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The Research Association of Hydrogen Supply/Utilization Technology
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DOE Activities Span from R&D to Deployment  ENERGY |50y

Fuel Cull Techneleoges Chvew | 7

1 3 1
L ] + L ]
Research & Development Demonstratic Deployment
Cost Reductions FCEV Demo ”;,?,'.ﬁfﬂ
14K
* 50% for fuel cell systems * >215 FCEVs, 20 stations,
12K
* 5x less platinum /W1 miles traveled
" 10¥
« > 2% increasain dursbility World’s first tri-gen station et
i MICKS
= B0% for electrolyzers Forklifts, back-up power,
airport cargo tugs, marine &K
$124/kW in 2008 APU, buses, mobile lighting aK
2K
] |
$55/kW in 2014* WITH DOE W /O DOE
at high veluma FUMNDING FUMDIMG
|CICET SHARE |ADOTTIORAL
Shamn kW fow volume DEFLOYRAENTS) FUCIEASES]

(%), , ,
=® Savings from Active Mora than Wors than
U‘l Project Management :> $35M 3 yrs ng year

el 1 2015.6.8 DOE Annual Merit Review Plenary
HySUT KELA - FIRRMHRES 6
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K& : DOE Program - Technology Validation

U.5. DEFARTMENT OF Energy EﬂiCiE‘I"IEy &

Technology Validation ENERGY

Renewable Energy

Completed FCEV & Hydrogen Demonstratton Demonstrated World’s First
with 50-50 DOE-Industry cost share “Tri-generation” Station

- Capable of co-producing electricity,

* >180 fuel cell vehicles and 25 hydrogen hydrogen, and heat -

stations
* 3.6 million miles traveled; 500,000 trips

s ~152,000 kg of hydrogen produced or
dispensed (some of this hydrogen used by
vehicles not in the learning demonstration)

» >33,000 refuelings

* Utilizes anaerobic digestion of
municipal wastewater (from the
Orange County Sanitation District)

* Produces 100 kg/day H, ; generates
~ 250 kW; 54% efficiency co-
producing H, and electricity

* Mearly 1 million kWh of operation
* >4,000 kg H, produced

Durability ~2,500 2,000
Range 196 — 254* 250"
Efficiency 53 —59% 60%
Refueling Rate 0.77 kg/min 1 kg/min

*Independently validated a vehicle that can achieve a 430 mile range.

Status (NG Status ;
Reforming) (Eleciroylsis) Ultimate Target

H, Cost at Station ST.70-$10.30/kg  $10.00-12.90/kg $2.00-4.00/kg

Partners: Air Products, California Air Resources

Partners: Air Products, BP, Chevron, Daimler, Ford, GM, Hyundai, Kia, UTC Power Board, FuelCell Energy, South Coast Air Quality
Management District, UC Irvine

12 | Fuel Cell Technologies Office ecre_ energy.-gov

8t : 2013.6.24-26 International Workshop on Hydrogen Infrastructure and Transportation

HySUT KEpHS - FIRRTIERES 7
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XKEl : DOE Learning Demonstration (technology validationov &)

(2011/9TFEITHET)
FCVESm&# 183 &
IKFEAT—av# 25 £ (N6ET70MPa)
FCxh 53 - 59%
fiu ot 26 196 -254 <A JL
T 2 2,521 Bl (\X)

(~75,000 74 JLE %)

i¥) Ford, Hyundai/Kial&. 2009%xk. TNETNEIASHET

th# : 2013.7.26 IURIIEBBEAGTEHRRBRER (ILRKX ATEE)

KRB - FIREMIZRMES 8



KE : EA=>EAEDT T —XADBIT

H,USA
Mission Statement

The mission of H, USA is fo promote the
commercial infroduction and widespread
adoption of FCEVs across America through
creation of a public-private collaboration to

overcome the hurdle of establishing hydrogen
infrastructure.

A

{8 : 2014.6.19 DOE Annual Merit Review Plenary
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H,USADEHE (T—ILDE)

Goals

- Establishing necessary hydrogen infrastructure and
leveraging multiple energy sources, including natural
gas and renewables

. Deploying FCEVs across America
. Improving America’s energy and economic security
. Significantly reducing greenhouse gas emissions

. Developing domestic sources of clean energy and
creating jobs in the United States

- Validating new technologies and creating a strong
domestic supply base in the clean energy sector

HUSA

{88 : 2014.6.19 DOE Annual Merit Review Plenary

HySUT KEM - FIRRHHEES 10



H,USADSHIA > )(—

H> USA

LB DEPARRTEICHY OF

ENERGY

_ = — Fual Call & i
GlobatAutomakers () NESCAUM Horonen By A
yorog o
e

Adaccaatian

&= g uovea B2 D € Tovom

Memtedes-Beng

nnnnnnnnnnn e byl

s A '

AR o orocen mgmﬂea EDTA !. HNEI HYDROGENICS

AR LR RERATERT

e ) TMEONE MOBEED - ﬁ.ﬂmﬁm NACS
i 1 et piedi Hydrogen

Coaltion

E:: N REL Huvm Pacific hlnrl:hwe-:-.t [m MWW a. PROTON
@ m @s‘_ﬂ._ﬂL {j"‘s C RA I:i"l_ |doho Mational Loberaiary F OA

im This Bl .--np;:::.;;: "l.ﬂ]illlh'-l- ,HEPHH

*Represenintive ssmple of member logos

Public-Private Partnership with 4X increase in partners since 2013

¥ : 2015.6.8 DOE Annual Merit Review Plenary

HySUT
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H,USA ORGANIZATION CHART

Steering Commiitees

(Executive / Operational)

Secretariat

{Administered by FCHEA)

[ Locations Roadmap

Working Group ]

- Identify and pricritize markets
~ Market Modeling
Methodology
- Clystering, destinations
and locations
- Regulatory barriers (zoning)
- Station rollout fiming

H2FIRST
Coordination
Panel

H2FIRST
Leadership
MNREL/SML

[

all

Project
Team A

Froject
Team B

Station

Hydrogen Fueling
Working Group

Specification, design,
and deployment
Fueling Resources
Delivery

Dispensing technology
Reliability

State and local
Regulafions

Etc.

s

b 4

Working GRP
Coordinating
(Chairs and
Vice Chairs)

[

Market Support and Acceleration
Working Group

Product launch and timeline
Studies and whitepapers
Codes and standards (non-vehicle
related)
Component development
Cost reduction
Public education
- First-responders
- State and local authoerities
- Opinion leaders
Etc.

Financing Infrastructure
Working Group

Private sector financing
Government support
Etc.

iift : 2014.6.19 DOE Annual Merit Review Plenary

HySUT

KRB - FIARMARMES 12
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H2FIRST=HFSWGODEBICL DS AT LA /SbmAFEYR—

H2FIRST Resource

Government & Industry

Strategy & Coordination Activity
HzUSA @

steering Committees | —| Secretariat

(E’HzFI Rs_r [Executive f Operaficnal] " [Acdmirilerad by FCHEA]

| warst | droc Market Support
ks’ [ E‘““""“H““l' EREIL) A and Acceleration
@mmm LENREL |_ Panel ! orking Group Woarking Group
k
H2FIRST Leadership W:ﬂ”mﬂ" G“”F
{Chairs and Vice
Chalrs)
Project | | Project | : Project - Locations Financing
Team Team - Team = Roadmap Infrastruciure
A B - X . Working Group Waorking Group

i : 2014.6.19 DOE Annual Merit Review Plenary

HySUT KEM - FIRRHHEES 13
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HFSWG (Hydrogen Fueling Station WG) @EE)‘ >} ‘—
HFSWG Members

Analysis Stations Regions
n Califomni As Proxy
AlIR LIQUIDE fJ“ 1I“"T: for
HYDROGENICS v s Customers
(3) T PoWeR & k. mONDA
o imargy Sworage | Clesn Fuel
Argonne NIS

llllllllllllll g m
i —
Hy L~ ' Massachusetts
- ) Natono Assocmtiorial
;.i- N R E L . 't:‘"""' Conmnéence Siores H_',rdrngen @

¥4 Coalition
NUVERA hesetaiene
Sandia
@ Sande New Members
laboratories
NESCAUM
—

& RROTEN e

bt

i : 2014.6.19 DOE Annual Merit Review Plenary

HySUT KEME - FIRRFHEES 14




" o
H2FIRSTOH D #HH
S M‘r

- Eurly Market Challenges N
HUSA

I » Station Cost Reduction
- Specification, design, and deployment I

I - Fueling resources & delivery
I - Station and dispensing technology I
Improvernent et lh =y

L_ - _Stateand local regulations _ ﬂ HoFIRST |
» Station Locations :
Identify and priontize markets
- Regulatory barriers (zoning)
- Station rollout iming
» Investment and Finance

- Prvate sector finanang

- Government support

» Market Support and Acceleration

- Product launch and timeline
- Codes and standards (non-vehicle related)

Public education

Photo Credits Tog: MREL. Middle- NREL, Bottom: Hexagon Lincoln
i : 2015.6.8 DOE Annual Merit Review Plenary

HySUT KEGS - FIRRMTIERES 15
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H2FIRSTOH D #HH

ydrogen kueling Infrastructure ENERGY | St

Fusl Call Technologiss Ofice | 23

Research Station Technology : :
. = E ‘,I,,' Sanlh
Leveraging Expertise of National Labs ;:_ & N R E L & @ National

TIoedd | REREWARLE ERERAY LABCNATCNY

.
@ : .
ﬁ.IIFIRS‘r I In Support of :,F;l Outstanding Partnership Award
By the Federal Loboratory Consartium (FLC)
= for efforts toward deployment of hydrogen
and tasked to deliver: fueling infrastructure
HxUSA

Reference Station Design Fuel Contaminant Detection

v" Report Delivered with Detailed ¥ Market Survey and Gap Analysis
Station Designs and Cost Estimates Complete

H, Station Equipment Performance
Device

H,First Inaugural Task

HyStEP will help reduce time required
to place H, stations in service

DOE’s H,FIRST project supports H2USA goals to address infrastructure

itift : 2015.6.8 DOE Annual Merit Review Plenary

HySUT KEMS - FIARMMEES 16
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H2FIRST®D;&E)

1pact by Leveraging

JDroacnr MaX

National Resources

Broad role of the DOE labs: Broad role of the private sector
o Perform high-impact RED to make H, fueling DOE and Developand commercialize affordable anc
technologies affordable and convenient State Agency conmvenrient H, technologie:
Support

o Assestin preaking down barniers to H, fueling
technology deplaymant

v implement suceessful business modaks fou
H,and FC system:

E___ W . — . O

[=1]

['IJ. E Aetial [a-omatnes

iti#t : 2014.6.19 DOE Annual Merit Review Plenary

HySUT KEMS - FIARMMEES 17




H2FIRST®Di&EE) : SNL (sandia National Lab.)
m Capabilities — CIRI ﬁm: |

Materials Science & Engineering Science Focus

| CIRI Capabilities

|| = Materials and Components

« Materials testing in high-pressure
H, at variable temperature

*  Customized testing on metals and
non-metals

« ‘Weld research and development

*  Full-scale component testing in H,

e aluﬁm 'I_-l" * Systems Engineering

R g * Full-scale H, station breadboard for

system optimization

* Real world equipment evaluation
and innovation platform

Status

» Assessing HyReF (full-scale component
testing and H, station breadboard)
planned for 2015

Ao I:'"--'-'I |I F. trughing Sesrmch STt Tachngesn,
iti#t : 2014.6.19 DOE Annual Merit Review Plenary
HySUT KFEHHE - FIARMHZEMS 18
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H2FIRST®D;&EE) : NREL (National Renewable Energy Lab.)

Accomplishment: Supporting Capabilities ~ESIF&  #{[FRsT
DERTF Testing & Analysis Focus

Capabilities

»  On-site hydrogen generation (electrolyzers)

= High pressure component testing

* Flexible, renewable-ready hydrogen energy
storage platform

Enmrgy Systams [ntegration Facility

ENREL

Bl B M Bowas, = Advanced hydrogen sensor testing
e L L A = 700-bar and 350-bar {nom) dispensing

e = FH »  Research Electrical Distribution Bus (REDB)
capability for grid integration
» Physical and photo-electrochemical material
characterization
= Systems integration & device under test
platforms

Research Station Status

«  700-bar research station construction for
basic system architecture started and
expected completion in July 2014

i-l-,'r_l.'._. 1o F:J'_l.:l.-_..h'ilﬁﬁli_l_ll_ o Bnmmne s St Teg bnod dags

iti#t : 2014.6.19 DOE Annual Merit Review Plenary
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XKE : FMNMDEDiHH

Hydrogen and Fuel Cell Initiatives at the Stajejg

| Enargy Efficiency &
Rengwalibe Energy

Several states have major hydrogen and fuel cell programs underway.

5/29/2014: B states approve Action Plan to put | Northeast (e.g. MA, NY, CT)
3.3M zero-emission vehicles on roads by 2025 Preliminary Plans:
Srares inchioe Catformia, Gonnectical, Massachoseirs, H? i hifshiod - F .
Maryiamt. New Yook, Oregour, Bhode lstand, & Vermoni Cr :“mmﬁ i ik ; o ?mmw v
= Regresenls omew veliche marked pemetrsfion of -15% Inrial-sages mearings held i'.“‘
| with several states (0T, M,
N e “fi
= g, California LR BAES! oy ==
o n LDVs and MD & HD bus ang B
e T Fuel Cell Electric Viehicles friick flaars. e
THASEECML LALRCH B T (FCEVs) and Fuel Cell I M STatiodts i Bosion Aweme -
: by CYE 204 — 3ese65ng i,
Bl Buses (FCBs3) TS e s T SR ——
" « = 560 vehlcles In operatlon since niew H? sravions gsing Bl — -
TRE 1999 — ~230 currently operating
- o3 A TN optyen A i signed by 72 mﬂ:ﬁﬂ“‘ frding GM, niilities, HE
i 2 greamant signed by 72 stake —incheding GM, utilities,
ey >1 million passengers on fusl providers, DO, NE—to astablish hydrogen a5 3 major part of the
¥ s cell buses solution to Hawail's energy challenges,
13 H; station Investment 15 GM FCEVWs currently In demonstrations with rr‘d!H‘.:!y_ _
= 251.5M invested (CARE and « Refewable hydeogien {irom o
CEC) windd and geothenmal ensdgy) Bl
usad for boses on Big 1stand T e s e
o =313M Invested by SCAQMD « Goals inchude & mullisine Wmﬁmm" r:ﬂ:f 4
« ~$46.6M for 28 statlons and 1 Pl BCcess iniueling :
infrastructure by 2020 1o
moblle refueler (CEC PON 13- SUDDOr itial deployments of
807) FCEV and FCB flaets
« $20M planned annually thru 2023 | Completed Forl Ammstron .
feasibility sindy o create P
for at least 100 stations (ABS8) fueling station m downtown (B
Horolalu on GSA property. 3]

AN
ii# : 2014.6.19 DOE Annual Merit Review Plenary
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XE/HYU 77|')l/_7 CaFCP (california Fuel Cell Partnership)

(Phase3(32012T#E7T)
HARE 1999~20124
SN A—h—- B8 341t
SMEEEA—H— 8t
ZINEMm (FR]|) 2258 (R/\R138)
KFEAT—av 33 (N20EETE )
HFEITEERE 500 < AILLLE

3¥) Ford (%, 2009428 , A/ \—fi#E

thil : 2013.7.26 LWRBBBBERTTERS

HySUT

KRB - FIARMARMES 22
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RKE/HDUITAIZT : BiA=>BRAET T —ANDBAT
CaFCP(X Road Map (BA>7UX) {ERHDEEEFEEZEIE

State Initiatives -California ENERGY | rancaesie troy
ORI Ragg FCEVs and Fuel Cell Buses
CRET oo RO = =360 vehicles in operation since 1332 — ~230 cumently cperating
s Gkclin T = =5 million miles driven
COHAME ’-_"II_"'!I"-'FI:"_" ¥ FCEVS « =1 milllon passengers an fusl cell buses
< . — i
ERE H2 Station Investment
e i + 20 stations — including plannedfunded
e Y e ey = =534M invested (CARS and CEC)
o> — = $5.5M invested by SCAQMD
; Il - e +  =529M available [CEC solicitation clozed) i A
= = $20M for 2013/14 (CEC) 'g'“ gt Aficiton 8
2 i , ':'_.I:l:lw TS T
I'rl'tp Hcafr::p Er{gfﬁtatic}n ap
oy

y ol
L ooy Sear-f o . '_'-‘-"-"*.
i

H.‘.H 2013.6.24-26 International Workshop on Hydrogen Infrastructure and Transportatlon

HySUT KEMES - FIARMMEES 23
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1 IKBEAT—S328ASFUA

a*r(aﬁ nJrﬁcl:om%zT—ya Y ( CaFCP Road Map )
o= ¥
N s i
---"J«'?....,._' 5— o 4 Beverly Hills | Planned = 2013 Laguna Miguel Planned = 2013
e TR = L — Burbank | Operational Los Angeles Planned — 2012
- My s ey —'-"'_; - Diamand Bar Upgrade (2013) Newport Beach Operational
v g __ N 7 Emeryville | Dpérat:innal San Francisco I Pllanned =712
-T ___ _:; " ; u Fountain Yalley Cperational Santa Monica Planned = 2013
- gl § - T | Harbar City Planned — 2012 Torrance | Operational
i o= —re -l Hawthorne Planned — 2013 West Los Angelas #2 Planned — 2013
s e _- — Hermosa Beach | Planned = 2013 West Los Angeles 81 ' Operational
e = w5 s i e Irvine §2 | Planned — 2013 West Sacramento | Planned — 2013
o mn = ""...;%"..I R —f Irvine#1 Upgrade (2012)
S e
T e HWFRC5 8NP (@ ED)

FCVHhigihX « BREICE O KRRT—YaVOREIS Y

B 4 PR

Year  Start of Year (Station Total}*® Added Stations™ Number of FCEVs in CAY
2012 4 4 312

2013 3 ) 430

2014 17 20 1,389

2015 37 21 5,000-15,000
2016 68 Market Needs 10,000-30,000
2017 =84 flarket Needs 53,000

2018 =100 Market Needs =53,000

HySUT

{8 : CaFCP HP - A California Road Map (Overview)

KRB - FIRRMRMES 24
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4 b
’ safety, Codes and Standards { Psoss ‘

* Provide customers with “real time™ station status
* Improvements - more functonality, sustainable
* Important during early launch period

¢ 13601 (FCEVE) and TIR J2601/2 (FCEBS)
¢ WFRA G- Hydrogen Technologies Code
v internaticnal Fire Code = California Fire Code

CRAHOY d-series |station compnnents and sysbems) * More stations as they open R
» CIFADMS - metering + quality ——— :

IS TC 197 - new WG 24 for hydrogen stations plus

other station component WiGs (compressors, dispensersh m

Suppert harmenization with
International 3C&s development

o E———

q : .
’First Responder Education ‘ ’Ferm‘tww'{"hﬂpg ‘

« Program developed with HREL and ather stakehalders
¢« Frovide education and real world experience BLEORED
they recelve their first permit applications
Raview existing hydrogen related codes and regulations
Review real HRS permit applications - hands-on
Increase coenfort & knowladge of fuel and application
¢« Expanded approach - aoril 14 = eaders warkshap®,
followed by multple local permit workshops,

I

it : 2014.5.12 CaFCP/CEC-HySUT Meeting

= Foos on early markst conymunities
Theusands of firsh responders reached e Califorma
Fire department acceptance helps community acceptanca
AHJ educalfon acdvanoes permitling proosess

Lesson learned: repeat often, high turmower) transfers
belween departrments and regions

o CakCP program toundalion of developing Mational outline

KRB - FIRABMRMES 25



IEDIKFTEAFT—,3 > Profiles / Map
Prof.: http://cafcp.org/toolkits/stations

KE/HDUIAIZT : §;
Map: http://cafcp.org/stationmap

Tomromce - Shall

Saptamims X1

Bursonk
Hydrogen Fuslng Stotion

Hydrogen Fuslng Stohion

S T ]
Ta e e T

hg:v L ]

O e, & S S . el i 1 P T8

L] R R T St —
e L

=l

AT e

Eiia s e e R haiion Lo .
e i
-I.“bf:ﬂ_ CARm F‘\‘ ddddddd sl L as
Do it g e A %, T 8,

prestiny i
KEHEE-FRARMGHAEES 26
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RKE/HDYUIAIV=7 : CEC (California Energy Commission)
=sEAtICEiF. MBfFE UTERLZRBRYR—K

CALIFOENTA ENERGY COMMISSION

California Policy Support for
Hydrogen Station Development

Legislative Funding and Policy Support
— AB 8 Reauthorization: $20 million per year with goal of
developing 100 station network
Governor’s Office Support

— Hydrogen stations and fuel cell vehicles integral part of ZEV
Mandate and ZEV Action Plan:

* Support 1.5MZEVsby 2025
— GoBiz and Office of Planning and Research Support

2

it : 2014.5.12 CaFCP/CEC-HySUT Meeting
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KE/HDUITAIZ=F : CEC ZH.r& UIEE

i

CALIFORNIA ENERGY COMMISSION

California Policy Support for
Hydrogen Station Development

California Air Resources Board
— Initial Hydrogen Highway Funding
— Part of ZEV Regulation compliance strategy
— Low Carbon Fuel Standard credits available

California Department of Food and Agriculture:

Division of Measurement Standards
— Development of regulations and standards to allow for retail sale of
hydrogen as a motor fuel

South Coast AQMD

— Co-funded initial California hydrogen stations through DOE
Technology Validation Program 3

{48 : 2014.5.12 CaFCP/CEC-HySUT Meeting

HySUT KEMES - FIFARMIEES 28
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KE/HDUITAIWNZT : fEBhEDOEIE

CALIFORNTA ENERGY COMMISSION

Hydrogen Station Funding
Funding to Date = $90 million

Public Station Funding

45 New Stations =$72.7 million

3 Station Upgrades = $6.7 million
4 Station O&M Grants = $1.2 million

1 Mobile Refueler =$0.9 million
Other Funding Activities
AC TransitFuel Cell Bus Station = $3 million
CDFA Div of Weights and Measures = §4 million
Retail Dispensing Fuel Standards
UC Irvine STREET Model =$1.5 million
GoBiz Ombudsman Support !

el 1 2014.5.12 CaFCP/CEC-HySUT Mesting
HySUT KEMH - FIRRHHEES 29
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KE/HDUIAIZY : tlBhEORIE

CALIFORNIA ENERGY COMMISSION

\ T3/ AADREAHRSD
e ) W 1L [ &, . = wver 1/3~1/ 2B DR
H2 Station Grant Summanry =
Developer No. of Technology and Type | Capacity /R/ 100%
Stations [kg.fday]/ enewable H2

First Element (87 Delivered H2 180 ]

2 Delivered H2 180 Yes
Air Products 10 Delivered H2 180
Linde 7 Delivered Liquid H2 350
Air Liguide 1 Delivered H2 180

1 Delivered H2 180 Yes
HyGen 3 On-5ite Electrolvzer 130 Yes
ITM 2 Electrolvzer + Delivery 100 Yes
Ontario CNG 1 On-Site Electrolvzer 136
HTEC 1 Electrolvzer + Delivery 135 g

45HRSsDAER

{8 : 2014.5.12 CaFCP/CEC-HySUT Meeting
HySUT KEMHE - FIRRFHEES 30
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KE/DUITAIWNZT : 5t=
CDFADMR{LE TR D TiEE)

California Department
of Food & Agriculture

Station Testing

HySUT

~ CDFA DMS Hydrogen Field Standard

Hi#4 : 2014.5.12 CaFCP/CEC-HySUT Meeting
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Current Hydrogen

RKE/DYUITANWZT : mB  puel Quality Standards

Titie 4, Business Regulations

v A Y N N Division 9. Division of Measurement Standards, Depariment of Food and Agriculiure
C D FAb‘ qJII_,\ (C 73; ) z ;Eib Chapter 8. Automotive Products Specifications
Articie 8. Specifications for Hydrogen Gas Used in Internal Combustion Engines
and Fuel Cells

California Department § 4181. Specifications - Hydrogen Fuel Used in Internal
H Combustion Engines and Fuel Cells. Hydrogen fuel used
Of FOOd & AngCUIture in internal combustion engines and fuel cells shall meet the

most recent version of SAE International J2719, "Hydrogen
Fuel Quality for Fuel Cell Vehicles".

Purchazed x Hydrogen Quality Sampling adapters from GTI
to follow ASTM D606,

it : 2014.5.12 CaFCP/CEC-HySUT Meeting
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