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Networks of Excellence (NoE)~ =)

NoE HySafe Objectives

® strengthen and focus, integrate fragmented
research on hydrogen safety
- competitive scientific and industrial
community

® Promoting public awareness and trust
In hydrogen technologies

® development of an excellent
safety culture

General Goal
Contribute to a safe transition to a sustainable
development in Europe by facilitating the

safe mtroduction of hydrogen tec &@es / appllcatlons
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Vorführender�
Präsentationsnotizen�
Motivated the EC to apply new instrument of FP6 = so-called Network of Excellence

As the previously described fragmented landscape is a prototypical setting �for such an instrument



Objectives



All this provided by INTEGRATION



Which should finally contribute to the GENERAL GOAL which is�


NoE HySafe - Integration of the Safe
EU Hydrogen Safety Research

Consortium

o 23 partners from 12 European countries
+ Kurchatov Institute, Russia + University of Calgary, Cana =

e 13 research institutes, 7 industry partners, 5 unlversmes 8l i

e ~150 scientists actively involved

Budget Total ~ 14 M€ ; EC grant ~ 7 M€

Time frame: 03/2004 — 02/2009

Key integration result:
“International Association for Hydrogen Safety - HySafe
(Non profit, self—funded, Belgium basecg_L'
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HySafe's Integration Activities
W%)/rk packages, clusters, projects Hy:==18

| Technical External Projects

_________________________________________ '—-—-—-—-—-—-—"-4-—-‘ Jomtly Excecuted

CHYQRA Research Activities

..........................................

Technical Internal Projects

WP1. (WUT) WP14. (UNIPI) WP15. (UV) WP5. (FZK)

I i I ienni Int Conf :
DI S S e m I n a.tl O n Biennial Report on H2 " :; g::gt(;e on e-Academy H2 Incidence and

Safety Accident Database
HIAD

i WP2. (FZJ) WP6. (FZK)
B aS I C Experimental Numerical
Facilities Tools
Research

WP8. (NCSRD) WP9. WP10. (FZK) WP18. (INASMET)

H2 reslease (HSE/HSL) Hydrogen Mat compatibility,
and dispersion || H2 ignition and explosions, structural integrity
jet fires detonations

WP12.
(DNV)
Risk
assessment

WP11.
(GexCon)
Mitigation

WP17. (FZK)
General Management

Website Strategies Business Plan

Yearly planning and reporting

Business Plan ,International Association for Hydrogen Safety*




Cluster Research Activities )

Related to Integration of Experimental
Facilities T

MISTRA

cylindrical steel vessel

2 366m galleryltunnel
originally designed as 1/10" in linear scale of

Pressurized Water Reactor containment =
M Concrete test

studies of H2 (simulated by He) release and o enclosure/ftunnel

distribution in a confined geometry

Full/large scale

Free online catalogue

l'ventilation

(here just 6 out of > 100)*"

V1, V2 and H4, H5

GexCon 168 m’ open
geometry with internal
obstructions

explosion vessel .

A1 Vess
large scale (168 m°)
cylindrical vesse§

studies on explosions in
open, congested
geomelries

full or large soaf@

studies on rurbu?érﬂ"'""
combustion and detonations, vented explosions, h ydrogen distribution,
integrity of mechanical structures under high pressure load et




Cluster Activities )
Integration Workshops ,, Experiments®

Objectives

- to become more acquainted with the partners’ experimental
activities

- to share knowledge in the field of experimental work

- to support jointly planned and performed experiments

Achievements o
- Eight 2-3 day workshops (2005-2008, biannual) /8

- Topics: practical aspects of experiments, '
measurement techniques, data acquisition and |’
safety

- Technical facility tours

- Initiation of joint internal studies




Internal Project “InsHyde”
addressing the priorities Hy=15

* Investigation of realistic non-catastrophic releases in
(partially) confined areas N
- Determination of permeation and release limits /"8
» Systematic assessment of mitigation | ‘
(including detection) measures
(sensors + venting + recombiner...)
« Simulations and experiments
for critical releases
* Deriving ,Recommendations”,
— see deliverable D113
* Proposing a dedicated EC project
“‘HyGarage” (lead NCSRD)




“InsHyde” — Experimental Program
Distribution and integral explosion tests Hy:=23

v' Stainless
steel skeleton

Confinement

v Replaceable it UI0Y ,.L//”
X;=5.76 LT s
wall modules
m
y,.=2.96 v Commercial
m tilting door in
— the front side
i (not Sound speed measurements:
2.42m complete| - Concentration
— sealed) - Gas velocity
| .
40.92 v Technical
m3 access door in
the hack




“InsHyde” — Permeation
Survey on Existing Allowable Rates Hy==10

» Draft UN EGCE regulation (EIHP draft & possibly the basis of the EU
Regulation} and superseded versions of draft ISO/DIS15868:
- For Type 4 containers, the steady state permeation rate < 1.0NmL/hr/L
internal vol.
- The test is conducted at ambient temperature and nominal working

pressure.

> ISO/DIS 16868.2 & .3:
- For Type 4 containers, the steady state permeation rate < 2.0NmL/hr/L
water capacity at 35 MPa, and 2.8NmL/hr/L water capacity at 70 MPa.
« The test is conducted at ambient temperature and nominal working

pressure.

» SAE J2578, Jan. 2008:

- The steady state hydrogen discharge rate due to leakage and permeation
from the hydrogen storage system shall not > 76NmL/min at 85°C and
nominal working pressure for a standard passenger vehicle.

- The rate may be increased in propottion to the enclosure volume for large

vehicles.
Valva Technology InsHyde: IP1.3 Permeation D74
Dept 05120 Paul Adarms
12 2004816 Paper 217 N
=18 e “pts
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HyTunnel - Experimental Layout

Objective:

Hy==18

Critical conditions for FA and DDT in semi-confined gas mixture layer
Expected data: Dependence of critical * and A* on gas layer height

| — ignition point;

P, | — pressure and light gauges.

L =12 m - A1 length;

D = 3.5 m — A1 diameter;

V =100 m3 (+30 m?3)- total volume;
BR = 0.6 (0.3) by obstacle laden grid

C,,, —hydrogen concentration;
o— layer thickness

L=12m
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Some results - [xi"Safe
of the experimental program

Hydrogen stratified layer experiments completed by FZK:
« Summary included in HyTunnel Deliverable D62
* Full report in deliverable D87
« 10 experiments conducted

Small scale Large scale
Layer height 6 [m] Layer height 6 [m]
0.40 0.15 0.30 0.60

15

slow o slow slow fast
Deflagration | Deflagration | Deflagration | Deflagration

fast
Deflagration

fast fast (fast
Deflagration | Deflagration | Deflagration)

N

c(H,) [Vol.-%]
20

c(H2) [Vol.-%]
20

decaying
Detonation

Detonation nation




Accident Database HIAD )

Collecting experience

Hydrogen Incidents & Accidents Database (HIAD)

> 250 hydrogen specific event stories Help

\.
HySafe - Hydrogen Incident and Accident Database (HIAD

Main menu
Welcome to the H.LA.D. BETA versionllll

Home

Contact us

Help

Courtesy of Holmefjord: Courtesy of Gerd Petra Haugom: Courtesy of Gerd Petra Haugom:
Livarno Hydrogen Refuelling Station Beijing Hydrogen Refuelling Station Beijing Hydrogen Refuelling Station

Over the last few months JRC and DMV have been working on HIAD application. As you know, the previous-version of the Data Entry Module (DEM) - onl
Graphical User Interface (GUI) - was available for comments the last few months. The developed carried out has mainly been related to integrating a new s
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Education and Training Offers
Academic and industry level Hy==18

6“ e m e Progress in Hydrogen Safety

ULSTER O lernalional it
Hydrogen and fuel cell
Potential Students PGCert Hydrogen Safety Engineering

T;I;T:nh{go‘:vf Applying? te c h n 0 IO g ies :

Gl Introduction Quick Facts ? r
Haow Much Does It Cost? h d ifi i d n
S The Postgraduate Certificate programme in Hydrogen [ fm ;
Life st Carnpus Gne Safety Engineering offered at the University of Ulster is the | Course Name A
b Dnh,éI such pLogramme |nlthe UK an;l ryorl;lmde, gl\?nﬁd i PGCart Hydrogen Safaty vy e <
e gy graduates the opportunity to specialise in a new field. The Engineering -
check Status programme comprises of two 30 CATS point modules, 29 September - 3 October 2008, Belfast, UK
AR namely, one on "Principles of Hydrogen Safety" and one on Faculty
Accepted on a toursez  Spplied Hydrogen Safety”,
What Happens Mext? Engineering
The topical content of the modules complies with the
[bser a e Naws International Curriculum on Hydrogen Safety . Course Code(s)
FAGs http: /i hysafe.org/index. php?ID=68 There is a growing .
need for specialists in hydrogen safety engineering. PGCert: C514F)
A Graduates with a PGCert in Hydrogen Safety Enginsering T
will be suitably qualified for employment opportunities at
Curvent Students Yarous |ndustr|a| curpuratluns governmental bodies, PGCert: One year (two
..................... A s s s E i sl R R - . y

staff

for details see www.hysafe.net/PGC

Hydrogen regulation, codes and standards
January 2009

Safety of hydrogen fuelled vehicles “ Q
April 2009 wesTn s sy

LABORATON

The hydrogen and fuel cell infrastructure
June 2009

[™  Forschungesensum Karieruhe
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. . . IZE'FSafe *
Dissemination e “ ’n@ma
via the unique confer¢

I IC e il 2™ International Confer on Hydrogen Safety ~
Mira

f{:anE'-THv ORGEANIZE
the first

‘ Contact: ICHS@hysafe.org ™
INTERNATIONAL CONFERENCE ON HYDROGEN SAFETY



120 Deliverables

Selected list of the 65 public reports generated

No Title WP Lead
D9 Report on compiled facility descriptions WP2 FzJ
D22 Repori g:tSpecification and definition of the HySafe - Hydrogen incident and accident database WP5 DNV
D23 Status report on compilation of results of SBEPs WP3 UPM
D24 Report on phenomena / scenario ranking WP4 CEA
D25 Report on CFD models in the simulations of the problems related to H2 safety. WP6 FZK
D26 Summary on HySafe Risk Assessment methodologies/approaches including and priorities WP12 DNV
D27 Sub-task 16.3 List of authorities WP16 INERIS
D31 Proceedings of the first ICHS WP14 UNIPI
D33 Website presentation of the facilities WP2 FzJ
D34 ReportS szcau\j?;:ble information including existing standards for bonfire tests of H2 tank WP9 BAM
D41 Database of Literature on Hydrogen Safety WP1 INERIS
D44 Report describing established definitions and classifications of incidences and accidents WP12 DNV
D51 Second Status report on code validation and applicability based on the results of SBEPs WP3 FZK
D54 Report on sensor evaluation WP11 INERIS
D64 Report on HZ methodology for H2 including calculation examples WP12 NH
D66 Report on CFD code validation (SBEP) WP6 GEXCON
D75 List of Basic Test Problems WP6 FZK
D80 The 1st "HySafe Hydrogen Accident Statistical Report" WP5 DNV
H D81 Specifications of the set of SBEPs for the 4th period WP6 FzZK
u D84 Report on internal safety distances WP12 DNV
== > S Sr—— = =


http://www.hysafe.net/deliverable?sort=ID
http://www.hysafe.net/deliverable?sort=WP
http://www.hysafe.net/deliverable?sort=org
http://conference.ing.unipi.it/ichs/
http://www.hysafe.net/index.php?ID=82
http://www.hysafe.net/index.php?ID=212

Final Integration

A huge majority (21 / 24) NoE partners founded
the International Asociation HySafe
(see ww.hysafe.net/IAHySafe)

International focus of Hydrogen Safety Research
e Research Coordination

e International Conference on Hydrogen Safety ICHS

e Education and Training

e Biennial Report on Hydrogen Safety BRHS

e Hydrogen Incidence and accident database HIAD



External Relation
ternal Relations Y

Focussing further

E&T RC&S
HySAFEST HyFire HyCourse CEN/CENELEC ISO/IEC EE‘
R&D Inform ey g
HyApproval
Guid oot IEA HIA
uigae
HYTHEC ysafe ITI + JRC +
NATURALHY Co- INTERNAT. ASSOCIATION EHA
) te FOR HYDROGEN SAFETY
StorHy 0 a US DOE +
Mempership NHA
HyWays HYCAN
{ IndustryI Re[’

t..and you?

e | n




Further Information =

k HySafe Home R =alx
I = = i 7 http:ffwww hysafe orgfindex php?ID=1 17| |4 Google-Suche | | 100¢ x) =5 @
Navigation: » HySafe Home Citm mom
[» ] InsHyde?-,-’u_-n||_:\.--'-'s\_-w_'. on [a ]

b,

 WE SEFE.TRANSITION

TO A MORE SUSTAINABLE DEVELOPMENT.”

HySafe Home

Menu; Safety of Hydrogen as |
IFIEYEEN SVIIERY The EC funded Metwork of Excellence
Mews Vgl i | i
. by facilitating the safe introduction o A R
Participants MEDIA
Supporters

The HySafe network will bring togeth
oil, chemical and nuclear), Much effol
the past 20 years, including compreh

Wark Packages
Project Proposals
linke

Welcome to the website of hySafe
. - The EC Network of Excellence for Hydrogen Safety .

Headline Ho. One

Hiydr

research organizations,
governmental agencies,

ork of

ySaf

Logged as: universities, L nd e C Hy
Thamas Jordan industry to ihe safe transition to a more sustainable de
Log out ! Europe by facilitating the safe introduction of |
from 12 countries: 4 i =
Edit item: Germany (& partners), France (3), Mc Headline Ho. Two [ecr 10 s o applcations
2 and Canada. Hydrogen's ban

«+ Edit content
+ Insert subitem
+ Rearrange
.
.

: N : an : : n
Upload images pers y :
Edit stylesheet Integration of > 100 researches and
+wiew all ne - .

The Advisory Council includes a balar
from industry and authorities

Project duration: 5 years

) ar). Wuch eftort has been concentrated on the hydrogen safety 1ssues relevant to

4 research project sur hySafe presents
" S the nuclear industry during the past 20 years, including comprehensive safety

of the Key Action "Inte: studies and the development of innovative mitigation technigues.

Disclaimer: the author (wel
1 g At the same time industry and research dealing with today's fossil energy carriers

are now confronting issues associated with everyday use of the technology by the

o«
'b‘vI'C H S general public.




Support e SaTe

NoE HySafe is co-funded by the European Commission
within the 6th Framework Programme (2002-20006);
Contract n®°: SES6-CT-2004-502630.

The network is contributing to the implementation of the
Key Action "Integrating and strengthening the ERA" within
the Energy, Environment and Sustainable Development.

Thanks to all HySafe colleagues...

... and thank you for your attention.
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