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Federal Role

The Federal government is uniquely positioned to facilitate progress
towards harmonized codes & standards and improved safety because of

the number of diverse parties interested in codes and standards activities.
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Lead Research

Coordinate international participation

Facilitate working relationships among cooperative and competing industries
Publish and disseminate results

Collaborate with multiple government agencies including Federal, State, and Local
governments

Educate codes and standards officials, first responders and policy makers

Facilitate DOT roles in hydrogen pipelines, vehicle safety and international
regulations



-.-"5"""--;.‘:'__ W5 DEPARTMENT OF

{2 ENERGY Key Challenges

The Program has been working to address a humber of key challenges facing
the widespread commercialization of hydrogen and fuel cells.

Fuel Cell Cost & Durability
Targets:

— Stationary Systems: $750/kW, 40,000-hr durability
&0 Vehicles: $30 per kW, 5000-hr durability TEt.‘:_h "‘t'“ﬂlf
L Validation:
0 =
= - Hydrogen Cost Technologies must
E E.F Target: $2 - 3 /gge under real-world Market
conditions. =
= Hydrogen Storage Capacity Tran_sfnrmatlnn
Greater than 300-mile range, without reducing Assisting the
interior space or compromising perfermance gmm nfaad]r
markets will help fo
overcome many
Safety, Codes & Standards Development barriers, including
achieving
Hydrogen Supply & Delivery Infrastructure significant cost

reductions through
economies of scale.

Domestic Manufacturing & Supplier Base

Economic &
Institutional
Barriers

Public Awareness & Acceptance
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Hydrogen & Fuel Cell Budgets: FY04 -FY10

Funding ($ in thousands)

EERE Hydrogen/Fuel
Cells

FY 2005
Approp.

FY 2006

153,451

FY 2007 | FY 2008 | FY 2003

189,511

Approp.

200,449

FY 2010

Reqguest

68,213

Fossil Energy (FE)

21,036

21,513

25,0007

16,400*

Nuclear Energy (NE)

24 057

18,855

9,668

7,500

0

Science (SC)

0

32,500

36,388

36,509

36,509

36,509

DOE TOTAL

155,961

231,044

266,267

276,508

121,122

Department of
Transportation (DOT)

555

549

TOTAL 156,516 221,704

1411

232,455

1,420

267,687

1,425

277,931

1,800

271,258

1,800

122,922

* Includes funding for R&D plus program direction. Fossil Energy also plans $58M for SECA in FY10.
** The Office of Science also plans ~514M for Biological and Environmental Research in FY10.




Safety, Codes and Standards: Budget

FY 2009 Appropriation =$12.5M
FY 2008 Appropriation = $16.0M
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Emphasis

A Create technical information and
performance data to validate codes and
standards

A Tools to facilitate permitting of hydrogen
fueling stations and stationary fuel cell
installations

A Hydrogen fuel quality testing,
measurement, and metering

A Risk assessment and establishment of
protocols to identify and mitigate risk

A Global harmonization of hydrogen fuel
guality and other key standards

A Dissemination of hydrogen best
practices and safety information



Mission

Enable and facilitate the appropriate RD&D for the
development of safe, performance-based, technical

codes & standards that support technology readiness
and are appropriate for widespread consumer use of
fuel cell and hydrogen-based technologies.




Goals and Objectives

Safety:

Develop and implement practices and procedures to ensure
safety in the operation, handling, and use of hydrogen and
hydrogen systems for all DOE-funded projects and utilize those
practices and lessons learned to promote the safe use of
hydrogen.

Codes and Standards:

Perform the underlying research to enable codes and standards
to be developed for the safe use of hydrogen in all applications.
Facilitate the timely development and harmonization of
domestic and international codes and standards.




Overall Approach

mational Coord Comrrm

National Template

Technical Requirements

v
Standards

(SAE, CSA, etc.)
-

v
Local, State Regulations

tocal, State Code Oﬁicials/

-

C&S Tech Team

Roadmap

RD&D Priorities

R&D Projects data

_ modeling analysis ”

R&D Collaboration
Information Tools

/ International RCS \

ISO UN/ECE
TC197 WP29/GRPE

WG12 (FQ)  CTR
WG11 (HFS)  (DOT/NHTSA)

IEC
TC105, etc.

International R&D

Model Codes
Outreach
(IFC, NFPAZ, etc) A Training A IPHE RCS WG
: IEA/HIA Task 19

EU JTI

K Japan, Canada, etc. /




R&D Roadmap

Initial Version: Completed 2004
Updated in 2006 and 2008

Details Needs & Gaps
In each Focus Area:

Hydrogen Behavior
I Hydrogen Fuel Infrastructure

I Fuel-Vehicle Interface frmate

Life-Cycle Testing (2.3.2

Hydrogen Vehicle e

21 |P-T Sensors (2322)
22 |Parking Certification (2.3.2.3)
]

24 |HYDROGEN FUEL INFRASTRUCTURE (2.3.3)
S |70 Mpa Fast-fil Refueing (2.3.3.5)
26 |At-scale H2 Release (2.3.3.5)

ultiple funding sources for this task

Ed
28 |Quality: Prod - Nozzle (2.3.3.5)
23 |Mtigation/Detection (2.3.3.5) [ Y A

30 |Ppeines (23.3.2)
31 |High P Composite Mat (2.3.3.5)
32 |Fuel Measurement (2.3.3.5)

T® DOE Hydrogen Delivery
Ti07® DOE Hydrogen Delivery

34 |FUEL VEHICLE INTERFACE (2.3.4)
[735 |Fuel Quality: Nozzle Fuel Cell (2.3.4.1)
35 |Fecdback Strategies (2.3.4.2)
Dispenser Protocol and Testing (2.3.4.3)
33 |Fueing Components (2.3.4.4)
33 |Station Grounding (2.3.4.5)
Integrated Engr-Design (2.3.46)

w
4

&




R&D Focus Areas and Codes and Standards

A Hydrogen Behavior
A Physical properties
A Flammability and transport
A Material compatibility
A Detection
Primary Building and
A Hydrogen Fuel Infrastructure e
A Producton /SN

International
Fire Code
Chapter 22

A Distribution and delivery NFPA 52
A Fue"ng station @ 2= 0F-----------_- Hydrogen specific codes and standards Vehicle
that the IBC and IFC reference such as Dispensing
: NFPA 2, NFPA 55, and NFPA 853 i
A F ue I -Ve h ICI e I nte rface NFPA 52: Vehicle Dispensing Operations Operatlons

A Fueling nozzle and protocol 4 e
A Fuel quality _ - CSA H series
A Cross-cuttina issues gggl;c::lzr;trztsaggggd:;hat are referenced in the NFPA codes documents
g . a. SAE documents J2719, J2579, J2601 . SAE J27 19;
A Hydrogen Vehicle ey ciirir-dl 2579 42601

c.CGASdocumentsforventing
A Onboard hydrogen storage d. ASME B31.3 and ASME BPV

A Onboard fuel handling

A Parking requirements
11



R&D Timeline*

Task Name

o 2005 |2006 |2007 [2008 |2009 2010 2011 2012 2013 2014 2015
1 KEY GREEN = DOE Funded Pro;ect planned

o BLUE = Non-DOE Funded Project planned

3 Red Stnpe on GREEN = Related DOE Project underway, work conducted at Natlonal Lab
4 Blue Stnpe on GREEN DOE SC&S Project underway; work conducted by non-Hatlonal Lab entities
5 Black Bar on GREEN = DOE SC&sS Prolect Jndewvay- work conducted at National Lab

6 & Date pro;ect scheduled to be complete

7 HYDROGEN BEHAVIOR (2.3.1)

8 Thermo-Physical Properties (2.3.1.1)

9 FWVC Formation, lgn'ition (2.3.1.2)

10 Jets and Flames (2.3.1.2)

11 LHZ Releases (2.3.1.2)

12 Barriers, Tunnels, Garages (2.3.1.2)

13 |Materials Compatability (2.3.1.3)

14 |Adv. Storage Mats and Behavior (2.3.1.2) [y DOE Hydrogen Storage

15 |H2 Sensors (2.3.1.4) : )
16 Risk Assessment (2.3.1.5) T
17

18 |HYDROGEN VEHICLE (2.3.2)

19 |Life-Cycle Testing (2.3.2.1)
20 |P-Relief Devices (2.3.21y  gEOGTCCOULE
21 |P-T Sensors (2.32.2)
22 |Parking Certification (2.3.2.3)
23
24 |HYDROGEN FUEL INFRASTRUCTURE (2.3.3)
25 |70 Mpa Fast-fill Refueling (2.3.3.5) | oo
26 |At-scale H2 Release (2.3.3.5) Multiple funding sources for this task
>7 @_,
28 |Quality: Prod - Nozzle (2.3.3.5) 0
29 |Mitigation/Detection (2.3.3.5) :

30 |Pipelines (2.3.3.2) & DOE Hydrogen Delivery
31 High P Composite Mat (23.35) O L @ DOE Hydrogen Delivery

32 |Fuel Measurement (2.3.3.5) 72

33

34 |FUEL VEHICLE INTERFACE (2.3.4)

35 Fuel Quality: Nozzle Fuel Cell (2.3.4.1)

36 Feedback Strategies (2.3.4.2)

37 Dispenser Protocol and Testing (2.3.4.3)

38 |Fueling Components (2.3.4.4)
39 Station Grounding (2.3.4.5)
40 Integrated Engr-Des=ign (2.3.4.6)

*Will be revisited based on FY 2010 budget request




Fueling Station-Venhicle Interface

o To I

o To I

Hydrogen Quality: Nozzle to Fuel Cell

Feedback Strategies ‘ e
Dispenser Protocol and
Testing (70 Mpa)
Fueling Components
Station Grounding

Integrated Systems Design

13



R&D Progress

Technical Specification (TS) published and -

harmonized with SAE J2719 Fuel Quality - 1ISO DIS 14687-2
On schedule to submit Draft International Hydrogen Fuel Product
Standard (DIS) to ISO TC197 December Speciﬁcation

2010

Unified testing underway at LANL, HNEI,
USC, Clemson-SRNL, UConn for critical

contaminants SPECIFICATION TRADEOFFS
Developing standardized sampling and
analytical methodologies with ASTM = § @ S, iur species
Applied fuel cell stack and PSA models to o * @ Ammonia
support testing and to address fuel quality- Q © Aromatic& [© carbon Monoxide
fuel cost tradeoffs L Aliphatic HCs
Coordinated overall approach and testing § O oxygen
with Fuel Cell and Delivery Tech Teams 2
CEL % . Carbon Dioxid O Methane
< 9 arbon Dioxiddg (@) Nitrogen ® Heliu
Low High
Difficulty to Attain and Verify Level
Source: Shell Hydrogen . a

L=



R&D Progress

Separation Distances

A Provided technical data and risk-informed
approach that enabled NFPA2 to reduce bulk gas
storage separation distances in the 2009 edition
of NFPA5S5

A Quantified how barrier walls can reduce hazards
leading to fifty percent distance reduction credit

A Technical data and methodology are published in
Barrier walls reduce separation distances i archival documents

simulated position of allowable heat flux iso-surface
for 3-minute employee exposure (2009 IFC).

NFPA 2005 Separation NFPA 2009 Separation
Exposure Distance Distance
Lot Lines 5ft 10 ft
Air intakes (HVAC, compressors, other) 50 ft 10 ft
Ignition sources such as open flames or welding 25 ft 10 ft
Flammable Gas storage systems
- non-bulk 10 ft 5 ft
- bulk 10 or 25 ft 15 ft
15
Ordinary combustibles 50 ft 5 ft




R&D Progress

Materials Compatibility

A Characterized sustained-load cracking in high-pressure gas environment for ~20 materials
(pressure vessel steels, stainless steels, and pipeline steels)

A Developed and implemented a dynamic testing apparatus to measure fatigue fracture

properties in high-pressure gas

Developed test protocols i recent dynamic load measurements indicate use of sustained-
load cracking threshold in ASME KD-10 may be less conservative than fracture toughness;

need to evaluate use of crack initiation approach

Yield strength, S (ksi)

87 97 107 117 127 137 147 157
180 U T T T NN T T TN T AT TR TN TR T NN ST T S SR [T T ST T SR (NN TN ST S S N TR S S T | B 160
{Pressure Vessel Steels A DOT3AAX ||
1100 MPa H, gas O SA372Gr.J ||
150 1", 2 o sasr2cr.L|f 140
125 °C v DOT3T L
] F 120
<120 ; -
“‘E 1 A a sustained-load cracking threshold (K;,,) - 100 g,:
Son | 2 g /s [ =
a 909 A § Lgo B
S m] H [ <
~— i O __
vedl A : 60 X
] - 40
30 - fracture toughness (K,) @ [
] © 20
0 ""I""I""I""I""I""I""I""I""I""- 0

600 650 700 750 800 850 900 950 1000 1050 1100
Yield strength, S, (MPa)




National C&S Coordination

National Template: Stationary & Portable Systems m

STAN

Hydrogen Genera

EPA (emissions)
DOT/PMHSA (pipeline)
0SHA, State and Local Go
(zoning, building permits)

Electrolyzers:

® @&

Reformers:

®E =

Perform. Test Procedul

rve @

Chemical Hydrides:

® @& [

National Template: Vehicle Systems & Refueling Facilities

STANDARDS DEVELOPMENT ORGANIZATIONS

mmmm= | EAD STANDARDS DEVELOPMENT ORGANIZATIONS (SDOs)

Vehicles

DOT/NHTS (crashworthiness)
EPA (emissions)

General FC Vehicle Safety:

oAE
-

Fuel Cell Vehicle Systems:

oas
-

Fuel System Components:

@*
Containers:
SAE
Reformers:

oA
L

Emissions:

oA
-

Recycling:

Service/Repair:

Fuel Delivery, Storage

DOT/PHMSA (over-road
transport, pipeline safety)

Composite Containers:

Pipelines:

ASME Pl [acal

Equipment:

ASME APt e

Fuel Transfer:

3] —am

State and Local Government
(zoning, building permits)

Storage Tanks:

rsve (§B- (3] o

Piping:

Dispensers:

@ @ W
On-site H, Production:

@ ®»E »~

Codes for the Environment:
R * .

Interface

Fuel Specs:
saz (fy Ao

Wts/Measures:
NsST el ASME
Fueling:

Sensors/Detectors:
® Bl == @
mctors:

Communications:

17




National Hydrogen and Fuel Cells
C&S Coordinating Committee

A Coordinate implementation of national templates

I Managed by DOE (NREL), NHA, USFCC
A SDOs: ANSI, ASME, ASTM, CGA, CSA, ICC, NFPA, SAE, UL
A 1SO TC 197 (USTAG-CGA), IEC TC105 (USTAG-CSA)
A National Laboratories: NREL, PNNL, SNL, LANL
A Other Federal Agencies: DOT, NIST
A Industry: represented by NHA, USFCC
I Monthly teleconference, semi-annual meetings

I Minutes posted on www.hydrogenandfuelcellsafety.info

I Open to all interested parties
A Contact Chad Blake (chad.blake@nrel.gov)

18


http://www.hydrogenandfuelcellsafety.info

Codes and Standards Development Process in US

National
Templates AVol untary consensus |pr
[DOE[:Jpport]
” Working Group —— —Review
: : Draft Standard .
Lead SDO Technical fommlttee Balloting
Supporting SDOs (experts) /
Interested parties Published (Update
Standard standard)

| Code (ICC, NFPA)

Regulation

local, state,
federal,

international
19



Brief Historical Timeline

Timeline of Hydrogen Codes and Standards Development

20



