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4 Key Messages
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1. Increased market growth,
infrastructure progress and
niche markets emerging
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U.S. Fuel Cell Car Sales and Expert Outlook

Fuel Cell Car Sales Growin

g 2,500
B fuel cell cars
2500 sold or leased in the U.S.
2.000 ()

78%
1.500 of executives
1000 Absolutely or partly
agree that
500

Fuel cell cars will be
the real breakthrough
for electric mobility

August 2014 August 2017

Note: Cumulative number of vehicles sold/leased. Source: hybridcars.com KPMG, Global Automotive Executive Survey 2017 (Jan. 2017)
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Consistent Fuel Cell Market Growth Continues

600 - Fuel Cell Power Shipped (MW) Worldwide
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500 MW Approxi:natfly
fuel cell power @ 1.6 Billion
shipped worldwide shipped worldwide uel cell revenue

Source: DOE and E4Tech
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Hydrogen refueling stations: strong State support
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Retail: In Development

Approx. 12 to 25
stations planned

Others with interest: Hawaii, Ohio, Texas, Colorado, South Carolina, and others
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25.000
More than
20.000 7,500
' backup
power
(BU) units
15.000
10.000
More than
16,000
forklifts
5.000
Total:
900 BU units
700 forklifts

Supported by prior  Supported by
Credit: Fuel Cell Energy DOE funds industry
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Heavy Duty Vehicle Applications Emerging

Fuel cell delivery and parcel trucks Fuel cell buses in CA surpass 17M
startmg dellverles in CA and NY passengers

Industry demonstrates first ZHZ U.S. Army and GM coIIaboratlon
heavy duty fuel cell truck in CA First of its kind
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Stationary Power Applications Emerging — Examples

Fuel cells provided backup power during Fuel cells used to power
Hurricane Sandy in the U.S. Northeast new World Trade Center in NYC

B £ g, R T

Fuel cell power for maritime ports Over 235 MW of fuel cell stationary power

demonstrated in Honolulu, Hawaii installed across more than 40 US states
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2. Strong global support and
growing collaboration

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY FUEL CELL TECHNOLOGIES OFFICE



A Global Initiative Supporting H2

The Hydrogen Council

D

Investment Members
Over S10B 16 companies
towards representing
hydrogen and S1T in revenues

fuel cells and 1.7M jobs

More information: hydrogeneurope.eu




3. Continued collaboration to
address remaining
technical challenges
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DOE Hydrogen and Fuel Cells Program

Applied research, development and * Energy security
Early R&D : o . .
innovation in emerging hydrogen * Energy resiliency
Focus and fuel cell technologies leading to: e Strong domestic economy
Early R&D Areas Early R&D Impact
60% Lower Fuel Cell Cost
Z124/KW
Fuel Cells Hydrogen
230/KwW
* PGM- free catalysts * Production
e Durable MEAs pathways 200 e
' Greater Fuel Cell Durability
e Electrode * Delivery
performance components 4 X more hours
e Advanced materials of fuel cell lifetime since 2006
PGM = Platinum group metals for Storage 800/) Lower EIECtrOIyzer COSt

MEA = Membrane Electrode Assembly fOF H2 production since 2002
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What can we learn
from history?



Henry Ford’s
Quadricycle in 1896 to FORD CARS

1909 MODELS

M Od EI T i n 1908 The enormous demand for the new d-cylinder

Model “T” touring car makes it impossibie for us

to get these cars on short notice; deliveries will be
made strictly in the order given. If you want ome
of these cars, see us soon.

$850 f. 0. b. factory
Colorado Auto Supply Co.

Distributers
8-10 E. BIJOU STREET

Three or four splendid zeceond-
hand cars for sals cheap.

' Illl'III]II I




DOE Cost Status and Targets

Fuel Cell R&D Hydrogen R&D

System Production, Delivery & Dispensing Onboard Storage

(700-bar compressed system)

$180/kW+ $16/gge* $24/kWh
to
$10/gge

$50/kwW+ $17/kWh

100K/yr

$75*/gge 100K/yr
to $15/kWh
. Ssﬂ.)sy(kw-l- $5 * */gge 500K/yr

® 540/kwW ® <54/gge ® S10/kWh

@ 2020 Targets | High-Volume Projection B Low-Volume Estimate

*Based on Electrolysis **Based on NG SMR * Preliminary, updates underway
Onboard storage cost status from DOE Program Record 15013

Note: Graphs not drawn to scale and are for illustration purposes only.
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Techno-Economic Analysis Guides R&D Portfolio

F i
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— MEA
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Gasoline History: Many diverse options

Cans, barrels, home models, mobile refuelers




Refueling Methods Evolved Over Time

History shows phased introduction of different refueling methods

450,000 120,000
A Census Stations m e
400,000 Interpolations - _ y
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50,000 | 7 —
-
-
0 -~ . — : : . : 0
1900 1910 1920 1930 1940 1950 1960 1970

Source: Turn of the Century Refueling: A Review of Innovations in Early Gasoline Refueling Methods and Analogies for Hydrogen (Melaina 2007)
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Enabling Infrastructure: H-Prize

DOE awards $1M H-Prize to Simple Fuel for
winner small-scale H, fueling design

- ’Sirnme_quL

www. hydrogenprize.org

simple.fuel
Email: connect@ivysinc.com McPhy Energy (MA)

Ivys Energy Solutions (MA)

More info: www.teamsimplefuel.com PDC Machines (PA)
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http://www.teamsimplefuel.com/
mailto:connect@ivysinc.com

H, at Scale Energy System

Power Value Added
Generation Applications
Electricity Hydrogen/
Natural Gas

Infrastructure

Hydrogen Hydrogen

Solar PV R Storage/ Vehicle
‘ Distribution
Synthetic
Fuels

Natural Gas/
Coal

iy
Nuclear,
Thermal,

Geothermal, etc.\b

Al

NOILYI40dSN®

Upgrading
Oil /
Biomass

Battery

t Ammonia/
Fertilizer

Hydrogen

Metals
co, Generation

Other Refining
End Use

*Illustrative example, not comprehensive — \SO
Source: NREL
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4. Information sharing and
education are critical as
we move forward
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Technology Data, Models and Resources Available

Data Validation of Real World Applications through the NREL's NFCTEC

e Data products provide insights on technology improvements, issues and gaps

.

CARS BUSES

Example: Sources of H,

To Participate )
Infrastructure Maintenance

techval@nrel.gov %
Models “Toolbox” Online
Total Events:
e Financial, technical and economic % 3 140
models covering H, infrastructure,
jobs, and more.
e Visit:

energy.gov/eere/fuelcells/hydrogen
-analysis-toolbox

Compressor
Dispenser
Entire

Storage

Reformer

Thermal Management
Other chiller, Feedwater

Most maintenance related to
compressors and dispensers
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H2Tools: One-stop for H2 safety knowledge

Ba

ey

1 I 10,960

thoo,Is.o_r'g‘

* Includes resources on e Site visit tracking shows a global reach:
safety best practices, first 50% of visits are international!
responder training, and Over 31,000 site visits in the first year

H, codes & standards alopg :
e Training resource translated into

Japanese
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Ways to Spread the Word

Celebrate Hydrogen & Give a Increase your
Fuel Cell Day H21Q presentation
October 8 or 10/8 in your community!

(Held on its very own atomic- weight-day)

1 INCREASE YOUR

Download for free at:

energy.gov/eere/fuelcells/downloads
/increase-your-h2ig-training-resource

Hydrogen

Learn more:

energy.gov/eere/fuelcells
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Summary

 Enable early R&D innovation

e Hydrogen fuel
* Fuel cells
e H2@Scale

* Leverage activities to maximize impact

* Enable infrastructure and cross-sector impacts
* Partnerships- other agencies, industry, states, etc.
e Collaboration on safety R&D and information sharing
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Thank You

Dr. Dimitrios Papageorgopoulos
Fuel Cell R&D Program Manager
Fuel Cell Technologies Office
Dimitrios.Papageorgopoulos@ee.doe.gov

energy.gov/eere/fuelcells
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