U.S. DEPARTMENT OF Energy Efﬁciency &
Renewable Energy

Fuel Cell Technologies Office Overview ENERGY

Hydrogen In

I I 77 biytrogen Molecule (3‘3

©

Water Out

Mamhrana

=21 i

IPHE H2igher Educational Round — Rome )il

U.S. Department of Energy
Chief of Staff
Rome, Italy Sustainable Transportation

December 1, 2014



““““““““““““ Energy Efficiency &

ENERGY Renewable Energy

All-of-the-Above Energy Strategy :

“‘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

“As part of an all-of-the-above energy
approach, fuel cell technologies are
paving the way to competitiveness in the
global clean energy market and to new
jobs and business creation across the
country.”

A

- Secretary Moniz, :
Secretary Moniz at DC Auto Show

U.S. Department of Energy
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TRANSPORTATION

Hydrogen and Fuel Cells

* Transportation Efficiency
* Diverse Fuel Sources ™ Vehicles

e Domestic & Renewable

Bioenergy

National Energy Goals Net Oil Imports GHG Emissions

& 17% by 2020
Climate Action Plan lSO% by 2020 l b;’
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EDV Sales

U.S. Electric Drive Vehicle Sales, by Technology
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2013 Sales Set Record

« 46 EDV models were available
for sale

- 575,000 Sales

« ~97,000 PEVs Sold. The top 6

models represent 95% of the
sales :

« Volt (23,094)

- Leaf (22,610)

« Model S (19,400)

« Prius PHEV (12,088)
« Cmax Energi (7,154)
« Fusion Energi (6,089)

- Over 3.1 million EDVs on the
road Jan.1, 2014
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FCEVs Reduce Greenhouse Gas Emissions ‘
>500/0 Well-to-wheels CO, emissions/mile
from )
Distributed 2012 Gasoline e < Ba30

Com;e-nﬁo rial Internal
(Co‘fnbusticn Engine
Vehicles

Natural Gas+* -
Gasoline

> 80% Distributed NG |

from |
NG (Central) with

Renewables++ Sequestration
(Wind) .
Coal Gasif. (Central)

w/ Sequestration

/

from Biomass Gasif. -13
Renewables+ (Central) 1 .
-

Fuel Cell Electric
Vehicles

(Wind) Wind
Electricity

*Compared to 2012 gasoline vehicle 1
**Compared to 2035 gasoline vehicle 0 100 200 200 400 500

Substantial GHG reductions with H, produced from renewables
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Fuel Cell Systems Shipped by Application

2008 2009 2010 2011 2012 2013

M Stationary M Transportation Portable

Navigant Research

Consistent 30% annual growth since 2010
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DOE Activities Span from R&D to Deployment el Sro
Research & Development Demonstration Deployment
e 50% reduction since 2006 * >180 FCEVs * Government Early Adoption
. (DoD, FAA, California, etc.)

» 25 stations

* 80% electrolyzer cost « 3.6 million miles traveled « Tax Credits: 1603, 48C
reduction since 2002
* World’s first tri-gen station
(250 kW on biogas * ~1,600 fuel cells deployed

* 100 kg/d H2 produced
Fuel Cell System Cost g p ) * DOE Recovery Act &

Market Transformation
Deployments

$140

= $10
$106/kW
$100
o« B N o Goal
$30/kWh)
S50KW  go7w
4
) I I I |
80

2006 2007 2008 2009 2010 2011 2012 2013

@
@
3

FC Systems Cost ($/kW,

»

© Material Handling Equipment (8 Sites and 504 FC Units)
< Backup Power (80 Sites and 206 FC Units)

O stationary (1 Sites and 6 FC Units) in
£ APU (1 Sites and 1 FC Units) State/Site

*At 500,000-unit production

DOE’s RDD&D activities are enabling commercialization of fuel cells




Hydrogen & Fuel Cell Budget

FY 2014 FY 2015
Key Activity (S in thousands) (S in thousands)
Approp. Request
Fuel Cell R&D 32,422 33,000
Hydrogen Fuel R&D 34,467 36,283
Manufacturing R&D 2,879 3,000
Systems Analysis 3,000 3,000
Technology Validation 6,000 6,000
Market Transformation 2,841 3,000
2::; C:Sritte-wide Facilities 1,000 1,700
SBIR/STTR 3,410 TBD
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Office FY 2014

EERE S93M

Basic Science2  S20M to
S25M

Fossil Energy, S25M

SECA

ARPA-E3 S33M

FY14 DOE Total: “5175M

Consistent R&D funding request and appropriations in recent years
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$/kW Fuel Cell System Cost™* vs. Targets
$124
$120
$80 >2 X reduction in cost
$55
B o Targets
$40 , , , e $40
5X decrease in platinum loading o $30

$0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2020 Ultimate

*At 500,000 sys/yr; *¥* $280/kW * current technology at 20,000 sys/yr; TORNL, top-down analysis based on OEM input

50% fuel cell cost reduction through DOE R&D since 2006
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PEMFC Stack Cost Breakdown*

MEA Frames/

Gaskets
6% Balance of

stack * 2020 target for
GDLs 8% . I
o B-polzaz;lates PEMEFC cost iIs
$40/kW
Membranes
s 11% * Catalystis the
Application Iargest cost

46%

*500,000 sys/yr

Catalyst remains key challenge and opportunity to lower cost
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5X decrease in platinum loading
2X reduction system cost since 2006

30X increase in catalyst activity recently demonstrated in
the lab

Collaboration between UC Berkeley and ANL

A PiNis Polyhedra B PINi Intermediates C Pt:Ni Nanoframes D Pi,nanoffamesic =0

Potentially disruptive technologies are still possible!




Hydrogen Production
$10
Current Technology
e Natural Gas (D/C) $8
* Electrolysis (D)
$6
Near to Mid-Term: 4
* Electrolysis- Wind and
Solar Powered (D/C) $2
e Bio-derived Liquids :'.:N 50
(b/C) £ s10
 Fermentation (D/C) &
$8
Long-Term (not shown): $6
Central Renewable H, "y

* Solar-based water
splitting $2
* Photolytic Bio-hydrogen

D- Distributed C- Central

Strategies

DDDDDDDDDDDD

Energy Efficiency &
Renewable Energy

13

Distributed Production

PEM Electrolysis -
Feedstock variability 50.03-50.08

Matural Gas Reforming

. Feedstock variability 54-510 per
MMETU
Bio-Derived Liquid Reforming
Feedstock variability 51-53 per gallon

’ Baseline Cost Projection

1’. ]

Central Production

PEM Electrolysis

Feedstack variability 50.03-50.08
per kWh

Biomass gasification
Feedstock variability 540-5120 per

’ Baseline Cost Projection

dry short ton
< 82
kg

2005/06 2009/10

2011

2013

2020

H, from NG can be competitive today - renewables is a longer-term focus
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Hydrogen Delivery Critical Costs "

H, Compression, Storage and Dispensing (CSD) Cost Breakdown

Storage

* 2020 goal for H, cost
at the pump is

Cooling
<$4/gge
Dispenser b Compression )
 Compression and
154 | storage are 75% of

Other .
the cost of H, station

dispensing costs.

*Based on the pipeline scenario

Compression is a key challenge for the cost of delivering and dispensing H,
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Cost breakdown for 700-bar H, Storage Tank*

* 2020 goal for H,
BOP & Precursor storage IS $10/kWh

Assembly Fiber

31%
e Carbon fiber
precursor is the
Conversion largest single cost
contributor

*Single tank holding 5.6kg H2 total, cost in 2007S, 500,000 systems/yr

Carbon fiber cost reductions are critical for 700-bar compressed H,
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DOE Impact on Early Market Applications 16
FCEV Commercialization Strategy DOE Cost-Shared Deployments and

FCEV Cost Reduction Enablers

Additional Purchases

Space Applications > 13 000 >11,500

Specialty Vehicles A
10.000 - /
Backup Power Systems !

Primary Power > 5000 S7X A

additional
6.000 - /!
purchases ,

U4

Portable Power

APUs for Transportation >

4.000 -

Buses and Fleets >
AR

Wide-Commercialized

. FCEV .

2.000 -

Cost Share Additional Purchases
Market Penetration Deployments without DOE Funding

Catalyzing early markets enables broader commercialization of FCEVs
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15t commercially available FCEV
for sale in the US

Toyota Mirai Fuel Cell Vehicle Deputy Secretary of Energy,
Daniel B. Poneman

test driving Hyundai Fuel Tucson

OEMis bringing fuel cells to showrooms and driveways
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to address H, Infrastructure Challenges
I U.S. DEPARTMENT OF Gl b lA t k O N Em Fuel Ce" & AGSEA
T d
% ENERGY QORAUTOMAKErS e :\;Sgg%igrfnergy eeeeee Gas Association
Califownia
LLLLLLLL v J
----------- HONDA ‘ N
The Power of Dreams HyunoAlI MercedesBenz : TOYOTA
EPPp— T &
AIR LIQUIDE ¢ 3rC* HYDROGEN Arggﬂ,ﬂg& FUDH - # !' HNEI HYDROGENICS
e G ) ITM POWER Massachusetts CB
Intelligent Energy Storage | Clean Fuel Kobelco Compressors(America), Inc. o@e M H}' drogen
Energy Coalition

W= 4
g . NRE L NU\/kl:—IRI?\ Pacific Northwest m n"""""“""WB" u- F'RDTDN R

MNATIONAL LABORATORY

'I" E%?:ﬂﬁg .WS.NB..,,NL (‘}SCRA CHRY?LER

With 3X increase in partners and growing since 2013
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Nationwide California

* 1500 mi. of H, pipeline 100 stations - Goal

*  >9IVl metric tons produced/yr * >~S70M awarded

* ~50 stations (~10 public) ° "’$100M pIanned through 2023

Other States @ £ o Ahel ;

{% : éeé‘; NEVADA i

e 8-State MOU Members: CA, CT, % ¢ | X p %g‘gcw |
NY, MA, MD, OR, Rl and VT sot% %

* MA, NY, CT: Preliminary plans for H, | i::MciL:';g:*N'A : |
infrastructure and FCEVs deployment . 'No,m"vgyk\,Lés./ergfsu
in metro centers in NE states. = ok b g 5

* Hawaii: Public access refueling O - T
infrastructure on Oahu by 2020 H, stations in CA @:ﬁwﬂﬁ»-;\ms;mﬁ

Filter by: All (60) | ’ Open (9) | Q In Development (49) | Bus (2)

NE states, California and Hawaii have H, infrastructure efforts underway
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S1 million competition

for on-site home and
2 reéuel community-scale H,

fueling systems.

1 Year 2"d Year Late 2016 Award

Teams form Selection of Technical and

and submit finalists and cost analysis to
designs testing select winner

Promoting H, fueling system development in the community
Visit http://hydrogenprize.org/
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11th Annual Hydrogen Student Design Contest ENERGY wwecu

The Hydrogen Education Foundation’s

What

 Contest to develop
innovative hydrogen
fueling station business
and financing models

www.HydrogenContest.org

Who When
e Undergraduateand ° Early Registration by
graduate students Dec 5, 2014
worldwide e Jan 16, 2015- Deadline to
register and to submit
abstracts

Contest is now open at www.hydrogencontest.org



http://www.hydrogencontest.org/
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e Continue to promote and strengthen R&D

Selectively demonstrate strategic, innovative technologies

* Conduct key analyses to guide RD&D

* Leverage partnerships to maximize impact of efforts

R&D, demonstrations, analysis and partnerships lead the path forward
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Thank you

Michael Mills
Chief of Staff
Sustainable Transportation
michael.mills@ee.doe.gov

Sunita Satyapal Greg Kleen
Director Education Lead
Fuel Cell Technologies Office Fuel Cell Technologies Office

sunita.satyapal@ee.doe.gov gregory.kleen@ee.doe.gov




