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Human Active Hardware The barrier is a combination of | Operator activated ESD
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Human Intervention technological execution. decision by human to
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Intervention actions, often interacting with response (e.g., during
(predominantly technology. structured walk around)
human)
Continuous Continuous Hardware | The barrier is always operating. Ventilation system,
impressed current
cathodic protection
/ 1
)*)*0* & $ ) & J
/
" & )D 0
$ 2 " 1 /
4 0
" * / 1 4 0 % 2
0 1
L &
0
/
1




)*"* 1
%
0
1
0 %
-&*%
0 %
D
+
&
JHS . % %
4
1
0
& 1
2
%
J
0
& B 21

,QWHU Q DRXILRREEDOG U R (®I QU J\ 2

& J 2
0
0 & 0
1 2
4 4 0
0 +
2
0 0
4 D
0
1
0 %
0 2 1
0
2 0
o 2 3
4 0
$ A
% (% . 0 4
1 2 0 %
0
* 0 = 2
0 %
2 0
mEpRLE 4 5 +,-
D $  -&*% 2
0 %
F
" F
0 F
% J F
F
L D / F
$ 0
*
1 4
4 1 0 *
@ 6 -&*%

Hydrogen Refuelling
Stations

Hydrogen Vehicles

Parking / Repair
Garages

Y



,QWHU Q DRXILRREEDOG U R (®I QU J\

CFDR

§ -

00 00
Trailer Compressor Buffer Tank Regulator Cooler
2 D
& E 1
% 6 0 J
0 & 2% 8
2 *
0 - 1
0
0 D
0 %
1 @ >
/ /
"ok ! * ) * &
& 1 $ "
2 -&*% )
0
4 1 2
0 &
2
* E& * E(1 0 %
D * E(1
. 5 %
0
%
1 ,
*
/ D
% 4
%
( $
J J D 0
* - !
\ & " 0
L E"
J L "
1
4 1
%
4 0
2 "o ) * | * 4
0 D
* 06 8
/ D F
% 0% * 06 J % %
0 L
L D
2 $
% 0 8 O FE
0 D
% % 8 R
0 1 * 0P
1

Dispenser
0
2
0 %
* 0.6 4
+
77
% ®
4 0
0
0
,J"3.
% <
0
0
5
-&*%
0 %
J F
=
/ F
=
E
0
4



,QW H U Q BRAXIUREEBO0G U R (®11QU J\ 2

$ -&*% 0
- M $ J $
" " 4
707 & 70707 ' 7070707 J 707070707 D
E 2 E
1
0
%
1
0
2 <
0
707070; 70707070; /
D 2
0
%
0 %
+
0
0 %
4
1 0
$
J , ' $J.

0
70707070= D

( $
J (%3
+
% ($J
4
4 0
J

70; &

706 &

4

707070706

$
707070708 D

0
70;07 J 70;0707 J 70;070707 $
707070707
0
% 2 E
1
0
*
0 0
70;0; "'
E
70=07 "' 70=0707 J 70=070707 J
E
1 $
0 1
4 2
0
0 70=07070;
4
0
70607 ' 7060707 706070707 "
E D
$
4
2 E1 0
%
4
1



,QW H U Q BRAXIUREEBO0G U R (®11QU J\ 2

- $ J $ - M $ J $
" va " "g
J (83,
+
0
708 & 4 70807 ' 7080707 J 708070707 J % ($J
$
1
21 70807070; $
0 70=07070;
% 4
4
4 0
J
2 70@ J 70@07 ' 70@0707 J 70@070707
1
0
"o L 0
70@07070;
2 0
.
0
70> 70>07 70>0707 70>070707 0
D 4 70@07070=$
E 70?207070=
2
0 % 70>07070; 1
* 4 0
2 4
0
0
% ? -&*% -
1
0 0 "*)*))\' &
& 1
- * 0,
1 2 &*%
0
0 4 1 2
702 70707 7020707 702070707 0
) E& *  E(1
2 0 *
1
0
0 0,
0 70?07070; %
1 2
0 5 L " g
2 * - 1
2 4 0 , "
70?207070= & F
* F
J D F
2 ( $ F
4 3 L "
0
702070706 D 4
4 0
( $ 2




. . ,QW H U Q BRAXIUREEBO0G U R (®11QU J\ 2

Hydrogen
compressor 1
mechanical seal
failure Proper material | |Proper maintenance
selection program
Continuous hardware | Faman

0 ] I

discharge . High-pressure
‘monitoring High pressure trip safety devices
e ¥ Faman etive Faraware e Fardvare
@ @
Hydrogen over M M
pressure in the | M |
storage tank
Pressure High-pressure
‘monitoring High pressure trip safety devices
v ¥ Fuman Ackive Fardvware ctive Fardware
€] @

Storage tank

corrosion Pressurized |

Hydrogen Gas in a

Proper material
selection

Proper Inspection
Program

Hydrogen |
Refilling Statio

Continuous hardwars | Faman

M M M
4 LI L LI

Fatalities /

Injuries due to
hydrogen fire

Human error 4
during refilling

Hydrogen Hydrogen Remote monitoring Hydrogen Leak Ignition Control . Emergency
dispensing Safety Release from systems Detection and fire System Proper Siting Response
systems a Hydrogen te
§ Active hardware Refilling “Active + Human _ Passive hardwars Fuman
Aciive Tardvare 2 Ak Fardware o <
® Station 5 ©

M M M

Premature

" Severe asset
opening of the H
Shmean: LI LI o damage
devices PSV/RD release to | [Proper maintenance Remote monitoring. Hydrogen Leak - Sitt Ignition Control
safe location program systems Detection and fire repier;Siting System
Paseve Fardware | T e T Vaman Comtimious Fardware

Ackive ardware

Failure of a weak 6
Joint.

Proper maintenance
Pressure test ‘ e

Tuman 1 Taman

Loss of the |
mechanical 1
integrity of any
component

Eeope el ‘ Proper inspection

selection
Continuous hardware | Faman
Vehicle collision /
crash
Crash Barriers Proximity sensors

aseive hardware “Active ¥ Fuman

Poor Vehicle

conditions

Visual Checks Fitness Stickers

Tuman Taman ]

% @ % G E -&*% -
"*"*)* &
* 0@ G " "
trmxo4 07 8 L

&
4 & S&*%

.2 1 0 -&*%

LR ] 5 +, - 0 2 -&*% 2
D -&*% 2 +

% 0 %
% F 0
% F % S8t %

% F 2 S&*% +
-
S&*%
1 4 o %



3
Highpresare
sty devces

High pressure trip

| |

5
High pressare
satey devices

\ Pressurized
|| Hydrogen Gasina § |
\ Hydrogen ’

Refilling Station

Hydrogen
Release from

a 2!
Refilling
Station

3 &%
. .

%

L QW H U Q DRAKILRREO00 U R 0@IQU J\

W
u""

i
(=l == |

Detection and fire
suppression System

Poor emergenc

LuckofSafety 11
signs aud abel,

Son e
electrical 7
ot

Earthing

Preventive
Malntenance

——

| Malntenance

Preventive
Malutenance

Preventive
Malntenance

® Hydroge
Detection

& riog.
Remote monito
systems

Earthing

Presentive
Maintenance

Preventive
Maintemancs

Preventive

Maintemnce




. . ,QW H U Q BRAXIUREEBO0G U R (®11QU J\ 2

) D
) D 7> ' J % J
7 4 (
0 %
+ E
.0
& D 4 (
2 4 0
72 * % J
&
0 %
& 2 0
= J + + ( 4 0
+ J&
8;B 8;> 8;? 8,7 [*1*
6 ! E 4 (
% -&*% / 2
+
2 0
8 $ (
) E F
1
0 %
> % + 0 %
4 , 0
+
0 2 .0 %
2 % (N (4 + (
2 2 0
1
4
+ 2 0 F
@ % (N ( (
1 0
G ($3 ( 0 %
D
1
0 0
7B ($3 3 ($3 (
4 0D
77 - ( 0
4 D
% 0
0 %
%
4
" 0
0
7 * 0
2 2 ( 2
0 -&*% / 2
% 2 0 %
0
7= * (
0
+ 0
76 " [*1*1*x 9 8 &
7 4 0
4 2
4 % F ~8&*% 70>0700807070;
78 L ( 9 % 62
D :
4
+O O
9B0




,QW H U Q BRAXIUREEBO0G U R (®11QU J\ 2

878=0

$ 0
M D * $
7 J EJ
" 4
4 0 1
; & J
" 4 4
! D 2
& J
= J ($J D = ( $
( $ $ D
6 ( =
" ( 1 4
8 L " " "
E
0
!
-&*% 0
- M $ " J " 4 $
;07 & 4 ;0707 ;070707 & 4 ;07070707 L
1 +
0
70,0, ) ;0707070; 2 +
0
;053 ;0,07 ;00707 J ;0;070707 D
2
;0;07070;
""%L 0
;0;07070=
0
;0;070706 2
2 4 0
;0=1J ;0=07 & 4 ;0=0707 J ;0=070707 4
0 %
;0=0; ' 2 ;0=07070; 4
0 0 4
0
;0=0=" ;0=07070="
4
0
;06 ;0607 D ;060707 ;06070707
E 0 % ,
2 .0
0 ;0607070; $ ;0=070707
;0607070= % ;0=07070;
;08 ;0807 $ 70?207
2
;0> " E" ;0507 ;0>0707 J ;0>07D707
0
+
0
;0>0; ;0>07070; $ ;07070707 ;0707070; ;0,0707
;0>0=/
;0>06 (
;0?2 D ;0207 ;020707 J ;@2070707 J
0 ""%L
0
;02070705 $ ;07070707 ;0707070; ;0;070707
% F -&*% 70?070707 [*1*)* 9 "
9 % 6
: $ % F -&*% 70?707000070706
+ % 6?



868720

6 + & 0

F -&*% 70?07070=
% 6

%

8 @0

8 ""%LO

-&*% 70@07,W707070;
% 6?

% F
wiop L

9GBO

%

,QW H U Q BRAXIUREEBO0G U R (®11QU J\

%

0
D D 0
F -&*% 70@07070;
% 6
9:>7
L D 0
F -&*% ;0;07070=
% ?
0 %
1
9:>=0
& J 3
F -&*% ;0>070707

% ?



,QW H U Q BRAXIUREEBO0G U R (®11QU J\



* ,QW H U Q BRAXIUREEBO0G U R (®11QU J\

0
* 4 $ /
$# 4 J
J
4 J 1
4 0
& 4 J
4 4
( & L
E
0
9;>B0
ES$ “&*% - 0 G & 0
$ J $
vo4 % F -&*% :0?2070707
=0707 J =070707 J =07070707 % ?
(L . "op L
0
=0707070;
2 1 7B L A 0
1
% F -&*% =07070707
% (N ) S&*0p * & 4
. 9 % G
R L
0
=0;07 ' =0;0707 J =0;070707 D 9:>a0
*"(L 4
77  %(N " 2 (
% F -&*% =0707070;
% G
2 E1 : % (N 2
(L 0 0/ 2
=0;07070; D
2
$ 98@:
7; % J
4
2
% F -&*% =0=070707
. % G
0 : % +
=0= =0=07 3 =0=0707 =0=070707 (
D E
7= (4 D 0
0 % F /
=0=0; =0=07070; ( / . % $
E"
9 % 8 7.
0 4 0 % 2
2 E 1
=0607 $
E 702?207 $ 98; >B:
76 & D &
D % F /
0D / * % /



9
: /
0 %
78 J

% F
/ * %

9

: % 4

%

880

%

§>>70

,QW H U Q BRAXIUREEBO0G U R (®11QU J\

7>
&
% F
/ * %
09

. H

77 $

% F

%

%

0

%



- . ,QW H U Q BRAXIUREEBO0G U R (®11QU J\ 2

/ * % J 1
0
9 % 8 8. 9,770
: D
+ + 0 J 6 % % D 0
1 0 % F -&*% =0=07070;
9,>> % G
% 4
7@ + 2 0 4
0 %
% F /
/ * D * J ) 0
4 9;::0
9 % 8 ?.
. + 2 2 ;8 L ( 0
1 4
0 % % F /
0 / * D & + 0
$ 98@: 9 % 8 78.
3
7G (1 J L ( 0 2 1 0
$ 89>67::0
% F /
/ * D * E [*1*[* 9
9 % 8 @ . ;> " & 0
= 1
% F -&*% 707070707F 706070707F =0;0
< 0 9 % 6G
%
B - 0
0 %
% F / 4
/ * D * ' 2 1 0 %
9 % 8 77
- 0
+ 0 9=760
07 * L D 0 0 ? D 0
% F / % F -&*% 70707070;
/ * % & E + % 6
0 )
9 % 8 7=. + 0 %
N
+ + 0 0 %
9B0 4
4 2
[*1*"* 9 0 4
. (1 % 0 , " $J.0
9=780
% F -&*% 70=070D@D70707
% 6 @ ( $ J ,($J3.0
o 1 $
% F -&*% 70707070= 702070706 /
1 0 -&*%E/ * J 2
9B0 J ( $ J 0
9 % 6 ,'8 G.
= % L J 0 R
0 (
% F -&*% ;0=07070= 2
% ? 0 ($J
& 4
2 0 0 % 2
0

1 0 % 9G?=?8




;G
% F
=B
% F
: %
0
=7 %
% F
: %
$
% F
1 (
== L
% F
9
: %
=6
% F
: %
2
=8 D
% F

% F

( $ 0

-&*% 707070706
% 6

0

-&*% 707070708
% 6

$ J 0

-&*% 70=07070;

% 6
0 % 2
0
9>B:
& J 0
-&*% 70>07008070707
% 6?
4 0 %
4 +
1 0
9 B8 ;
J $ % 0
-&*% ;07070707
% ?
0 %
) L 0

-&*% ;0707070;

% ?
2
0 %
0
$ $ 0
-&*% ;0;070707
% ?
0 %
0
L 0

-&*% ;06070707

,QW H U Q BRAXIUREEBO0G U R (®11QU J\

0
0
=7
% F
: /
0
:@ %
% F
/ * %
9
. J 2
0
=G
% F
/ * %
( L
9
: $
6B $
% F
/ * D
0
9
: $
J ($J.
67 L
% F
/ * %
9
/*)*
$ 4
0

%

% ?

%

0

-&*% =0;07070;

% G
0
* |
% g" S
+
A 0
$
E
% 8" 7>.
0 %
0
($J 3 0
/
* &
% 8" 7B.
(
* 0
/
J L
% 8" 7
2
0%
0
2

%

0

%



%

%

%

%

EJ

,QW H U Q BRAXIUREEBO0G U R (®11QU J\ 2

4 - - L +
L & *
D " +1 0 -
2 - L + L
J & D
J 0 " + 0
F * 4 0 + 9%
4 % 2
4 , <
0
* 0
97 0 %
a + 0& A
& J F :B;8® 0 767
% > . 0@ 9;: 1 D ! A % KO0
0! ( iB;6F®? 7BG @
9= 10 *
D 0 4
0 % 0 & ) 0 0( 0U®B;6 7
D FE * 4 = 96: D ) &0 A
+ 0 * :B;6F68G 7=B7=7
98: 10 4
, % Y 1 01
( J ;B;6F7@&@0>7
A M 0 9>:5 ) DJ J DO E
.0
& % 0 ( F:B®&0O 0 =78
E * 4 = 972:N /I K 0D
1 0 & ! (
;B,6F@; @G
4 o R 9@ % K % % 0 % 2
0& ! ( B76F=8077. >7>G
" / $ 0 9G - - ' "o "1 D 10
1 0
L J J & ;B;6F@0 7B8;=G
4 " 97B* 5 * 5 50 "
E 0 (
iB;6F=B; 77T®B@ @
9773 50
.0@
0) ( iB7>F=/E8 6BB
97;:K * 5 50
;J ; J-$
0) B7?F0@,@. 7
97=) ! ! ) % 0J +
1 2 4
0& ! iB7>F67,7,@0. ?87@
976: + % &+ K 0 & 2
0D J
1 0! J J & ;B;76?7 7B667?
978: N A -0 0
-&*% / & ! ( 'B;=F6@,G7@8®EPG8
97>1 / 5 K ' 5 3J 5 "0 $
& ) d
0/ + $& 5"3$L( 0
( ;B;7F76,=.06B6=
977: 5  *Q
0 & ( iB76F=G,=80 ;B=>;
97 @A $ 5 / L D 10 H
0 & ! ( i B7GFE6E@®. 7;@ @
0 % 97Gt N J 1 0 H
0& ! ( iB7BF=8,7=.
>@; @0
9;B:K / / A $ 10
3 4 2 0& ! ( iB;7F6>
,?7. =88:76D
9:7:% 5 5 % (5 %0 H
0 0
& ! ( :B7GF66,67=1=8;;
" 9;;:5 D 5 K "0 & + 4
0 & ! ( ;B F6?2,7G.
7B ? @Ga®
- 9;=: + % 5 &+ K 5 5 % K ) %
L $ J 0 H :
. 0 & ! ( ;B;7F6>, 0 @=;G
& D.6:n K - 1/ K 1 NO
0 + /| + 0 03J ( J ;B F®D>> 676



,QW H U Q BRAXIUREEBO0G U R (@1 QU J\

9;8:% J D ++ '0 H 96@& ("0 $ 4 F &(" =7B7BO0
0" 0( 0% 0 ;BB@F>? ?=G & ( " L& ("0OF ;B7G
9;>:N H | % - "o N " 0 96G:"J 0 /
0$ ( 0 & ! - F ;B0@
;B;6F;6@ 7M0B7=G 98B35(&0 A 0 0"
9;?2:5 5 J /o1 0 4 35 ( & (&.6 ;B;B
5 *(% & 0 ( 987: 0 % |/ / v -0
;B;6F7?2,6.0@>7 0 "$" J FO;B7@
9:@! N H A - -1l KO 98;:)*J  )*J 0 0) ) F
! 0 ;B F76,7G. 7;6;B;®
9;G: * " /A 50 4 98=A ! L J 10
0& ! ( J( " 0& ! ( ‘BB@F==,¥B. 6767
;B7?F6,;,,77. 28,0606 ; 986: ) 10 2 + 0 "$"
9=B: 5 J N 10 % J F B
0 & ! ( ;B76F=G,=8&0 ;B677 988/ >BB@B (1 1 0 + 0 A
9=71 '& N J) ! 1 0O H ;B7B <
(1 0 & ! ( iB77F=>@®. 6B?G 4 (O / & ./ &.F
9=;:% - JO $ 1 ;BB
0& ! ( B77F=>,=98>)*) Y*J ?:0 ) 2 0% ) *
J F 0B;6
K " | "0 J + 2 98?72& 0 A 2 1
0 & 00 ;B7B
0$ ( 'B;=F,80@=6 98@& ("0 (1 0
9=6 /D [/ D / * "/0 % I & J FOB;6
0 * % ;BGBB8> @G7 98G: 0 0 '4 OF ;BB@
9=8: D $ + % A 50 4 9>B35(&0 A
0 & ! ( ;B;=F6@@B. 7G=6B (O 35 ( & 0 F ;B77?
9=>: / J $ J/o " 9>7& 0 A J 7 4 07 0
( 0& ! ( & F ;BQB
i B7T@F6=,7G.@@6?B 9>;: LO * 0/ 0 ;B7;
9=2" | A - N | NO 2 + 9>=3% * Jo 0 2 0 "$" 10 F ;B7;
1 0 % ( J ;B 9sH6a 7 K / " / / J 5 *0 )
7B7206 0$ ( $ ;B78F
9=@: 5 ' 10 H 2 8B @ @B
0 & ! ( ;B7TGFE®B,7?. @?7G9>8/ >78B@0 * E E
9=G: 5 J 5 A ! 0% 0/ & ,0 & F ;B7B
0 & ! ( ;B;6P8B® 78G= 9>>:J& 8;70 J 0 J
96B: * N I 5 + ! - I $ | ! % 5& F ®;;
| ‘0 D 9>?:J& 8;> * J L 0 J&.0 % J
0 & ! ( ;B;6F@®B 77B= & F ®;=
967 /- N 5 K ' 0% 9>@L ! % 5 10 0
"0 ( 0% 0 ;B;;F&@ 6G
0 & ! ( ;Bi6Rad= 7?= 9>GK /- / A $ o
96;:J / 5 KO & 8 1 4 2 o0& ! ( 'B;7F6>
1 ,?7. =88;/6D
< 0 * ;B;=F>,7B. =GB 9?B: + 5 ) %0 "
96=1D I K K K * HO $ 4 0 & ! ( B7T@F6=,;7.
1 0 & 7,8@686
( ;B;6F?? 7898 9?27: 1/ LLO
966 H ' K " - ' KO $ 0 & ! ( ;B76F=COB7. >;>@
2 0& ! ( {B9BEN TN D 0 (
>B 8@mM 0 & ! ( ;B78F6B,;8.
968 D L + (s I A0 $ @;=8D
0 (1 92=: (0 &
F ;BO7 0 $$?780 35 ! 035F ;BBG
96> /D $ / ' /' H 0% 976 * " /A 50 4
o0& ! 0& ! (
( 'By7F6>,,=. 760G i B7?F6;,77. 2&G
967" - s " J!o / *( 4.978: (0" + ;B78 " .0 = 0
-&*% .0 ! $ ;B7;F=@,6. ;= 35 (1 F ;B780 & /) G?@ B ?7?> >>B8 @



