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Fuel Cells are part of All-of-the-Above Energy oy | Energy Efficiency &

Strategy ENERGY | renewable Energy

the WHITE HOUSE

PRESIDENT OBAMA IS CALLING ON CONGRESS TO ESTABLISH AN The PreS|dent’S proposal W||| Support
++++ ENERGY SECURITY TRUST - - -

i research |_nto a range of cost-effe_ctlve
CEvENUE IRDEDWIT technologies — like advanced vehicles that
N B LI ANIES run on electricity, homegrown biofuels,
fuel cells, and domestically produced
hd $2 4 natural gas
Fully paid for within BILLION Supports research by g "

the President’s budget. N American scientists on
No extra costs. long-term projects.
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MNatural gas fuel Advanced Cleaner Hydrogen fuel cells
tanks that are batteries for biofuels and b%ewkthrnugh “‘r' ON’ lQ'or‘
chea[fer lighter electric vehicles technologies
strc-nger -
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¥ ' l ‘
American Energy Less New Lower New
Sources Pollution Jobs Energy Costs Technology

The Energy Security Trust is just one piece of Prasident Obama’s All of the Above
approach to create a secure energy future. The s p cut our reliance
aon foreign oil, create jobs and help lower ena r middle class families.

31572013 SHARE THIS IF YOU THINK IT"S A GO WH.GOV/ENERGY
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U.S. DEPARTMENT OF Energy Efficiency &

Fuel Cell Market Overview ENERGY

Renewable Energy
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Fuel Cell Systems Shipped*
by Application, World Markets: 2008-2012

Market Growth (2011 - 2012)

—
Fuel cell markets continue to
grow:

C « >45% increase in global
- MWs shipped
. « >35% increase in systems
= B et

2008 2009 2010 2011 2012P

m Stationary Transportation ® Portable

The Market Potential ™

Independent analyses show global markets could mature over the next 10-20 years,
producing revenues of:

* $14 - $31 billion/year for stationary power
* $11 billion/year for portable power

» $18 — $97 billion/year for transportation
Several automakers have announced commercial FCEVs in the 2015-2017 timeframe.

*Sources: FuelCells2000, Navigant Research, Fuel Cell Today, ANL
*DOE Hydrogen and Fuel Cells Program Plan, http://www.hydrogen.energy.gov/pdfs/program plan2011.pdf;
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Hydrogen &Fuel Cells Program

Energy Efficiency &

OverView ENERGY Renewable Energy

Mission: Enable widespread commercialization of a portfolio of hydrogen and fuel
cell technologies through applied research, technology development and
demonstration, and diverse efforts to overcome institutional and market challenges.

Key Goals : Develop hydrogen and fuel cell technologies for early markets (stationary power, lift trucks,
portable power), mid-term markets (CHP, APUs, fleets and buses), and long-term markets (light duty vehicles).

Examples of Key Targets

Basic & Applied Research

2 and Technology Development .§ e Fuel Cells:
%‘ 3 e Transportation: $30/kW, 5K hours
é Hydrogen S WIDESPREAD » Stationary: $1,500/kW, 60-80K hours
o ‘:: " Fuel Cell & COMMERCIALIZATION | » Hydrogen: $2 to $4/gge
ey R&D E ACROSSALL SECTORS
5 * Storage ﬁ T i
- g * Transportation
2 . * Stationary Power DOE H2_and Fuel Cell
% Manufacturing R&D g * Auxiliary Power Program includes: EERE
c S * Backup Power (Fuel Cell Technologies
% Safety Codes & Standards * Portable Power Office), and DOE Offices
2 T of Science, Fossil Energy
n
- and Nuclear Energy
Nearly 300 projects Cu”enﬂy fu.nFjed. at (?ompanies, national Program Plan at: http://www.hydrogen.energy.gov/pdfs/program_plan2011.pdf
labs, and universities/institutes Basic research conducted thru Office of Science; Applied RD&D conducted through EERE, FE, NE
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Budget: Key Activities ENERGY | Ereroy Effciency &

Renewable Energy

Funding ($ in thousands)

Kev Activit FY 2013 FY 2014
y y Request Request

Fuel Cell R&D 38,000 37,500
Hydrogen Fuel R&D 27,000 38,500
Manufacturing R&D 2,000 4,000
Technology Validation 5,000 6,000
Market Transformation 0 3,000
Systems Analysis 3,000 3,000
gllljepl)ipl)_oilte-WMe Facilities 0 1,000
Total $80,000 $100,000

Note: The FY 2012 and FY 2013 numbers shown on page 384 of the White House’s FY 2014 Budget Request
(www.whitehouse.gov/sites/default/files/omb/budget/fy2014/assets/doe.pdf) reflect $9.7 million that was
carried over from FY 2012 to FY 2013 for obligation in FY 2013.

5 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov



Fuel Cell R&D

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

Reduced high-volume cost of automotive fuel cells to $47/kW (2012)*
More than 35% reduction since 2008, more than 80% reduction since 2002

$300

3 $250

$200

$150

$100

FC system cost ($/kW

$50

$0

System Cost ($/kWnet)

Projected Transportation Fuel Cell System Cost
-projected to high-volume (500,000 units per year)-

1 $275/kW

| - Initial Estimate
Balance of Plant ($/kW,
includes assembly &

testing)

. [0 stack(sikw)

Current status:

$47/kW vs
target of $30/kW

PO sanaw Target
| $73/kW $30/KW

$61/kW
$51KW g40/kwW $47/kW l

A nmE B

2002 2006 2007 2008 2009 2010 2011 2012 2017

Projected Costs at Different Manufacturing Rates

$300
$281
e 2007 Cost
$250
e 2012 Status
$218
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$94
$100 — —_—
$71 359
$55 $47
$50 - =]
$0 r : :
0 125.000 250.000 375.000 500.000

Annual Production Rate (systems/year)

Hours [1,000s]

NREL- aggregated state-of-the-art fuel cell durability

45
—25th - 75th Percentile
40 | A Avg. Projected Hours *
DOE Target
35| % Interim DOE Target
*DOE Targets Under
30 LBﬂLI.ﬂN
25
20 T
15
10
5 I I
0 . - - -
Backup Power Automotive Bus Forklift Prime Power

*Based on state-of-the-art lab scale technology projection to high-
volume manufacturing (500,000 units/year).
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U.S. DEPARTMENT OF Energy Efficiency &

Hydrogen PrOdUCﬁon ENERGY Renewable Energy

Current Status
* Over 9MMT of H, produced per year
* Over 1,200 miles of H, pipelines in use (CA, TX, LA, IL, IN)
* Over 50 fueling stations in the U.S.

Established High-temp Projected High-Volume Cost of Hydrogen Production
|| ndustrialProcess Coal Gasification  Electrolysis for Different Pathways
© With CCS
:_—, Natural Gas O Distributed Production (near term)
c Reforming $9 B Elccirolysis
Q Photo- s8 Feedstock voriooiiy: 50.03- 50,08 per kAh
(@] biological Bl Bio-Derived Liguids
57 1 Feeastock voriooday: $1.00-53.00 per gorion etnono’
~ s6 - Hl Natural Gas Reforming
TOday - 2015 2020_2030 =. 55 | FeeTFIOCK vOriQDI Ry 54.00- 510 00 per MABTY .
T 2L .. _
v -
! =2 o -
5 B
"o} Natural Gas Electrolysis Bio-derived Fermentation 1 © %
: Reforming (Grid) liquids $1
7 .
5 R/ Biomass pathways\=mid/term :; Solarpathways=Iongerterm 502005 ' ' ' 2010 ' ' ' ' 20'15 ' ' ' 2020
s10
Estimated Plant Capacity (kg/day) so Central Production (longer term
Il Electrolysis
ss8
Feedstock voriopixy: 50.03-50.08 per kWh
IN $7 Biomass Gasification
ulIn 56 Feecastock voricbiity: S30- S120 per ory short ton
i = 5
500,000 100,000{50,000 i O s _
DU/UES H500; ss O o o .
——@
$1
so
P&D Subprogram R&D efforts 200s 2010 2018 2020
successfully concluded 1 gallon gasoline equivalent (gge) is approximately equal to 1 kg of hydrogen in energy content (lower heating value)
Additional information in Program Record #12002
FE = R&D efforts in DOE Office of Fossil Energy http://www.hydrogen.energy.gov/pdfs/12002_h2_prod_status_cost_plots.pdf
NE = R&D efforts in DOE Office of Nuclear Energy *Based on information from Proton OnSite, Giner,
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Technology Validation & Market Transformation ENERGY Energy Efficiency &

Renewable Energy

Validated >500 fuel cell forklifts Delivered H, Maintenance Count by Category
1,058 Maintenance Events, 64% unscheduled
Accomplishments:
i Infrastructure

>1.4M hours of operation consistently

delivering H2 with a
~250,000 hydrogen fills llVITBF of 25 days or

ess.
>185,000 kg hydrogen dispensed

) i _ Identifying areas for

Average forklift fill of 0.6 kg in further effort: e.g.
2.3 minutes 500 are compressor s

failures. 2%

Locations of Fuel Cells in Operation
for Early Market Applications

Exceeded DOE goal of 1,000

¢ operating hours for back up power
100 . . .
o Successful operation of units in 19 states
75 2
o * >800 systems in
50 operation
’ * 1.86 MW installed
# capacity
 Backap Power 286 Sitesnd 33 FC Ut | entergre | ® 99.6% successful
& APU(1 S and 1 FC Unite) nits in starts
[> Bus (1 Sites and 1 FC Units)
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Fuel Cells for Resiliency - Hurricane s oerarmuentor | Eneray Efficiency &

Sqndy, October 2012 ENERGY | renewable Energy

Hurricane Sandy was the largest Atlantic hurricane on record.
Winds spanning more than 1,100 miles

More than $60 billion in damages

Cellphone outages reported in more than 150 counties from VA to MA
25% of cell towers in 10-state area stopped operating
8.5 million power outages reported across 21 states

9 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov
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Safety, Codes & Standards Progress

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

I FYO5 FY06 FYO07 FYo8 FY09 FY10
» CSTT Formed » RD&D
RD&D Roadmap Roadmap Primary
ICCChapter<| Revised Changes submitted to IFC + NFPA 2 Building and
22 Hydrogen [ National to coordinate IFCand | Final Document Fire Codes
Code Adopted | Templates NFPA requirements Published (1 codes)
' NFPA 52
\ Hydrogen Specific
*NFPA 52 2006 edition » NFPA 2 Codes and Standards :
Dispensing Hydrogen Specific Hydrogen ° > NFPA 55 Hydrogen specific codes
Codes and Standards Technologies NFPA Draft NFPA 2 published + and standards that the IBC
Code Project Public draft + ) and IFC reference such as
Start of NFPA 2 ® 2010 edition NFPA 55, and NFPA 853
@ > CSA HGV4 > 1SO DIS CHMC-1TIR, ISO b
G L Q14l687:ue: ’ - Component standards and design codes that are
> UL 2267 @ A = > SAE2601 ASME B31.12 CSA H series draft + uasgnc;::d referenced in the NFPA codes and standards such as:
published . | SAE2719 published documents published a. CSA FC 1 Stationary Fuel Cell Power Systems

e BEST PRACTICES

BEST PRACTICES

INTRODUCTION
H2 PROPERTIES
SAFETY PRACTICES

DESSIGN OPERATIONS

[+ DISCOVER

BIBLIOGRAPHY
GLOSSARY

ACRONYMS

C LESSONS LEARNED

m PROPERTIES

ELORERIIES

WEIGHT & VOLUME CALCULATOR
SEPARATION DISTANCE CALCULATOR
HYDROGEN SAFETY CHECKLIST

TECHNICAL REFERENCES

First mobile app developed
to accelerate H, and fuel

cell deployments (PNNL)
Integrates H,incidents.org and
H,bestpractices.org into a single,
searchable iPad and iPhone app

b. CGA P1 Safe Handling of Compressed Gases
in Containers
c. ASME B31.3 and ASME BPVC

SANDIA REPORT
SAND2012-7321

Unlimied Release

Printed September 2012

Technical Reference for Hydrogen
Compatibility of Materials

C. San Marchi
BP. Somerday

Full acceptance of the Global

Technical Regulation targeted for
June 2013.

() sacia Natoal Laoratores

SAE J2579 published March 2013

Information placed on OpenEl website:
http://en.openei.org/wiki/Gateway:Hydrogen

13| Fuel Cell Technologies Program Source: US DOE 5/27/2013
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H2 Safety Sharing- Examples ENERGY | 5oy Effiency &

Renewable Energy

Equipment Inc-:ri(():lt:rzts v[\)/\?\;v?/.bhazsiﬁc\?:jeebn?sc.jg:g =
Riping/Fitting/Valves 102

Hydrogen Storage 49 Examples:

Vehicle & Fueling System 40 Sia’:\i,r;g(;z;;)

SIS ST 25 Flexible Tubing (8)
Ventilation System 22 Gasket (6)

Laboratory Equipment 19 Bolts (6)

Pressure Relief Devices 16

Motive Power Systems 15

Heating Equipment o Cross-Search Categories :
Electrical Equipment 14 2::::3: and Injuries
Proce§s EqipmE] 14 Probable Causes
Batteries and Related

Equipment 13 Contributing Factors

14 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov



Fuel Cell System Safety Reporis by us. oEearTuent oF | Enaroy Efficiency &

Severii‘y and Type ENERGY | rencwabie Energy

Fuel Cell System Safety Reports by Severity - ARRA and Report Type 2011Q4
[ [ [ [

Near Miss

Severity

Il Alarms Only

Bl Electrical Issue

I Equipment Malfunction

[ H2 Release - Minor, NO Ignition
Incident [ |H2 Release - Significant, NO Ignition ]
[INon-H2 Fire

Il Operator Protocol

: : Il Other 1 (user defined)

[
0 50 100 150 200 250
Number of Reports

An INCIDENT is an event that results in:
- a lost time accident and/or injury to personnel
- damage/unplanned downtime for project equipment, facilities or property
- impact to the public or environment
- any hydrogen release that unintentionally ignites or is sufficient to sustain a flame if ignited
- release of any volatile, hydrogen containing compound (other than the hydrocarbons used as common fuels)

A NEAR-MISS is:
- an event that under slightly different circumstances could have become an incident

) NREL cd - unplanned H2 release insufficient to sustain a flame
parra_mhe_27

Created: Mar-27-12 9:20 AM

15 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

MHE Equipment Category of Safety Events ENERGY | renewabie Energy

Safety Reports By Equipment Category: ARRA MHE

By Number of Reports -control electronics By Number of Incidents
Total Near Miss Reports =210 Total Incidents =7

5% - operator protocol

- electrical

fuel system

14%
5% 0

7%

fc stack

10% valves

50%

air system

-fittings & piping
-thermal management

21%
- Misc

14%
MISC includes the following categories: An INCIDENT is an event that results in:

SOFTWARE - alost time accident and/or injury to personnel

ELECTRICAL . . . peas

REFORMER - damage/unplanned downtime for project equipment, facilities or property

SENSORS - impact to the public or environment

OSTE:ELR - any hydrogen release that unintentionally ignites or is sufficient to sustain a flame if ignited
- release of any volatile, hydrogen containing compound (other than the hydrocarbons used as common fuels)
A NEAR-MISS is:
' NREL cdparra_mhe_57 - an event that under slightly different circumstances could have become an incident

Created: Mar-26-12 4:23 PM - unplanned H2 release insufficient to sustain a flame

16 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov



.S. DEPARTMENT OF Energy Efficiency &

[ ] S d. uU.s
H2 Pathways Analysis Tool @Ng?io'ﬁal ENERGY | rooy meney 8

Laboratories

—RRToacT

— Projects H, demand by country specific fuel-cell vehicle vehicle scenarios

* Developed dynamic H, pathways analysis tool that:

— Calculates least-cost pathways for H, supply by country, including feedstock,
production, distribution (regional and long-distance), and carbon costs leveraging
existing H2 production and distribution models (H2A, HDSAM, MSM)

— Estimates petroleum savings and transport-related GHG emission reductions
— Compares feedstock use for H, production through 2050 with 2010 primary energy
consumption

 Datainput

— Country-level data supplied by
country experts (Task 30A)

— Where country-level data not
available, U.S.-based analysis
estimates used.

— Integration with Task 30B
(Technology Database) and Task
28 (Distribution) expected by
year end

17 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov



.S. DEPARTMENT OF

Global Hydrogen Resource Analysis Tool ENERGY

Energy Efficiency &
Renewable Energy

Tool developed by Sandi_a to assess resource options for hydrogen in different countries

INTERNATIONAL

PACIFIC

EUROPE

DEM MARK

HORWAY

GERM ANY

NORTH AMERICA

per GJ Delivered H2 Cost ($/G])

$20071

$1501

$100T

= Naturel Gas | 7] Mt ural Gas €7 Biomans Cont =) | Cout Comtrana =] Oftamere wie =)

$50T

Jomners W

Feedstack m Distribution

GHG Tax

Feedstock I = v Availabie I 12 |

1 1 I4A BIA VEE TAT BAA S Ll 4T BA aas 2

lllustrative example- as cost of resource (e.g.
wind) declines over time, more is used for H2
production

Can assess different FCEV market penetrations
& policy options

| I S [ S S [N B [ — -

Distrubution Cost

ka/yr
4,000,000,000 - .
Backstop_product
“ Nuclear_Central
= Hydro_Central
= Coal_Central
= NG_Central_SMR
Biomass_Central
= Solar_Thermal_Central
= Solar_PV_Central
= Coal_Central_CCS

3,000,000,000

2,000,000,000

1,000,000,000

Germany Hydrogen

Production

0-
Jan 01, 2015 Jan 01, 2025 Jan 01, 2035 Jan 01, 2045

Feedstock Multipliers

“ Renewables
" Mon-GHG Emission:

Policy Type

I ! 1l
Developed as part of IEA HIA Task 30
and IPHE activities.

More country input requested.

18 | Fuel Cell Technologies Program Source: US DOE 5/27/2013
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Future Directions- Energy Systems LR | Eneroy Efcincy &
Integration Facility (ESIF) Renewable Energy

Future directions include increased cross-cutting activities and collaboration such as through DOE’s new
national asset for energy systems integration research, development, and testing

19 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov



Models of Public-Private Partnerships ENERGY |ner fieres

Renewable Energy

Ho USA

Mission: To promote the commercial introduction and
widespread adoption of FCEVs across America through
creation of a public-private partnership to overcome the
hurdle of establishing hydrogen infrastructure.

Current partners (additional in

process): * Hyundai Motor America

« American Gas Association  |ITM Power

« Association of Global Automakers « Massachusetts Hydrogen Coalition

« California Fuel Cell Partnership  Mercedes-Benz USA

» Electric Drive Transportation * Nissan North America Research and
Association Development

» Fuel Cell and Hydrogen Energy * Proton OnSite
Association « Toyota Motor North America

20 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov



.S. DEPARTMENT OF Energy Efficiency &

u.s
ENERGY Renewable Energy

Additional Information

21 | Fuel Cell Technologies Program Source: US DOE 5/27/2013 eere.energy.gov



Education Programs ENERGY | Renoveole Eneroy

Educating First Responders
« Developed safety courses for researchers and held permitted workshops that reached >250 code
officials

« Educated over 26,000 first responders and code officials through introductory | R .
web-based courses and advanced hands-on training. ‘

« Expanded web-based resources, including: Hydrogen Safety Best Practices
Manual & Hydrogen Permitting Compendium

Educating Teachers

+ Developed education materials and educated more than 9,600 teachers on H, and fuel cells.
+ Conducted seminars and developed fact-sheets and case studies for end-users

Educating the Community

* Published more than 70 news articles this year - including blogs, progress alerts, DOE news alerts
 Conducted more than 80 workshops to help state officials identify deployment opportunities
* Monthly Webinar Series

+ Jobs Tool

* Recent fuel cell licenses

* Portable power

* Mobile lighting

* Register at - http://www1.eere.energy.gov/hydrogenandfuelcells/webinars.html
* Monthly Newsletter

* Visit the web site to register or to see archives
(http://www1l.eere.energy.gov/hydrogenandfuelcells/newsletter.html)

22 | Fuel Cell Technologies Office Source: US DOE 5/27/2013 eere.energy.gov



Future Directions

.S. DEPARTMENT OF Energy Eﬁiciency &

uU.s
ENERGY Renewable Energy

Funding Opportunity  Funding
Announcements Planned
(FOAS)

Production & Delivery N
(FY14) $6M
Hydrogen Storage (FY14) ~$6M
Technology Validation
and Market
Transformation (FY13 & gt
FY14)
Manufacturing R&D N
(FY14) $3M

Notice of Intent Issued- May 2013

Technology Validation & Market
Transformation

 Demonstration & Deployment
of Fuel Cell Hybrid-Electric
Medium-Duty Trucks

» Validation of Advanced
Hydrogen Refueling
Components

« Demonstration and Case Study
for Roof-top Installation of
Hydrogen Fuel Cell Backup
Power Systems

 Hydrogen Meter R&D

Requests for Information

RFI on Home Hydrogen Refueling Systems and Potential H-Prize Topics Issued (https://eere-
exchange.energy.gov/default.aspx#Foald2e67f6df-fd51-4da2-953c-ab515231abb0)

Additional RFIs see: https://eere-exchange.energy.gov/

23 | Fuel Cell Technologies Program Source: US DOE 5/27/2013
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U.S. DEPARTMENT OF Energy Efficiency &

Federal Policies Promoting Fuel Cells  ENERGY | renonaio troray

Some tax credits affecting fuel cells were expanded and a new act was
proposed that can help facilitate federal deployments.

30% for qualified fuel cell property or $3,000/kW of the fuel cell nameplate
capacity (i.e., expected system output),

whichever is less. The equipment must be installed by Dec. 31, 2016. In addition,
it features a credit of 10% for combined heat-and-power-system property.

Investment Tax Credit

Fuel Cell and Designed to accelerate the adoption of stationary fuel cell power generation and
Hydrogen Energy hyo_lrogen i_nfrastructure. A_Iso addresses fuel ce_IIs in trgnsportation applications,
Inf t t by increasing the tax credit for hydrogen refueling stations from 30% to 50% and

nirastructure removing the dollar limit. Allows for the credit to be extended to hydrogen
(proposed) refueling stations for fuel cell material handling vehicles.

Cash prizes to advance the commercial application of

H-Prize hydrogen gne_rgy_techngl_ogi_es by incentivizing accelerated resegrch production,
storage, distribution, utilization, and prototypes and transformational
technologies. $1M, $4M, and $10M categories.

24 | Fuel Cell Technologies Office Source: US DOE 5/27/2013 eere.energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

H2 Incident Database - Objectives ENERGY | renewable Eneray

2 INCIAENt reporung
alnd Lessons Learned

About H;zIncidents | Advanced Search

Welcome!

Navigation @
Clear Find Records »» i 4
What is HzIncidents? Submit an Incident
Settings
[ Laboratory (72) This database is supported by the U 5. Department of Energy. The safety event records have been contributed by a Latest Re pOI'tS
[ Fueling station (20} vanefy of global sources, including industnal, government and academic facilities.
D) commersiat Fasinty (15) Hzlncidents is a database-driven website intended to facilitate the sharing of lessons leamed and other relevant Industrial Hydragen Purifier Explosion
O power Plant (15) information gained from actual experiences using and working with hydrogen. The database also serves as a voluntary
[ tyarocen Delive reporting tool for capturing records of events invalving either hydrogen or hydrogen-related technologies. Lithium Aluminum Hydride Laboratory Fire
Hydrogen Delivery
Venicle/Tube Trailer (15) The focus of the database is on characterization of hydrogen-related incidents and near-misses, and ensuing lessons TOTAL EVENTS REPORTED: 207 [SHOW ALL)
L chemical piant (12) learned from those events. All identifying information, including names of companies or organizations, locations, and
[0 Govemment Facility (11} the like, is removed to ensure confidentiality and to encourage the unconstrained future reporting of events as they

New! Lessons Learned Corner

0 . occur.
Muclear Proce ssing/Wa ste

Facility (11) X A " i
Mare About Hzncidents Hydrogen Leak Detection
[l Refinery (10}
[ Hydrogen storage/use How does HsIncidents work? Ventilation of Facilities where Hydrogen is
Facility (10} Used
O hyarogen Progucton
Fm”';‘ “I_L__ en Production Ypu can access incident rep.ort.s on Hzlnpldents ina nL!mbgr of different ways. Here on tl?le home page, yEu can go LESSONS LEARNED ARCHIVES
Eacility (2) directly to the latest posted incidents using the navigation in the box to the right labeled "Latest Reports.” The bottom
O Battery charging Facility (5) of this box also contains a total for the number of incident reports in the system. By clicking the "show all” text next to
O city street (4) this number, you can view a complete, alphabetical list of incidents.
O Hazardous Waste Facility (2) To look for incidents related to specific details, you can use the left navigation. The five main headings—Settings, Equipment, Damage and Injuries, Probable Causes,

H, Incident Reporting and Lessons Learned (“H.incidents.org”)

Collect information and share lessons learned from hydrogen incidents and
near-misses, with a goal of preventing similar safety events from occurring in
the future.

Increase number of records in database by convincing “incident owners™ to
share lessons learned with the hydrogen community.

Analyze and summarize lessons learned from incidents and near-misses.
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Renewable Energy

 Establish and maintain a mechanism for online submission of
records.

* Encourage all DOE projects to submit records of incidents and near-
misses with clear descriptions of lessons learned.

« Pursue addition of new records by actively reviewing media reports
of hydrogen incidents.

« Contact private-sector companies/organizations that experience
hydrogen incidents and near-misses to solicit permission to publish
records.

* Publish quarterly Lessons Learned Corner to analyze, summarize,
and expand upon lessons learned for specific hydrogen safety
vulnerabilities.

« Add links to “H,bestpractices.org” to emphasize safe practices for
working with hydrogen.

* Provide expert review of incident records and lessons learned by
Hydrogen Safety Panel and PNNL subject matter experts.
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Incident Report

Tube Trailer Leak through Over-Pressure-Protection Rupture Disk

Incident Date: 2008

Severity: Was Hydrogen released? Was there Ignition?
- Incident Yes No
Description

A pressure relief device (frangible burst disk) on one of a hydrogen delivery tube trailer's 26 tubes failed prematurely and
released hydrogen while filling a hydrogen storage tank at a government facility (see Attachment 1), Prior to the filling process, all
procedures and safety checks, including connection to the facility's regulator/distribution control system with leak checking and

15 follow-up verification of leak checking by facility personnel, were completed {(see Attachment 2 for more details). During the filling
process, a person walking near the facility heard the noise of escaping gas that included occasional popping sounds typical of
bursts of gas release. Facility personnel were alerted and the tube trailer vendor's incident response team was dispatched to the
incident location.

The hydrogen leal was safely contained and mitigated by the tube trailer vendor's incident response team. On arrival, the

response team first noted a decrease in pressure from the shipped pressure of 2100 to 1700 psi (145 to 117 bar) at the tube

trailar'e ~armrmorm coirmbe rmanifold Thae bodrscan laaly vwwace Ionestad to0 3 cimmla ke sm thae bikae frailar coarmina frarm s baect Aicle

Safety Event Record Include:
*  Location

«  Equipment

*  Probable Causes

*  Contributing Factors

*  Injury/Damage
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Enhanced by International Collaboration ENERGY

Renewable Energy

« Almost 20% of the safety event records come from outside the U.S.

« The network of the IEA Hydrogen Implementing Agreement (HIA) utilized to
partner with 1A HySafe’s Hydrogen Incident and Accident Database (HIAD)

* An initiative with partners in Task 31 (Hydrogen Safety) adds safety event records
to “H2incidents.org” and exchanges records with HIAD

— Partners: Japan, Germany, Canada, France, Italy, European Commission,
U.K., The Netherlands, Switzerland, Norway

 PNNL and the European Commission’s Joint Research Center (JRC) share
podium for topical session on safety event databases (International Conference
on Hydrogen Safety, September 2011) and demonstrate “H2Incidents.org” and
HIAD for ICHS attendees
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