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U.5. DEPARTMENT OF

Benefits: Well-to-Wheels CO, Analysis

Energy Efficiency &

ENERGY Renewable Energy

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

Well-to-Wheels Greenhouse Gases Emissions
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Electric Vehicles
(power-split, 10-mile electric
range)

Plug-in Hybrid
Electric Vehicles
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Projected technologies analysis & assumptions at: http://hydrogen.energy.gov/pdfs/10001_well_to_wheels_gge_petroleum_use.pdf
Assumptions on efficiency, fuel economy, etc. updated as R&D progresses. Next update in 2013.

H, from Natural Gas

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

Use of H, from NG
decouples carbon from
energy use—i.e., it
allows carbon to be
managed at point of
production vs at the
tailpipe.

Even greater emissions
reductions are possible
as hydrogen from
renewables enter the
market.
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OverView U.5. DEPARTMENT OF

Energy Efficiency &

Fuel Cells - An Emerging Global Industr ENERGY | renewabie Eneray
- U.3. Clean Energy Patents Fuel Cell Patents Geographic
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Clean Energy Patent Growth Index!'! shows that fuel cell patents lead in the clean
energy field with over 1,000 fuel cell patents issued in 2012.

[1] http:/icepgi.typepad.com/heslin_rothenberg_farley_/2013/03/clean-energy-patent-growth-index-2011-year-in-review.html
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Worldwide Investment & Interest Are s oeearentor | Enaray Efficiency &
Strong and Growing

ENERGY Renewable Energy

Interest in fuel cells and hydrogen is global, with more than $1 billion in public
investment in RD&D annually.

Examples of Global Players in
addition to the U.S. Worldwide fuel cell markets continue to grow (>20,000 units

® Japan: $242 million in FY12, shipped in 2011; >35% increase over 2010),

(~$1.0 Billion in funding for FY08-FY12);

* Nearly 30,000 residential fuel cells

deployed (40,000 by April 2013) Fuel CIEII Systems Shipped
« Plans for 2 million ECEVs and 1000 by Key Countries of Manufacture: 2008-2011

H, stations by 2025 (100 stations by
2015)

25,000

-

20,000

Germany: >$1.2 Billion in
funding ('07 —'16)

* plans for hydrogen stations
» >22,000 small fuel cells shipped.

15,000

10,000

- European Union: >$1.2 Billion
in funding (08-'13)

5,000 -
4 g h

'@.4?

South Korea: ~$590 M (‘04-'11);
plans to produce 20% of world shipments o
and create 560,000 jobs in Korea 2008 2009 2010 2011P

%t
T ren Theues ek e arell s = United States m®mGermany =3outh Korea wJapan = All Others

deployed; 70 FCEVs, buses, 100 FC
shuttles at World Expo and Olympics

Sources: Pike Research, BTI, DOE Fuel Cells Market Report

4 | Fuel Cell Technologies Office Source: US DOE 4/4/2013 eere.energy.gov



Plans for FCEVs and H, Infrastructure  gNER@GY | 5o Efficienoy &

Renewable Energy

Major public-private partnerships have been formed, and plans have been developed

for the rollout of FCEVs and hydrogen infrastructure by 2015.

Hydrogen Supply/Utilization Technology (HySUT).
18 companies, including 3 auto companies, have announced plans
to commercialize FCEVs and provide infrastructure by 2015.

By 2015: 100 H, stations and FCEVs launched in 4 urban areas

Toyota, Nissan, Honda, JX Nippon QOil, Idemitsu Kosan, Iwatani, Osaka Gas, Cosmo QOil, Saibu
Gas, Showa Shell Sekiyu K.K., Taiyo Nippon Sanso, Tokyo Gas, Toho Gas, Japan Petroleum
Energy Center, Engineering Advancement Assn. of Japan, Kawasaki Heavy Industries, Air
Liquide Japan, and Mitsubishi Kakoki Kaisha, Ltd.

Iﬂ

H,Mobility. Public-private initiative for nationwide H,
infrastructure—will develop into joint venture to install stations.

By 2015: 50 H, stations (public-private funds committed); and
5,000 FCEVs expected on the road
National Organization of Hydrogen and Fuel Cell Technology (NOW Gmbh), Daimler, GM,

Toyota, Nissan, Hyundai-Kia, Volkswagen, BMW, Siemens, EnBW, Linde, OMV, Shell, Total,
Vattenfall, EnBW, Air Liquide, Air Products

A

UKH,Mobility. Evaluating anticipated FCEV rollout in 2014-2015
* Will develop action plan to make UK a leading market for FCEVs

Air Liquide, Air Products, Daimler, Hyundai, ITM Power , Johnson Matthew, Nissan, Scottish
& Southern Energy, Tata Motors, The BOC Group, Toyota, Vauxhall Motors, and 3 gov’t
departments (Business, Innovation & Skills; Energy; and Transport)

UK

Scandinavian H, Highway Partnership (SHHP)

Partnership of Hydrogen Link (Denmark), HyNor (Norway) and Hydrogen
Sweden. Goals is to establish a network of 45 H, stations (15 main stations, 30
satellite stations) and a large fleet of vehicles (500 cars, 100 buses, 500
specialty vehicles). Projects include H2Moves Scandinavia and Next Move

MOU signed October 2012: 4 auto companies (Toyota, Nissan, Honda, Hyundai), 3 H,
infrastructure companies (HyOP AS, H2 Logic A/S, Copenhagen H, Network A/S), and 5
NGOs agreed to introduce FCEVs and H, infrastructure by 2014 — 2017 timeframe.

5 | Fuel Cell Technologies Office Source: US DOE 4/4/2013
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Current Status:

* >220 hydrogen stations in operation
worldwide (with >100 in planning stages)

]l] in opetation 1_!3 planned

¢ >500 FCEVs demonstrated worldwide
¢ >100 fuel cell buses estimated worldwide

Projected FCEV Sales - World Markets

450,000

400,000

= North America ®mWoestern Europe  m Asia-Pacific
350,000

300,000

250,000

200,000
150,000 !
100,000

50,000 :. I

2015 2016 2017 2018 2019 2020
Source: Pike Research

Sales (Vehicles)

eere.energy.gov



Progress Example- Fuel Cells ENERGY | reroy Efficency &

Renewable Energy

Projected Transportation Fuel Cell System Cost

Projected high_ 6300 - -projected to high-volume (500,000 units per year)-
volume cost of fuel s B e s Current status:
3 $250 - ”;':nC:(')ma :n $47/kW vs
cells has been = igllt‘frf’e)s scombly & target of $30/kW
reduced to $47/ kW i’:} $200 - ] Stackg($/kW)
* 8
(2012) S o0 -
*% $108/kw$94/kw Target
* More than 35% % sTIw $30KW
. . $51/kW
reduction since  sw- I sonwsarw |
2008 N EEEEREEN]

2002 2006 2007 2008 2009 2010 2011 2012 2017
Projected Costs at Different Manufacturing Rates

 More than 80% s

. . ;E $250 —6—2007 Cost
reduction since £ g\s2ie ——2012 Status
& $200
2002 B g0 |\
“E’ - 3118 s110 $94
*Based on projection to high-volume manufacturing (500,000 o $100 y $71 $59 ——
units/year). The projected cost status is based on an analysis of ® $55 $47
state-of-the-art components that have been developed and U>)‘ $50 -
demonstrated through the DOE Program at the laboratory
scale. Additional efforts would be needed for integration of $0 T T T "
components into a complete automotive system that meets 1,000 125,000 250,000 375,000 500,000
durability requirements in real-world conditions. Annual Production Rate (systems/vear
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Hydrogen: Sources & Applications

U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Diverse Energy Diverse
Sources Applications
p—
Fuel
Natural Gas + Fuel Cells
* Engines/Turbines
* Energy Storage
Renewable Chemical
__________
Resources bt
(wind, solar, biomass) Hydrogen C weﬂm Recovery &
b Clean Energy sl Refining
Carrier * Methanol Production
Nuclear * Biofuels/Biomass
* Electronics
*  Ammonia Production
Coal * Metal Production &
(withcarbon " Fabrication, Food
sequestration) Processing, and
—— Cosmetics

Hydrogen from renewables
and low carbon sources is key
for a number of applications

High-temp
Electrolysis

Coal Gasification
With CCS

Established
Industrial Process

Natural Gas
Reforming

Central

Today - 2015 2015-2020 2020-2030

¥ O

Natural Gas Electrolysis
Reforming (Grid)

Bio-derived
liquids

Fermentation

IO S pathWayc e mid e ';n.. =c||ar PRtWaYS=Iongerterm

Distributed

P&D Subprogram R&D efforts

Estimated Plant successfully concluded

Capacity (kg/day) “

50,000 =500,000
FE, NE: R&D effarts in DOE Offices of

Fossil ond Nuclear Energy, respectively

2010 Hydrogen Consumption Market Share by Application

15%.  1.0%
2.0% T 1.0%

3.7%

® Petroleum Recovery &
Refining
® Ammonia Production

® Methanol Production
u Metal Production &

Fabrication

44.5% u Electronics

= Food Industry

1 Others
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U.S. DEPARTMENT OF Energy Efﬁciency &

Options for Early Hydrogen Infrastructure ENERGY | rencwable Energy

Current Status = D o
*Over O9MMT of H, produced per year oY i Sy SRR

*Over 1,200 miles of H, pipelines in use
(CA, TX, LA, IL, and IN)

*Over 50 fueling stations in the U.S.

Two Main Options for Low-cost

Early InfraStruCture Existing I:I:yd;ogen Pr:(;::vction F;(:-ilifi(;s
* H, delivered from central site
« Low-volume stations (~200-300 kg/day) N
would cost <$1M and provide hydrogen for
$7/gge (e.g., high-pressure tube trailers, fi
with pathway to $5/gge at 400-500 kg/day) E AT
« Distributed production (e.g. AN
natural gas, electrolysis) Ty
Other options

. Co-produce H,, heat and power (tri-
gen) with natural gas or biogas — -
¢ Hyd rogen from WaSte (indUStrial, Source: Energy Information Administration, Office of 0il & Gas, Nalural Gas Division, Gas Transpoertation Information System
WaStewater’ Iandﬂ”S) Natural Gas Pipeline Network, 2009

eere.energy.gov

8 | Fuel Cell Technologies Office Source: US DOE 4/4/2013



Tri-Generation

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Tri-Generation co-produces power, heat and hydrogen. World’s First Fuel Cell and
Hydrogen Energy Station demonstrated in Orange County (DOE/FCT project)

Demonstrated world’s
first Tri-generation - CEEE - Py
station E -'

+ Demonstrated co-production *
of electricity and hydrogen
with 54% efficiency

* Uses biogas from
wastewater treatment plant

Gas or Biogas H, is produced

Air
SRR “=-1 at anode i
i co, !

* Hg+ COy — H,OW€0, + 2e- Water-Gas Shift

CH, + 2H,0
__,—‘

I I -

Gas Cleanup

= .

Exhaust

”

Heat
Exchangers

I

Compressor "~

', ......... —
Electricity
. H, Purification

Ny /NS
Hydrogen r

Air Products

EueICeII Energy

Co-funded by DOE/FCT and multiple partners

Fountain Valley demonstration
« ~250 kW of electricity

« ~100 kg/day hydrogen
capacity (350 and 700 bar),
enough to fuel 25 to 50
vehicles.
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U.S. DEPARTMENT OF Energy Efﬁciency &

Safety, Codes and Standards ENERGY | renonablo Enorgy

cEPARTMENT ] """ hydrogen.

| Hydrogen Progrom i) ~enSEgY gov e Exciting New
JPRome WP abouc WP 0o perteizanis WP nsmtoral W Lbvary SAFETY Training Opportunity!

.| tdrogen — VULNERABILIT
cms| > Hydrogen Delivery tavase What Is It?
[T id "v:""se" THentication of Safty Vierab
resere| > ydrogen (15V) s arganized effrtto
=il Hydrogen and Fueres ki s
> Fuel tells associzied with  process oractt
o PY i Home About DOE Participants International (1, 2 bazard amalys) Doing :
v echnolonf azardalyis will e you 1)
> Hydrogen ek
> Safety Productiol DERARTMENT Al EINEROY it i
il bydogen
- First Resf ~ Hydrogen d d i w  CEmymighider EOQEMER
i el rone Hy rogen and Fuel Cells Program A e T A
> E‘ht“uhg’a ’n’d"‘f‘le“ Why Do | Nead 1t moreshontenery fcencyznd. == i
atsbssf  Manufach - " oo R -
> Newslettd > Fuel cells mﬁ“mmmiw atemtive fuss. Hybid-lectic s Baragerent of Change
> Codes & Stf > Appr:i(alti on faclity vhicls r s Mgt o 10 [EP—
N Technologl * i e y e e b 3 7 s i G 2 v bt I Rk e
7 Education | -y lidation The ot U5, Dsparment of Energy Wt s el cicals deal wih propesed byds v s o oy o, Ao i i e e g ]
> Basic Rese] dhpectne Dapart i Hydigen Pasintng heb Pe'mmg BEpes v injues o
- >Safety |- Televommmaination  fysing stwions el eed mstalarons for L AN ERINN.  Coiuman | TR T -
L > Systems Al (e g Fuel el lhe * E85 whichis & miturs of 5% ethany = g, s ki, s o
T pysteme > Code Of ~ Rasand b fisk Flasurces for lscal permitting afcials wh are laoking 15 address project peoposals includs cument ctations R bydrogen Sieing slationg ad 8 d K e Whatyoumey ot o et e kM e e - st s i g
B Yol i of stk requitments on ta Aksmashn Furis: & Adianced Vitick Doea Contre Web ste In addiion, tis ovenira of Hnwis e ogenand el 2 — -
s telesommensatiens el sof yse and an anmabon that demonsirates ek pmmynsatont she ket usng bydrogen fuel calls for backup ool technology s slso emergingin 5
shold hp information for ncal ofiials 1o addr sals You an s . - o oy Mo
powee F ‘rr;ﬂ pf information mﬂﬂ] caa 1o adiss prech poposat. You n s view cumeet Stationary ped s o=t £ Lo X s sbicpiaeet
Bt Fuud Gl Syloms Codes and Storedonds Gl vehicle demanstration programs and = v
A — s s s e, posie i ety doployment ofstatonary el - "": o [ —
yeu haw any smgestioes for making this site et o cellsfor on-ste pover gonerabon Fi e snip = - oy 7o
5 Peinkable Version Coia®
-
Fy Disngmin P

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/
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U.S. DEPARTMENT OF Energy Efﬁciency &

Summqry: Progrqm Imqui ENERGY Renewable Energy

DOE FCT funding has led to 363 patents, 35 commercial technologies and 65 emerging technologies.

Example of Impact: ~$70M in funding for .csl)ecifiq projects was tracked — and found to have led to nearly
$200M'in industry investment and revenues.

: : Leveraging DOE funds: Early market
Rl | ployments of ~1,400 have led to >5,000 additional

> 80% cost reduction in PEM fuel purchases by industry with no DOE funding.
cells since 2002, > 35% since 2008

. >5,000 purchases
* Reduction in Pt by a factor of 5 S0 without DOE
i fundin
since 2005 06 9
« > Double the durability since 2006
e > 80° ion i 4000 — DOE cost-
80% cost reductpn in ~1,400 DOE e
electrolyzer stacks in the last 3000 __Cost-shared ~ deployments
decade deployments led to >3X
| additional
FCT Patent Breakdown 2000 v — purchases.

m Fuel Cells = Production & Delivery mStorage

400 1000 ——

300 —

200 — 0

100 :.:—— m Backup Power = Lift Trucks
0

, ) Recovery Act and Market Transformation —
Total Licensed Seeking to T 0
Patents License Government as “catalyst” for market success of
emerging technologies.

11 | Fuel Cell Technologies Office Source: US DOE 4/4/2013 eere.energy.gov



U.5. DEPARTMENT OF

Program R&D - Portfolio ENERGY | roatie trar

Renewable Energy

Program efforts are planned to transition to industry as technologies reach
commercial-readiness

. Federal RD&D Commercialization and Ongoing Industry Improvements

Backup Power Systems >
Stationary
> Power

Primary Power Systems
(Including combined-heat-and-power)

Specialty Vehicles >

(e.g., forklifts)

Portable Power > Portable Power

Hydrogen Fuel )
Ongoing R&D to provide renewable, low-cost
hydrogen for widespread commercialization

Near Term )  Mid Term ' Long Term

12 | Fuel Cell Technologies Office Source: US DOE 4/4/2013 eere.energy.gov



Porifolio Examples

U.S. DEPARTMENT OF Energy Efﬁciency &

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)

Duty cycle \ Heavy-Duty

<Light-D uty

Fuel Cell Electric Vehicles

(FCEVs)

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

Advantages of Batteries and
Fuel Cells:

* For shorter distances, batteries are more \
effective in terms of system mass

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

600

/
Q
(=]
T

cremental Mass of Energy Storage (kg)
8]
8

Electric Power System Mass vs. Vehicle Range

weight penalty
* But there are challenges: H, production,
infrastructure, fuel cell cost & durability

1

(0]

SOURCE: General Motors, Inc. Driving Range (mile)

50 100 150 200 250 300 3E

eere.energy.gov
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DOE - DOT Collaborations

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

DOE and DOT support the development and deployment of fuel cell technology

é )

2% Developed low
&7 Ptapproach
. " Reduced cost by
>30% since 2008,
80% since 2002

| DOE
RD&D

Fuel Cell buses: 39% to

Data Collection
el & Validation
NREL

HSDC

2

141% better fuel economy

than conventional buses

Eq
<

é )

National Bus Program
($49 million for 4 years)

Deployment

Accomplishments

Demonstrated:

<

Miles per Diesel Gallon
o - N w £y [3,] o

—4—ACT Diesel
A SunLineCNG
—@—CTT Diesel

-@-ACTFCB
© SunLine FCB
—~-CTTFCB

diesel buses)

I S TN T N R

S e
& T ¢ F ¢ W

«  Doubled fuel economies (8 mpg, >2X compared to

41% increase in average miles between roadcall with
new fuel cell system (~8,500 MBRC)

. Demonstrated more than 7,000 hr fuel cell durability

14 | Fuel Cell Technologies Office Source: US DOE 4/4/2013
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U.S. DEPARTMENT OF ‘ Energy Efficiency &

Fuel Cell Airport GSE Demonstrations ENERGY

Background/Status:
- Awarded January 31, 2013 4 \
* Fuel Cell Powered Airport Ground ﬂ CHARLATTE

Support Equipment (GSE) Deployment plugpower  CHARATTE

ReEar ot E)c":rcss
« 3years, $2.5M DOE share, 50% cost Program Management |
share, two phases: . % -
* Product development and testing

Fuel Cell System Integrator BTTOEM Airport BTT .Enl:l User

Renewable Energy

 Demonstrations under “rear 5
world” operating environments Onsite H2 Suol ’ Alrport Autticrty
nsite u Irpo utnori
* Partners: Plug Power, Charlatte, ; PRy d

Federal Express, Nuvera, Ballard f{: S

« 15 Baggage Tow Tractors (BTTs) with Oakland
\ & NUVERA /

~20kW fuel cell systems

* 10 units at FedEx in Memphis, TN

* 5 units at FedEx in Oakland, CA

« H2 to be provided by 20kg/day Nuvera
PowerTap systems

EL ]
-

Air Canada with retrofit fuel cell baggage tug ~ Charlatte CTGE Cargo Tractor Nuvera PowerTap SMR

15 | Fuel Cell Technologies Office Source: US DOE 4/4/2013 eere.energy.gov



Ports: Opportunities for Air Quality us.cerasruentor | Engray Efficioncy &
Improvements/Oil Reduction Projects ENERGY | renewable Energy

Ports are some of America’s most
polluted areas with significant
Impacts on the environment
and public health. Nationally,
each year, ports:
Emit over 3.8M tons of CO, eq.
Emit 47K tons of criteria pollutants

Consume 1.8B gallons of
petroleum

A coordinated deployment integrating advanced technologies
(fuel cells, EVs, wind or solar) can help address this problem!

16 | Fuel Cell Technologies Office Source: US DOE 4/4/2013 eere.energy.gov



Clean Energy Technology for Ports ENERGY | n e ey

Renewable Energy

Using an array of clean energy technologies in a major U.S. seaport could result in a reduction of
725K tons of CO, emissions, ~80M gallons of petroleum, and 9,000 tons of criteria pollutants.

] Ocean-going vessels Heavy duty vehicles
Cargo handling equipment
qsmpboard APUs _ W Carg
y & 100%
A . VERE-=

90% —
Offshore Wind >20% reduction

80% — __| in diesel fuel R

70% —

60% [ ] —

60% reduction in
50% | GHG emissions |— —

q Resilient Stationary Power 40% I —

Energy Storage

Solar
30% - nearly — —
100%
20% - reduction |— —
= : in criteria
10% pollutants | =~
EV/FC trucks Cargo handling equipment .

4 0% . —

Biofuels W & & 40 & W & & GHG Criteria  Diesel

. Emissions Pollutants  Fuel
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HD and MD eTruck Demonstrations ENERGY | eney

Renewable Energy

Electric Transportation Technologies (ETT) FOA Issued March 5, 2012 - Closed May 4th,
Three Awards Made on August 8, 2012

Vehicle Technologies Program FY2012 Appropriations:

Zero emission cargo transport in areas of severe
nonattainment and severe traffic congestion.

SCAQMD (CA) $4.12 M and Houston Area
Council (TX) $3.4 M (Kick Off November 20, S iu B
2012) | ﬂ e

In-bound

« on-board fuel cell rechargers for ~23 C8 & . l i

drayage trucks AT .
Houston Area Council (TX) $2.4 M " Outboud
« 30 all battery C6 delivery trucks
50/50 cost share
Kick Off Mid-April 2013

C6 Delivery
Truck

C8 Drayage Truck

18 | Fuel Cell Technologies Office Source: US DOE 4/4/2013 eere.energy.gov



OEM FCEV Announcements ENERGY | Erero Efficiency &

Renewable Energy

Hyundai Motor America

* First ix35 Fuel Cell vehicle rolled off the assembly line
at the Hyundai’s Plant No. 5 in Ulsan, South Korea on
February 26, 2103

Toyota Motor Corporation

« 2015 global FCV introduction planned

* Proposed NEC Market Regions: New York, Boston
Providence, Hartford

100 demonstration vehicles on the road- used by
academia, government, & fueling developers

Honda Motor Company

*  Working on cluster concept of communities and
refueling stations in California

» First Fuel Cell Vehicle Dealership Network (Honda FCX
Clarity)

« Three Official Clarity/FCX dealerships:
Santa Monica, Torrance, and Costa Mesa

* Leasing in Southern California —
current infra (Torrance, Irvine and Santa Monica)

19 | Fuel Cell Technologies Office Source: US DOE 4/4/2013 eere.energy.gov



OEM FCEV Collaborations ENERGY | nororatie trany

BMW- Toyota

“It's game-on for a jointly developed fuel-cell
system from BMW and Toyota.”
(January 24, 2013)

Ford, Nissan, Daimler

“Daimler the third-biggest maker of luxury
vehicles, and Ford Motor added Nissan Motor
Co. as a partner in developing fuel cells for
electric cars, which the manufacturers plan to
start selling in 2017.”

(January 28, 2013)

VW- Ballard

“Ballard Signed Long-Term Engineering
Services Contract To Advance Volkswagen Fuel
Cell Research”

(March 7, 2013)

20 | Fuel Cell Technologies Office Source: US DOE 4/4/2013 eere.energy.gov



Hydrogen and Fuel Cell Initiatives

at the State Level

U.5. DEPARTMENT OF

ENERGY Renewable Energy

Several states have major hydrogen and fuel cell programs underway.

Bringing

Hydrogen Fuel Cell Eleckric Vehicles
fo the Golden State

““L My — J ‘
r

EFE

AL IAALL LA AT T A
FEERE s s EEEEER
FEF Al e EEEES

+ £ 4 € ¥ of v

iow

Download A Colifornia Rood Map ot
i woww,cafcp.org/roadmap il <

8 i wn 7 o p

California

FCEVs and Fuel Cell Buses
» > 560 vehicles in operation

since 1999 — ~230
currently operating

~ 5 million miles driven

> 1 million passengers on
fuel cell buses

H, Station Investment

20 stations — including
planned/funded

~$34M invested (CARB
and CEC)

$5.5M invested by
SCAQMD

~$29M available (CEC
solicitation currently closed)

$20M proposed for
2013/14 (CEC)

21 | Fuel Cell Technologies Office Source: US DOE 4/4/2013

Hawaii

Agreement signed by 12 stakeholders—
including GM, utilities, hydrogen
providers, DOD, DOE—to establish
hydrogen as a major part of the solution to
Hawaii’s energy challenges.

*15 GM FCEVs currently in
demonstrations with military

* Renewable hydrogen (from
geothermal and wind energy) will be
used for buses

* Goals include a nascent refueling
infrastructure on Oahu by 2015 to
support initial deployments of
government and industry FCEV fleets

Landfill
!‘h
Hydrogen Stations in Planning /

@ Development Stage - OAHU

eere.energy.gov
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Hyundai Motor America GSA Light Duty Fleet City
« Preliminary Fleet Program running Breakdown of California
for 2013 to end of 2014 (FC Tucson) Berkley 150
«  Working with California to establish City of LA 1368
more fueling stations S ——— 17
Long Beach 215
Honda Motor Company Oakland 197

« Working on cluster concept of communities
and refueling stations in California

Orange County 967
Riverside 39

Sacramento 875

» First Fuel Cell Vehicle Dealership Network
(Honda FCX Clarity)

San Bernardino 36

« Three Official Clarity/FCX dealerships:

: San Francisco 677
Santa Monica, Torrance, and Costa Mesa
San Jose 98
* Leasing in Southern California — current infra | \/entura 33
(Torrance, Irvine and Santa Monica)
Total 4672
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Potential Hydrogen and Fuel Cell Applications
Connecticut: Federal Government Operated Buildings
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Potential Hydrogen and Fuel Cell Applications
Massachusetts: Federal Government Operated Buildings
™ | b
i
Metro Boston ,
Vehicle Fleet (980 ) .
. «n
GSA Fleet Units) e
Legend - i
A Owied 5 |
[} Lpeaad l-'f_‘_ ‘.__" -:_:’.
rEtnire S . iy ] "*".:'I
prand P fu WV " . "E"j i I
Areews 5 Iy it Gas :1.!”::\_ " i
mum--:ﬁmm I i ol "
Ay P 1 =
Eu'::ml:r:r'\-mw-leﬂnmnu: o or Dl PSR Ofil ?x'-sr?l-knlm-mn T
0 3 W __N S s e T Sl o W gt | | LLN o el
— — % o nccurscy ol e clate deicied I Fglsd
Milzs Avgrai 1B, 2011

25 | Fuel Cell Technologies Office Source: US DOE 4/4/2013

eere.energy.gov



U.S. DEPARTMENT OF Energy Efﬁciency &

Northeast Roadmapping: NY ENERGY | renewable Energy

Potential Hydrogen and Fuel Cell Applications
New York: Federal Government Operated Buildings
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Future Plans S

Work With Clean Cities to:

* Inform stakeholders and general public about fuel cell
vehicle progress and events

— Distribute fact sheets, coordinate events and expo
displays;

* Develop and distribute lessons learned case studies on fuel
station permitting, codes and standards applications, and
public acceptance pamphlets;

 Plan and execute outreach activities such as information
webinars, public acceptance actions (e.g. questionnaires,
data collections, et. al.);

« Support fuel cell vehicle fleet deployments by:

— Coordinating planning meetings with stakeholders,
assisting in safety training and awareness, etc.
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Thank You

Peter.Devlin@ee.doe.qgov

Jchristel@comcast.net

Greg Moreland@sra.com

hydrogenandfuelcells.energy.gov
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