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Codes & Standards Objectives:

® Support and facilitate development and
promulgation of essential codes and standards
to enable widespread deployment and market
entry of hydrogen and fuel cell technologies
and completion of all essential domestic and
international regulations, codes and standards
(RCS)

® Conduct R&D to provide critical data and
information needed to define requirements in
developing codes and standards.

Hydrogen Safety Objectives:

® Ensure that best safety practices underlie
research, technology development, and
market deployment activities supported
through DOE-funded projects.

® Develop and enable widespread sharing of
safety-related information resources and
lessons learned with first responders,
authorities having jurisdiction (AHJs), and
other key stakeholders.

Codes & Codes and
Standards Standards
Development Implementation

High-Priority
R&D

Safety Support

* Hydrogen Safety Panel

International First Responder
* |IPHE, IA HySafe A Training

Safety
Program

L — Safety
Code Officials " Resources

Outreach « H2Tools, apps

Enable the widespread commercialization of hydrogen and fuel cell technologies through

the timely development of codes and standards and dissemination of safety information
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Presentation Notes
The SCS program performs R&D to inform codes and standards development that can enable the commercialization of hydrogen and fuel cell technologies.

The safety side of the program develops and disseminates safety-related information resources to key stakeholders and helps ensure that the best safety practices underpin research, technology development, and market deployment activities.
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4 FY 2016 Request = $7M
as m FY15 Request FY 2015 Appropriation = $7M
m FY16 Request .
3 Emphasis
* R&D Activities: H, Behavior, Risk
2.5 Assessment/Mitigation,
_ Materials Compatibility, H, Fuel
g 2 Quality, Metering, Sensors,
v Component Testing
1.5
» Safety Management &
1 Resources: Hydrogen Safety
Panel, Databases, and Training
0.5 Props
0 * Outreach: Codes & Standards
R h& Safet Out h and Permitting, Continuous
esearc arety utreac Codes and Standards
Development Management &
Improvement, Resource
Resources

Dissemination

FY 2016 request maintains stable funding and allows for continued emphasis on critical RCS

and safety
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The FY2016 budget request will ensure stable funding to enable continued emphasis on the 3-pronged strategy discussed on the previous slide. 

Program activities will:
Strengthen state-level engagements to support the 8 State MOU and infrastructure and technology deployment activities across the country (esp. the Northeast); and
Continue to support H2USA efforts through the Market Support Acceleration Working Group
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O Circa 1998 O
O ®

o

Were are the FCEV and hydrogen infrastructure
codes and standards?
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« Information placed on OpenEl website:
http://en.openei.org/wiki/Gateway:Hydrogen

» Updated full public report on Technical Reference for Hydrogen
Compatibility of Materials (SAND2012-7321), 292 pages

« Datasets for fatigue crack growth of materials in gaseous hydrogen

el Technical Reference Technical Database

Unlimited Release
Prined Sestomber 2012 4 1100 Carbon steels 1100 Carbon steels h

1100: C-Mn alloys CIA8S5: tension, fracture, fatigue
SAN10: fracture, fatigue
SAN11: fracture fatigue

Technical Reference for Hydrogen
Compatibility of Materials

_ . v
oo, 4 )
1200 Low-alloy steels 1200 Low-alloy steels
1211: Cr-Mo alloys L ni10: fracture, fatigue
) L 1222: Ni-Cr-Mo alloys )
e ~
1400-1800 High-alloy steels 1400-1800 High-alloy steels
1401: 9Ni-4Co
N Py
[ 2000 Austenitic steels 2000 Austenitic steels ]
7 ™
3000 Aluminum alloys 3000 Aluminum alloys
@mmumm 3101: Pure aluminum L SANT11: fracture, fatigue
——— 3210: 2xxx-series alloys
\_ L 3230: 7xxx-series alloys y.

Established close to 1998 with the development of the Technical Reference at Sandia National

Laboratories
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Hydrogen Behavior

Unintended releases (modeling and validation)

Dispersion, diffusion, entrainment
Ignition, flammability (mechanisms, propagation)
Test Methods, Component/System Performance
Critical materials, components, systems
Test methods, protocols, validation

Certification processes, system qualification

Data, Analysis, Implementation
Handbooks, data resources

Risk assessment

Mitigation

RCS Development and Harmonization
Support completion of essential codes and standards

Education Outreach, Training

Program Plan

S—

Facilitate uniform implementation of requirements in US
Harmonize requirements in domestic and international standards
Support and facilitate completion of Phase 1 GTR H2 vehicle systems

Science and

Technology
Foundation:

Regulations, codes
and standards (RCS)
based on data and
scientific
understanding.

Support Hydrogen Safety Panel and lessons learned database

Conduct hands-on training and education for first responders

Commercialization
Decision

Enabling the growth of
early markets by
establishing essential
regulations, codes and
standards (RCS) validated
by scientific research and
testing and developed
through consensus of all
major stakeholders.

Establish regulations, codes and standards needed to enable full market deployment of

hydrogen and fuel cell technologies
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Presentation Notes
Targets for APUs and CHP are being developed.  Considering revising portable.
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National Codes and Standards Template

National Template: Vehicle Systems & Refueling Facilities
STANDARDS DEVELOPMENT ORGANIZATIONS

mmmm | EAD STANDARDS DEVELOPMENT ORGANIZATIONS (SDOs) Interface

Fuel Specs:

sas A

Vehicles Fuel Delivery, Storage

DOT/NHTS (crashworthiness) DOT/PHMSA (over-road State and Local Government
EPA (emissions) transport, pipeline safety) (zoning, building permits)

National Template: Stationary & Portable Systems Interface

General FC Vehicle Safety: Composite Containers: Storage Tanks: STANDARDS DEVELOPMENT ORGANIZATIONS Installation Piping:

N ASME @ E:l AsME (@GR E el mmm | EAD STANDARDS DEVELOPMENT ORGANIZATIONS (SDOs) ate @ &l !

Fuel Cell Vehicle Systems: — — Storage:

sac Pipelines: Piping: il - AP
Hydrogen Generator Portable Fuel Cells — @ 2

I;ée! System Components: ASME APt o rve @ o)

Compressors Safety Cert.:

Containers: Equipment: Dispensers:

SAE ASME ;P [ 2c2 ] g@ [:‘:.J

Reformers: —

Comp. Design, Perf, & Safety:
Al

EPA (emissions)
DOT/PMHSA (pipeline)
OSHA, State and Local Gov't

CPSC, DOT/PHMSA,
OSHA, EPA (methanol)
State and Local Government

OSHA, State and
Local Government
(zoning, building permits)

SAE Fuel Transfer: On-site H, Production: {zoning buslding permits) {zoning, bullding permifs) S_e nsors/Detectors:
Emissions: % : A :
sr::smns ["g ey g @ i Electrolyzers: Handheld Systems: H, ICEs: @. @ ["7"]
Recycling: Codes for the Environment: ® G ® & ® @ | sspz_:lflca_::ns‘:‘%
3_.‘,_- _ E @ Reformers: ﬁable Systems: EueledTurbines: mghts/Measures-l
Ay — ®@ = € ® -
Perform. Test Procedures: Handheld Fuel Containers: =
Dispensers:
o @ ®e Bee ® =
Chemical Hydrides: Portable Fuel Containers: Non-vehicle Dispensing:
®Em EE o] =
H, Fuel Specifications: FC Performance tgies for Built Environ.:
Test Procedures: e
Latest version available online at: o @ i © 2NE o
. Perfo‘rm. Test Procedures: e Interconnection:
http://energy.gov/eere/fuelcells/downloads/national- i@ o @ o @
template-hydrogen-vehicle-and-infrastructure-codes-and-

standards

National template developed in 2002 to delineate and coordinate critical roles of standards and

model code development organizations
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Release of the National
Online Awareness Level Hydrogen and Fuel Cells ER
Training Training Resource

2002 ) 2015

CaFCP Developed an ER Operations Level Class and
Education Program Props Available

CaFCP training has reached over 7,000 first responders

Over 32,000 visits for the online resource

Operations level class has been attended by
over 1,100 first responders

Online and in-person code official and first-responder training, with over 35,000 interactions,

prepares communities for FCEVs

10/15/2015
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Primary
Building

i INTERNATIONAL
and Fire Codes CODE COUNCIC

Hydrogen-specific
codes and standards that the
IBC and IFC reference such as

NFPA 55 and NFPA 853

INTERNATIONAL..

Component standards and design codes

that are referenced in NFPA 2/55 such as:

1) CSA FC1 Stationary Fuel Cell Power Systems

2) CGA P1 Safe Handling of Compressed Gases in
Containers

3) ASME B31.3 and ASME BPVC

10/15/2015
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Notes: 
ISO WG24 has started with an accelerated timeline of 24 months for IS.
Expected timeline for U.S. adoption of GTR is 3 years.



http://www.iso.org/iso/home.html
http://www.iso.org/iso/home.html
http://www.un.org/
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NFPA 55 (2005) NFPA 2 (2011)

GH2 - ft (m) GH2 - ft (m)

Lot lines 0(0) 24 (7.3)
Building openings or air intakes 50 (15) 24 (7.3)
Ignition sources 0(0) 24 (7.3)
Exposed persons other than those servicing the system nd 13 (4.0)
Places of public assembly 50 (15) nd

Parked cars 15 (4.6) 13 (4.0)
Public sidewalks and parked cars 15 (4.6) nd
Un-openable openings in building and structures nd 10 (3.0)

Not above any part of the system 10 (3.0) nd

Above any part of the system 25 (7.6) nd
Overhead utilities nd 10 (3.0)
Distance to overhead electric wire of electric trolley/train/bus line 50 (15) nd
Required area for separation distance based on table alone 3780 ft2 (351 m?) 5304 ft2 (493 m?)
Required area for sample installations* 12480 ft2 (1159 m?2) 5304 ft2 (493 m?)

*Data fom report: : * Applies to the production, storage, transfer, and use of hydrogen in both gaseous and liquid forms.

http://energy.sandia.gov/wp-
content/gallery/uploads/SAND_2014-3416-
SCS-Metrics-Development_distribution.pdf

NFPA 2 Hydrogen Technologies Code was published in 2011, which utilized a science-based

approach

10/15/2015
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Table C.1: Hydrogen Fuel Quality Specification

Minimum
Chemical . Laboratory Tea_t Methods to Analytical
Constituent Eroor e Limits Consider Detection
and Under Dmlupmeni' -
Limit
Hydrogen fuel index Hz =39.97%
Total allowable non-
hydrogen, non-helium, 100
non-particulate umolimol
constituent
Acceptable limit of each individual constituent
5 012
Water® H:0 umolimol | ASTM D7653-10, ASTM D7643-10 umolimal
Total hydrocarbons® 2 0.1
(C, basis) umolimol ASTM DT6T5-11 umaolimol
5 1
Oxygen 0. umolimal ASTM D7649-10 umolimal
. 300 100
Helium He ymolimol ASTM D194503 umolimol
. 100 5
Nitrogen, Argon N2, Ar pmotimo ASTM D7649-10 umolimal . F | |'t ifi ti f t th
— > 01 uel quality specitication rererences a e
Carbon dioxide €Oz | ymolimol | ASTMD7648-10, ASTMD7653-10 | | noiimol nozzle (interface between vehicle and station)
. 02 0.01
Carbon monoxide co umolimal ASTM D7TES53-10 umolimal
0.004 0.00002 * Harmonization of SAE 2719 (Sept 2011) and ISO
Total sulfur® ASTM D7852-11
pmolimol pmolimol 14687-2 (Dec 2012)
0.01 0.01
Formaldehyde HCHO umolimol ASTM DTES3-10 pmolimol
Formic acid HCOOH umg'lfml ASTM D7550-09 , ASTM D7653-10 un?[;ﬂﬁol » Committee participation included OEMs, IGCs,
_ 01 0.02 Oil Companies, States, FC integrators, etc.
Ammaonia NH3 umolimal ASTM D7653-10 pmolimal
a 0.05 0.01 . . .
Total halogenates umolimol ASTMWK23815, WK34574 umolimal » Testing only occurs in the event of a dispute
Particulate 1 0.005
Concentration ma/kg ASTM D7650-10, ASTM D7651-10 ma/kg

Harmonization of the Fuel Quality Specification between SAE and ISO, which was completed in

Dec 2012, allows for consistency in the fuel delivered to the fuel cell.

10/15/2015
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Objective
Develop performance-based and harmonized
international regulations, codes and standards
(RCS) critical to fair and open competition in
worldwide markets for hydrogen and fuel cell
vehicles.

Preliminary
Temperature Profile

Localized Fire Engulfing Fire

(1.65m max length} |

800° C #
’
600° C
!
’

>
>

Benefits and Challenges

* Fair and open competition in worldwide Localized Fi R ienpiing e
. 4 ocalized impact impact
markets for hydrogen and fuel cell vehicles. ocalized rire ;o :
e Ensure that U.S. (North American) interests Test Example et

and concerns are considered in the
development of global RCS.

Accomplishments

Approach * Significant portions of SAE J2579 Technical

e Team with the Department of Transportation. Information Report for Fuel Systems in Fuel

* Consistent high-level technical Cell and other Hydrogen Vehicles have been
representation. incorporated into the GTR.

e Technical proposals and scientific data from « Technical experts provided extensive input to
the automobile industry incorporated into the GTR.
GTR.

Final Approval of GTR occurred in June 2013. United States is currently leveraging the GTR to

inform the Federal Motor Vehicle Safety Standard (FMVSS)

10/15/2015
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Number of cycles to failure

* Fatigue life is conservative by factor >= 4; for small defects, safety factor approaches 10

 Enhanced safety and market growth is enabled through standards development

 Today, there are >5000 clean and efficient fuel cell forklifts in service (and growing!)
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Accomplishment:�ASME design qualification (BPVC VIII.3 KD-10) demonstrated to be very conservative

•ASME predictions based on crack growth only
• Symbols are full-scale pressure vessel experiments 
•	Arrows indicate vessels that did not fail
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Performed Hydraulic cycle tests (up to 25 MPa)

e Defined a unique test protocol patterned after SAE J2579, GTR, and
EIHP rev12b.

e U.S. testing performed at the NASA WSTF w/real time 24/7 access
to the acquisition computer

* China testing performed at the Institute of Process Equipment,
Zhejiang University w/testing during a site visit from U.S.

 Lessons learned were implemented in a revised test method
protocol for the 2"9 tank

+
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Hydraulic Phase RR on Type IV Tank completed under the
IPHE RCSWG

10/15/2015




U.5. DEPARTMENT OF Energy EffICIeﬂCy &

Impact of SCS R&D on Codes and Standards ENERGY | rencuable Eneroy

Fuel Cell Technologies Office | 15

Time Saved
Regulation, Code or Standard DOE Support (resulting from
DOE Support)

Sleltel i el (ST G e Tank testing data; SAE standard, which provided basis ~ Approved by UN

cell vehicles for document; expert technical support from Dr. GRSP WP 29 in 5 years
Sloane and Glenn Scheffler June 2013
S8 2 e e 1 s Gese e Extens.lve technical ér.malysw to develop risk informed Final document
.. . . requirements for siting hydrogen storage systems; promulgated
Integration into International Fire Code . . . . . . . 3 years
(IFQ) extensive logistical support including committee chair ~ 2011; integrated
and consultant producing draft code document into IFC 2013

Performed validation testing for fueling algorithm in
standard; provided logistical support for SAE Fuel Cell Published 2014 3 years
Technical Committee

SAE J2601 Fueling Protocols for Light Duty
Gaseous Hydrogen Surface Vehicles

SAE J2719 Development of a Hydrogen
Quality Guideline for Fuel Cell

Vehicles/ISO 14687 Hydrogen fuel — Extensive test data, logistical support, and

I coordination of ISO/SAE standard development Published 2012 5 years

product specification — part 2: proton activities

exchange membrane (PEM) fuel cell
applications for road vehicles
ASME B31.12 Hydrogen Piping and . L Final document
Sierlines Provided test data and logistical support 2008 3 years
ASME Article KD 10 Hydrogen Material . . Document

ol i Provided test data and analysis icsued 2008 5 years

10/15/2015
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DEPARTMERNT L. . hydmgen
ner
Hydrogen Progrclm - -
Home About DOE Participants International
= Hydrogen
Production
= Hydrogen Delivery
= Hydrogen Storage

= Hydrogen
Manufacturing

= Fuel cell

Exciting New
Training Opportunity!

IDENTIFYING
SAFETY

DEPARTMERMNT

= Applicati]

Technolof Hydrogen Gnd FUel Ce VULNERAB"‘

validatiof
> gafety Home About DOE Participants International What Is It?

= First R Ideutificatson of Safety Vb

K Hyd o
Trainin| ~ P:ngﬁgzzn (18V) 15 an organszed effort
= Bibliog] > yydrogen Delivery Home = Codes and Standards = introduction to Hydrogen for Code Off " f and anayze the signficance
S & Printable Version I
. :::Z:JE - Hydrogen Storage associated with a process of NEW,’ LeSSIJI'IS LE&[I'IEd CGI'I'IET

> Hydrogen (1.2, 3 hazard analysis). Do
hazand amalysis wall help yo

> codes &~ ORER ing Introduction to Hydrogen for Code Officials

As toncams dbeat

. ey secaty & Wikore £ o Leosons Lo Com iy thmes ot Hlnocos catatase ol be vesertad e and vl sty et sl b it 2
= Educatio| ., pye| cell any unacceptable risks you b _" s ot s et e o bkt o ey w0 ighigad i i sk o o v i
= Basic Res onERRREEnRaOERNRED B -k mmg“ﬁhmg! Grow, paapaanti Unsagement of (hange
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P o husale hyediogen operalsoms 1 s | B
Sadwry Practiess % DEEBICICE i 3 echogue of mathodology hat s ikatly W 10 3 deseed MU Using Best RACIICES 1 8 Commdment 13 ukaing hase property damage, my nd |7 gasole, | Wit e s el ot s i e s, b o 7 s s e b g
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A word about safety
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More than 212 Lessons Learned events in "H2Incidents.org" and about

750 entries in the Hydrogen Safety Bibliographic Database
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What's Next for SCS?

10/15/2015



c H [ ] H U.5. DEPARTMENT OF ner icienc
Supporting Deployment Through R&D: H, Behavior ENERGY | o Sfisency &

and RiSk Assessment Fuel Cell Technologies Office | 18

Cold Hydrogen

Hydrogen Risk Alternative Station

Release 9 Assessment 9 Compliance 9 Deployment
Laboratory Models (HyRAM) Methods

Quantitative risk

Validate liquid H, Performance-based
(LH,)models enable risk assessment (QRA) design is a risk-
assessment tools. New utilizes engineering enabled (via QRA),
cryo-temperature mode_rls to produce risk NFPA 2 - compliant
laboratory will bring a metrics which enable option for station
science-based approach performance-based \design. )
to LH2 at the code
committees. / ‘f——. ]

: |

Errrieny

500 750 1000 1250 1500 1750 2000 2250 2500

At SNL, validated H, behavior models are incorporated into HyRam, enabling

performance based compliance accelerating safe infrastructure deployment

10/15/2015


Presenter
Presentation Notes
It is not just LH2 but all hydrogen behavior models that are validated and inserted into HyRam -- 
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Low-Temperature Testing of Materials in

Hydrogen Atmosphere (SNL)
N I |

Compatibility of Polymeric Materials
used in Hydrogen Infrastructure

1.0 f _ \ e (PNNL, SNL, ORNL)

B ° ot o 5 * Objective: generate a foundational
0.81— \:\0 -~ * understanding of the unique

- | | ._i/o Y o effects associated with the
0.61— ! | combination of high pressure and

H2 on the integrity of polymer
materials and generate the
04 ) knowledge will be used to develop
— © 3041 \ e n standardized test methods to

0.2 @316 | ote'//} — enable science-based selection of
© d: _ materials for H2 service.

|

1

— @ 800H
© 30N I ! o Testing results will be published for
0 100 200 300 400 d . t . . t
Test Temperature, K issemination in existing
distribution platforms, such as
H2Tools.org and the Technical

Plastic Strain Ratio|at Failure, ef(Hz)/ef(air)

o

Low-temperature pressure Ductility of stainless steels in (e
P P Y . L Reference for H2 Compatibility of
vessel internal structure H2 gas normalized by ductility i
in air Materials.

Developing a knowledge base for behavior of materials in hydrogen to

support a fault tolerant robust hydrogen refueling infrastructure

10/15/2015
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Leveraging Expertise of National Labs: ::: NREL & @ Natora

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE Laboratories

ﬁ'izFIRST In Support of H2 US A and tasked to deliver:

Reference Station Design Fuel Contaminant Detection

v Report Delivered with Detailed v' 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

Upcoming Tasks:

O Reference Station Design — Phase 2 0 Consolidation Scheme
—  Modular (delivered, on-site electrolysis) 0 Meter Benchmarking
—  Conventional (on-site SMR, on-site electrolysis)

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


Presenter
Presentation Notes
*Standard TPs Set*

To demonstrate our commitment and support of H2USA, the Department of Energy’s Fuel Cell Technologies Office (FCTO) created the Hydrogen Fueling Infrastructure Research Station Technology (H2FIRST) project in April 2014. 

As a collaboration between the National Renewable Energy (NREL) and Sandia National (SNL) Laboratories, the project is designed to address the technical challenges of hydrogen station deployment in the early market.

So far, the project has made significant progress: 
Publishing the Reference Station Design Report which analyzed 160 possible near term station configurations and created detailed P&IDs (Piping and instrumentation diagrams), BOMs (bills of materials) and cost estimates for the top four station types identified. A report on this task was recently released and verified the accuracy of the cost estimates from the near-term hydrogen refueling station analysis model (HRSAM). 
Publishing the Hydrogen Contamination Detection report assessing the status and requirements for technologies to detect contaminants in the fuel stream. 
Developing the H2 Station Acceptance “HyStEP Device” which will help to validate H2 stations and accelerate the time it takes to place them into service so that consumers can fuel their hydrogen vehicles with ease and confidence.
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HySAFETY o0 Exciting New
Training Opportuity!

i New! Lessons Learned Corner
EmETEm e - i
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Management of Change
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Welcome!
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» Mydrogen
Production
= Pyidrogen Delvery friney
= Hyidrogen Storage
Sy
Minfactiring Hydrogen Safety Bibliographic Database
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DEFPARTMENT €

Hydrogen cnd Fuel Ce s F |

Home ' About DOE

=energy.gov
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* Hydrogen and fuel cell applications
- Hpdrogen fueling staicns

Hydrogan

2Tools.org, existing safety and knowledge resources are consolidated

into a central location, with new functionality and content

10/15/2015
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With the launch of H2Tools.org, we have consolidated our separate resources (such as best practices and lessons learned) into one central location. 

The portal also incorporates bibliographic data, the “Technical Reference for Hydrogen Compatibility of Materials” from Sandia

NEWLY ADDED is the user-group feature, which allows viewers to access content specific to their interests. 

User groups include code officials/AHJs, first responders, researchers, insurers, operators, investors, etc.


Easier Acceptance of Hydrogen
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First Responder Training (PNNL)

* Developing plans to transfer the online
awareness training to the National Fire
Academy, allowing:

* abroader distribution of the materials,

e better crediting of course completion/CEUs,
and

* agood long-term landing spot for the
training.
* National Training Template adapts to
existing training programs and easily
updated

Emamency Marageman:

Cotegtinwersty

Code Official Training (NREL)

* Hydrogen station permitting video,
designed to cover relevant topics for code
officials, including:

— Introduction

— Why stations are needed

— Background of Hydrogen Technologies

— Codes and Standards for hydrogen stations
— Maintenance

* Available soon, through DOE website and
H2Tools.org

- - ~f"é-;"4'
Carl Baust - Code Expert IINREL

——

Developing a long-term strategy for hydrogen and fuel cell technology

deployment involving publically available training!!

10/15/2015
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15t commercially available FCEV
for sale in the US

Toyota Mirai Fuel Cell Vehicle

Honda Fuel Cell Electric Vehicle

OEMis are bringing fuel cells to showrooms and driveways

10/15/2015
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~50 Stations in California, 12 in the Northeast, > 200 Globally
stations are coming!!



Presenter
Presentation Notes
Current stations in California for public use (those who drive an FCEV), some of which are located at commercial gasoline stations. 
Top left: Newport Beach Shell station, hydrogen from SMR
Top center: Fountain Valley - Orange County Sanitation District, renewable hydrogen from digester gas
Top right: Torrance pipeline station
Bottom left: Emeryville bus fueling, liquid hydrogen (light duty vehicle fueling) from solar and electrolysis
Bottom right: UC Irvine, liquid hydrogen
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Thank you

Will James - Team Lead
202-287-6223
charles.james@ee.doe.gov

hydrogenandfuelcells.energy.gov

10/15/2015
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Backup Materials
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Codes & Standards Support
and Implementation

* Hydrogen Safety Panel

* Hydrogen Behavior * Domestic and
. Intet:n.atlo.nal CDOand SDO | |, (odes Official Training
* Hydrogen Risk Assessment participation and support
. i * First Responders Trainin
. Materials Compatibility Hydrogen Risk Assessment p 8
Models (HyRAM) e State Engagement and
* Fuel Quality e Alternative Code Support (e.g. - California and 8
_ Compliance Methods State MOU)
* Component Testing e Continuous Codes and * International Collaboration
* Sensors (both Safety and Standards Improvement (e-g. ~ IPHE RCSWG, 1A-HySAFE)
Contaminant Detection) « Sensor Validation (industry . R(.-:-sourc.e D.evelopment and
Dissemination (training prop,
engagement)

H2Tools.org)

An integrated approach to safety, codes and standards: research and development informs

codes and standards implementation efforts, which support outreach efforts

10/15/2015
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The 3 key elements of the program focus on R&D, C&S support and implementation, and outreach. 

R&D activities focus on:
Hydrogen behavior for both gaseous and liquid hydrogen applications
Compatibility of materials in high-pressure, low-temperature environments when exposed to hydrogen
Fuel quality
Sensors (both for safety and contaminant detection)

C&S support and implementation take the R&D and collaborate more closely with industry to:
Support domestic and international codes and standard development organizations
Test and improvement of hydrogen risk assessment models with input from industry
Validate sensors with industry engagement and field trials

Last but not least, the program conducts outreach activities:
HSP conducts project reviews
Host on-line and in-person trainings for code officials, first responders
Engage with individual states and support tech deployment efforts
Collaborate with international organizations
Develop and disseminate resources through the new portal H2Tools.org

This strategy helps address key infrastructure barriers such as:

Separation Distances
Component Reliability
Metering
Cost Reduction (Permitting, Existing Integration, etc.)
Long-term Technology Standard Development
Emphasis on Component Listing
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Goal

Facilitate the safe use of hydrogen
and fuel cell technologies by
understanding and mitigating risk

N
AN

Demonstrated Impact

 Enabling the deployment of
refueling stations by
developing science-based,
risk-informed decision making
processes for specification
of safety distances.

e Sandia's analysis has enabled
the indoor use of fuel cell
powered vehicles.

Extinction

10/15/2015



ANSI Code Revision Process

Process Segment

Step 1 Input Stage- public input accepted as
well input from other committees to develop
first draft

Step 2 Comment Stage- public comments on
first draft accepted and acted on by
committee

Step 3 Association Meeting- association
member ship votes on document and any
appeals at annual meeting

Step 4 Council Appeals and Issuance of
Document- council acts on any appeals and
issues final document or delays issuance
based on the nature of the appeal

Step 5 Document publication- document is
published after final action by the Council

Total Time

Time Required

49 Weeks

42 weeks

5 weeks

4 weeks

5-16 weeks
(approximately
depending on
complexity of

document)

Approximately 2
years

Energy Efficiency &
Renewable Energy
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The Standards Development Process

STEP1
Input Stage

Public Input o

Closing Date

Sallot First Draft

allo i
Meetin,

First Draft g

Last Edition
Published

First Draft
Report Posted

seond bt
Draft ond Second

Meetin Sec
9 Draft Draft Report

(2

STEP 2
Comment
Stage

Posted

No Public Comments Received

No Second Revisions by Committee
NITMAM

Closing
Date

No NITMAM
Received or
NITMAM not
Certified

Consent
Standard

NITMAM Received
and Certified

0

STEP 4
Council
Appeals and
Issuance of
Standard

©

STEP 3
Association
Technical Meeting

Image from NFPA
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Critical gaps in R&D have been identified and must be “closed” to decrease separation
distances and further the deployment of LH2 stations

e Model development and validation: LH2-specific
models critical for development of risk-mitigation

strategies SANDIA REPORT
e Adapt existing network flow models to determine -
accurate boundary Conditions for ||qU|d release Liquid Hydrogen Release and Behavior
. . . Modeling: State-of-the-Art Knowledge
e Reduced-order modeling for multiphase jet and Gaps and Research Needs for Refueling
Infrastructure Safety
plu me fIOWS Isaac W. Ekoto!, Ethan Hecht!, Chris San Marchi', Katrina M. Groth!, A_ Christine
e Accurate understanding of the dynamics of surface N — |
. . . *Air Liquide Corporation
impingement and pooling .
e Study of effectiveness of barrier walls for liquid R
releases S
* Test methodology: Lack of test platforms with (7 Sonci Nt soratris

adequate control of release boundary conditions

* Risk mitigation: Widespread acceptance of risk- [

mitigation strategies will make viable a wider
range of sites for LH2 stations

Isaac W. Ekoto et al. “Liquid Hydrogen Release and Behavior Modeling: State-of-the-
Art Knowledge Gaps and Research Needs for Refueling Infrastructure Safety”.
Sandia Report SAND2014-18776. October 2014
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Progress

National Template

National Template: Vehicle Systems & Refueling Facilities
STANDARDS DEVELOPMENT ORGANIZATIONS
T

Vehicles

o o
el FC Vehicie Safety;
e

g s peemes)
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o @ @

Fuel Call Venicie Systems:
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P
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National Template Web site

Objective:

= Conduct R&D needed to establish sound technical requirements for
renewable energy codes and standards with a major emphasis on hydrogen
and fuel cell technologies.

= Support code development for the safe use of renewable energy in
commercial, residential and transportation applications with a major
emphasis on emerging fuel cell technologies.

= Advance renewable energy safety, code development and market
transformation issues by collaboration with appropriate stakeholders.

= Facilitate the safe deployment of renewable energy technologies.

Benefits and Challenges:

= Consensus: achieving national agenda on codes and
standards.

= Representation: government and industry support and DOE
limited role.

= Technology Readiness: jurisdictional issues related to
available codes and existing setback distances.

Approach:

= Support codes and standards coordination and development
including coordinating involvement in technical committees and
coordinating committees.

= Project Timeline: October 2002 — Continuing

= Coordination: California Fuel Cell Partnership (CaFCP), California
Air Resource Board (CARB), FCHEA, SNL, LANL, ORNL, ANL, PNNL,
NASA, NIST, JRC, SAE, NFPA, CSA America, ICC, CGA, 1SO and IEC

Key Deliverables and Milestones:

= Publish Stationary Fuel Cell Application Codes and Standards Gap Analysis
= Direct support of several codes and standards development projects:

1. NFPA2 Hydrogen Technologies Code

2. ISO 14687-2 Hydrogen Fuel quality standard
3. SAE Standards

4. CSA Component standards

Accomplishments:

= Published Stationary Fuel Cell Application Codes and
Standards Gap Analysis (October 2010)

= Direct participation on the following codes and standards
committees:
1. NFPA2 Hydrogen Technologies Code issued December

14, 2010

I1SO TS14687-2 Hydrogen Fuel Quality

SAE J2579 Onboard Hydrogen Storage

SAE J2578 General Fuel Cell Vehicle Safety

SAE Fuel Cell Technical Committee

CSA America H4

ISO 20100 Hydrogen Fueling Stations

UL2267 Fuel Cell Powered Forklifts

O NV RWN
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Safety, Codes & Standards R&D

Separation Distances

Provided technical data and incorporated a risk-
informed approach that enabled NFPA2 to update bulk
gas storage separation distances.

Example:
Barrier walls reduce separation

distances — simulated position of
allowable heat flux iso-surface for 3-
minute employee exposure (2009
IFC).
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Energy Efficiency &
Renewable Energy

Materials and Components Compatibility

* Demonstrated cycle-life of >50,000 refuelings
of metals tanks for forklift applications

* Performed testing of forklift tank materials to
enable design qualification

* Added two additional
Nickel alloy chapters
the Technical

Critical RCS Development International Round Robin

* NFPA 2 Hydrogen Technologies Code, 2011

* Final Draft International Standard (FDIS) on Fuel Quality was
published by ISO TC197 Dec 2012

* SAE J2719 was approved by the SAE Motor Vehicle Council
as a Standard for Fuel Quality Sept 2011

* The Global Technical Regulation (GTR) for Hydrogen-fueled
vehicles was approved by UN-ECE June 2013

e Launched Phase 1 of international round
robin on high-pressure composite
overwrapped vessels.

* IPHE endorsed

10/15/2015
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Separation distances: Separation distances have been updated for bulk storage and consolidated into a single hydrogen code document, NFPA2.

Materials and Components Compatibility: 
Objective – Provide technical basis for the development of standards defining the use of steel (type 1) storage tanks with existing defects and participate directly in standards development. 
Accomplishments – 1) Fatigue and fracture data from Tank B material presented at the ASME PVP July 2010 – data used to predict tank cycle-life  2) HPIT1 draft language assembled for hydrogen fuel system qualification test methodologies, 3) Three as-manufactured tanks have been exposed to 17600 fueling cycles without failure as of Dec 31st, 2010
Objective – Provide technical basis for hydrogen compatible materials, components and systems qualification requirements.�Accomplishments – 1) SAE J2579 Appendix written describing requirements for qualification of structural materials using establish body of knowledge, 2)Paradigm-shifting research used to optimize test methods in ASME KD-10 to accurately measure fracture thresholds, 3)Technical Advisory Group Assembled for CHMC1 Compress Hydrogen Materials Compatibility document – initial language drafted �
Fuel quality specification: The Draft International Standard (harmonized with US technical specifications) was submitted Nov 2010.

Safety Sensor Development: Objective – Develop low-cost, low-power, durable and reliable hydrogen safety sensor for vehicle and infrastructure applications. Accomplishments - Developed miniaturized, low power and robust hydrogen sensor prototype conducive to commercialization, Developed stable sensor response over time by modifying the Pt electrode morphology, Completed long term testing (~4000 hours, LT) including 100 hours of accelerated stress testing, Completed evaluation of electrode materials and sensor design to further improve long-term stability and present sensor aging effects, Completed long term testing (>1,500 hours) of improved prototype sensor platforms replacing platinum electrode with conducting oxide (LSM), Completed characterization of alternative modalities (potentiometric and impedancemetric):  open circuit potential and phase angle 
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