e, IRR, tax rate) - _ e New p|ant SCfiIing and
« Literature sources Capital Costs / CSD calculations

\ _J

e ~ Operating Costs  Allows for across-the-
H2A Values (Gl board assessment of

« AEO fuel prices status and targets for

+ Fuel properties Updated Production Targets* production pathways

* GREET
emissions factors

issi 2010 2015 2020 Ultimate
. Status Target Target Production
ind Target
\_ inaexes Y

Industry cost

o Electrolysis $4.10 $3.90 $2.30
fHZA N £ from grid electricity
o
. E Bio-derived Liquids 6.65 5.10 2.25
Calculations A& (based on ethanol = = i
« Cost escalation fefarming case)
: Electrolysis 4.10 3.00 2.00
 Plant Scaling From renewable ® * ®
« Financial electricity $1-$2
Calculations - Biomass Gasification $2.20 $2.10 $2.00
* Cash flow £ solar _ NA $8.00 $3.00
calculations and © | Uhcihneeienies
leveled cost of Photoelectrochemical NA $26.00 $4.00 *Pro.du_ction only.
hydrogen Preliminary numbers.

Biological NA NA $10.00 All units are per gge
10 | Fuel Cell Technologies Progran ~ Apportionment of Threshold Cost: $1-$2/gge for production, $1-$2/gge for delivery. eere.energy.gov




U.S. DEPARTMENT OF Energy Efﬁciency &

H, Production Cost Challenge ENERGY | Renewable Energy

Natural gas reforming can provide H, production for expanding near-term fuel cell
applications and serve as a bridge to longer-term low-carbon alternative pathways.

Projected High-Volume Cost of Hydrogen Production with Feedstock Sensitivities?

$10
$9 . Distributed Production (not dispensed)
s8 I Electrolysis

= 57 4 | Feedstock variability: $0.03 - $0.08 per kWh

5 $S6 - m - [ Bio-Derived Liquids

E 55 - — | Feedstock variabifity: $7.00 - $3.00 per gaflon ethano/
= sa - | T = . Natural Gas Reforming?

@ 53 | Feedstock variability: $4 00 - $10 .00 per MMBitu

2
E » ' H. Production Portion of Threshold Cost?:
QU $1 < $2/gge
g So T T T T T T T T T T T T T T T
= 2005 - = = 2010 T T 1 o 22015 BT Pl Pl 2020
o
Js10 :
= $9 1 Central Production {plant gate)
% $8 Il Electrolysis
(-] $7 B = y | Feedstock variability: $0.03 - $0.08 per kWh
= FO5 . s q
o %6 S e 3 Biomass Gasification
th'b $5 L - Feedstock variability: $40- $120 per dry short ton

$4

$3 | -

$2

$1 H. Production Portion of Threshold Cost?:

= $2/gge
2005 2010 2015 2020

Notes:[1] Based on projections from H2A analyses, excludes delivery and dispensing costs. Projections of costs assume
Nth-plant construction, distributed station capacities of 1,500 kg/day, and centralized station capacities of 250,000 kg/day.
[2] The H2 Production Threshold Cost of <$2/gge reflects the Production apportionment
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Technology Validation—Tri-Generation ENERGY
Applauds World’s

nergy Departmen

U.S. DEPARTMENT OF

Energy Efficiency &
Renewable Energy

Irst rueil <eiil ang

Hydrogen Energy Station in Orange County”

Demonstrated
world’s first Tri-
generation station
(CHHP with 54%
efficiency)

-Anaerobic digestion of
municipal wastewater-

Gas or Biogas

Gas Cleanup -

Air

Water-Gas Shift

A 4

Exhaust

-

r%—‘

Electricity [

Hydrogen

-
-+

~ Heat
Exchangers

o=

Compressor ./l'\, ~
H; Purification %

-

#=a FuelCell Energy

mmooulfl £

Fountain Valley demonstration

o ~250 kW of electricity

 ~100 kg/day hydrogen
capacity (350 and 700 bar),

enough to fuel 25 to 50
vehicles.

12 | Fuel Cell Technologies Program Source: US DOE 12/5/2012
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Options for Early Hydrogen Infrastructure ENERGY | rero toor

Renewable Energy

Two Main Options for Low-cost Early Infrastructure
1. Hydrogen delivered from central site

» Low-volume stations (~200-300 kg/day) would cost <$1M and provide hydrogen

for $7/gge (e.qg., high-pressure tube trailers, with pathway to $5/gge at 400-500
kg/day- comparable to ~$2.10/gallon gasoline untaxed)

2. Distributed production (e.g. natural gas, electrolysis)
Other options
1.

Co-produce H,, heat and power (tri-gen) with natural gas or biogas
2.

Hydrogen from waste (industrial, wastewater, landfills)

Natural Gas Pipeline Network, 2009

3
i WA
(e R S : . Y —
OR = f 4 MmN o \ MA Natural Gas Stations
o | sp M NY = i None
wy 1 Mi i 4 t‘\ 18 or less
{ el PA L1~ T
NV NE wo—NJ 11 - 28
uT IL N S —DE 21 - 58
o co M WY :’&mn i
Ks Mo | Lo N 51 - 1680
- - _ o 201 - 300
Az oK ™ g 4
NM AR sC |
ms| AL | GA
™ ! {
AK - | FI.\
1S t.‘ |
W o

HI
—— = Inirastate Pipelines

Natural gas fueling stations

Source: Energy Information Administration, Office of 0i & Gas, Natwral Gas Division, Gas Transportation Information System

13 | Fuel Cell Technologies Program Source: US DOE 12/5/2012
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Hydrogen Cost — Infrastructure us.oeeanruentor | Encray Efficiency &

An aIySiS EN ERGY Renewable Energy

Early hydrogen cost is high, but falls with increasing scale to $3-4/gge.

' 1 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2024 2025
AnalySIS IS underway Los Angeles

. 1 | 2 2 25 | 40 | s0 | 8 | 120 | 160 | 190 | 210 | 250 | 270 | 300
to determine cost New ork, Cica
. . 25 40 | s0 | 8 | 120 | 150 | 175 | 185 | 225 | 240 | 270
r e d u Ctl O n S Ce n ar I O S San Francisco, Washington/Baltimore
20 30 | 55 | 8 [ 120 [ 140 [ 160 [ 190 [ 210 | 230
Boston, Philadelphia, Dallas
] o 20 50 | 8 [ 120 [ 145 [ 165 [ 195 | 210 | 220
Hydrogen Cost in Selected Cities Detroit, Houston
25 so | 8 | 120 [ 140 | 160 [ 190 [ 210
0.24 8 | Atlanta, Minneapolis, Miami
| I 40 75 | 100 [ 115 | 130 | 160 | 180
- 0s Angeles, California == New York, New York Cleveland, Phoenix, Seattle
022 + = Miami, Florida Denver, Colorado 45 70 | 9 [ 120 | 150 | 170
8 i ——\Washington DC —— Dallas, Texas Y Denver, Pittsburgh, Portland, St. Louls,
o 0.20 + . . B Cincinnati, Indianapolis, Kansas City
&)l . = Albuquerque, New Mexico === Atlanta Georgia | 3 60 80 | 110 | 130 | 150
= i 8 Milwaukee, Charlotte, Orlando,
; 0.18 + -6 & Columbus, Salt Lake City
< o 55 80 | 110 [ 130
(Z}’ I = Nashville, Buffalo, Raleigh
~ 0.16 + T 40 70 | 9
E L -5 -45 Nationwide
260 540
2014 | % |
3 f 3
< 0.12 -4 -
3 o Source: J. Ogden and C. Yang, “Build-
% 0.10 é up of a hydrogen infrastructure in the
> 139 US,” Chapter 15, in The Hydrogen
— 008 - Economy: Opportunities and
Challenges, edited by Dr Michael Ball
0.06 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 2 and Dr Martin Wietschel, Cambridge
2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 University Press, 2009, pp.454-482.
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Challenges & Batrriers

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

ﬁDistributed Productioh

Bioderived Liquid
Reforming

o Capital costs

o Operation and
Maintenance costs
Design for
manufacturing
Feedstock quantity
and quality
Electrolysis

o System efficiency and
capital costs
Integration with
renewable energy
sources
Design for
manufacturing

O

O

0]

/ Central Production \

Solar Thermochemical
o Cost-effective reactor
o Effective and durable
construction materials
Photoelectrochemical
o Effective photocatalyst
material
Biological
o Sustainable H,
production from
microorganisms
Optimal microorganism
functionality
Cost effective reactor
materials
Biomass Gasification
o Capital costs
0 Feedstock costs & purity
0 System efficiency

0]

0]

Materials durability, efficiency improvements, and capital cost reductions are

-

Forecourt
o Compressor reliability
o Station infrastructure
(compression, storage, and
dispensing) costs
Tube Trailer Delivery
0 Vessel capacity
Liquid Delivery
0 Liquefaction efficiency &
associated GHG emissions
Pipelines
o Embrittlement/cyclic fatigue
effects on pipeline steel
Infrastructure installation
and lifetime costs
Analysis & Standards
0 Impact of code
requirements
Trade study: production
pressure vs. station
compression.

2y

Delivery

0]

0]

key challenges for all pathways

15 | Fuel Cell Technologies Program Source: US DOE 12/5/2012
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Challenges: Delivery ENERGY | 519 Effcioncy &

Renewable Energy

Station costs dominate delivery costs—key focus area.

Pathway Cost Refueling Station (2011 Technology)
Ex: CGH, Transport by Tube Trailer
5
45 700 bar disp Refrigeration Dispensers
, |35Qbar disp 0% 4%
Controls & Safety
3.5 Cascade 16%
o 3 20%
S | Station
o 25 .
%] 5 _____________________7_(29 bar leSp Tube Trailer Electrical
Target ® Terminal 8%
15
1
0.5 . . 1’6ased on preliminary HDSAM (v2.3)
0 : : - , analysis assuming 15% market penetration
2005 2010 2020 in a city with a population of 1.2M

Projection

Fueling Station (CSD) Costs FY2012 Analysis Focus

v : : : :
2011 Projected 2020 Projected |dentify cost drlve_rs fpr H, delivery in
early market applications

Cost* Cost*
caralizes $1.90/kg $1.30/kg v’ Evaluate options to improve station
Production compressor reliability
Distributed $2.50/kg $1.70/kg 4 Investigate the role of high-pressure
Production tube trailers in reducing station costs

16 | Fuel Cell Technologies Program Source: US DOE 12/5/2012 eere.energy.gov




Safety, Codes and Standards ENERGY | Sy Effciency &

Renewable Energy

I cEPARTMENT | OF . = hydrogen. ag
s Hydrogen Program =energy.gov Exciting New
vl e WP tcte W DO Pardcpants W st e E Training Opportunity!
= > Hydrogen = T
Sy Production
el > Hydrogen Defivery  Home » Satety - Biblicgraohy Datsbase What Is It?
Eeag > Hydrogen Mesificaon of Salety Vilerab
ruimys) = Hydrogen T T R e {15V) is n ngmizrdeffrto
o] antace Hyd rogen ond FuelCe S e PR b e
| > Fuel cells . associaied with  process or act

> Applicatior| Home About: DOE
tes={ Technology
validation | = Hydrogen

(i, a bazard analysi). Doing
hazard analysis will belp you 1)

> safety Productiof DEFARTMENT OF ENERGY hydmgen‘ vhen workagwid H
it o] * ydrogen d d Fuel Cell senergy.gov iy s
o e Hy rogen and Fuel Cells Program v energy.g rnieirmernaaiioy i - L
S e P i seah e WhyDoINeed? s hbibic =" e iy
s Wit Permitting Hydrogen Facilities s gt S U [
> Codes & 5Y = Applicatio on facity ahicls r b " ol . vk e el il
> Education | Technolog >Nydr_ngen Fueling o N 1 il r sty
xbsuoness] | Soidation| Stakins The objective of this LS. Department of Energy Hydrogen Permitting Web site is to help local permitting officials deal with proposed hydrogen danage e i ) s 4l il i L i
| >Safety | =Telecommunication  fueling stations, fuel cell installations for telecommunications backup povier, and other hydrogen projects I i -
| systems AL Codes & 5| Fuel Cell Use B85, whichis amxture of B5% ethano
= > Systems: " o
Integratio] %Z“j:ino ’2:’3?"‘:: Risk Resourcas for local pemmitting offcials who are looking to addrass project proposals includ current citations for hydrogen fusling stations and a and15% usaine, Whet you ’“”'“” s e by
4 9 ) hstmg of setback requirements on the Alternative Fuels & Advanced vwc\e Data Center Web site. In addition, this overview of hnowwis hat se o g
% g fuel cell use and an animation that site layout using hydrogen fuel cells for backup celtechndlogy s skoemergingin . - Al il
ower should provide: helpful information for local permitting offcials to address project proposals. You can also view cument Stationary and —— b s
p pr p P ' offic project propt Sy and :ramnamnmuwmr\.—wmh e
Portable Fuel Cell Systems Codes and Standards Citations /- Y
I you h tions for making this sit ful please let us know. i -
you have any suggestions for making this site more useful, please let s know. el s ot rionFo .

S Printable Version

Hydrogen Safety Bibliographic Database H, Safety Snapshot bulletin

Permitting Hydrogen Facilities Introduction to Hydrogen Safety for First Responders
Introduction to Hydrogen for Code Officials Hydrogen Incident Reporting Database

Hydrogen Safety Best Practices Manual

Trained > 23,000 first-responders and code officials on hydrogen safety
and permitting through on-line and in-classroom courses

206 Lessons Learned Events in "H2Incidents.org"

Approximately 750 entries in the Hydrogen Safety Bibliographic Database

www.eere.energy.qov/hydrogenandfuelcells/codes/

17 | Fuel Cell Technologies Program Source: US DOE 12/5/2012 eere.energy.gov


www.eere.energy.gov/hydrogenandfuelcells/codes

Funding Opportunity Announcements us.oeeasuentor | Energy Efficiency &
(FOAS)- Examp|es ENERGY | renewable Energy

Recent Relevant FOASs $M Planned

Collect Performance Data on Fuel Cell Electric

Vehicles $6.0
Hydrogen Fueling Stations and Innovations in $2 4
Hydrogen Infrastructure Technologies '
Fuel Cell Powered Baggage Vehicles at $2 5
Commercial Airports '
Fuel Cell Hybrid for Refrigerated Truck Delivery $0.65
(PNNL) '
Zero-Emission Cargo Transport Vehicles (VTP) $10.0
Hydrogen Production Cost Analysis Up to $1.0
L . . Phase 1 $0.15
SBIR: Dispenser Hose Assemblies (active) Phase 2 $1.0

Total $23.7M

18 | Fuel Cell Technologies Program Source: US DOE 12/5/2012 eere.energy.gov



Key Reports

U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

P [ s — FUEL CELL TECHNOLOGIES (FCT) PROGRAM
ENERGY | miintry

www.fuelcells.org

The Business Case
Energizing Americg Fm

www.fuelcells.org

June 2011

Forewor d by Connecticut Governor Dannel p. Malloy

DOE
Hydrogen
and

Fuel Cells
Program

* ENERGY

19 | Fuel Cell Technologies Program Source: US DOE 12/5/2012

Pathways to Commercial Success: Technologies and Products Supported

by the Fuel Cell Technologies Program
By PNNL, http://www.pnl.gov/

See report: http://Iwww1l.eere.energy.gov/hydrogenandfuelcells/pdfs/pathways_2011.pdf

The Business Case for Fuel Cells 2011:
Energizing America’s Top Companies
By FuelCells2000, http://www.fuelcells.org
See report:

http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/business_case_fuel cells_2011.pdf

State of the States 2011: Fuel Cells in America
By FuelCells2000, http://www.fuelcells.org
See report:

http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/stateofthestates2011.pdf

Annual Merit Review & Peer Evaluation Proceedings
Includes downloadable versions of all presentations at the Annual Merit Review

http://www.hydrogen.energy.gov/annual reviewll 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

http://hydrogen.energy.gov/annual reviewll report.html

Annual Progress Report

Summarizes activities and accomplishments within the Program over the preceding
year, with reports on individual projects

www.hydrogen.energy.gov/annual progress.html

Next Annual Review: May 13- 17, 2013 Arlington, VA

http://annualmeritreview.energy.gov/

eere.energy.gov


www.hydrogen.energy.gov/annual_progress.html
http://hydrogen.energy.gov/annual_review11_report.html
http://www.hydrogen.energy.gov/annual_review11_proceedings.html
http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/stateofthestates2011.pdf
http:http://www.fuelcells.org
http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/business_case_fuel_cells_2011.pdf
http:http://www.fuelcells.org
http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/pathways_2011.pdf
http:http://www.pnl.gov

Acknowledgements- world Class Researchers jEg=asmser | Energy Efficiency &

EN ERGY Renewable Energy

Professor Thomas Jaramillo (Stanford) received a 2012 Presidential Early Career Award for Scientists & Engineers
(PECASE). PECASE is the highest honor bestowed by the U.S. government on outstanding scientists and engineers who are
early in their independent research careers. Jaramillo is the first ever EERE awardee.

Dr. Adam Weber (LBNL) and Professor Vijay Ramani (IIT) honored
as Energy Technology Division Supramaniam Srinivasan Young
Investigator Award from The Electrochemical Society in Seattle.

Professor Scott Samuelsen (UC Irvine) named a White House
Champion of Change for his work as Director of the Advanced Power
and Energy Program and the National Fuel Cell Research Center.

Dr. Fernando Garzon (LANL) was elected President of the National
Electrochemical Society (ECS).

Dr. Radoslav Adzic (BNL) honored as 2012 Inventor of the Year by
the NY Intellectual Property Law Association.

Other Presidential Awardees:

* Professor Susan Kauzlarich — UC Davis, a 2009 recipient of the Presidential Award for
Excellence in Science, Mathematics and Engineering Mentoring—and a partner of the
Chemical Hydrogen Storage Center of Excellence

» Dr. Jason Graetz — Brookhaven National Laboratory, a 2009 recipient of the Presidential
Early Career Award for Scientists and Engineers—and a partner of the Metal Hydride
Center of Excellence

» Dr. Craig Brown — NIST, a 2009 recipient of the Presidential Early Career Award for
Scientists and Engineers—and a Partner of the Hydrogen Sorption Center of Excellence

20 | Fuel Cell Technologies Program Source: US DOE 12/5/2012

eere.energy.gov



U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

Thank You

Sunita.Satyapal@ee.doe.qov

New energy data initiative to share the latest energy
iInformation and data. Please visit:

http://en.openei.org/wiki/Gateway:Hydrogen

hydrogenandfuelcells.energy.gov
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