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Presentation Overview

B General Codes & Standards Overview
m What are C&S
m Critical data needed for C&S

B Focus of Talk:

m Standardization Fuel Cell Vehicle Fueling at
/0MPa (10,000PSI) with OEM & Fueling
Industry and Government Support




H2 Standards & Codes Lead to
Regulations & Laws

*GTR’s are to meant to
Harmonize global regulations

International Standards
Organization (ISO)

Some Standards

begin as p US Standards:

Guidelines SAE/ ASTM/ CSA NHTSA/EPA
(TIR, etc.)

US Codes US State Codes/

ICC/ NFPA

(can choose to adopt)

*Codes generally

utilize Standards

Sometimes codes

are written before standards April 2,2008




Codes and Standards
Commercialization Data
Timeline Overview*

Release Scenarios Low Pressure Materials Compatibility
High Pressure Materials Compatibility
H, Sensors

Jets and Flames

Distribution/Delivery Options Fuel Quality Assurance

35 MPA H2 Nozzle/ Rec. Standard | 70 MPA H2 Nozzle/ Rec. TIR > [70MPA H2 Nozzle/ Rec>

Bulk Storage/Transport, Pipelines

Dispenser Standards UL Dispenser Certification

Fuel Quality TIR.: Hydrogen & Fuel Cell Durability Tests Fuel Quality Standard

Fueling Communications/Feedback

\
/l 70 MPa Standard )
| 70MPa OEM Fueling Spec. >| Fueling System Testing )

Station Grounding

Veh. Refueling Tests
H2 Storage Systems, Storage Tank Testing TIR H2 Storage Standard
Internal OEM Safety Testing Vehicle GTR (3 stages)
sonorer 1 | B T v ven
> H., Vehicl
- Behavior Infrastructure Interface 2 VENICIES

*Supported by US DOE April 2,2008




Interface Guidelines & Codes
and Standards established
today:

Completion of Standards for the Vehicle-Station Interface for 70MPa
Fueling based on Successful Fueling History

TOMPa Vehicle Fueling Specification for guidance to build stations

70MPa §2 Fueling Hardware (TIR J2799 Receptacle/ IrDA)

H2 Fuel Qualty Sampling/Analysis (ASTM Standard)
"~ 70MPa Fueling Protocol (fiow rate, cosling) (J2601)

70 MPa Station Dispensers (CSA)
70 MPa Nozzle Standardization (J2600)

Building&Fire Codes (NFPA 55&52, ICC)

N EEE N EEENEEEDN ’Harmnnize SAE & ISO H2 Standards

l s H2 Fuel Quality Standard (J2719)

“"""'-Smrr of increased deployment: vehicles & TOMPa Infrastructure

April 2,2008



Focus: Vehicle/ Station
Interface Codes and Standards

Address safety, user needs, and other issues 2>
facilitate implementation

'

« SAE J2600: 35MPa ,
Receptacle CSA 4.3: Dispenser confirmationD

@KE J2601: 2601
ommunication &la;g; SAE J2719 (&ISO): Hydrogen Quality
» SAE J2799: 70MPa Nozzle Codes: ICC, NFPA, State Codes:

TIR Adoption of Standards: Grounding,

SAE J2719 (&ISO): PRV setting, CSA, SAE standards
Hydrogen Quality

April 2,2008




In 1997, 9 OEMs & H2 Providers created
a “70MPa” Fueling Spec for safety and
performance guidance

Fueling Specification for 70 MPa
Compressed Hydrogen Vehicles

] General Motors X cHRYSLER
DAIMLER @) HYUNDAI-KIAMOTORS (KID

TOYOTA NISSAN
VOLKSWAGEN HONDA

USFCC H2 Infrastructure Implementation Discussion

“2010 Roundtable” (J. Schneider) AIR LIQUIDE ‘

TOIFPa Hydrogen Fueling Specification

*Document can be downloaded from NextEnergy.Org Website
April 2,2008




Powertech Testing Plan:
Phase1: Data Guidelines 2007
Phase2: Data Standards 2008

2 Testing Overdew

Cross-Indushy H2 Fuaeling Testing plan bo evaluate
hueling hardware for SAE 12600 and fueling
reqJirernents for 12601 F 258 4.3 with input from
industey & CEM specifications

e

4
=

Shep A Step E: Baseline Step Z: Exlreme Skep Cn Cptirnum
Prequalification of Fueling Tests for Zase Fueling Tests fueling for ead
each H2 Fueling each Sharage Systern For eath Shorage individual Skorage
Hardware Systerm; Siystern Sskern

] Cuantify necessary
Conduct the following Hz precooling temmp, Zorduct fueling Develbp a sarmary
bests For the ™ = fueling skategy b ™ tects under —™ of previous steps to
Bredsaway, Hose & rnimirnize Foelifg tirme extrerne difference cha acterize the

Pressare Drop best

Mozzle/Feceptacle and maxirmize SoC biebween arnbient fuel rate, pre
corrbination: urder ideal situation and nitial intermal cooled fuel inlet
Thermal shads test [tark ternpfambient tark ternper abure ternperatare, and
Lpweard & Dosrweard are sarne] without Fueling strategies at
corpatiility test exceeding the different armbient
e v bourdary corditions ternperatares for all

Storage Systerns

I———

Dreterrmime fueling requirernents [Auel rate & el inlet ternper ahare
urder different armbient conditions) that e optiram for all
Shorage Swstems Tested,

Fepart on oxrrent Fydvogen loeling hardware,

"Icimg" test

7/0MPa Receptacle Geometry

+ Either Nitto/ Walter/ Weh to be voted on
November SAE Interface Group:

Retusiling noiile tor gaseous hydiogen.
700 bar technology. fype HG-004

Couplings for 70MPa
P ¢ &
A THE =R

“HHV CUPLA"

High pressure Hydrogen for Vehcle

Report test resulls:
Full Data Report o paticpants,
Surnrnaty Report bo S8E 12601, 2600 2 254 4.5 + Others?

Figure 1: Testing overdew flow chart
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70MPa Fast Fill Test Facility

2 Environmental Chambers:
Stationary & On-Board
Storage

Fast Filling capability
With realistic ground
storage

April 2,2008




SAE TIR J2799: Released
2007

70 MPa Fueling Hardware “Technical Information Report”:

m /0MPa Receptacle Geometry

m Optional IrDA Vehicle-to-Station
Comm. Hardware & data protocol

m 2 years further field & lab trial
before combining into J2600

ALL DIMENSIONS ARE N MLLMETERS

Two commercial SAE J2799 70MPa nozzles

April 2,2008




Enabling Hydrogen 70MPa
fueling with safety,
convenience, performance

Good Customer Interface:
70MPa “Conventional-Like” Dispensers
and nozzles example.

"

Fueling Accessibility:
Public H2 Fueling Station
Example

* Retail 70MPa Dispenser: Gilbarco with Weh Nozzle
** First Public H2 Station (35MPa): Shell

April 2,2008




/0MPa Multi-Client Study
Powertech Testing Plan

7 OEMs have agreed to fueling their 70MPa H,
system under extreme fueling conditions (-40°C to
+50°C) and share summary data:

OEM bringing hardware/ data
Daimler & Chrysler (completed)
Ford (slated completion in May)
GM (complete in April)

Honda (complete in April)

Nissan (Complete in April)

Toyota (slated completion in May)

Sponsors:

Shell

BP

Air Liquide

Nippon Qil

US DOE (Sandia National Labs)
Linde

7/0MPa Receptacle Geometry

+ Either Nitto/ \Walter/ Weh to be voted on

November SAE Interface Group:

Couplings for 70MPa

I i B

ST -

“HHV CUPLA" D;
High-pressure Hydeogen for Vehcle =




70MPa Gaseous H, Fueling
Limits

Over pressure

Target fill
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Daimler/Chrysler 70MPa H2
Storage Fueling Results*

No pre-cooling 3 Pre-cooling
required required
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Ambient temperature (°C)

* Only for this specific tank system. For standardization- composite data is needed also from other 5 OEMs.
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Goal: Establish 70MPa Fueling
Corridor

pressune P
at nozzle

FrEssurm

Pressure
cormidor

.9 =slopa [ el Ll
limit a3

pressure

it o
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| pressure —
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pressure ——
pulse refueling process

T —

Figure 3: Prassure cormidor fov refueling process

Example:
Daimler/ Chrysler Tank

Temp. (C)
3 min. -40>x>30

4 min. 30>x>50
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"Soak" Temperatures/ °C

temperature definition also for determination

Important Outcomes of 70MPa
Study for determining fueling

protocol*

"Hot Soak" and "Cold Soak" Temperatures before Refueling
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lllustration of “Cold Soak” and “Hot Soak”

of non-communications fueling

* Taken From Powertech 70 MPa Tank Fueling Testing Matrix Testplan
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Example for testing result - nozzle outlet

temperature vs. ambient temperature for selected
tank systems
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Conclusion

B Guidelines and codes and standards are available

In 2008 to estab

B Codes and Stanc

Ish 70MPa fueling stations

ards are one track to be

completed for hydrogen and fuel cell vehicles

commercial use by end of 2010

B Multiple Data projects are underway to support
program moving forward: funded by US. DOE and
other organizations

April 2,2008




Thank you

April 2,2008




What’s Next? Feasibility of
Hydrogen Home Fueling at
70MPa

70 MPa
Hose, Breakaway and nozzle

Hydrogen Residential Fueling

Questions: Schneider.Jesse@web.de
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