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The European Hydrogen Safety Panel (EHSP) FCH JF(I]JlﬁLT%ENLDLESRmmDROGEN

* To assure hydrogen safety is adequately managed

* To promote and disseminate hydrogen safety culture

Project Program Data Public
Level Level Collection Outreach
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HYd rogen safety (safety = freedom from risk which is not tolerable)

» essential for the widespread acceptance of hydrogen and fuel cell technologies

e A catastrophic failure could damage the
» implying a considerable loss of public and private investment

HYDROGEN: THE ZERO-EMISSION ENERGY
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Hydrogen properties: a comparison
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Potential consequences and hazards associated with a H2 release
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Hydrogen release

 Because gaseous hydrogen consists of such a small molecule,
(e.g. permeation)
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as the tiny amount of hydrogen released will not o
be enough to cause a flammable mixture in air -

0.000

» The releases may originate from: valves, connections,
pinholes in pipes, a full-bore pipe rupture (worst-case
scenarios); cylinders, pumps, regulators, etc.

» Hydrogen releases may occur both indoors and outdoors

The releases can be unignited (non-reacting) or ignited (reacting)
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Ventilation

Velocity Time = 295([s]
amine 1
2

Designing passive ventilation: ceiling and roof configurations to ensure thata = =
hydrogen leak will be able to dissipate safely

Inlet openings should be located at floor level in exterior walls lm,
Outlet openings should be located at the high point of the room in exterior
walls or roof

Air flow is selected to ensure hydrogen concentration is < 25% of the lower flammability limit (i.e. 1% hydrogen by
volume)

No practical ventilation rate can effectively disperse hydrogen from a massive release from a pressurized vessel, pipe
rupture, or blowdown

If active ventilation systems are relied upon to mitigate gas accumulation hazards
» procedures and operational practices should ensure that the system is always operational when hydrogen is
present

Hydrogen equipment and systems should be shut down if there is a loss of the ventilation system.
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Hydrogen flames

. Hydrogen burns with a pale blue that is , So it is almost impossible to detect by the
human senses
» Impurities such as sodium from ocean air or other burning materials will introduce color to the hydrogen flame

. Hydrogen fires have , SO you can't sense the presence of a flame until you are very close to it

. Combustion can't occur in a tank that contains only hydrogen. Oxygen (or air) and an ignition source are required for
combustion to occur

Hydrogen flame Propane flame

Propane Flame Hydrogen Flame
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Leak detection

. o e e gt
Instrumented leak detection techniques include: S
v Hydrogen (and flame) detectors installed where leaking hydrogen is likely to concentrate ’ 2 >

v' Monitoring piping pressures or flow rates changes

v' Locating hydrogen piping within another pipe (double containment) and monitoring the annulus for leaks

Detectors should be permanently installed in indoor facilities.
where leaking hydrogen will be accumulate such as:

near the ceiling where hydrogen can accumulate

of enclosure ventilation system
v' Provide access to detectors for periodic calibration
v' The sensitivity of the detector to other gases and vapors should be considered in the selection of the detector and should be explained
to personnel

v' Alarms are normally set at 1% hydrogen by volume (i.e. 25% of the lower flammability limit)
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Hydrogen explosions

Hydrogen released in sufficient quantities can create a harmful overpressure which may result in direct hazards and
indirect hazards from building damage or flying debris. Overpressures can occur as a result of unignited releases of

pressurized gas or as a result of ignition of a cloud of released flammable gas.

Py (D

in the open, in the absence of any obstacles

* Typical propagation speed: at speed of 1-100 m/s

* Typical overpressure: about 10 kPa
Deflagration in an enclosure can be mitigated by venting, the most cost-effective and widespread explosion mitigation

technique. :
p 't
b

is a coupled shock and flame front structure which propagates with supersonic

velocity =
*  The speed of detonation wave depends on the stoichiometry of hydrogen-air mixture and ranges from 1600 to 2000 m/s I
(4<M<8) o
*  Typical overpressure : 1000-1500 kPa.
Venting technique is not applicable to detonations as the pressure arrives to any location and affects a system and/or Po

structural elements simultaneously with the detonation wave
a



S& 17 dicembre 2021
Hydrogen safety, much like all flammable gas safety, relies on five key considerations:

v'Recognize hazards and define mitigation measures
v Ensure system integrity
v'Provide proper ventilation to prevent accumulation

v'Ensure that leaks are detected and isolated ADANGER

v'Train personnel

(_\
m m m Compressed Hyd rogen
gas. flammable gas.
Flammable
content under ) No smoking or
pressure. Warning Open flames.
Handle with care. Flammable gas

\_ J




BN 17 dicembre 2021

Facility Design and Construction

The following elements should be considered to ensure safe operations:

Loss Prevention: it may be possible to reduce or eliminate risk by "designing out" the hazard.

Ventilation: providing adequate ventilation will dilute hydrogen air mixtures, minimizing hazards caused by leaks.
Electrical: providing the correct electrical equipment and instruments will eliminate some potential ignition sources.
Leak Detection: special techniques are required to reliably detect hydrogen leaks.

Flame Detection: special techniques are required to reliably detect hydrogen flames.

Storage and Use: selecting the right kind of storage and the proper location can go a long way towards reducing risk.

Venting: vent systems are necessary to move hydrogen purged from the system to a safe location.

® N O U A W NPR

Instruments and Controls: safety of the facility can be improved by using interlock systems working in unison with hydrogen and fire
detectors.

9. Construction: good facility construction is necessary to achieve a safe hydrogen system installation.
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Safety strategy, an example:

Hydrogen Comply with RCS
sensors

Pressure M h\I/drogen Fire
sensors FEICEsE 53 o S Pl prevention

Hydrogen
Components m Fuel CellStack  Hydrogen Storage Tanks
OTV closed Temperature inside safety cells

sensors
and fallback

No burst of tanks,
components and

pipes

Status display Fuc?:Iin.g
monitoring

Ventilation
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Refueling protocol:

Chiller
(pre-cooled at -40° C)

et e

Booster Compressor
(compressed at 900 bar)

Mid Pressure Buffer Compressor
(maintained at 500 bar) ~(compressed at 530 bar)

Limit flowrate
to 3.6 kg/min
5o

Onboard tank
(700 bar)

Dispenser

Three main targets:
short refueling time: ~ 3 min
long driving range: 600 — 700 Km
high safety and reliability

Tube-Trailer
(200-500 bar)

Pipeline (20 bar)

—

Reformer/Electrolyser

H2 Production unit
(20 bar)

Il ruolo dell'idrogeno nella transizione tecnologica ed ecologica dell'energia
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Connection
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(not to scale)

% SURFACE VEHICLE 2601 JuL2014

INTERNATIONAL. STANDARD Issued 2010-03

Revised 2014-07

Superseding J2601 MAR2010

Fueling Protocols for Light Duty Gaseous Hydrogen Surface Vehicles




&\ Il ruolo dell'idrogeno nella transizione tecnologica ed ecologica dell'energia
X 17 dicembre 2021

MOVET

Lessons learnt from safety-related events

HIAD 2.0 (593 validated and public available events) |

- HIAD (273 initial cases)
' ‘ DATA
- ARIA LE LE
- eMARS PROCESSING | SSONS LEARNT
- MHIDAS =
RECOMMENDATIONS
- CBS news

- Occupational Safety and Health Administration

- National Transportation Safety Board

EVENT

" PUBLISHING
| | [ evsp ]
—

Main causes (not including near misses)
ko * Poor maintenance and inspection

8% * Maintenance procedure not followed
* Need to update communications plans and training program
Organisation * Not adequate design or/and material selection

N )
* Not adequate preventing measures
* The transfer requires perfect interoperability

- National nuclear authorities
- RISCAD

Hydrogen transport and distribution & Road vehicle

CAUSE

Operation
10%




