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19705 A group of scientists and DOE managers met at Los Alamos
to set the foundation for DOE fuel cell programs

Lab researchers taught scientists around the world how to fabricate
fuel cell electrodes. GM relocated to Los Alamos.
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Commercial
FCEVs are

here today!

Can reduce total
GHG emissions
50-90% vs. today’s
gasoline vehicles

FCEV: Fuel Cell Electric Vehicle
Honda FCV GHG: Greenhouse Gases




Power, Performance & Pollution-Free

Fuel Cell Electric Vehicles can:

v'Refuel in minutes

v'Have a 300+ driving range

v'Get more than 65 miles per gallon (equivalent)
v'High power (torque and acceleration)

\ )
|

And all with zero pollution from the
tailpipe- only clean water vapor
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Watch Secretary Moniz driving the Mirai!
http://energy.gov/eere/fuelcells/test-driving-toyota-mirai



http://energy.gov/eere/fuelcells/test-driving-toyota-mirai
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Electric Current .
No combustion

involved

Fuel In
Hydrogen

<+—— Airln Electricity

@ produced directly

Twice as efficient

—

O

as today’s
Water and .
B Heat Out combustion
engines

Fuel Cells produce electricity like batteries but don’t need to be plugged in
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Diverse Energy Sources Diverse Applications
Fuel Cells
Natural Engines / Turbines
Gas

A
¢ Energy Storage
e

Renewable
Sources Petroleum
(wind, solar, Recovery & ~47%
biomass, hydro, Hyd rogen Refining
geothermal) Clean Energy

Carrier Methanol %

Nuclear Production

~
Vg .
IS Electronics
&

Coal e .
(with carbon C‘\ Ammor.ua ~45%
) Production
sequestration)
Metal Production &

_ Food Fabrication
Cosmetics  processing 2 %

Source: DOE, NREL, Hydrogen and Fuel Cell Program
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We already produce ~ 10M metric tons of H, per year
Today there are more than 1600 miles of H, pipeline
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Centralized H, Production Facilities

Many states already produce many metric tons of hydrogen
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Low, Medium & High GHGs/Mile for 2015 Technology

oy Gy oo Gon

Internal Combustion  Hybrid Electric Extended-Range Battery Electric
Engine Electric

Current gasoline ICEV: ~450

Honda Civic [ [360 |
Nissan Versa - 343 |
Chevy Cruze Diesel 366
Honda Civic CNG IREE

Toyota Prius | | 254 |
Chevy Volt | [280 |

Toyota Mirai (NG) | | 252 |
Toyota Mirai (33% Renewable) . | | | | |

160 210 260 310 360 410
Grams of CO2e per Mile

c . Source: Program Record 16004
-l Ol nt VTO' FCTO An d |y5 IS Exa m p | S (https://www.hydrogen.energy.gov/pdfs/16004_life-cycle_ghg oil_use_cars.pdf)




Cost Status and Targets
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Fuel Cell System
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Onboard H, Storage

(700-bar compressed system)

Di .
W $230/kW ispensing
B $33/kWh
I $16/gge
to
$13/gge
sg9/w
y $17/kWh
100K/yr
$53/kW $7.5%/gge
S00K/yr to $15/kWh
$5**/gge 500K/yr
$40/kW <S4/gge $10/kWh
2020 Targets | High-Volume Projection [Jl] Low-Volume Estimate

*Based on Electrolysis **Based on NG SMR

*For illustration purposes only, not drawn to scale
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Fuel cell buses surpass 15 million passengers
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Over 10,000 fuel cell forklifts
Over 1.5 million H, refuelings
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World’s Iargest twn running on
hydrogen in Fukuoka, Japan
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Opportunities for Distributed Generation (DG) and ENERGY | ooy “ineiency &
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Range of electrical efficiencies for DG Examples of fuel cell deployments

LEERNERRIES using natural gas
Electrical Efficiency ‘

70%

60% -

50%
40% -
‘g i w
20% - -

10% A

0% T T T T

Steam Recip. Gas Micro- Fuel
Turbine Engine Turbine Turbine Cell
Source: EPA, Catalog of CHP Technologies, December 2008

Typical Electrical Efficiency (HHV)

Supermarkets — growing
interest for reliable power

Critical Loads- e.g. banks,
hospitals, data centers

During Hurricane Sandy, fuel cells provided backup power
for many in NY, NJ, and CT.

>60 fuel cells as backup power for cell phone towers.

>20 fuel cells provided continuous power to buildings

New World Trade Center using fuel cells
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Market Growth in Fuel Cell Sales ENERGY | Renowabi Enere
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20.000 Fuel Cell Systems Shipped Worldwide by Application

60,000 + - — - - - ' >60,000 Fuel Cells Shipped in 2015 JEEEE-——

50,000 -

40,000

30,000 -

20,000 -

10,000 I I
| B

2008 2009 2010 2011 2012 2013 2014 2015
Portable ® Transportation m Stationary

Capacity shipped Approximately ~ the capacity
in2015 — 300 Mw & 2X = in 2014

Consistent ~30% annual growth since 2010



What can we learn
from history?



Gasoline History: Many diverse options

Cans, barrels, home models, mobile refuelers

SouArce: Milkues, 1978
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Refueling Methods Evolved Over Time

450,000 120,000
A Census Stations me
400,000 | Interpolations . . )
B Gasoline Outlets
_ . . + 100,000
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Source: Turn of the Century Refueling: A Review of Innovations in Early Gasoline Refueling Methods and Analogies for Hydrogen (Melaina 2007)

History shows phased introduction of different refueling methods



Energy Efficiency &

Complementing Retail Stations: H, Refuel H-Prize ENERGY |rercuavie enery
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$1M Competition: On-site H, fueling

repuel | [Finalist Team simple.fuel.”

More at hydrogenprize.org .

.........

* Launched October 2014
e Qutcome announcement expected early 2017

© Ilvys Inc., All Rights Reserved 2016




Information sharing
and outreach are
critical
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Downloads and Potential Impact

Global View ¢ i ot :
h2tools.org e : P —
pe . W, : y Fire Department Force ‘ Y¢ Emergency Management W
* & * oy ol ;;5?100 n’ k Omer
* Includes resources on n BT @ o0 | X Ly
H Saue s Nt "-‘*"*. ,f:i'ele'e7".;;'»_'-‘_‘-l-'ni:?_'ﬁ’nr:tr.. ‘> 1,800 ‘ } Y International
safety best practices, |
f|rs't responder * Tracked downloads from Europe and Japan
training, and H,codes . Rasoyrce translated in Japanese
& standards « 50% of visits are international!

Enabling dissemination of safety information around the world
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Portfolio Approach: The Narrative ENERGY | Ronovatlc Enesy
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Batteries and Fuel Cells
Electricity and Hydrogen

... and Net Zero Carbon Fuels (Solar2Fuels, etc.)

Low carbon electrons to electrified powertrains



H, at Scale Energy System Vision

Solar PV

1.
‘ 199 )

Geothermal

Wind

Nuclear

Concentrated Solar Power

Electricity

— AVAY A b~

Power

Hydrogen
Storage/

Hydrogen
Generation

Distribution

Generation

Other
End Use

S~
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Value Added
Applications

Hydrogen/
Natural Gas
Infrastructure

Hydrogen
Vehicle

™)

Synthetic
Fuels

Upgrading
Qil /
Biomass

Nonwma.od-g“N

Metals
Refining

*Illustrative example, not comprehensive
Source: NREL
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Value Added
Applications
Hydrogen/

T

Natural Gas
Infrastructure
Wind Hydrogen A
Vehicle P
Power >
Generation Z
Synthetic '8
Fuels )
Hydrogen ;
Solar PV Storage/ =
Distribution Upgrading | ©
oil/ |=
Biomass
Geothermal g
Nuclear .
Hydrogen Other Metals
Generation End Use

Refining
Concentrated Solar Power

S~
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National Hydrogen &

2) Fuel Cell Day | 10-08 Celebrate
National
Hydrogen &

Fuel Cell Day

L AGEL
on Its very own
Hydrogen atomic- weight-
day)

Learn more: energy.gov/eere/fuelcells
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INCREASE YOUR

e

www.hydrogen.energy.gov

A




We need your help!

Thank You

Fuel Cell Technologies Office

hydrogenandfuelcells.energy.gov



