WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

HyApproval

WP2 — Handbook Compilation
Final Version
Deliverable 2.2

- PUBLIC -

Handbook for Hydrogen Refuelling Station Approval

Version: 2.1
June 4, 2008

Prepared by:
HyApproval WP2
Under leadership of AIR LIQUIDE — DTA (AL DTA)

With contributions from partners:

Air Products PLC (APL)
BP Gas Marketing Limited (BP)
Chinese Academy of Sciences (CAS)
Commissariat a I'Energie Atomique (CEA)
Det Norske Veritas AS (DNV)
Engineering Advancement Association of Japan (ENAA)
ENI SpA (ENI)
Forschungszentrum Karlsruhe (FZK)
Health and Safety Executive (HSE/HSL)
Hydrogenics Europe NV (HYGS)
Institut National de I'Environnement Industrieldets Risques (INERIS)
Instituto Nacional de Técnica Aeroespacial (INTA)
Joint Research Centre — Institute for Energy (ECUR
Linde (Linde)
National Center for Scientific Research Demokr{fd€SRD)
National Renewable Energy Laboratory (NREL)
Norsk Hydro ASA (Hydro)
Shell Hydrogen BV (Shell)
TNO - Netherlands Organisation for Applied ScientiResearch (TNO)

Deliverable 2.2, Version 2.1, 4 June 2008 Page 188f AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

Table of Contents

1 ACRONYMS ..o e 10
2  EXECUTIVE SUMMARY ...t et 12
3 INTRODUCTION ..ottt 15

4 RECOMMENDATIONS FOR AN EU27 UNIFORM APPROVAL

PROCESS FOR HYDROGEN REFUELLING STATIONS .....ccoovn i 18
4.1 (OF8 [0 (=] 01 BT 110 =1 (0] o [T 18
4.2 RECOMMENUALIONS ... et e et e e et e et e e e s et e s e eab e e saaeeesenas 19

PART I: GUIDELINES FOR DESIGN, OPERATION & MAINTENA NCE OF A

HYDROGEN REFUELLING STATION......iiiiiiiiiieit e 21
5 PROPERTIES OF HYDROGEN.....ccuiiiiiiciiic e 22
5.1 GASEOUS HYAIOGEN ... . .eiieiieii e ccciiiie e e ees cttieeee e e s e s e et e e e s st e e e e e e s s sssrnrenereeeeeaanns 25
5.2 Lo 10T To I )0 [ £ o = o TR PP URPUPRTR 25
5.3 Safety-relevant PropPerties .........uec s e 26
6 BASICS OF HYDROGEN DISPENSING.......cococviiiiiiies e 33
6.1 On site production tECHNIQUES........ccvviiiiiiiiis e e e eeee s 34
6.1.1 Hydrogen production by water electrolySis ... 34
6.1.2 Hydrogen production by steam-reforming of natural gas..........cccoeeiieiiiiiiiiinnnn. 36
6.2 Hydrogen StOrage SYSLEIM .....cciii it et e e e e ee e e e e e e e 36
6.2.1 Compressed gaseous hydrogen StOrage ........ccuvvueereeeeiiiiiiiiiieeeeesesiieeee e e e e e eseeeeees 36
6.2.2 Liquid hydrogen Storage SYSIEM .........uuiiiieeiiiiiiiiieee e e e e e e e e e e e e e 37
6.3 Comparison to other gaseous fUIS ......ciiiiis oo 37
6.4 Hydrogen dispensing teChNIQUES........cooooiiiiiiis oo 38
6.4.1  GAaSEOUS AISPENSING.......cccuerrieieeeieiiiiiieie e e e e s e s srrrr e e e e e s s st rraae e e s s srrberreaaeeeesansnrnees 38
S W o [ ] To o [ 1Y o= 0 Y o To R P PP ERPRP 40

7 REGULATIONS, STANDARDS AND CODES OF PRACTICE
AFFECTING THE DESIGN, INSTALLATION, OPERATION AND

MAINTENANCE OF A HYDROGEN REFUELLING STATION....... ..cccvvunneee. 41
7.1 INEFOTUCTION ..ttt s et e et e e et e e e s b e e e e e e 41
7.2 Generally applicable regulation, standards and code s of practice..................... 43

Deliverable 2.2, Version 2.1, 4 June 2008 Page 18af AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

7.3 Section specific regulations, standards and codes o f practices ......ccccevvunnneen. 44
7.3.1  Hydrogen SUPPIY MOAES ......ueiiieeiiiiiiiiiiie e e s e e rttee e e e e s et r e e e e e s e senarae e e e e e snnnnenees 44
S B A o Yo [ (0o 1= JR] (0] -V [PPSR 45
7.3.3  DiSPENSING FACIHILY.....cceiiiiiiiiiiiee et e e e e 46

7.4 Reference list for regulations, standards and codes of practice applicable to a

BUIrOpEan HR S ... 46
7.4.1  EUrOPEAN DIrECLIVES ....coieiieeee ettt e e e e e e e e e e e e nneeees 46
7.4.2 1SO standards, drafts, reports and specifications ...........ccueeeeieeiiiiiiiiieee e, 51
A T 01 = VIS 7= Lo F= (o SO URPP P 54
A | = O = T o F= T o R PR OTUPPRPPPRR 57
7.45 CENELEC StANTArdS........ccoiiiiiiiiiiieeeiiiiee e eriieee ettt et e e staee e steee e s sntaeeessnnneeeeans 58
746  EIGA SEANAAIAS ... .eeiieiiiiie ettt e e et e e s nnbee e e e s nnbeeeean 58
TAT7  NFPA STANAAIAS ... .oeiiiiiiiiie ettt e st e e e e s sabeeeean 60
7.4.8 Other standards and COUES ........ciiiiiiiiiiiie et eee e 61

8 HRS DESIGN AND CONSTRUCTION RECOMMENDATIONS............. 63

8.1 General recommendations for Hydrogen plants........ .o 63
8.1.1  GENEIAl UESIGN . .ieeiieiiie e e e e e e e e e e e e e e e e e e aaeaeaann 63
8.1.2  HYArogen QUAIILY ......ueeieeeeeiiiiiiieii e e e ettt e e e s s e e e e e e s e e e e e e e s snnrenreeeaeeeeannns 63
S 200 N =T o1 o S PRSRR 63
S 00 Y = T o | 11T PRSP 64
8.1.5 Pressure relief and venting discharge deviCes ........cccccceeviiiiiiiiiiee e 68
8.1.6  Material SEleCLION CHEIIA ........uveiiiiie e e e e 69
B.L.7  INSUIALION ...ttt e e e e et e e e e e e e e e e nnnreeeaaaaeann 71
S TN R T [ 0151 1 (] 41T o | TSP PPN 71

8.2 Safely dISTANCES ..ooc i ccces e a e e e e e e e 72
S 30720 A [ 1 (e To [ o 1o o DR OTRPPPPRRP 72
8.2.2 Definition of safety diSTANCE ... 73
8.2.3 Determination of safety diStanCeS.........cuvveiiiii i 78
8.2.4  Application to hydrogen refuelling Station ...........cccccvveeeii i 83

8.3 HAZAIAOUS GIEAS ... ..eeeiiiiieiiiiiitiiit ettt ettt e e e e ettt e e e e e e e st e e e e e e e e e e snnbbsaeeeaaaaeaanns 87

8.4 HRS plant level recommendations .........ccccccciiis oottt 90
8.4.1 Site selection and HRS [aY OUL...........cccuiiiiiieee e e e 90
8.4.2 Identification of and access to Hazard ZONes .........cccccovvvveeeiiiiiie i 96
8.4.3  BUIING ..t e e e e e e e 96
8.4.4 Hydrogen gas detection and hydrogen fire detection .............cccceiiiiiiiinns 97
8.4.5 Fire prevention and fire fighting.........ooooueieiiiii e 99
8.4.6 HRS emergency Shut dOWN ..........cooiiiiiiiiiiii e 101
o I S 1= Tox U |V P TP RO PPPRP 102

8.5 SpeCific reCOMMENAALIONS .. .cciiiiiiicciiiiiies e e e eee s 102
S IR A @ o B3 (= o] o o (VT4 o U PRPRR 102
8.5.2  PIPeliN€ INTEITACE ......uiiiiee i e e e e s r e e e e e aans 102
TSRS B o Y7o | ToTo [T a o 115 o= 0 < o 15 PR 103
8.5.4 Gaseous hydrogen Storage SYSIEM .........eeiveeiiiiiiriiiieee e s iinieee e e e e e ssrnrneeee e e e enes 105
8.5.5 Liquid hydrogen Storage SYSIEM .......cccuvviiiiiee i e e e e e 106
8.5.6  Specific storage configUIratioNs .........ocuuviiiiiii i 106

9 OPERATION AND MAINTENANCE OF AN HRS.......cccoiiiit i, 109

9.1 Operating rEQUITEMENTS ......uiiiiii e iiiiiiiiiies atieit e e e e e s e rab e ee e e e e e s aabrre e e e e e e s e annbeeaeeeaaas 109

9.2 Emergency Safety Plan ... e 110

Deliverable 2.2, Version 2.1, 4 June 2008 Page 1Baf AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

9.3 MainteNanCe rEQUINEMENTS ........uiiiiiiie i eeeee ettt e e e e e e s e e e e e e e e sanbeaeeeaaeeeeaanns 110
9.3.1  GeNEral PriNCIPIE ....uvveeieee ettt e e e e e e s e e e e e s st arraaeaeaaans 110
9.3.2 Typical maintenance program for a gaseous HRS ...........ccccocivieeiiiiiiiinene e 113

10 VEHICLE INTERFACE REQUIREMENTS ..o e 115

10.1  General FEQUITBMENTS .....ciiiiiiiiiiiiiiiieaaeaiis atttiieea e e e s e et e e e e e e s e s nnbeeeeeaeeeaaannnbeneeeeaens 115
10.1.1 Compressed Hydrogen refuelling .........coooccueieeiieei i 115
10.1.2 [T 010 I =1 {0 1= 1 o PSSR 115

(0 2 €1 (o1 o To [T Vo TR 116

10.3  Communication with the Vehicle.............cccoces e, 116
10.3.1 Gaseous hydrogen tank SYSIEM .......cccceiiiiiiiiiiee e 117
10.3.2 Liquid hydrogen tank SYSIEIM .........ccoiiiiiiiiiiiie e 118

10.4  Refuelling interface (nozzles and breakaway).......  .ocoovvveeeiiiiccee e 118
10.4.1 35 MPa (350 bar) gaseous hydrogen interface ............cccceveeeeiiniiiiieeneeeeenes 119
10.4.2 70 MPa (700 bar) gaseous hydrogen interface ..........cccccceeeiiiiiiiiii i, 120
10.4.3 Liquid hydrogen INterface............coiieo i 121

10.5  DFVEr INSIIUCHIONS ....ciiiiiic it ettt 122
10.5.1 DIFIVET .ttt et 123
10.5.2 S =11 o] g1 0] o 1=1 =\ o] PR 123
10.5.3 Vehicle manufacturer (OEM) ......ooooiiiiiiiiiiie e e e 124

10.6  Acceptance of HRS based on OEM perspective ......... oo, 124
10.6.1 Codes and approval authOorities ..........ccoeiiciiiiiiee e 124
10.6.2 Passive safety COMPIANCE. ... 124
10.6.3 FUNCLIONAI SAFELY ... 125
10.6.4 PerfOrMEanCe tESIS ... 127

11 REVIEW OF TECHNICAL AND SAFETY MEASURES ............ ....... 128

11.1  Stages (hierarchy) of safety aSSUIANCE .........cc.. oo 128

11.2  Review of currently applied MEASUIES.........ccccce oo 128

12 RISK ASSESSMENT METHODOLOGIES FOR HRS APPROVAL .134

10200 Vo1 o o [T £ o o PRSP TPRR 134
12.2  Concepts involved in riSK @SSESSMENT .....ccciiiiis coiiiiiieee e 134
12.3  RISK QSSESSMENT PrOCESS. .. .uueiiiiaeeiiiiiiiiiies attettaaaaaaaabeeaeeaaaesaaannbeeeeeaaaeaaannreeeeeeaans 135
12.3.1 1Y 1= L =T =T g 1Y o P 135
12.3.2 YIS Q= (Tt =] o] = T g [T Y ] =Y - 137
12.3.3 Risk asSeSSMENt PrOCEAUIE. ......uuiiiee it e e e e e e ae s 140
12.3.4 Hydrogen accident databases .........c.coccvvviiiiii i 140
12.4  Risk assessment MEthOdS .........cooviiiiiiiis o 141
1241 HAZID — HAZard IDentifiCcation ...........oocuuueiiiiieiiiiieeeee e 142
12.4.2 HAZOP — HAZard and OPerability Study ..........ooocuviiiiiiiiiiiiieeeeeiieeeeen 142
12.4.3 SWIFT — Structured What-1F checkliST ........ccuviiiiiiiiiiiieee e 143
12.4.4 FMECA — Failure Mode, Effect and Criticality Analysis..........cccccceiiiiiiiinennenn. 144
12.4.5 QRA — Quantitative RiSk ASSESSMENt .........covvviiiiiiiiiiiiieieieeeeeeeeeeee, 144
12.4.6 RRR — Rapid RiSK RANKING.......uutiiieeiiiiiiiiieee s e e ssineee e e e e s snrneeeeae s 146

Deliverable 2.2, Version 2.1, 4 June 2008 Page ¥Baf AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

12.4.7 Hazard consequence models used in QRA........ccciiiiiiee i 147
12.4.8 Combination of risk assessment MethodS............cuuvveeiiiiiiiiieiiiiee e, 149
12.5 Most common hazards iN HRS'S. ...t e e e e e 149
D2 ST =11 0] o T [ =1 o] /2R 151
PART I: PERMITTING PROCESS ...t et 152

13 DESCRIPTION OF THE RECOMMENDED APPROVAL PROCESS

FOR HR S ..o e eaans 153
G 20 R I o TN = o] 1= R TR 153
13.2  THE PrOCESS ...ttt eee e ettt e e e e e ettt e e e e e e s e e nnbe e e e e ae e e e e e annneneeeeaens 154
14 COUNTRY SPECIFICISSUES. ..., 158
14.1  Introduction to country SPECIfIC ISSUES ....ccccciis cevvviitieee e 158
14.2  Identification Of Stakeholders..........ccccvviis i 158
14.3  Responsibility and liability of the stakeholder int erviewed........cccceveeeeeiiinneenn. 159
14.4  Required iNfOrMAatioN .........oooiiiiiiies e 161
14.4.1 Laws/regulations applied ...........eeevieeiiiiiiiecc e 161
14.4.2 T 40 T ES 3 (= To U] =T S 163
14.4.3 The required information by the authorities ...........cccccce e, 163
14.5 External and occupational safety policy concerning hydrogen........ccccccccoeenis 164
145.1 Target groups for a safety aSSESSMENt .........covvviiiiiieiee i 164
145.2 SAFELY POLICY ... a e 164
14.6  Technical standards for the construction of an HRS . ... 165

14.7  Methodologies and guidelines for the assessment of external (off-site) effects

Lo FoTa g T [oIR= U o ] PR 167
14.8  External safety (off-site safety) and land use plan  NiNg.......ccccceevviiciiiieeeeec e, 169
14.9  The INSPECLiON ProtOCOL.......uuiiiiiiiiiiiciit ettt e e 170
14.10 ContiNgeNCY PIANMING. ...t it e e e e e eeeeas 172
14.11 Dissemination of the handbooK.............ccccoiis i 173
14.12 Remarks / Other ISSUES / gaPS ...ooccuiiiiiiiiiiiis et 174
14.13 Conclusions and RecommendationS ..........ccccccies evveiiiiiie e 174
14.14 Flow charts of the approval process in China, Italy ~ , Germany, France, Spain

and the Netherlands .........oooi s s 177
15 LIST OF APPENDICES ... .ot e 182

Deliverable 2.2, Version 2.1, 4 June 2008 Page IBaf AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

Figures
Figure 1: Safety Risk Assessment Methods......cccccoooiiiiiiiiiiiiiiiiiii e 14
Figure 2: Potential permitting process CoOMPIeXity ce....uuueeeeeeeiieeeeieiiieeeeeiiiiiinnns 18
Figure 3: EU27 uniform permitting ProCess ......ccueveiviiiiiiiiieiiiiiiiiiinee e 19
Figure 4: Simple phase diagram for NYdrogen . cooeeeeeeeeeeeeiiiiiiiiiiiiiinnnnnn 22
Figure 5: Mass energy density of fuels (based ON)LH............coorriiiiiiiiiiiiiene. 24
Figure 6: Volumetric energy density of typical fea¢based on LHV) ...........ccccce..... 25
Figure 7: Density of hydrogen vs. other commondysburce: FZK).........ccccceeenn... 27
Figure 8: Buoyancy in air of hydrogen vs. other coon fuels (source: FZK).......... 27
Figure 9: Diffusion coefficient of hydrogen vs. etlcommon fuels (source: FZK)..28

Figure 10: Ignition energy at stoichiometric radiohydrogen vs. other common fuels
(source: FZK)
Figure 11: Flammability range of hydrogen vs. ott@mmon fuels (source: FZK)..29
Figure 12: Laminar burning velocity at stoichionnetatio of hydrogen vs. other
common fuels (source: FZK)
Figure 13: Heat of combustion of hydrogen vs. ottenmon fuels (source: FZK)..30
Figure 14: Detonation sensitivity at stoichiometatio of hydrogen vs. other

common fuels (SOUICe: FZK) ....oooiiiiiiiiiiieiieeeee e 30
Figure 15: Ignition and flammability of hydrogendamethane.............ccccceeeeeeeeeeen. 31
Figure 16: World-wide population of HRS and shdrsupply options .................... 33

Figure 17: Typical layout of Hydrogen Refuellingaon with on-site production...34

Figure 18: Compact reformer and compressor, 108/INfsource: Osaka Gas) ....... 36
Figure 19: CGH2 Storage cylinders (35 MPa) in HargfCUTE Project, source:
http:/MWW.h2StatioNS.0rg/) ....ooeeeeiiiiiiiieee e 37
Figure 20: Filling of gaseous hydrogen ... ccoeeiieeeeeeiiiiiiiiiiineee e e e e e eeeeeens 39
Figure 21: Filling coupling for liquid hydrogen (@@e: LINDE) ........ccccoovvviiiieinnnnne. 40
Figure 22: Overview of the international work oarglardisation of hydrogen
equipment and technologies. (Source: “Introduciygidgen as an energy
carrier” by the European COMMUSSION)........ o eeeeerrerrnmnnmiaaaeeaeeeeseereeemmmnnnn 42
Figure 23: Safety distance of refuelling hoSe...........cccooviiiiiiiee 72
Figure 24: Safety distances and hazardous zoneare 1 ............ccceeevvvevveeennnnnns 88
Figure 25: Safety distance and Hazardous areag8me 2............ccccceeeeieeeeeeeeeneennn. 89
Figure 26: Safety distance and Hazardous areaBH-\VieW ............cccceeeeiiieieeeeeeennnn. 89
FIgure 27: Ref CUTE .....coooiiiiiiiiiii s e e e e e e e e e e eeabee s 92
Figure 28: Schematic of natural gas reforming pgseder hydrogen production ...... 94
Figure 29: Overall fuelling SYStEM ..o 117
Figure 30: Risk management SCheme [2]......cccceeeererieeiiiiiiiiiiiieeeeeeeeeeeeeeeiiiees 135
Figure 31: The ALARP PrincCiple [2]....ccooo oo 136
Figure 32: Flowchart of risk based approach [4].ecc.cccooooeeeeiiiiiiiiiiiceeeen, 140
Figure 33: CFD model representation of a vehiclk @ispensers units on a HRS ..148
Figure 34: Typical output from a CFD SIMUlatioN w...cccoeeeeeveiiiiiiiiiiiiiiieeee e 148
Figure 35: Safety risk assessment methods [2].....c....oooviiiiiiiiiiiiiiiiiiiiii, 149
Figure 36: Flowchart of an HRS............ouiiiiiiii e 150
Figure 37: The Process of obtaining an approved HRS.............ccccooiiiiiiinn. 153
Figure 38: Process of obtaining an approved HR8d®ed on the approval process

Deliverable 2.2, Vers

ion 2.1, 4 June 2008 Page 1Baf

AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

Figure 39: Flowchart of the approval process iniBgi China...........cccccvvvvvvinnnnn. 177
Figure 40: Flowchart of approval process in ltaly..........ccccoeevvvvvvviiiiiiiciinnnnn. 178
Figure 41: Flowchart of approval process in Germany.............cccceeeeeeeeeeeeeeeeeennn. 179
Figure 42: Flowchart of approval process in France..........cccccvvvvvvvvvvvvveiinieneennn. 180
Figure 43: Flowchart of approval process in SpPain............c.euuuviviviiiiiiinneeeeeeeennn. 118
Figure 44: Flowchart of approval process in Thehllddands...............ccccevvvvvvvinnne. 181

Deliverable 2.2, Version 2.1, 4 June 2008 Page 18af AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

Tables

Table 1: Main physical properties of Hydrogen ..............oouvviiiiiiiiiniiieeeeeeeeeee 22
Table 2: Density of fuels in gaseous and liquidiesta..................ccccceeeeiiiiieeeeeeeree 23
Table 3: Heating values of fuels in gaseous anddigtate ................cceevvvvvivinnnnnn. 23
Table 4: Volumetric energy density of fUEIS....ccccevvvvreiiiiiiiiiii e 24
Table 5: Physical properties of liquid hydrogen ..o 26
Table 6: Safety-relevant properties of hydrogen @thér common fuels at 298.15 K
AN 0.201 MPA ...t e e e e ae e e 26
Table 7: Various concepts of safety diStanCesS....cc.....ccceevvvviviiiiiiiiiiicicciee e 77
Table 8: Qualitative overview of incident scenamdsn HRS...............ccccoooee. 80
Table 9: Typical heat load criteria and relatedsemjuences frequently used in
CONSEQUENCE ASSESSIMENTS......cciiiitun s e e e e e estnaaeeeeeessnneeaeeessnnnnns O2
Table 10: "Harm" and "no harm" criteria relevantfioe and explosions proposed for
calculations of safety distances in IGC DOC 75/70/E..............ccovviiiiieeninnn, 83
Table 11: Relevant event frequencies and safetguttie criteria according to IGC
DOC T5/0T7/E ..ttt ettt a e e e e e e e e e e e e e e aaeaaeaaens 83
Table 12: Overview of elements, deviations and equences to consider during
calculation of safety diStanCe ...........ooiieeeeeeiiiii s 84
Table 13: Event frequencies for leak scenarioBH2 dispenser, based on data
from QRA for model Station .............ouiiiiiiiier i 85
Table 14: Calculated safety distances for varioighes. Data from QRA (S-1, S-2
and L-2) and CFD calculations (L-5).........cccceecreiiiineieeeeiieeeeeeeiiiiiie 86.
Table 15: Typical maintenance requirements for gaselispensing HRS.............. 113
Table 16: Typical inspection plan for the compresga gaseous dispensing HRS114
Table 17: Overview of preventive measures for noblp area............cccccceeeeeennn. 131
Table 18: Overview of preventive measures relativ@ispenser .............ccceeveeeenns 133
Table 19: The Rapid Risk Ranking Risk matrix depeld in the EIHP2 project [9]
.................................................................................................................. 137
Table 20: Risk levels in the risk matrix for acaapte criteria proposed by EIHP [9]
.................................................................................................................. 138
Table 21: The probability levels in the risk matitx acceptance criteria proposed by
LT L= ) TSRS 138

Table 22: Description of consequence severity easlproposed in the EIHP2 [9]139
Table 23: Types of consequence levels in the rigkimfor acceptance criteria

developed based on the EIHP2 project bY [4] e eeeeeevveieeiiiiceieeeee 139
Table 24: Summary of risk assessment methods @ODV) ............eeveiiiiinnnennn. 142
Table 25: Generic classification of proposed noinimenan unreliability [7] ........ 151
Table 25: Overview of parties interviewed in vag@ountries ...........cccoeeevvvvvnnnnnnn. 161
Table 26: Guidelines and regulations applied farapal of HRS'’s in various

(o0 18] 01 ([ 163
Table 27: Technical standards used in all Eurogeantries.................ccceevvvvvvnnnn. 165
Table 28: Technical standards of the European Indu&ases Association available

in Europe but not always mentioned by the inter@@w.....................ccceeeeee 166
Table 29: Technical standards used inthe USA..........oooiiiiiiieee 661
Table 30: Specification of regulations for approdBHRS'S ............covvvvviiiiiiiennnnn. 167

Deliverable 2.2, Version 2.1, 4 June 2008 Page 1Baf AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

Table 31: Methodologies and Guidelines for the sssent of external (off-site)

effects, damage and FSKS ...........ooviiiiieeeeeeee e 168
Table 32: External safety and land-use planning.eee......cccooovveeiiiiiiiiiiiiiiiiiinnn, 170
Table 33: Inspection protocols used in various GOBBL..............cceeeeeeeerereeeeeenennnnnns 171
Table 34: Contingency Planning .......coooo o iceeeeeiiie e 172
Table 35: Dissemination of the HandbooK ... 173
Contact

For more information please visit www.hyapprovaj.or or contact
coordinator@hyapproval.org.

Deliverable 2.2, Version 2.1, 4 June 2008 Page 1Baf AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

1 Acronyms

ADR

ARPA

ASL
ASME
ATEX

ATR
BP
CENELEC

CGA
CNG
CGH2
DDSC

DRIRE

EIGA
ERP
ESD
FDIS
GH2
GVB

H2
HB
HHV
HRS
HSS
ICPE

IEC

Deliverable 2.2, Version 2.1, 4 June 2008

Accord européen relatif au transport internagiodes marchandises
Dangereuses par Route (European Agreement congerttie
International Carriage of Dangerous Goods by Road)

Agenzia Regionale Protezione Ambiente (RedioBavironmental
Protection Agency in Italy)

Azienda Sanitaria Locale (Local Health Servitétaly)
American Society of Mechanical Engineers

Potentially Explosive Atmospheres (“ATmospherdéXplosibles”)
(EV)

Auto Thermal Reforming
Boiling Point

Comité Européen de Normalisation Electiotégue (European
Committee for Electrotechnical Standardisation)

Compressed Gas Association (USA)
Compressed Natural Gas
Compressed Gaseous Hydrogen

Direction de la Défense et de la Sécuritél€i{Directorate for Civil
Security and Defence in France)

laecRerche et de
Researcind

I'Industrie, de
Regional Industry,

Directions Régionales de
'Environnement (French
Environment Agency, F)

European Industrial Gases Association
Emergency Response Plan
Emergency ShutDown

Final Draft International Standard
Gaseous Hydrogen

Gemeentevervoerbedrijf
Amsterdam, NL)

Hydrogen
Handbook
Higher Heating Value

(Municipal  Transportatio Company

Hydrogen Refuelling Station
Hydrogen Storage System

Installation Classée pour la Protection deviEbonnement (Installation
classified for Environment Protection in France)

International Electrotechnical Commission

Pagef 13»

AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

ISO International Organization for Standardisation

ISPESL Istituto Superiore Prevenzione e Sicurertéa&voro (Italian National
Institute of Occupational Safety and Prevention)

L/D Length to internal Diameter

LEL Lower Explosivity Limit

LFL Lower Flammability Limit

LH2 Liquid Hydrogen

LHV Lower Heating Value

LNG Liguefied Natural Gas

LPG Liquefied Petroleum Gas

MAWP Maximum Allowable Working Pressure

NBP Normal Boiling Point

NFPA National Fire Protection Agency (USA)

NPT Normal Pressure and Temperature

NWP Nominal Working Pressure

OEM Original Equipment Manufacturer

PED Pressure Equipment Directive

PLC Programmable Logic Controller

PRD Pressure Relief Device

PSD Process ShutDown

QRA Qualitative or Quantitative Risk Assessmentiss

RID Regulations concerning the International Cageiaf Dangerous Goods
by Rail

RD Reference Document

SCBA Self Contained Breathing Apparatus

TPED Transportable Pressure Equipment Directive

uv Ultra-Violet

Deliverable 2.2, Version 2.1, 4 June 2008 Pagef11'B® AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

2 Executive Summary

Increasingly, national and local governments akrothe world are confronted with
challenges like security of supply, harmful emigsioclimate change, and increasing
costs arising from the use of oil based transpoeist Besides the need to use
hydrocarbon-based fossil fuels more effectivelydrogen, preferably produced from
renewable energy sources, has been recognized by mablic and private
organisations as an alternative for fossil fuelsfuture transport applications. All
major car manufacturers, for instance, have deeelopydrogen and fuel cell
prototype vehicles that are currently being testeglveryday conditions. Most leading
energy companies, normally with the support of gagply companies, have been
operating hydrogen refuelling stations (HRS’s) aseessary learning step towards a
future, which may include a widespread hydrogetribigtion network. Some of these
HRS’s are integrated with the common liquid andegas fuels into Multi-fuel
Refuelling Stations. In addition to economic motora, this assists in supporting the
public perception of hydrogen as a full-status mdteel. Commercial hydrogen
vehicles are expected to enter the market by ZDi& European Union (EU) has set a
target for the use of hydrogen in the total tramsfueel mix for 2020. The founding
documents of the European Hydrogen and Fuel Cathfi@ogy Platform (HFP -
established in 2003 by the EC) provide a “SnapgB80” in which it is estimated that
between 800,000 and 1.2 million cars fuelled byrbgdn will be on the European
roads by 2020.

In agreement with the expectations of HFP, the HySMaroject [www.hyways.de],
finalised in summer of 2007, the conclusion is thgt2020 1 million hydrogen-
fuelled road vehicles will be on the European raddsugh strong policy support and
accelerated learning, and even 5 million in casees/ strong policy support and
accelerated learning. For 2030, HyWays estimatedetmumbers to be 15 and 50
million respectively.

In order to support these numbers of vehicles\adl &urope, HyWays estimated that
the following numbers of hydrogen refuelling stasoacross Europe would be
required:

- For an introductory “lighthouse project” phase (@@&0D15) some 400
stations in selected urban centres and some 5@0nstaon selected inter-
connecting highways between these urban centres;

- For the phase of developing demand (2015-2025)d®tvt 3,000 and 20,000
stations;

- For the massive rollout phase after 2025 the sdat®is patterns as today
for conventional fuels will be reached.

In order to facilitate the introduction of hydrogewmad vehicles into the market, in
October 2007 the European Commission decided tpostithe formal approval of a

regulation on motor vehicles using liquid or congs®d gaseous hydrogen. This
regulation will lay down common rules on the coustion of these vehicles to ensure
a smooth functioning of the internal market, higlvdls of public safety and the
possibility of more sustainable forms of transporthe future.

The use of hydrogen as a transport fuel requiregalatory framework to ensure that
hydrogen transport applications are introduced oardinated fashion, complying
with the highest safety standards. The HyApprovedjget, sponsored by the
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European Commission within the Sixth Framework Paogne (FP6), was aimed at
developing a universal Handbook (HB) to facilitdte approval process of hydrogen
refuelling stations (HRS’s) in Europe. The 24 mopthject started in October 2005
and was terminated in September 2007. It was paddrby a balanced partnership of
25 partners from industry, SMEs and research utsst providing the critical mass
and required knowledge. Many partners already hax&ensive expertise in

developing HRS'’s all over the world. Key partnexani China, Japan and USA have
provided an additional liaison to international ukxions, codes & standards
activities.

HyApproval Project Goals

The goals of HyApproval were to provide a Handbadkechnical and regulatory
requirements to assist authorisation officials, pames and organisations with the
implementation and operation of an HRS, to finalise HRS technical guideline
started under the EU project EIHP2 and to conteltot the international standards
under development at ISO TC197, particularly to VIGTGaseous hydrogen —
Fuelling stations” ISO/DTS 20012.

The HB should be based on best practices reflethi@gxisting technical knowledge
and regulatory environment and should allow nevwhnetgies and design to be
introduced at a later stage. In 5 EU countries (HHINL) and in China the
HyApproval process included a review of an earlysian of the HB by country
authorities to pursue "broad agreement” and tondefiapproval routes”. After
finalising the HB process the developed requiresieahd procedures to get
“Approval in Principle” were expected to be suféintly advanced in order to seek
HRS approval in any European country without majuodifications. Approving
authorities, HRS operators / owners, engineeringsij as well as the EU as a whole
will benefit from the HB as it is expected to féteite the safe implementation of a
hydrogen infrastructure.

Safety Considerations

In the HyApproval project the following three staggierarchy) of safety assurance
were identified:

- Prevention of accidentby application of state of the art technology, by
following technical standards and by displaying @enhandling procedures
to users and operators, designing the user-madahiexaces in a straight
forward manner and emphasise training of personnel.

- Mitigation, e.g. creation of safety zones and safety diseance
- Structured and effectivemergency response

Prevention of accidents is by far the best ways&uee safety. It is aimed at avoiding
accidental hydrogen releases resulting from e.giviere failures, software failures,
operational errors or external impact, which may daeised by factors such as
incorrect system or equipment design, incorrectesysspecifications, inadequate
maintenance, inadequate operating procedures,safficient training of personnel.

Preventive measures cover the technical system [fdrelware), maintenance,
operations, good housekeeping, and fire prevention.
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If, in spite of the preventive measures taken, drtyen leakage does occur, the
formation of an explosive air-gas mixture is thejonaoncern. Creating sufficient
distance between the hazard source and vulneraiglets is an effective way to limit
the consequences of an explosion. Zoning aims ¢éatersuch safety distances,
thereby taking both people on site (personnel arstbeners) and off-site (the general
public) into account.

Finally, well prepared emergency response sentag further reduce consequences
if people were to be affected by an accident oRIRS.

To evaluate the effectiveness and to determine rédgpirements of the safety
assurance system a risk assessment is often pedomrisk assessment process (e.g.
for the approval of an HRS) may comprise of seveashponents, as shown below.
With increasing severity of hazards and consequenuare and more rigorous and
elaborate methods will be applied.

In the HyApproval project the use of such methaalsthe approval process of an
HRS was demonstrated.

Safety Risk Assessment Methods
for design and engineering

Ranking hazards andrgikrwsk associated

HAZOP and/or Analysis on impact of process
EMEA deviations/failures on hazards,
functionality and operability

Assessment of
Safety Integrity
Level

Increasing
hazards
(consequences
and complexity)

Rapid Risk ‘ A starting point to identify

Assessment of critical scenarios
and independent protective layers

Calculation of risk and comparison
with Hydro quantitative acceptance

criteria

Quantitative
Risk Analysis

Figure 1: Safety Risk Assessment Methods
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3 Introduction

The HyApproval project is aimed to develope a umifapproach to the installation
and approval of Hydrogen Refuelling Stations (HR®soughout Europe, essentially
by attempting to define a typical “European” (refece) refuelling station, which
could be installed in most of the EU27 countries.

The CUTE project had clearly shown the need fornwamization of safety
requirements and the permitting process as thewsmational authorities that were
involved with the approval process for the HRS’dl haany different demands. This
has made it difficult for the companies tasked wiéisigning and building the HRS to
propose one standard and cost effective for hydragéuelling station sites. The
HyApproval HRS Handbook is expected to addresssssbue.

In order to move towards the goal of enabling tleeetbpment of cost effective

hydrogen refuelling stations, subject to harmonizeduirements, an “EU wide”

approach needs to be implemented. As a first stejg,U draft guideline was initiated
during the EIHP2 project. The HyApproval Handbookilds on this project by

compiling recommendations, best practices (frons thuideline and if necessary
augmented with others), and applying these to areate station, also designed
during the HyApproval project.

The main goals of the Handbook are:

- To serve as a working document assisting and stipgaauthorities to issue
permits to install and operate HRS in Europe

- To finalize the technical guideline started und&if2 and contribute to the
international standard under development

- To contribute to the safe implementation of a hgero infrastructure by
addressing key safety issues like best availalalfegt) technology, definition
of safety distances and best practices for operatnol maintenance

- To assist companies and organisations in the imgaeation and operation of
hydrogen refuelling stations

Therefore the target audience of the HB are mahmyauthorities, regulators and the
hydrogen refuelling station owners.

This document should also avoid that companiesethskith the design and
construction of HRS’s need to develop specific déads and site designs in the
future. Instead it should be possible to use antpte EU uniform HRS layouts.

The present Handbook has been written as a staredlmcument. It is based on best
practices reflecting the existing technical knowgeand regulatory environment, but
it also includes flexibility to allow new technolieg and designs to be introduced at a
later stage. Along the 2-year development phaseaaly version of the HB was
reviewed by authorities in 5 EU countries (FranGermany, Italy, Spain and The
Netherlands) and in China to achieve “broad agre€mend to define “approval
routes”.

The Handbook provides recommendations for a EU2fbum approval process for
HRS. The Handbook is divided into two main parts:

- Part I: “Guidelines for design, operation & mairdene of a Hydrogen
Refuelling Station” provides technical guidelinesdaest practices related to
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construction and operation of a hydrogen refuellatgtion. It includes the
properties of hydrogen, and the list of regulatjamles and standards related
to HRS. It also presents the methodologies forsk assessment in the
framework of a HRS approval.

- Part 1I: “Permitting process” proposes an appronalte, which could be
applicable all over Europe. It also highlights thERS approval process
differences between France, Germany, ltaly, Spdime Netherlands and
China. It identifies the gaps between the varioagional processes. A
feedback from the authorities is also included.

As hydrogen refuelling stations are still largelyilb as demonstration facilities,
making allowance for further technological devel@mihand future innovations, is
necessary. The safety of these HRS’s can be a@drégsthe application of relevant
risk assessment methodologies as described andnderted in the Handbook. As
HRS’s develop towards a commercial market furthe@ntonisation can be achieved
as technology becomes more mature and procedures wndely implemented and
accepted.

Disclaimer

The handbook is based on best knowledge and expeseof 2007 available in the

HyApproval consortium. The design and system sohgtipresented in this document
are selected on the basis of practice prior to 286F should not be understood as
mandatory.
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4 Recommendations for an EU27 uniform approval proces for
hydrogen refuelling stations

4.1 Current situation

Hydrogen refuelling stations are currently subjiotn one country to another, or
even, from one station to another within the samentry, to very disparate
requirements and permitting procedures. Thesefegr complex and lengthy, with a
highly uncertain outcome.

This results from a combination of two factors:

- The regulatory framework for Fuelling stations t8l snostly determined at
national level

- Due to the absence of specific requirements anadlaggn, there is significant
variability with regards to the technical and regaty references that will be
invoked, as well as to how exactly they will be kg (as these did not
specifically consider hydrogen refuelling statiovisen created)

Due to the range of issues that may be considenegdermitting, the multiplicity of
actors involved, and the absence of pre-definedireapents, the duration, the cost,
and the prospect of success of a permitting praeeftu a hydrogen fuelling station
are very unpredictable (see Figure 2).

Such a situation constitutes an obstacle to théogeyent of the network of hydrogen
refuelling stations that is required for introdugimydrogen fuelled vehicles.

FEISE Potential actors of the permitting process Pre-defined
Topics requirements
Approval Consulted Evaluation Inspection
Authorities Authorities body body
Building City City Notified body  Notified body 2
15 Environmental Region Region Designated
© expert
=
5 Operator/user Government  Government
§ safety body body
:g Third party Fire Brigade Fire Brigade
E safety . .
E Public Safety  Public Safety
Emergency
response

Figure 2: Potential permitting process complexity

Efforts towards developing a regulatory framewaok lfiydrogen vehicles (EC type
approval) must therefore be accompanied by sin@féorts regarding the hydrogen
fuelling stations.
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4.2 Recommendations

The key recommendation is to develop an EC regulatp framework for
hydrogen refuelling stations based on the proven atbination of Essential
requirements, Harmonized standards, and Notified bdies. This could be most
efficiently achieved through the development of aiEC Regulation (as opposed to
an EC Directive).

Such a framework, which allows to address the ladgtg issues without impeding
continued technological development, would esthbhlsvery streamlined EU 27
uniform permitting process (see Figure 3).

Permittin _defi
ting Potential actors of the permitting process Pre_deflned
Topic requirements
Approval Consulted Evaluation Inspection
Authorities Authorities body body
Operator/user Single Notified Site class.
safety authority body criteria
Third party Essential
safety requirements
Emergency Reference
response standards

Acceptance
criteria

Figure 3: EU27 uniform permitting process

Going a step further, such a framework would allimwv a mechanism ofuelling
station “type approval” (similar to that of road vehicles), allowing a giv station
design to be approved for deployment in numbetlig@d 27 countries.

Until such a framework is fully established at EC ével, national authorities are
encouraged to adopt a permitting process structuredsimilarly: one single
authority, relying on the evaluation of one expertbody, and referring to pre-
established set of requirements and approval critea.

International standards (ISO, IEC), developed considering the essential
requirements set out in regulati@re the framework of choice for developing and
providing fuelling station design rules and critera allowing to meet regulatory and
permitting requirements.

Whereas as regulation is developed at the inigati’ the concerned EC regulatory
bodies, standards are developed mostly through cihetribution of industry.
However, due to the link between regulation and stadards that needs to be
established,a key feature of the proposed regulatory framewcldse cooperation
between actors of both worlds is necessary
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Finally, in parallel to the development of the ad#ig regulatory framework,
guidance and support needs to be provided to the ateholders regarding the
applicable standards and regulation, explaining howapply these as well as
providing the underlying knowledge base.

Providing this type of guidance is a key objectofethe HyApproval handbook,
which, as such, will need to be continuously update
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Part I: Guidelines for design, operation & maintenance of a
Hydrogen Refuelling Station
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5 Properties of hydrogen

This chapter presents properties of hydrogen. Bdhér information on this topic
reference is made to ISO/TR 15916.

Physical properties

Hydrogen is the first element in the periodic taltties the lightest and most abundant
element in the universe.

The main physical properties of molecular hydrogea summarized in the table

below:
Property Unit
Molecular weight g/mol 2.016
Boiling point (BP) K 20.27
Melting point K 14.01
Triple-point temperature K 13.8
Triple-point pressure kPa 7.2
Critical temperature K 33.25
Critical pressure MPa 1.297
Density of gas @ NTP kg/m3 0.08376
Density of liquid @ NBP kg/m3 70.78

Table 1: Main physical properties of Hydrogen

A phase diagram of hydrogen is shown in the fidhglow:
100 -

/ Critical point

-
o
|

Boiling point

Triple point

0.01 T

Pressure [10° Pa)

=
i %
|

I
5 10 15 20 25 30
Temperature [K]

Figure 4: Simple phase diagram for hydrogen
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Under standard conditions (i.e. 100 kPa (1 bar)Zf&115 K (0 °C)) hydrogen is in a
gaseous state. Furthermore hydrogen is in a gas¢atiesunder all normally occurring
conditions on earth. At atmospheric pressure hyahag liquid at 20.3 K (— 252.9 °C)
(boiling point), having the second lowest boilingimt of all the elements after
helium. The boiling point of hydrogen is increaséth the application of pressure, up
to its critical point of 33.2 K (— 240 °C) at 1.3A4. Hydrogen solidifies at 13.8 K (—

259.3 °C) (melting point).

Hydrogen has a very low density, both as a gasaaralliquid. In the gaseous state its
density is 7% of the density of air. As a liquigd density is 7% of the density of
water. For comparison, the density of typical fuslshown in the table below:

Fuel Gas/Vapour @ 293.15 K and 0.101 MPa Liquid @ BP and 0.101 MPa
Absolute Relative to Relative to Absolute Relative to Relative to
(kg/m3) hydrogen air @ NTP (kg/m3) hydrogen water @ NTP
Hydrogen 0.09 0.07 70.8 1.0 0.07
Methane 0.65 8.13 0.57 423 6.0 0.42
Propane 1.88 14 582 8.2 0.57
Gasoline 4.4 3.85 700 9.9 0.69

Table 2: Density of fuels in gaseous and liquid state

Comparison with other fuels

The heating values of some commonly used fuelswarenarized in the table below:

HHV LHV State
Fuel [MJ/kg] [MJ/kg] (@ 298.15 K, 0.101 MPa)
Hydrogen 141.86 119.93 gas
Methane 55.53 50.02 gas
Propane 50.36 45.6 liquid
Gasoline 47.5 44.5 liquid
Diesel fuel 44.8 42.5 liquid
Methanol 19.96 18.05 liquid
Coal 36.00 31.00 solid
Wood 16.00 13.00 solid
Biodiesel 37.00 35.00 liquid
Biogas 27.00 25.00 gas

Table 3: Heating values of fuels in gaseous and liquid state

Compared with other conventional fuels, hydroges k@e highest mass energy
density, at least 2,5 times higher than that oéothels (see the figure below).
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Figure 5: Mass energy density of fuels (based on LHV)

Therefore, on a weight basis, the amount of fugliired to deliver a given amount of
energy is significantly reduced when hydrogen ikzed. This is especially important
for aerospace applications. However, more impdstafdr road transportation
applications, hydrogen has the lowest volumetriergp density. The volumetric
energy densities of various fuels, including hydmgare summarized in the table

below:
LHV gaseous state
Fuel [MJ/m3] conditions State
10.7 @ 288.15 K, 0.101 MPa gas
Hydrogen 1852 @ 288.15 K, 20 MPa gas
4500 @ 288.15 K, 69 MPa gas
8491 liquid
32.56 @ 288.15 K, 0.101 MPa gas
Methane 6860 @ 288.15 K, 20 MPa gas
20920 liquid
Propane 86.67 @ 288.15 K, 0.101 MPa gas
23489 liquid
Gasoline 31150 liquid
Diesel fuel 31436 liquid
Methanol 15800 liquid
Coal 24800 solid
Wood 7800 solid
Biodiesel 30800 liquid
Biogas 18.00 @ 288.15 K, 0.101 MPa gas

Table 4: Volumetric energy density of fuels

Deliverable 2.2, Version 2.1, 4 June 2008

Pagef248?

AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

And in the figure below:
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Figure 6: Volumetric energy density of typical fuels (based on LHV)

To put these figures in perspective, a 50 | gasalank is equivalent on an energy
basis to a 460 | tank of compressed hydrogen aMBa, or a 340 | tank of
compressed hydrogen at 70 MPa, or a 185 | tanikjwil hydrogen.

In the future, hydrogen on-board storage could mase of chemical compounds
containing hydrogen to improve the energy densitylevavoiding high pressure or
low temperature storage requirements (referenckEES@TR 15916:2004(E) Annex
D).

5.1 Gaseous Hydrogen

Other key physical properties of gaseous hydrogen a
- Specific Volume: 11.9830 ftkg at 294.15 K (21 °C)
- Water solubility: 0.0016 g/l

5.2 Liquid Hydrogen

Liquid hydrogen is colourless and odourless. Itastg is one fourteenth that of
water. Liquid hydrogen is extremely cold -and exckp helium- has the lowest
boiling point of all gases.

Hydrogen consists of ortho-hydrogen and para-hyelogThese forms have
differences in physical but not in chemical projgst At the temperature of liquid
hydrogen ortho-hydrogen tends to convert into pesdrogen. This conversion
liberates heat, which encourages evaporation. Heswy@ommercial liquid hydrogen
mainly consists of para-hydrogen.

The main physical properties of liquid hydrogen suenmarized in the table below:
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Property Unit

Critical temperature K 33.2
Boiling point @ 0.101 MPa K 20.3
Density of cold gas @ NBP g/m3 1340
Relative density of cold gas .

GH2 @ BP, airy@ NTP ’ air=1 1.11
Density of LH2 @ NBP gl/litre 70
Relative density of LH2 _

LH2 @ NBP, water @ NTP water = 1 0.07
Volume ratio GH2/LH2 o

GH2 and LH2 @ NBP litre/litre 52
Volume ratio GH2/LH2 o

GH2 @ NTP, LH2 @ NBP litre/litre 845

Table 5: Physical properties of liguid hydrogen

The relative density of cold hydrogen gas is highan 1, so that gas generated from
liquid hydrogen spreads first in a more or lesszwmttal direction. With progressive
warming the gas becomes lighter than air. Liquidrbgen is a very light liquid with

a density much lower than that of the water. Whadaased to the atmosphere liquid
hydrogen evaporates very quickly. The level ofcuill hydrogen pool decreases by
25 to 50 mm/min due to evaporation. The evaporatiba litre of liquid hydrogen
yields roughly 50 litre of cold gas, when the gaamms up to ambient temperature
(NTP), its volume increases to about 830 litres.

5.3 Safety-relevant properties

The properties of hydrogen that are particularlgwant to safety are summarized in
the table below:

Property Unit Fuel

Hydrogen Methane Propane Gasoline
Lower Flammability Limit % volume 4.0 5.3 1.7 1.3
Lower Detonation Limit % volume 18.3 6.3 3.1 11
Upper Detonation Limit % volume 59 135 9.2 3.3
Upper Flammability Limit % volume 75 17 10.9 6.0
Autoignition temperature K 858 810 723 488
Minimum ignition energy mJ 0.017 0.274 0.240 0.240

Table 6: Safety-relevant properties of hydrogen and other common fuels at 298.15 K and
0.101 MPa

The data given in the above table are not wellrdefj absolute physical properties
but are measurement-dependent properties thatedeendned according to certain
standard procedures (reference to ISO/TR 15916(FH)D4Therefore, these data
serve for comparison purposes only. They shouldgsmoply be adopted for the design
of HRS or components, or for the definition of $gfieequirements.

In most cases hydrogen displays extreme charatutsrisither very low or very high,
as compared to other fuels. The figures below stiogvcomparison in the case of
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density, buoyancy in air, diffusion coefficientair, ignition energy at stoichiometric
ratio, flammability range, velocity of laminar bumg at stoichiometric ratio, heat of

combustion and detonation sensitivity. These figuaee given for normal conditions
of pressure and temperature.
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Figure 7: Density of hydrogen vs. other common fuels (source: FZK)
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Figure 8: Buoyancy in air of hydrogen vs. other common fuels (source: FZK)
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Figure 9: Diffusion coefficient of hydrogen vs. other common fuels (source: FZK)
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Figure 10: Ignition energy at stoichiometric ratio of hydrogen vs. other common fuels
(source: FZK)
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Figure 11.: Flammability range of hydrogen vs. other common fuels (source: FZK)
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Figure 12.: Laminar burning velocity at stoichiometric ratio of hydrogen vs. other common
fuels (source: FZK)

Deliverable 2.2, Version 2.1, 4 June 2008 Pagef28» AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

140

MJ/kg

o]
o

IS
[S)

Heat of combustion, MJ

o

I T I T I T I

hydrogen methane propane gasoline vap.

Figure 13.: Heat of combustion of hydrogen vs. other common fuels (source: FZK)
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Figure 14. Detonation sensitivity at stoichiometric ratio of hydrogen vs. other common fuels
(source: FZK)

Some of these extreme characteristics are dueettath that hydrogen has the lowest
atomic weight of any substance and the smallesecntdr size compared to other
gases. The effects of these extreme characterigticsafety may counteract each
other. For example, the small molecular size thateases the likelihood of a leak
also results in very high buoyancy and diffusiviBo indoors a leak could result in
the accumulation of hydrogen but hydrogen, leakatiaors, rises and becomes
diluted quickly without accumulating. The resultinggion of flammability is
localized and disperses quickly, reducing the ois& fire or an explosion.

The primary risk with hydrogen is through fire agxplosion. Hydrogen is extremely
flammable in air with very wide flammability limitsndicatively from 4% to 75% in
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volume in air. Actual flammability limits vary witlpressure, temperature, ignition
energy and water vapour content. For a flammabldure to exist, a concentration
three times higher is required for gasoline, yedrbgen dissipates about ten times
faster than gasoline vapour. Similar comparisomstare for methane and propane
versus hydrogen. Hydrogen has a low ignition enargy, as little as 0.017 mJ at 30%
volume concentration in air, in contrast to 0.25 fad other hydrocarbon fuels.
However, at their lower flammability limits (4% &% in air), methane and hydrogen
have very similar ignition energies of about 10(s&k the figure below).

Flammability Limits

., 5% je—»t CHyAIr 17%
f:f | ——— Hjair ————»  75%

0,27

lgnition Enargy (mJ)

0.0 } } } |
O 20 30 40 G S0
Fuel (% Yolume)

Figure 15: Ignition and flammability of hydrogen and methane

Specific thermo-physical properties of cryogenguid hydrogen that are relevant for
safety consideration include the density (see Talded Table 5), the coefficient of
thermal expansion, the equivalent volume of gasggad by evaporation and the
heat capacity.

The coefficient of thermal expansion of liquid hyden at NBP is 23 times greater
than that of water at ambient conditions. Cryogesiiocrage vessel should have
sufficient vacant space to accommodate the expamdithe liquid in case of addition
of heat. Insufficient vacant space can lead to \&r pressurization of the vessel or
entrainment of the liquid into transfer and venes.

A considerable increase in volume results frompghase change of liquid hydrogen
to gaseous hydrogen, and another gradual volummease occurs when gaseous
hydrogen warms up from the NBP to NTP. The voluaterfor the whole transition
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is 845 (see Table 5). If the gaseous hydrogen mptetely confined in a fixed
volume, this transition can result in a final pregsof 172 MPa starting with an initial
pressure of 0.101 MPa.

The specific heat at constant pressure of liquich Pgdrogen is 9.688 kJ/ikg i.e.,
more than double that of water.

The Safety Data Sheets for gaseous hydrogen angerated hydrogen are provided
in Appendix 1.
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6 Basics of hydrogen dispensing

By the end of 2006 about 160 Hydrogen Refuellin@gtiBhs were installed
worldwide. Currently about 60% have on-site productwith electrolysis or small-
scale reforming and 40% are supplied with truckethydrogen gas (or liquid). The
number of HRS with electrolysers and small-scalermeers is about the same but the
relative share of small-scale reformer based HRS Hmeen increasing.
(http://www.h2stations.ory/

Evolution of the Number of Refueling Stations
and H2 Origin

On-site reformers

| Electrolysers |

Trucked in hydrogen

1999 2000 2001

Figure 16. World-wide population of HRS and share of supply options

A typical process flow diagram of a HRS is a shawthe next figure:
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Figure 17: Typical layout of Hydrogen Refuelling Station with on-site production

6.1 On site production techniques

The purpose of producing hydrogen on site is tacedstorage required on-site and
the amount of hydrogen delivered by truck. Two teghes are currently available:
electrolysis and steam-reforming.

6.1.1 Hydrogen production by water electrolysis

Michael Faraday first formulated the principle dectrolysis in
1820. Electrolysis is the process of generatingdyein and oxygen
from water.

The first large installation of an electrolyser fordrogen production
was by Norsk Hydro in 1927 in Norway. It was a big, filterpress
water electrolyser for use in the Company's own anienplants.

In 2001, the world production and use of hydrogexsvaround 500 billion Nf¥a.
Most of the hydrogen is used for the ammonia sygishémain product NH3), the
methanol synthesis (CH30OH) and the petrochemicdtdtypn of fuels etc. Around
1% of this yearly amount was produced by watertegis.

Large electrolysis plants can reach capacitiesouft00.000 Nrith but one single
electrolysis unit produces around 500 Nm3/h. Lesgae
electrolysis is mainly carried out where the elettir price is low.
Two types of electrolysers are common, the atmasphel
electrolysers and the electrolysers based on presedu
electrolysis. Today, atmospheric electrolysers va#pacities of
50-485 Nni/h and pressurized electrolysers with a capacitgea
of 1-65 Nni/h are standard products.
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In the water electrolysis process the hydrogen ridyced by electrochemically
splitting water molecules into their constituenigltogen H2 and oxygen O2. The
main inputs to the process are therefore feed veaigelectricity.

The basic process of water electrolysis takes placéhe electrolysis cells (see
picture). In most of the cases, the cells are @arcin shape and pressed together
between two end frames. Such assembled cells bed eacell package.

In the water electrolysis cell, the two electrodes plunged into the electrolyte. This
electrolyte is water mixed with a substance toroe the electrical conductivity. An
aqueous alkali solution, usually 30% potassium oydie (KOH), is used in
conventional electrolysis. The anode and cathogmme are separated by a gas-tight
diaphragm that allows ions to pass but preventsxagiof the gases. The diaphragm
also contributes to equalizing the current.

DC voltage passes through the two electrodes,enpat is applied and the following
reactions take place in the electrolysis cell:

Anode: 2 OH-— % 02+ H20 + 2 e-
Cathode: 2H20 + 2 e— H2 + 2 OH-
Cell reaction H20 — H2 + 1 02

The decomposition of the water results in gaseaistthe negative cathode and O2
at the positive anode. The hydrogen productiontake place at ambient or increased
pressures.

An electrolyser can directly deliver pressurized #2to 2.5 MPa (25 bar), which

leads to a more economic operation as the firgtestd the compressor may not be
necessary at all or at least parts of the commmessork which would be consumed

by a separate compressor might be saved.

Electrolysers for hydrogen refuelling stations esenmonly medium pressure or high
pressure electrolysers. The typical capacitiesfram@ 50 Nni/h up to 100 Nnh.
Atmospheric electrolysers can supply up to 500°Krbut are not well suited to on-
site production on HRS due to large footprint.

New developments will improve electrolyser techiggicand capacities up to 500
Nm®h and with discharge pressures up to 3 MPa (36) bl be on the market from

2007.

Typical characteristics are:

Capacity: 130 Nrith

Footprint: 2 x 1.5 x 2 meters
Electricity consumption: 4.8 kWh per Nrof hydrogen
Operating range: 5-100%

Operating pressure 3 MPa
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6.1.2 Hydrogen production by steam-reforming of naturabg

Several vendors are offering compact small — soalermer units comparable to
medium pressure electrolysers.

Typical characteristics are:

Capacity: 100 Nrith
Footprint: 3.8 X 2,6 meters
Efficiency (HHV) 70%

Operating range: 40 — 100%
Operating pressure: 0.8 MPa

Figure 18: Compact reformer and compressor, 100 NnT’/h (source: Osaka Gas)

6.2 Hydrogen storage system

There are several options of storing hydrogen.€tith cryogenic liquid state (LH2)
at deep temperatures (-253 °C) or as pressurized@a@H2 = compressed gaseous
hydrogen) at high pressure.

6.2.1 Compressed gaseous hydrogen storage

Because H2 is produced at low pressures (around®a) Mt needs to be compressed
with a compressor to pressure levels up to 85 MParder to be stored at that
elevated pressure before being dispensed intoghile tank. The storage tanks are
located either above or below ground. Solutionshwianopy-mounted storage
cylinders are under discussion and could becomeeferped solution, as the space
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requirement is rather small. In Argentina this korfdnstallation is very common for
Natural Gas storage and they sometimes include ineawhole compressor units.

An example of CGH2 storage cylinders is presenteddfter.

';un._:n;'-

4 f““. 1 ’ h

Figure 19: CGHZ Storage cylinders (35 MPa) in Hamburg (CUTE Project, source:
http.//www.h2stations.org/)

6.2.2 Liquid hydrogen storage system

A cryogenic storage tank consists typically of aner and outer vessel, separated by
a vacuum to minimise heat ingress by conductiosidinthe vessel the product will
exist in both liquid and gaseous phases.

Cylindrical vessels can be built either verticaltyhorizontally. Design should ensure
minimum heat leak into the vessel and minimise bffilHeat transfer could occur as
radiation, convection or conduction depending anitistallation chosen.

6.3 Comparison to other gaseous fuels

Hydrogen has different properties compared to mhtgas (CNG) and Liquid
Petroleum Gas (LPG).

LPG is used as a vehicle fuel in many countriesiarmdfered at service stations. LPG
is stored at 0.8 MPa (8 bar) in liquid phase. Tag ig heavier than air and this can be
a safety challenge as the gas can sink to the drdewel and underground, in
enclosed areas, if a leakage occurs. Another cigdlewith LPG is varied
specifications available in terms of gas compositibPG is a product name for a
relatively wide gas specification with propane dmdane mixtures. In the Nordic
countries LPG typically means more than 90% propahée in southern Europe
LPG can be 60/40 propane/butane. This provides aletiye in maintaining the
performance and fuel consumption of an engine.

CNG is closer to hydrogen in its characteristicgl dhe dispensing equipment
required is also similar. Natural gas is lightarthair and dispensed at a high pressure
— above 20 MPa (200 bar). For natural gas systergsjpment ventilation is

Deliverable 2.2, Version 2.1, 4 June 2008 Pagef3B» AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

important, in order to avoid gas build up in enelbsreas. This is also the case for
hydrogen.

Hydrogen has other safety challenges when compaitbdnatural gas (CkJ, which
are:

- Ignition energy is 1/10 of methane (¢Hsee Figure 10)
- The flammability range is wide (see Figure 15)

- Flame speed of hydrogen-air mixture is higher (Begure 12) and more
sensitive to congestion and turbulence, potentialiygulting in higher
explosion over-pressure

General safety advantages are (as with)CH

- Hydrogen is much lighter than air and will dispeggackly and dilute out of
the flammability range

- Hydrogen is a non- toxic gas (but is an asphyxiant)

6.4 Hydrogen dispensing techniques
6.4.1 Gaseous dispensing

Dispensing of gaseous hydrogen is by a nozzleithfiked to the vehicles before
pressurisation. The filling process is done autacally when the vehicle and nozzle
are coupled together. The hydrogen refuelling isedby fast filling, with a filling
time ranging from 12 minutes for large vehicles dote 2-3 minutes for smaller
vehicles.

The manual operations are the connection and Hwewuinection of the nozzle with the
vehicle. During the actual filling period no manogeration is required.
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Figure 20: Filling of gaseous hydrogen

Three technical options are available for trangigrthe hydrogen into the vehicle
tank:

- Pressure difference from a gaseous pressure vesseght to site (tube trailer
or cylinder pack)

- Pressure difference from a high pressure gaseoifier areviously filled by
compressing hydrogen from a source at lower preggug. tube trailer or on-
site production)

- Direct compression from a low pressure source withose of gaseous
hydrogen buffers

The above hydrogen buffers typically store hydroged0-50 MPa (400-500 bar) for
35 MPa (350 bar) refuelling and 85-100 MPa (850a1L6ar) for 70 MPa (700 bar)

refuelling. Buffer systems are made up of pressagsels at different pressures in
order to optimise efficiency (cascade filling: degging starts with low pressure
source and finishes with the highest pressure spurc

Hydrogen trailers and cylinder packs used to suppbh dispensing systems typically
store hydrogen at 20 MPa (200 bar).

All of the above mentioned pressure storage megiacansidered safe when used
correctly and most are commercially available.
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6.4.2 Liquid dispensing

Dispensing of liquid hydrogen is performed by atoawtive coupling that is fixed to
the vehicles before refuelling (see Figure 21).

The filling process is done automatically and inhg different safety procedures.
The normal filling time for a 8 kg storage sizeatout 5 minutes.

Manual operations are the connecting and the dmsximg of the nozzle to the
vehicle. During the actual filling period no manogleration is required.

Figure 21: Filling coupling for liquid hydrogen (source: LINDE)

The stationary liquid storage tank can be arraraged vertical or horizontal column
tank above or beneath ground. Typical tank storemaditions are 0.2 MPa and
approximately 25 K. The liquid hydrogen is supplaicectly from the liquid storage

to the dispenser by the use of a transfer pumgs ptamp will raise the pressure from
the tank to a refuelling pressure of approximately MPa. Typical maximum flow

capacity of the pump is around 0.05 kg/s.
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7 Regulations, standards and codes of practice affécy the design,
installation, operation and maintenance of a hydrogn refuelling
station

7.1 Introduction

Existing HRS’s have been built to a number of dédfé codes and standards,
primarily based on a mix of national and specibcdl requirements. Some of the
codes and standards applied have been derived dsqrariences within the CNG

industry. Hydrogen specific international codes atdndards (e.g. as developed
within ISO/TC97) are still, currently, under deveinent.

The purpose of regulations, standards and codesoagasure the safe and reliable
design and operation of a product or facility. Thealities of the regulations,
standards and codes documents can differ consigierab

Authorities, e.g. local, national, or internatiorgdvernments, provide compelling
regulations to protect the public, workers, andimment from dangers and hazards.
A European Community Directive is an example oegufation. This is a collective
legislative act requiring member states to achearticular result without dictating
the means of achieving that result. In additionthe EC directives the European
countries typically have their own national or Iboagulations for producing parts,
e.g. pressurised equipment and equipment interatedlse in explosive atmospheres,
applicable to a HRS. National or local regulatiémsthe use of such equipment may
also apply.

Codes (also referred to as codes of practice) tarttiards serve as guidelines and
characteristics developed by interested partiesupport the free exchange of goods
and services, and to promote safety and commonrstageling. These interested
parties are typically companies and associationsiléAstandards are developed by
standardisation organisations, through thorougheldgwnent processes, involving
workgroups put together by a wide range of intexksparties, codes may be
developed by a few or only a single company or @ason. Due to their more
extensive development process, standards gendrallg a wider acceptance than
codes.

The notion “Code” is unfortunately used differentty USA, where it refers to a
standard or collection of rules made binding bgaal or national government. In this
handbook the European definition is used.

Standards and codes, unlike regulations, are gal Bocuments, yet standards may
be included or referred to in regulations and, dgfothe regulation, may be made
legally binding. In this case the standard is $aibe harmonised with the regulation
and becomes a harmonised standard. CEN and CENBbEE&uropean counterparts
to the international standardisation organisatid8© and IEC, have adopted
international standards and harmonised these widmge of the European directives.
The reason for the parallel structure is that theopean standards can have a legal
force in Europe as opposed to the internationaldstals. References of Harmonised
European Standards for European directives can dumdf on the European
Commissions web pages:

http://ec.europa.eu/enterprise/newapproach/stangartibn/harmstds/index_en.html
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In addition to the European and international stagidation bodies there are national
bodies such as the US National Fire Protection éiaton, NFPA, which are relevant
for the construction and operation of a HRS. Depenan the national and local
regulations the European and International starsdaraly be sufficient for approving
a HRS. Otherwise standards from national or lotahdardisation organisations or
appropriate codes have to be applied. In this enapte EC regulations and the
European (CEN, CENELEC) and International (ISO, )IBndards will be discussed
together with the most commonly used codes (EIGAPN, etc...) and national
standards. The intention of this chapter is to gare overview of the relevant
regulations, standards and codes affecting thegudesnstallation, operation and
maintenance of a HRS. However the regulationsdstals and codes discussed are,
in general, not developed exclusively for this msg and therefore some parts or
articles may not be applicable.

An overview of the international work, relating tioee standardisation of hydrogen
related equipment and technologies, is shown inrgig2.
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' |
| |
TC &9 TC 105
Elsctrical Syskm Fuel Call Tachnology
¥
GTR
wea | wes
Whale vehicle safety Eﬂ!ﬁh‘ﬂ Cannmchoms
* Hydrogen r=lated s
= Elechical reloted
ECE ks WET
Regulations S s Safety
o Chexpedaio H, ¥ Nshide hmclond safety
wyiteres & Sabety Cither aspects ¥ Protedicn ogaist Hy hazands
comEananh lrcluding ¥ Protedion of persons agalng WGE w
* Lali My E aleciic shack =4 —— i
phoiv S by 14 - Electrabyzer Tt
il Energy Errvironmend
X Corsumption “!2
smerdmen | 3 ;rbb;ml
it
a3 Erniszionz sjPﬂ'CiF"W“"“'
amendment
= WEG10
E &8 and F 8& Perfo 1 Tranzpertoble gas
amendmesty e e e St B ko B, ko Storoge devices

Figure 22 Overview of the international work on standardisation of hydrogen equipment and
technologies. (Source: "Introducing Hydrogen as an energy carrier” by the European
Commission)
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7.2 Generally applicable regulation, standards and codeof practice

A HRS is roughly divided in three sections incluglirl) supply of hydrogen, 2)
storage facilities, and 3) dispensing facilitiesegRlations, codes and standards
applicable to all sections are discussed in thagtdr. The section-specific documents
are discussed in the following subchapter.

The most specific European legislations with regamla HRS are those commonly
known as the Pressure Equipment Directive, PEDpsprartable Pressure Equipment
Directive, TPED, the ATEX Product Directive (alsndwn as ATEX 95 and ATEX
100), and the ATEX User Directive (also known asEXT137). When considering a
HRS, it is important to differentiate between thgulations for entire systems and the
regulations for system parts. An example is the XTdirectives where the product
directive regulates the design and manufacturimggss of equipment developed for
use in explosive atmospheres in order to ensurpeprquality standards, while the
user directive is focusing on the risk to the Heald life of the workers at a facility
where explosive atmospheres may occur. The lisapglicable EC directives is
presented in § 7.4.1.

ISO has issued a technical report, ISO/TR 1591&t2@Mich is a guideline for the
use of hydrogen in its gaseous and liquid forms fdport identifies the basic safety
concerns and risks, and describes the propertidsydfogen that are relevant to
safety. Currently ISO is also developing a techinggeecification ISO/TS 20012 on
gaseous hydrogen service stations.

Several standards are developed for explosion ptieweand protection. Part 1 of EN
1127 covers the basic concepts and methodology. dBtermination of explosion
limits and auto ignition temperatures of gases auburs are covered by EN 1839
and EN 14522, and the determination of explosi@ssure, and the rate of explosion
pressure rise are covered by EN 13673 part 1 anti€ general principles for a leak
detection system is covered by EN 13160 part lIfoReance requirements and test
methods, for a stationary hydrogen detection appsrdesigned to measure and
monitor hydrogen concentrations, are covered by26012.

Equipment for use in potentially explosive atmospbkeis covered by both the
European and the international standardisationnisgions. CEN covers the non-
electrical equipment with part 1 of the standard E3463, and has developed terms
and definitions for equipment and protective systentended for use in explosive
atmospheres, EN 13237. Electrical apparatus tddmeg in an explosive atmosphere
iIs covered by the international standard IEC 60878 the equivalent CENELEC
standard EN 60079. The 60079 standards are divideskveral parts. The most
relevant parts cover general requirements — paa@sification of hazardous areas —
part 10, electrical installations in hazardous sréather than mines) — part 14,
inspection and maintenance of electrical instategiin hazardous areas (other than
mines) — part 17, and repair and overhaul for agparused in potentially explosive
atmospheres (other than mines or explosives) —18arA wide range of equipment
specific ATEX harmonised standards and a list b6&indards related to the ATEX
product directive, sorted on equipment can be fabnalugh the following links:

http://ec.europa.eu/enterprise/newapproach/standatibn/harmstds/reflist/atex.html
http://www.newapproach.org/Directives/ProductFaesliasp?94/9/EC
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The CEN standard EN 1SO 4126 (based on ISO 412&)stendard harmonised with
the PED, and covers a variety of safety devicespimtection against excessive
pressure. A wide range of equipment specific PEDnbaised standards and a list of
all standards related to the pressure directivededmn equipment or materials type
can be found through the following links:
http://ec.europa.eu/enterprise/newapproach/standatibn/harmstds/index_en.html
http://www.newapproach.org/Directives/ProductFaesliasp?97/23/EC

The classification of areas where explosive atmesggimay occur are also covered
in the EIGA code IGC 134/05, which was developedamlitate and harmonize the
interpretation and implementation of the requirssessments according to the ATEX
user directive.

7.3 Section specific regulations, standards and code§ractices
7.3.1 Hydrogen supply modes
7.3.1.1 On site production

When dealing with gaseous or liquefied hydrogen eunngressure the PED is
applicable. The ATEX directives are applicable doethe potentially explosive
atmosphere.

The final draft ISO 16110-1 and committee draft ASD 16110-2 cover safety
requirements and test methods for performance,ectisply, with regards to
hydrogen generation using fuel-processing techmedogThese drafts apply to
hydrogen generation systems with a capacity lems 400 m3/h at 0 °C and 101,325
kPa, which convert fossil or biomass fuel to a logdn rich stream of a composition
and conditions suitable for use in, for examplaydrogen compression, storage and
delivery system.

The committee draft international standard ISO/FREF34-1 and committee draft

ISO/CD 22734-2 is evaluating industrial and comnatrapplications, and residential

applications of hydrogen generators using a wagéetrelysis process. The documents
define the construction, safety and performanceirements of integrated, packaged
hydrogen gas generation appliances using electnaché reactions to electrolyse

water to produce hydrogen and oxygen gas.

7.3.1.2 Pipeline interface

According to article 1 part 3.1 pipelines comprigipiping or a system of piping
designed for conveyance of any fluid or substamcertfrom an installation are
excluded from the scope of the PED.

CGA G-5.4 is an American standard for hydrogenmgpat consumer locations. The
publication is a guide to the selection of materiahd components for a safe and
effective hydrogen supply system at a consumer Hiteovers the system criteria,

cleaning, installation, testing, operation, maiatere and repair.

The code ASME B31.3 on process piping applies tdl@ts including cryogenic.

The code prescribes requirements for materialscangponents, design, fabrication,
assembly, erection, examination, inspection, argdinig of piping. A new code,
ASME B31.12, specifically on hydrogen piping angelines is currently under
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development. This code will cover both liquid arabgous hydrogen and is intended
to include a part on pipeline and distribution eyss.

7.3.1.3 Gaseous delivery

The TPED applies to the equipment used to trangases, compressed or liquefied.
In the case of transport by rail the RID is apdiea The ADR is applicable when
transported by road when the tanks or tank containave a total capacity exceeding
3000 litres.

The standards 1ISO 11114-1 deal with metallic malemelating to transportable gas
cylinders and the compatibility of cylinder andw@lmaterials with gas content. It is a
guide to the selection and evaluation of compatybbetween metallic gas cylinder
and valve materials, and the gas content. Searalessvelded gas cylinders used to
contain compressed, liquefied and dissolved gases;onsidered.

7.3.1.4 Liquid delivery
The TPED is applicable to transport of liquefied gader pressure.

7.3.2 Hydrogen storage

When dealing with gaseous or liquefied hydrogen enngressure the PED is
applicable. The ATEX directives are applicable doethe potentially explosive
atmosphere.

Several European standards covering cryogenic kgesiseharmonized with PED. EN
1252 on materials, EN 1626 on valves for cryogseiwice, EN 1797 on gas/material
compatibility, and EN 13648 on safety devices faotgction against excessive
pressure.

The EIGA code of practise IGC 06/02 on safety orage, handling and distribution
of liquid hydrogen describes certain rules and gu&ons related to liquid hydrogen.
The code includes (1) features for layout and desig. safety distances and suitable
mechanical and electrical equipment, (2) noticaesstructions and customer
information in order to facilitate control of an ergency, (3) testing, operations and
maintenance of equipment, (4) training and probectif personnel.

Gaseous hydrogen, compression, purification, dhddfiinto containers and storage
installations at a consumer site are covered byEIEA code of practise IGC 15/06.

The code shall serve as guidance to designers pedators of gaseous hydrogen
stations and reflect the best practices currentbilable. It includes issues such as
safety of personnel, operations instructions, taia, and emergency situations.

The US standard NFPA 55 applies to the design aodtibn of both gaseous and
liquefied hydrogen systems at consumer sites. Tia@dard covers operation,
maintenance, and fire protection at a hydrogen etlfig station. NFPA 55
superseded and amended the NFPA 50A and NFPA Z0@lasds, which applied to
gaseous and liquefied systems respectively.

Deliverable 2.2, Version 2.1, 4 June 2008 PagefdB? AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

7.3.3 Dispensing facility

When dealing with gaseous or liquefied hydrogen eungressure the PED is
applicable. The ATEX directives are applicable doethe potentially explosive
atmosphere.

The I1ISO 17268:2006 standard deals with designfysafed operation verification of
refuelling connection devices for a Compressed bigein Surface Vehicle, CHSV. It
applies to nozzles and receptacles which (1) ptetrgdrogen fuelled vehicles from
being refuelled by dispenser stations with workgngssures higher than the vehicle;
(2) allow hydrogen vehicles to be refuelled by disger stations with working
pressures equal to or lower than the vehicle fystlesn working pressure; (3) prevent
hydrogen fuelled vehicles from being refuelled liges compressed gas dispensing
stations; and (4) prevent other gaseous fuelledcleshfrom being refuelled by
hydrogen dispensing stations.

The standard ISO 13984:1999 applies to the designrestallation of liquid hydrogen
fuelling and dispensing systems. It specifies tharacteristics of liquid hydrogen
refuelling and dispensing systems on land vehiofeal types in order to reduce the
risk of fire and explosion during the refuellingopedure. It aims to provide a
reasonable level of protection from loss of lifelgmoperty.

7.4 Reference list for regulations, standards and codesf practice applicable to
a European HRS

7.4.1 European Directives
67/548/EEC

- Title: Council Directive 67/548/EEC of 27 June 1967 om dpproximation of
laws, regulations and administrative provisionstieh to the classification,
packaging and labelling of dangerous substances

- Relevance toDangerous substances

- Status:Published. Amended seven times and latest by then€loDirective
92/32/EEC of 30 April 1992.

- Application: The directive deals with the notification of sulb&tas, exchange
of information on notified substances, and the sssent of the potential risk
to the public and the environment of notified sabses, as well as the
classification, packaging and labellingis not applicable for the carriage of
substances.

73/23/EEC - Low Voltage Directive, LVD

- Title: Council Directive 73/23/EEC of 19 February 1973tlb@ harmonisation
of the laws of Member States relating to electrezgiipment designed for use
within certain voltage limits.

- Relevance toGeneral safety, Equipment certification and confbym
- Status:Published

- Application: Applies to electrical equipment designed for uséhvai voltage
rating of between 50 and 1 000 V for alternatingent and between 75 and 1
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500 V for direct currentt is not applicable to electrical equipment usedrn

an explosive atmosphere.The directive’s scope includes the protection
against hazards from electrical equipment and comearking of electrical
equipment and packaging thereof.

80/779/EEC

Title: Council Directive 80/779/EEC of 15 July 1980 om quality limit
values and guide values for sulphur dioxide angended particulates

Relevance toEnvironmental protection, Sulphur dioxide
Status:Published

Application: Fix limit and guide values for sulphur dioxide asdspended
particulates in the atmosphere and the conditionshieir application in order
to improve the protection of human health and therenment.

89/336/EEC — Electromagnetic Compatibility DireethNEMC

Title: Council Directive 89/336/EEC of 3 May 1989 on thppeoximation of
the laws of the Member States relating to electgmatic compatibility

Relevance toGeneral safety, Equipment certification and conigym
Status:Published

Application: Applies to apparatus liable to cause electromagristurbance

or where the performance of this apparatus is didbl be affected by such
disturbances. Apparatus includes all electrical aectronic appliances
together with equipment and installations contajnielectrical and/or

electronic components. The directive’s scope inetuthe protection against
electromagnetic disturbance from electrical app&rand certification of such
equipment.

89/391/EEC

Title: Council Directive 89/391/EEC of 12 June 1989 oa ithtroduction of
measures to encourage improvements in the safetyhaalth of workers in
the workplace

Relevance toSafety of workers at work, General
Status:Published

Application: To introduce measures to encourage improvementseirsafety
and health of workers in the workplace. It contageseral principles relating
to the prevention of occupational risks, the pridvecof safety and health, the
elimination of risk and accident factors, the imhomg, consultation, balanced
participation in accordance with national laws angbractices and training of
workers and their representatives, as well as génguidelines for the
implementation of said principles. It shall appbyall sectors of activity, both
public and private. A worker is any person employ®d an employer,
including trainees and apprentices but excludingekiic servants.
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89/654/EEC

Title: Council Directive 89/654/EEC of 30 November 198haerning the
minimum safety and health requirements for the wiarge (first individual
directive within the meaning of Article 16 (1) ofrBctive 89/391/EEC)

Relevance toSafety of workers in the workplace, HSE
Status:Published

Application: Protection of workers from risks to their safetydahealth at the
workplace. It shall apply to all sectors of acyyiboth public and private. A
worker is any person employed by an employer, wholg trainees and
apprentices but excluding domestic servants.

89/655/EEC

Title: Council Directive 89/655/EEC of 30 November 198haeerning the
minimum safety and health requirements for the afse/ork equipment by
workers in the workplace (second individual Direetwithin the meaning of
Article 16 (1) of Directive 89/391/EEC)

Relevance toSafety of workers in the workplace, Work equipment
Status:Published

Application: Protection of workers from risks to their safetyldrealth due to
the use of work equipment in the workplace. It shably to all sectors of
activity, both public and private. A worker is apgrson employed by an
employer, including trainees and apprentices baluebng domestic servants.

91/271/EEC

Title: Council Directive 91/271/EEC of 21 May 1991 comgeg urban waste-
water treatment

Relevance toEnvironmental protection, Waste water
Status:Published

Application: Concerns the collection, treatment and dischargerlzdn waste
water and the treatment and discharge of waster irai@ certain industrial
sectors.

93/68/EEC — CE Marking Directive
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- Application: Added two Annexes to the LVD regarding CE confoymit
marking and international production conti@mendments to Annex | of the
EMC regarding CE conformity marking.

94/9/EC — ATEX Product Directive (also known as AT85 and ATEX 100)

- Title: Directive 94/9/EC of the European Parliament anthefCouncil of 23
March 1994 on the approximation of the laws of MemBtates concerning
equipment and protective systems intended for nspotientially explosive
atmospheres.

- Relevance toEquipment certification, Explosive atmosphere
- Status:Published

- Application: Applies to equipment and protective systems intdrfde use in
potentially explosive atmospheres. Such equipmedtsystems also include
safety devices, controlling devices and regulatileyices intended for use
outside potentially explosive atmospheres but megufor or contributing to
the safe functioning of equipment and protectivsteays with respect to the
risks of explosion.

94/55/EC — ADR

- Title: Council Directive 94/55/EC of 21 November 1994tba approximation
of the laws of the Member States with regard totthesport of dangerous
goods by road

- Relevance toHydrogen supply, Transportation
- Status:Published

- Application: Not directly applicable to a HRS but to a possiviey of fuel
supply.

96/49/EC — RID

- Title: Council Directive 96/49/EC of 23 July 1996 on #pproximation of the
laws of the Member States with regard to the trarispf dangerous goods by
rail

- Relevance toHydrogen supply, Transportation
- Status:Published

- Application: Not directly applicable to a HRS but to a possiviy of fuel
supply.

97/23/EC — Pressure Equipment Directive, PED

- Title: Directive 97/23/EC of the European Parliament anith@ Council of 29
May 1997 on the approximation of the laws of thenNber States concerning
pressure equipment.

- Relevance toPressure equipment, Fixed
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- Status:Published

- Application: Applies to the design, manufacture and conformsigeasment of
pressure equipment and assemblies with a maximliowatlle pressure PS
greater than 0.05 MPa (0.5 bar). Pressure equipmeloides vessels, piping,
safety accessories and pressure accessories. \\pgiecable, pressure
equipment also includes elements attached to pissdiparts such as flanges,
nozzles, couplings, support, lifting lugs, etc.

98/24/EC

- Title: Council Directive 98/24/EC of 7 April 1998 on theofection of the
health and safety of workers from the risks reldatedhemical agents at work
(fourteenth individual Directive within the meaningf Article 16(1) of
Directive 89/391/EEC)

- Relevance toSafety of workers at work, Chemical agents
- Status:Published

- Application: Protection of workers from risks to their safetgldrealth arising,
or likely to arise, from the effects of chemicaleats that are present at the
workplace or as a result of any work activity inhia chemical agents. It
shall apply to all sectors of activity, both pubdind private. A worker is any
person employed by an employer, including trainagd apprentices but
excluding domestic servants.

98/37/EC — Machinery Directive, MD

- Title: Directive 98/37/EC of the European Parliament anith@ Council of 22
June 1998 on the approximation of the laws of themYder States relating to
machinery.

- Relevance toGeneral safety, Equipment certification and confoym
- Status:Published

- Application: Applies to machinery and lays down the essentialtheand
safety requirements therefore. It shall also applgafety components placed
on the market separately. Machinery is an asseroblyinked parts or
components, at least one of which moves, joinecettay for a specific
application. Safety component should fulfil a sgfieinction when in use and
the failure or malfunctioning of which endanger® thafety or health of
exposed persons.

1999/36/EC — Transportable Pressure Equipment Diss¢TPED

- Title: Council Directive 1999/36/EC of 29 April 1999 onarisportable
pressure equipment

- Relevance toPressure equipment, Transportable
- Status:Published
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- Application: Enhance safety with regards to transportable pressquipment
approved for inland transport of dangerous goodsolag and by rail and to
ensure the free movement of such equipment witterB8U, including placing
on the market and repeated putting into servicerapdated use aspects. The
term “transportable pressure equipment” shall idelueceptacles and tanks
used for the transport of Class 2 substances iordance with the Annexes to
the RID and ADR treaties. Class 2 substances ieclgases, compressed,
liquefied or dissolved under pressure. The ADR RIid treaties are covering
the transport of dangerous goods by road andesgactivelyHowever ADR
shall not apply to substances of Class 2 in tanksok containers of a total
capacity exceeding 3000 litres or deeply refrigecaliquefied gases.

1999/92/EC — ATEX User Directive (also known as ATE37)

- Title: Directive 1999/92/EC of the European Parliament @inthe Council of
16 December 1999 on minimum requirements for imimg\vhe safety and
health protection of workers potentially at rislorfr explosive atmospheres.
(15th individual Directive within the meaning of thale 16(1) of Directive
89/391/EEC)

- Relevance toSafety of workers at work, Explosive atmosphere
- Status:Published

- Application: The ATEX user directive is an individual amendmeitthe
council directive 89/391/EEC on the introduction roéasures to encourage
improvements in the safety and health of workersvatk. It is focusing
specifically on workers potentially at risk from @asive atmospheres. The
directive shall apply to all sectors of activitygth public and private, and the
term “worker” shall include any person employeddry employer, including
trainees and apprentices but excluding domesti@gts.

7.4.2 1S0O standards, drafts, reports and specifications
ISO 11114-1

- Title: Transportable gas cylinders - Compatibility of iegler and valve
materials with gas contents — Part 1: Metallic make

- Relevance toHydrogen supply, gaseous transport
- Status:Published standard

- Application: Guidance in the selection and evaluation of comjpiay
between metallic gas cylinder and valve materiaisgd the gas content.
Seamless and welded gas cylinders used to cortampressed, liquefied and
dissolved gases, are considered.

ISO 11114-4

- Title: Transportable gas cylinders - Compatibility of iegler and valve
materials with gas contents — Part 4: Test metHodsselecting metallic
materials resistant to hydrogen embrittlement
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Relevance toHydrogen supply, gaseous transport
Status:Published standard

Application: Applies to seamless steel gas cylinders and sped¢édst methods
and the evaluation of results from these testgderoto qualify steels suitable
for use in the manufacture of gas cylinders (ug @00 ) for hydrogen and
other embrittling gases.

ISO 13984:1999

Title: Liquid hydrogen — Land vehicle fuelling systemeirfiaice
Relevance toDispensing facilities, Liquid hydrogen
Status:Published standard

Application: Applies to the design and installation of liquigdhogen fuelling
and dispensing systems, and specifies the chasidgrof liquid hydrogen
refuelling and dispensing systems on land vehiolieall types in order to
reduce the risk of fire and explosion during theueding procedure and in
order to provide a reasonable level of protectromfloss of life and property.

Corresponding standardSAE J2783 (under development)

ISO 13985:2006

Title: Liquid hydrogen — Land vehicle fuel tanks
Relevance toOn-board hydrogen storage, Liquid hydrogen
Status:Published standard

Application: specifies the construction requirements for rdfltafuel tanks

for liquid hydrogen used in land vehicles as well the testing methods
required to ensure that a reasonable level of giote from loss of life and

property resulting from fire and explosion is paed.

ISO/DIS 15869

Title: Gaseous hydrogen and hydrogen blends — Land edfiel tanks
Relevance toOn-board hydrogen storage, Gaseous hydrogen
Status:Under development

Application: This International Standard specifies the requirgméor light-
weight refillable fuel tanks intended for the onkmbatorage of high pressure
compressed gaseous hydrogen or hydrogen blendsrah Vehicles. This
International Standard is not intended as a spadti@in for fuel tanks used for
solid or liquid hydride hydrogen storage applicatio
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ISO/TR 15916:2004

Title: Basic considerations for the safety of hydrogestesys
Relevance toGeneral safety
Status:Published standard

Application: Providing guidelines for the use of hydrogen s1gaseous and
liquid forms. It identifies the basic safety conteand risks, and describes the
properties of hydrogen that are relevant to safety.

ISO 16110-1

Title: Hydrogen generators using fuel processing teclynedo- Part 1: Safety
Relevance toHydrogen supply, fossil fuels
Status:Under development

Application: Applies to hydrogen generation systems with a cigp&ss than
400 m3/h at 0 °C and 101,325 kPa, which convesrilf@s biomass fuel to a
hydrogen rich stream of composition and conditism$able for, for example,
a hydrogen compression, storage and delivery system

ISO/CD 16110-2

Title: Hydrogen generators using fuel processing teclymedo— Part 2:
Procedures to determine efficiency

Relevance toHydrogen supply, fossil fuels
Status:Under development

Application: covers operational and environmental aspectseopérformance
of hydrogen generators described in ISO 16110-1.

ISO 17268:2006

Title: Compressed hydrogen surface vehicle refuelling ection devices.
Relevance toDispensing facilities, Compressed gas
Status:Published standard

Application: Applies to design, safety and operation verificatiof
Compressed Hydrogen Surface Vehicle, CHSV, refugeltionnection devices.
Applies to nozzles and receptacles which (1) preveydrogen fuelled
vehicles from being refuelled by dispenser stationth working pressures
higher than the vehicle; (2) allow hydrogen velsci® be refuelled by
dispenser stations with working pressures equalr tower than the vehicle
fuel system working pressure; (3) prevent hydrofieglled vehicles from
being refuelled by other compressed gases dispgestations; and (4) prevent
other gaseous fuelled vehicles from being refuebigchydrogen dispensing
stations.

Corresponding standardSEA J2600 (published standard)
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ISO/TS 20012
- Title: Gaseous Hydrogen — Service Stations
- Relevance toGeneral safety
- Status:Under development

- Application: Applies to non-residential, pure hydrogen refugllgtations, and
will address separation distances.

ISO/DIS 22734-1

- Title: Hydrogen generators using water electrolysis m®eePart 1: Industrial
and commercial applications

- Relevance toHydrogen supply, electrolysis
- Status:Under development (Draft International Standard)

- Application: This standard defines the construction, safety @erdormance
requirements of integrated, packaged hydrogen gamsergtion appliances
using electrochemical reactions to electrolyse wategroduce hydrogen and
oxygen gas.

ISO/CD 22734-2

- Title: Hydrogen generators using water electrolysis mece Part 2:
Residential applications

- Relevance toHydrogen supply, electrolysis
- Status:Under development
- Application:As part 1, for residential applications

ISO 26142
- Title: Hydrogen detector
- Relevance toGeneral safety
- Status:Under development

- Application: Defines the performance requirements and test rdsthof
stationary hydrogen detection apparatus that isgded to measure and
monitor hydrogen concentrations.

7.4.3 CEN standards
EN 1127-1:1997

- Title: Explosive atmospheres — Explosion prevention awoteption — Part 1:
Basic concepts and methodology

- Relevance toProtection systems
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- Status:Published standard

EN 1252-1:1998

- Title: Cryogenic vessels — Materials — Part 1. Toughnesgsirements for
temperatures below — 80 C

- Relevance toOn-board hydrogen storage, Liquid hydrogen
- Status:Published standard

EN 1626:1999
- Title: Cryogenic vessels — Valves for cryogenic service
- Relevance toOn-board hydrogen storage, Liquid hydrogen
- Status:Published standard

EN 1797
- Title: Cryogenic vessels — Gas/material compatibility
- Relevance toOn-board hydrogen storage, Liquid hydrogen
- Status:Published standard

EN 1839:2003
- Title: Determination of explosion limits of gases and vapo
- Relevance toRisk assessment
- Status:Published standard

EN 4126-1, 2, 3,4,5,6,7
- Title: Safety devices for protection against excessivespne
- Relevance toNon-electrical equipment
- Status:Published standard

EN 13160-1:2003
- Title: Leak detection systems — Part 1: General principles
- Relevance toDetection systems
- Status:Published standard
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EN 13237:2003

- Title: Potentially explosive atmospheres — Terms and itiefrs for
equipment and protective systems intended for ospotentially explosive
atmospheres

- Relevance toProtective systems
- Status:Published standard

EN 13463:2001

- Title: Non-electrical equipment for potentially explosatenospheres — Part 1:
Basic method and requirements

- Relevance toNon-electrical equipment and installations
- Status:Published standard

EN 13648-1, 2, 3

- Title: Cryogenic vessels — Safety devices for protectigairest excessive
pressure

- Relevance toNon-electrical equipment, Liquid hydrogen
- Status:Published standard

EN 13673-1:2003

- Title: Determination of maximum explosion pressure andrbgimum rate of

pressure rise of gases and vapours — Part 1. Detion of the maximum
explosion pressure

- Relevance toRisk assessment
- Status:Published standard

EN 13673-2:2005

- Title: Determination of maximum explosion pressure andribgimum rate of
pressure rise of gases and vapours — Part 2: Deggtion of the maximum
rate of explosion pressure rise

- Relevance toRisk assessment
- Status:Published standard

EN 14522:2005

- Title: Determination of the auto ignition temperature as@s and vapours
- Relevance toRisk assessment
- Status:Published standard
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7.4.4 |EC standards
IEC 60079-0

- Title: Electrical apparatus for explosive gas atmospherBart 0: General
requirements

- Relevance toElectrical equipment and installations
- Status:Published standard

- Application: Specification of general requirements for constamgt testing
and marking of electrical apparatus and componérntnded for use in
explosive gas atmospheres. Electrical apparatuplgorg with this standard
is intended for use in hazardous areas in whicHoske gas atmospheres,
caused by mixtures of air and gases, vapours orsjmexist under normal
atmospheric conditions.

- Corresponding standard€N 60079-0 by CENELEC (published standard)

IEC 60079-10

- Title: Electrical apparatus for explosive gas atmosphere$art 10
Classification of hazardous areas

- Relevance toElectrical equipment and installations
- Status:Published standard

- Application: Classification of hazardous areas where flammaageoy vapour
risks may arise, in order to permit the proper d@da and installation of
apparatus for use in such hazardous areas.

- Corresponding standard€N 60079-10 by CENELEC (published standard)

IEC 60079-14

- Title: Electrical apparatus for explosive gas atmosphefrart 14: Electrical
installations in hazardous areas (other than mines)

- Relevance toElectrical equipment and installations
- Status:Published standard

- Application: Specification of requirements for the design, dedac and
erection of electrical installations in explosiveasg atmospheres. These
requirements are in addition to the requirements ifigtallations in non-
hazardous areas. Applies to all electrical equigmemd installations in
hazardous areas, and at all voltages.

- Corresponding standard€N 60079-14 by CENELEC (published standard)
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IEC 60079-17

Title: Electrical apparatus for explosive gas atmospheRet 17: Inspection
and maintenance of electrical installations in hdaas areas (other than
mines)

Relevance toElectrical equipment and installations
Status:Published standard

Application: Intended to be applied by users, and covers faaoectly
related to the inspection and maintenance of étattinstallations within
hazardous areas only.

Corresponding standard&€N 60079-17 by CENELEC (published standard)

IEC 60079-19

7.4.5

Title: Electrical apparatus for explosive gas atmospheRest 19: Equipment
repair, overhaul and reclamation

Relevance toElectrical equipment and installations
Status:Published standard

Application: Gives instructions, principally of a technical natuon the repair,
overhaul, reclamation and modification of a cestifiequipment designed for
use in explosive atmospheres.

Corresponding standard&€N 60079-18 by CENELEC (published standard)

CENELEC standards

EN 60079 — Part 1, 10, 14, 17, 19

7.4.6

Title: Electrical apparatus for explosive gas atmospheres
See corresponding IEC standards

EIGA standards

IGC 06/02

Title: Safety in storage, handling and distribution ofiicghydrogen
Relevance toHydrogen storage, Liquid hydrogen
Status:Published code of practice

Application: Describes certain rules and precautions relatedligoid
hydrogen. The code includes (1) features for layend design, e.g. safety
distances and suitable mechanical and electricaipeeent, (2) notices,
instructions and customer information in order &zilitate control of an
emergency, (3) testing, operations and maintenaricequipment and (4)
training and protection of personnel.
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IGC 15/06

Title: Gaseous hydrogen stations
Relevance toHydrogen storage, Gaseous hydrogen
Status:Published code of practice

Application: The code shall serve as guidance for designeroopedhtors of
gaseous hydrogen stations and reflect the bestiggacurrently available. It
includes issues such as safety of personnel, apesanstructions, protection,
and emergency situations.

IGC 23/00

Title: Safety training of employees
Relevance toSafety of workers at work, General
Status:Published code of practice

Application: Serve as a guideline for training programs for exyeés dealing
with industrial gases such as hydrogen. The gundelncludes a safety
training checklist and information about the haszardlated to the various
gases.

IGC 75/07

Title: Determination of safety distances
Relevance toGeneral safety, Risk management and mitigation
Status:Published code of practice, Revision of IGC 75/01

Application: Establishing the basic principles for calculatiagpropriate
safety distances for the industrial gas industrys lintended to be an aid to
writing and revising codes and practices, whiclolag specifying separation
distances for safe equipment layout. It appliegdaipment required for the
storage and processing of industrial, medical gedislity gases.

IGC 121/04

Title: Hydrogen transportation pipelines
Relevance toDispensing facilities, Compressed gas
Status:Published code of practice

Application: Contains a summary of current industrial practicglated to
metallic transmission and distribution piping syssecarrying pure hydrogen
and hydrogen mixtures.

IGC 122/00

Title: Environmental impacts of hydrogen plants
Relevance toEnvironmental protection, Operation
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- Status:Published code of practice

- Application: Concentrates on the environmental impacts of hyshrognd
carbon monoxide production, and shall provide aejine for identifying and
reducing the environmental impacts of such faesiti This document is
relevant for sites which produce hydrogen by etdgsis or chemical
processes and covers principal impacts and impdigés to compression,
desulphurising, reforming, maintenance and storage.

IGC 134/05
- Title: Potentially explosive atmosphere — EU directive¥99/EC
- Relevance toSafety of workers at work, Explosive atmosphere
- Status:Published code of practice

- Application: To facilitate and harmonize the interpretation andlementation
of the required assessments and specifically thgsification of areas where
explosive atmosphere may occur according to the)AtUiger directive

IGC 137/06
- Title: Environmental aspects of decommissioning
- Relevance toEnvironmental protection, Decommissioning
- Status:Published code of practice

- Application: Providing guidance to the identification and mamaget of
environmental risks associated with decommissianing

7.4.7 NFPA standards

NFPA 50A — Superseded by NFPA 55
- Title: Standard for Gaseous Hydrogen Systems at Consutasr S
- Relevance toHydrogen storage, Gaseous hydrogen
- Status:Published standard

- Application: Present requirements for designing systems inatpudbontainer
locations, safety devices, marking, piping, ventisugd other components.

NFPA 50B — Superseded by NFPA 55
- Title: Standard for Liquefied Hydrogen Systems at Consuiites
- Relevance toHydrogen storage, Liquid hydrogen
- Status:Published standard

- Application: Present requirements for designing systems inofudbntainer
locations, safety devices, marking, piping, ventisugd other components.
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NFPA 52
- Title: Vehicular Fuel Systems Code, 2006 Edition
- Relevance todydrogen fuelled engines
- Status:Published standard

- Application: Presents the latest fire safety rules for hydrogemvell as CNG
and LNG fuel systems on all vehicle types plusrthespective compression,
storage, and dispensing systems.

NFPA 55

- Title: Standard for the Storage, Use, and Handling of Geaged Gases and
Cryogenic Fluids in Portable and Stationary CoresnCylinders, and Tanks

- Relevance toHydrogen storage, Gaseous and Liquid hydrogen
- Status:Published standard

- Application: Present requirements for designing systems inofudbntainer
locations, safety devices, marking, piping, ventiagd other components.
Incorporates the standards NFPA 50A and NFPA 50B.

NFPA 221

- Title: Standard for High challenge Fire Walls, Fire Walsd Fire Barrier
Walls

- Relevance toGeneral safety
- Status:Published standard
- Application: Addressing the requirements for fire walls and barriers.

7.4.8 Other standards and codes

CGA G-5.4
- Title: Hydrogen Piping at Consumer Locations
- Relevance toHydrogen supply, Pipeline interface
- Status:Published standard

- Application: Serve as a guide for materials and componentstggi€o assist
in installing a safe and effective hydrogen sugglstem at a customer's site.

CGA G-5.5
- Title: Hydrogen Vent System
- Relevance toGeneral safety
- Status:Published standard

- Application: Presents design guidelines for hydrogen vent syster gaseous
and liquid hydrogen installations at consumer sitesxd provides
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recommendations for their safe operation. Intertddzk a useful reference for
personnel who design, install, and maintain hydnogemt systems.

CGA H-3
- Title: Cryogenic Hydrogen Storage
- Relevance toHydrogen storage, Liquid hydrogen
- Status:Published standard

- Application: Contains the suggested minimum design and perforena
requirements for shop-fabricated, vacuum-insulatg@genic tanks (vertical
and horizontal) intended for aboveground storagejofd hydrogen.

ASME B31.3
- Title: Process piping
- Relevance toHydrogen supply, Pipeline interface
- Status:Published standard

- Application: Contains requirements for piping covering materiand
components, design, fabrication, assembly, erecagamination, inspection,
and testing. This Code applies to piping for allids including cryogenic
fluids.

ASME B31.12
- Title: Hydrogen piping and pipelines
- Relevance toHydrogen supply, Pipeline interface
- Status:Under development

- Application: Contains requirements specific to hydrogen seruic@ower,
process, transportation, distribution, commereaat residential applications.
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8 HRS design and construction recommendations
8.1 General recommendations for Hydrogen plants
8.1.1 General design

The hydrogen systems shall be designed, fabricatedtested in accordance with
recognized national pressure vessel and pipingsc@@dED for Europe, ASME for

USA) and where appropriate, in accordance withustey requirements. Electrical
and mechanical installation in classified areadl dlecertified according to ATEX

(for Europe).

Particularly the safety considerations of ISO158t6uld be addressed.

Hydrogen fuelling facilities shall be designed $atf in the event of a power or
equipment failure, the system shall go into agaile condition.

Equipment and pipeline systems shall be earthed aomdled to give protection
against the hazards of stray electrical currentd static electricity. Resistance
between equipment and ground shall be less th&hhis.

Means shall be provided to protect storage tamkster pump and dispenser as well
as connecting piping and wiring against physicanage. General layout of the
equipment shall consider risk of collision by a ie&hentering the facility.

Lighting shall be provided of adequate intensitydt buildings and working areas so
that, at all times operations can be carried ouafety. The lighting equipment in

classified areas shall be suitable to meet theirements of these areas (e.g. Ex-
protection).

The installation should be clearly identified astaining hydrogen/flammable gas
and that smoking and other naked flames shoulddiglpted within hazard zones.

8.1.2 Hydrogen quality
Preliminary specifications for H2 gas purity areeg by ISO 14687-2 or SAE 27109.

There shall be a 5 um filter installed to protewt tvehicle from particles in the
hydrogen flow bigger than 10 pum.

The refuelling station must include a means of en¢éng oil, graphite entry or any
other impurity into the gas stream in the eventy process equipment defect or
malfunction.

The sampling of H2 gas shall be done at the pdintistharge to the vehicle using a
sampler functionally comparable to the “Hydrogenaf@y Sampling Adapter”
described in the CaFCP Hydrogen Quality Guideline.

Filling station owner/provider shall have the delied H2 gas analysed at sufficient
frequency to demonstrate the gas composition isablgl controlled to the
requirements.

8.1.3 Piping

Aboveground pipelines for gaseous and liquid hydroghall be clearly identified by
means of colour coding and/or labels.
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Isolation valves shall be provided so that the bgen source can be shut off safely
in the event of an emergency. This is particulariportant where hydrogen pipelines
enter buildings or enclosures. Type and positiorsaifation valves shall be such that
they remain operational and can be safely operéatezhually or remotely) in the
event of an emergency (e.g. fire).

Above ground or exposed pipe work shall be proteétem corrosion, adequately
supported and protected from mechanical damage.

Buried pipe work shall be continuously welded anotgcted with a system to prevent
external pipe surface corrosion. The pipe workIsballaid at a depth to protect it
against mechanical damage. The pipe work shoulsbbied in trenches, which are at
minimum 600 mm deep and/or subject to topographivatstigation and/or local
regulations. Warning tapes and/or protection sktisuld be placed above the pipe
work.

Any cathodic protection system should not causeerfi@tence to any other
underground structure.

Where it is necessary to run hydrogen pipelinehésame duct or trench used for
electrical cables and other pipelines, then ahtpin the hydrogen pipelines in the
ducted/trenched section shall be welded or brazed.

As good practice, a minimum separation distancgdaihm from electrical cables and
any other pipelines should be maintained.

The hydrogen pipeline should be run at a higheratien than other pipelines, unless
local requirements stipulate otherwise.

Liquid hydrogen piping

Isolation of liquid hydrogen piping should use deuwalled vacuum with multi layer
insulation.

Cryogenic temperature potentially in contact whk aambient atmosphere may cause
air liquefaction. As a consequence drops of liqailj enriched in oxygen, may be
present around the liquid hydrogen piping and nadlydown on the floor. Therefore
combustible material below a liquid hydrogen pipisdorbidden.

Pressure relief devices shall be provided to prewear pressure of blocked-in lines
where this can occur.

8.1.4 Venting
8.1.4.1 Venting of hydrogen

The hydrogen gas shall be vented outdoors to alesafion. This means that the
vented gas should be released at sufficient heigltihat the release is not a hazard for
people or equipment in case of ignition. The vautted shall be located so that gas
cannot accumulate in neighbouring structures (@weerhangs, roofs, building
openings, ventilation inlets, etc ...).

! It is generally recommended that the term safe is defined by risk based criteria.
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Means shall be provided to prevent water, ice am@rodebris from accumulating
inside the vent pipe or obstructing the vent pipbese means shall not limit or
obstruct the gas flow.

Operational and emergency discharges of hydrogenldHie disposed of through the
vent system where, upon discharge, it is rapidiyted with air to a concentration that
is below the lower flammability limit. Flammable rmentrations of hydrogen in air
should not be allowed to reach an ignition source.

Operational venting

Procedures for the operation and maintenance ablygah supply systems require the
discharge of hydrogen gas to the atmosphere. THssbharges are characterized
either by manual control or by automatic controlides such as back pressure valves.
Typical discharges encountered are:

- Purge of refill hoses
- Boll off generated in liquid storage systems

- Depressurisation and purge of piping for mainterasfacontrol components,
safety devices, etc.

Emergency venting

Emergency venting can result from abnormal occeesrand malfunctions such as:
exposure of the:

- Storage vessel to fire
- Loss of vacuum in liquefied storage vessels
- Pressure relief device actuation

Mechanical considerations

The vent pipe shall be properly supported. The #nicture shall be designed to
withstand the forces generated by the exiting daw fas well as environmental
factors: ice, wind, and seismic loadings prescriipettie local building code.

Fire considerations

Hydrogen is flammable in air over a wide range ohaentrations, and the ignition
energy is very low. Therefore, the possibility ghition always exists during the
dilution process. The vent system shall be desigmetits discharge point located so
that burning the discharged hydrogen will procesdels.

Design considerations

The size of a vent stack is normally determinedHsy available pressure drop that
permits adequate flow of pressure relief deviced lay the minimum exit velocity
required for dispersion of the vent gases.
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The vent system piping shall be sized so that & \ine pressure drop will not

reduce the relieving capacity of the pressure freleice(s) connected to the venting
system to an unacceptable level. The dischargeshold be sized to ensure that a
back pressure at the relief discharge does noteex@©% of the relief device set

pressure.

Some applications, e.g., venting through a manabkdey permit the sizing criteria to
be based on high exit velocities for plume dispersi

Interconnecting hydrogen vent sources to a comntackds permitted if the vent
system is designed to handle the flow from all kissges without over pressurization
of any portion of the vent system. Excess pressutige vent system can cause failure
of connected apparatus and can reduce flow capaicihe pressure relief devices that
discharge into the vent system.

Separate vent systems should be used for high amgbrlessure sources. Separate
vent systems will avoid undesirable leakage froghhio low pressure systems and
will not reduce the venting capacity of the low-gsere device(s).

The vent system should be designed in accordantte the stress limits given in
national and international standards for dead weigh, wind, earthquake, and other.
These loads are not intended to act simultaneously.

Thermal contraction of the vent piping shall becacted for in the design of vent
systems that can discharge cold vapour.

Supersonic flows may require special considerattongredict the loading effects of
shock waves on tees, elbows, and other fluid imgrimgnt points.

Hydrogen vent systems shall be designed by persoongetent and experienced in
the design of hydrogen vent systems at the spemificess conditions at the site.

Flow discharge considerations

To minimize the potential for hydrogen settling sdoto the ground in cloud form,
discharge of hydrogen vapour at a temperature ighatear its boiling point at
atmospheric pressure should be avoided. Hydrogeumdsl are hazards due to their
ignition and asphyxiation potential. Personnel Ishat enter into vapour clouds of
any type. Exits of vent stacks for cold hydroges gdeases should be at a height that
is sufficient to avoid vapour clouds at ground lexeat levels where people normally
are present.

The exits of vent stacks shall be located so theeatration of vented gas at any
point of personnel exposure is below the lower fraability limit. Exits of vent stacks
shall be located outdoors and away from persomeelsaignition sources, air intakes,
building openings, and overhangs. The siting dtanfrom exposures specified in
NFPA55 or EIGA/IGC/15/06 or 1SO15916 or local fimde requirements, as
applicable, can be used as general guidelines datdovent stacks for hydrogen
consumer locations.

Vent exits should be cut at an angle along a plac&g upwards, in order to ensure
that the gas is vented in an upwards direction.
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Design pressure for deflagration and detonation

In theory, where the L/D ratio of any section isaer than 60:1 but less than 100:1 a
deflagration of a contained air-hydrogen mixturpaessible. Similarly, where the L/D
ratio of any section is greater than 100:1, a dsion of an air-hydrogen mixture is
possible.

However, hydrogen vent systems of facilities wittiie scope of this document are
unlikely to sustain deflagrations or detonationsgardless of L/D ratios. The
relatively simple geometry of the system (few turfesw tie-ins) and operating
scenarios are not conducive to forming ignitabldrbgen-air concentrations within
the system and limit potential ignition sourceseexal to the stack discharge.
Experience has shown that a venting system desifpret030 kPa (150 psig) will
sustain a potential flammable mixture ignition waith bursting. When rupture disks
are installed in a vent system, their design anasttaction should consider these
conditions.

Materials

Single-wall, un-insulated piping should be usedviarm and cold gaseous hydrogen
venting. Cold vents accessible to untrained perssimsuld have some form of
personnel protection.

Piping, tubing, fittings, valves, accessory equiptngaskets, and thread sealants shall
be suitable for hydrogen service at the pressudetemperatures involved and shall
maintain their integrity under the high temperasuréfire conditions.

Austenitic (300 series) stainless steel meetingAB&E Code requirements is the
preferred choice for hydrogen vent systems. Typd 3tainless steel has well
documented mechanical characteristics when expdsedluctuations between
ambient and liquid hydrogen temperatures and forosmn resistance, which will
minimize particulates within the vent system.

Low melting point materials such as aluminium, cappbrass, and bronze have
reduced strength at elevated temperatures. Verk ststems containing components
made of low melting point material shall be:

- Suitably protected against external fire exposerg, in accordance with
ISO15916 Annex C or NFPA55, or local fire code ilegments, as
applicable

- Located so that any leakage resulting from failoeild not unduly expose
personnel, buildings, or structures; or

- Located where leakage can be readily controlledth®y operation of an
accessible and remotely located valve

Gray, ductile, or malleable iron shall not be used hydrogen vent system.

Plastic piping, tubes, fittings, or componentsmy &ind shall not be used for pressure
containment in hydrogen vent systems.
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Components

Welded, screwed, or bolted components of a ventksthould comply with
applicable ASTM or equivalent standards. Systemamdponents should be used in
accordance with manufacturers' recommendations.

8.1.4.2 Venting of oxygen

If hydrogen is produced on-site by water electrslysenting of oxygen will most
likely take place regularly. Oxygen is a highly ¢tae chemical and special
consideration should be taken regarding ventingxgfien gas.

Piping, tubing, fittings, valves, accessory equiptneyaskets, thread sealants and
other components shall be suitable for oxygen eervat the pressures and
temperatures involved.

Hydrogen and oxygen shall not be vented into tineessystem. Additionally, venting
outlets of these systems shall be well separateyaal oxygen-enriched hydrogen-
air mixtures.

8.1.4.3 Venting of nitrogen

Nitrogen is often used for purging purposes. Nimogs hazardous due to its
asphyxiation potential. Venting of nitrogen shoblel routed to locations where it is
not allowed to accumulate and to reduce the oxygentent of the working
atmosphere.

8.1.5 Pressure relief and venting discharge devices

Discharge relief valves shall be directed so amiwimize hazard to personnel and
other equipment.

Pressure relieving safety devices shall be so gedathat the possibility of damage to
piping or appurtenance is reduced to a minimum. mbans for adjusting relief valve
set pressure shall be sealed.

The vent discharge piping should be securely supg@and designed for the pressure
arising within the vent. Vent lines shall not bieefd with flame arresters, or any other
restrictions that prevent the free release of hyeinato the atmosphere.

Stainless steel is the preferred material to usedigcharge vents to minimise the
possibility of ignition due to atmospheric corrasiparticles.

Bleed or vent connections shall be provided so kbaiing arms and hose can be
drained and depressurised prior to disconnectiamedessary. These bleed or vent
connections shall lead to a safe point of discharge

The vents of pressure relief devices shall be desigr located so that moisture or
contaminants cannot collect and freeze in a martimar could interfere with the
proper operation of the device.

Vents, including those of pressure relief devictsll be arranged to discharge in a
safe place in the open air so as to prevent impnege of escaping gas on to
personnel or any structure, vessels, valves omnddt Vents should be piped
individually, manifolding is not recommended. Vergbhall not discharge where
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accumulation of hydrogen can occur, e.g. such ke eaves of buildings, inside
shelters, etc...

Pressure relief devices or vent piping shall bagmesl or located so that moisture
cannot collect and freeze in a manner that wouletHiere with proper operation of the
device.

Pressure relief devices shall be provided in pipungrever liquefied hydrogen could
be trapped between closures.

A thermal expansion relief valve shall be instaldesdrequired to prevent overpressure
in any section of a liquid or cold vapour pipelthat can be isolated by valves.

Thermal expansion relief valves shall be set tcchdisge above the maximum
pressure normally expected in the line but less tha rated test pressure of the line it
protects.

Pressure relief devices should also be providgapimg etc. where gaseous hydrogen
could be trapped, if thermal expansion of the gasdwoydrogen could give rise to
hazardous overpressure.

8.1.6 Material selection criteria

All materials used shall be suitable for hydrogerviee at design pressure and design
temperature. Some of the considerations that arelved in selecting a material
include:

- (low) temperature effects

- hydrogen embrittlement effects

- permeability and porosity

- compatibility of dissimilar metals when used togeth

Low temperature effects

Many materials change from ductile to brittle babav as their temperature is
lowered. This change in behaviour can occur at &atpres much higher than
cryogenic temperatures.

Two of the primary considerations in the selectodra material for liquid hydrogen
service are low temperature ductility (low temperatembrittiement) and thermal
contraction.

The temperature span from ambient to liquid hydnotgmperature is about 280 K.
Such a large temperature decrease can resultiificint thermal contraction in most
materials. The design of equipment for low tempegmservice should account for the
stress caused in components by thermal expansicontraction.

Proper design should also accommodate the differencthermal expansion of
different materials involved.
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Embrittlement and hydrogen attack

Hydrogen embrittlement is a serious concern foratse¢xposed to hydrogen. This
phenomenon can cause a significant deterioratiothénmechanical properties of
metals.

Hydrogen embrittlement is fully described in EIGAcdiment IGC15/06 Appendix 5.

Permeability and porosity

Hydrogen can diffuse rapidly through certain poroeterials or systems with small
openings, which would normally be gastight withpexst to air or other gases.

Cast iron pipe and fittings shall not be used. Tuse of any casting is not
recommended due to the permeability of hydrogenthadpossibility of porosity in
the casting.

Compatibility of dissimilar metals when used togeter

The use of dissimilar metals in tubing, fittingsdaather components should be
avoided. Stainless steel fittings shall be compatiith metal tubing materials. Care
shall be taken in contacts between dissimilar mdtal corrosion protection. Special
consideration shall be given to prevent contactvbeeh small components of less
noble metal to larger more noble ones.

Note: “Dissimilar metals” can also include diffetatloys of stainless steel.

Further considerations

Pressure vessels, such as those used for buffagetdhat are made of materials that
are subject to corrosion by atmospheric conditiamsll be protected by corrosion
prevention methods.

Corrosion that can limit the working life of the lieylers and affect the fatigue
characteristics in serious cases should be avoidibd. implementation of good
periodic preventative maintenance in anti-corrosigmnocedures is strongly
recommended.

Where ammonia is likely to be present as an impuot as an atmospheric
contaminant, copper and copper/tin/zinc base alkhal not be used for pipe or
fittings since these materials is susceptible tattecked by ammonia. Consideration
should also be given to the possibility of othentaminants being present and
adequate precautions should be taken.

Pipes and fittings shall conform to an establiskgthdard or specification for their
manufacture.

Further detailed information on the selection oftenals is found in ISO/PDTR
15916 App C and ISO/DIS 11114, Part 1 and 4.
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8.1.7 Insulation

Insulation and piping systems used to convey cmigduids shall be of non-
combustible material and shall be designed to leavapour-tight seal in the outer
covering to prevent the condensation of air andgegbent oxygen enrichment within
the insulation.

The insulation material and outside shield shaloabe designed to prevent
deterioration of the insulation due to normal ofgataconditions. Uninsulated piping

and equipment that operates at liquefied hydrogerperatures shall not be installed
above asphalt or other combustible materials ofases in order to prevent the
contact of liquid air with such materials.

Drip pans shall be allowed to be installed undensudated piping and equipment to
retain and vaporize condensed liquid air.

8.1.8 Instrument

Instrumented process control systems and instriedesafety systems should be
implemented for the on-site production facility aifé dispenser. The main control
system should handle all instrumented process @ldiinctions. A high integrity PLC
should be installed to handle any dedicated safstyumented systems according to
safety integrity requirements.

The on-site hydrogen production process may bg auktomated and unattended. In
case of an automatic shut down (PSD ESD) the process can be restarted from a
remote control unit or from the main control pandbwever, all alarms or trips
should have to be cleared out locally prior to res®l restart. Manual emergency
shutdown buttons should also be installed to fatdi shut down in case of an
emergency.

Instruments and gauges shall be designed and tbsaieh that, in the event of a

leakage or rupture, and possible subsequent feerisk to personnel is minimised.

The use of safety glass and blow-out backs on presguges is recommended. The
control facilities should be designed so that,ha event of a power or equipment
failure, the system will go into a fail-safe cornaiit.

If hydrogen gas detection instruments are provifteddetection of gas leaks or a
hydrogen fire, the following guidance is given (sés ISO/PDTR 15916):

Fire detection

Off-loading site fire detection and fire protectishall be provided. The fire detection
system shall be capable of detection at multiptations beyond the full radius of the
transfer hose, measured at each point of tranatereceipt of LH2.

Only UV based detection methods will indicate thresence of a hydrogen fire.
However, if the detectors are located outdoorsy tten easily be confused by the
presence direct sun light or sun light reflectioflso welding activities, even at long
distances, may cause false alarms. Infrared detedevices will not detect the
existence of a hydrogen fire.

2 Process shutdown
3 Emergency shutdown
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Gas detection

Gas detectors do not detect hydrogen fires; thdy detect or monitor the gas
concentration at a particular location. Hence,dbiect placement of a hydrogen gas
detector is critical to its ability to detect a hgden leakage. Changing air currents
within a room, or changing wind direction outdoonsay also affect its ability to
detect the presence of hydrogen.

Fixed detectors may have a slow response; e.gevlliito LEL is detected 100 %
LEL may exist at the leakage. Hand held detectaroten needed to find leakages.

When selecting a hydrogen gas detector, potemiarference with other gases
should be considered.

8.2 Safety distances
8.2.1 Introduction

One of the possible measures to be taken to rettiecesk or potential consequences
of an incident involving an HRS, is ensuring suéit distance between the ‘source’
of hazard and the ‘target’ of this hazard. Theattise referred to here is generally
called the ‘safety distance’.

In Figure 23 the concept of safety distances igsetically illustrated. The distance
indicated in these figure is just an example, dstgalistances will be determined by
local circumstances. In this paragraph a methot vlproposed to calculate these
safety distances.

DISPENSER

\

X = RADIUS OF LENGTH OF HOSE (3 TO S mi+ 1m

Figure 23: Safety distance of refuelling hose

For a common understanding of the concept of safstyance, a clear definition of
this concept is required. An inventory among vasiparties and reference documents

Deliverable 2.2, Version 2.1, 4 June 2008 Pagef 182 AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

has revealed that the word ‘safety distance’ masilye@reate misunderstandings.
Depending on one’s comprehension, it may be unaedsas ‘how far should a person
be from a hazard source in order to avoid getting? or as ‘at which minimum
distance should an activity be from a potentialandzsource in order not to unleash
this hazard?'.

For the determination of safety distances for hgdrorefuelling stations (HRS’s) in
the scope of this Handbook, a concrete set or @bligures cannot yet be provided.
It is recognised that concrete safety distancesreperted in many standards and
guidelines (see e.g. the overview given in HySafeuthent D26 as well as the more
recent IGC Doc O6/02/E and IGC Doc 15/06/E). Howewnless it can be
demonstrated that the parameters and criteria fasdte design and operation of an
HRS fulfil the assumptions underlying safety disesas reported in these standards
and guidelines, the suggested safety distanceddsheureated with great caution. As
well established underlying design requirements laeking at this stage and
harmonisation still needs to be achieved, this beaglifficult.

Therefore, in this HyApproval Handbook we will diss the concept of safety
distances in some detail and we will suggest haisation in definitions and
requirements and propose methods and tools toedstgh distances in a transparent
way. As an example, a calculation will be perfornr@dhow to calculate a safety
distance, based on data from a Quantitative Rigdegament (QRA) on the reference
HRS and some Computational Fluid Dynamics (CFDgwdations performed within
the context of the HyApproval project, as showmhapter 12 and appendices IV and
V. Any values given in this chapter are merely shoag an example. They don’t
necessarily reflect the state-of-the-art for toddyRS'’s.

8.2.2 Definition of safety distance

As outlined above the term “safety distance” isdusedifferent ways. We suggest
using the definition and calculation method foresafdistance as proposed by the
European Industrial Gases Association, EIGA, inuteent DOC 75/07/E, as (1) the
method is known and supported within the “gas dngnand (2) the method is in
good agreement with concepts and criteria more lwigeed in safety assessments of
installations with dangerous substances.

In this document safety distanisedefined as:

“The minimum separation distance between a hazaulce and an
object (human, equipment or environment) which mvitigate the
effect of a likely foreseeable incident and preaentinor incident
escalating into a larger incident”.

Crucial in this definition is the recognition ofetlpresence of two prerequisites: there
is asourceand there is aobject (or better: aargef. As will become clear in the
following, particular objects may both be a souotéhazard as well as a target of
another hazard. Since these different positiond watuire different separation
distances in order to mitigate effects, it is pregub to set distinctive definitions for
each type of ‘safety distance’.
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Also important is the notion that safety distaneee a means (among others) to
prevent escalation. This puts focus on initiatingrés, which are minor with regard
to the feared consequences of an escalation, apdevehsafety distance is the most
effective and efficient method to prevent this ame. Some escalation scenarios are
best prevented by other means.

8.2.2.1 Source and target

A hazard_sourcés an object (installation, equipment, construttimachinery, etc)
that may create a hazawlits surroundings due to:

- An incidental release of hazardous material;

- Mechanical impact to the installation whereby kinetnergy may affect the
integrity of the installation resulting in physicaffects such as fire and
explosion;

- External heat sources, especially fires, affectimg integrity of surrounding
objects.

A hazard_targetis an object (installation, person, constructiet;) that may be
exposedo the physical effect created by the hazard surc

Example 1: A leak in a part of the HRS (e.g. thepdnser hose) may create an
explosive atmosphere or a jet fire, which may ehgehicles within the
refuelling station in a fire in case of ignitiom this case, the hydrogen
installation (i.e. the dispenser) is acting asdberce, while the vehicle is
the target.

Example 2: A fire of a pool of spilled gasoline froa vehicle may create heat
exposure to the hydrogen installation due to whith HRS equipment
may get damaged. In this case, the hydrogen iastall is acting as the
target, while the gasoline pool (or actually: tieicle) is the source.

Example 3: A leak in a part of the equipment inlHRS (e.g. the dispenser hose) may
create a jet fire, which is directed to anothett patthe equipment of the
same installation (e.g. the storage of compresseskays hydrogen,
CGH2). In this case, the hydrogen installation litgets both as the
hazard source and as the target. The definitiosatdty distances shall
then be on equipment scale.

8.2.2.2 Terms used in the context of safety distances
From the examples above it may be clear that:
- In a given situation, an object can act both aazatd source and as a target;

- The distance required to mitigate or prevent theosure of the target would
differ depending on what is the source and whdtaedarget;

- In some occasions, the assignment of ‘source’ angét’ may be on macro-
scale (e.g. installation, building, activity), batothers a definition on micro-
scale is necessary (e.g. vessel, piping).
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In various regulations and industrial practicess thstinction is well recognised, but
it lacks from clear definitions or terminologiesrfeach type. The term ‘safety
distance’ is often considered to cover all typelse Tollowing terms are frequently
encountered, although not all of them are constiardit in the scope of purpose of
this document:

A. Hazardous area or hazardous zone

Hazardous areas or hazardous zones are discussanmie detail in
paragraph 8.3. Thus, they need no further intradndteré.

B. Protection distance

The protection distance is the minimum distanceuired between the
installation/equipment to be protected and the iptessource of an external
hazard (e.g. a fire) to prevent damage.

Here, the hydrogen installation is regarded to Hee target, while external
objects/activities are the source. The source maybbth within the
establishment, as well as outside the site boueslari

Examples of sources of hazard are mainly involvirey like:

- Presence of (liquid) combustibles, like gasolinerage or a spill of
gasoline from a tank truck;

- Nearby building, particularly of wooden construatio
- Dry vegetation;
- Storage of oxygen or oxidisers;

- Nearby storage of combustible material like timlpaper, chemicals,
etc.

Also, sources of mechanical impact shall be comsldike:

- Collision by a vehicle, either present at the rhiiug station or
passing by on a nearby road;

- Falling objects, e.g. roof fragments or billboargeesent at the
station, in case of storm.

This list, of course, is not exhaustive.

C. Clearance distance

The clearance distance is the minimum distance dertwthe potentially
hazardous installation / equipment and the vulderatbjects within the
establishment required to prevent damage or harm.

4 As part of work package 12 of the EU founded grbHySafe phase 2 development of a best practice
methodology for determination of hazardous zonesiydrogen installation will be developed based on
IEC/EN60070-10.
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Here, the hydrogen installation is regarded to he $ource, while the
surrounding objects are the targets.

Examples of targets that may be exposed to theolgdr hazards (fire,
explosion, fragments), are:

- People, particularly personnel of the HRS (1stypahd users of the
HRS (clients, visitors, 2nd party);

- Other fuelling facilities within the establishmeiike gasoline tank
truck, gasoline storage, delivery facilities;

- Buildings, like the shop and company offices.

D. Installation lay-out distances

The installation lay-out distance is the minimunstance between the
various units of the main equipment of the hydrogestallation required to
prevent units causing damage to one another inafaseidents.

Here, the H2 installation is regarded to be botlre® and target. The main
equipment units distinguished here are: H2 deliveryproduction, H2
storage and dispenser. Additionally, piping, veéméd and stacks, etc. might
need to be treated similarly.

E. External risk zone

The external risk zone is the distance (or areayide the establishment
which has to be protected against the hazards dalbgethe hydrogen
installation.

Here, the H2 installation (i.e. dangerous unitggbf is clearly the hazard
source, while people and constructions offsiteragarded to be the target(s).
The extent of the external risk zone is often deieed by local / national
requirements with respect to risk acceptance @itand may be based on a
probabilistic approach or a deterministic one. Ugu&isk acceptance
criteria will be stricter for offsite targets, ale$s frequent incidents will have
to be included in the evaluation. Thus externagtyashould be evaluated in
a QRA

Examples of off-site targets are:
- Public, residing near the HRS or passing by thabishment
- School, hospital, office
- Shopping centre, market
- Vulnerable infrastructure
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The table below summarizes the various concepts.

Characterisa | Source Target Examples Remark
tion of safety
distance
A | Hazardous HRS under Safety distance concept not
area normal operation applicable
B | Protection External hazard HRS Source: pool firej Safety distance shall

distance

establishment

distance collision; mitigate / prevent
fragments secondary effects
C | Clearance HRS Objects within| Target: HRS Safety distance shall

personnel and
clients; HRS shop;
gasoline facilities

mitigate escalation of H
incident

establishment

D | Installation HRS equipment HRS Source: dispenser] Safety distance shall
lay-out equipment target: storage, mitigate escalation within
distance electrolyser unit | HRS installation

E External risk | HRS Objects Target: public; Zone size shall mitigate
zone outside office; school. off-site risks, thereby

complying with statutory
requirements. Concept
difficult to align with safety
distance

Table 7: Various concepts of safety distances

8.2.2.3 Specification of the scope of “safety distances”

According to the approach in EIGA document DOC 78A) only categories B, C and
D above clearly fall within the definition of saedistance.

Hazardous areas (category A) do not specificallyster targets, and are sufficiently
defined elsewhere.

External Risk Zones (category E) are dependent amyrfactors, more particularly on
local or national regulations with respect to ataepe criteria and environmental
legislation. Moreover, the calculation of Exteriask zones requires the assessment
of many location-specific, often time dependentemal variables, many of which
are outside the control of the owner / operatoaroHRS. This makes the calculation
of a unique (external) safety distance difficultnot impossible. It is also stated in
IGC Doc 75/-7/E thatThe safety distance is not intended to providet@cton
against catastrophic events or major releases.Stich events or releases are almost
always dominant for external risks. Finally the Bl@efinition of safety distance is
based on (harmgffectrather tharrisk, which is the decisive criterion for External
Risk. We shall therefore leave the concept of ExtkeRisk outside the definition of
safety distance, as treated in this chapter.

However, risk to external parties, either expresseth terms of risk or as an effect
distance is of prime importance in the approval preess for an HRS. An example
of such an assessment is shown in the QRA in AppéardV.
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8.2.3 Determination of safety distances
The following is cited from EIGA document DOC 75/87

“The safety distance from a piece of equipmenbiprbvide a minimum separation
which will mitigate the effect of any likely evamid prevent it from escalating into a
larger incident. The safety distance will also pdwv protection for the equipment
from foreseeable external impacts (e.g. roadwasrejl or activities outside the
control of operation.

The safety distance is a function of the following:

- The nature of the hazard (e.g. toxic, flammableidisixg, asphyxiant,
explosive, pressure, etc);

- The equipment design and the operating conditioesy. ( pressure,
temperature) and/or physical properties of the sabse under those
conditions;

- Any external mitigating / protection measures (diug walls, dikes, deluge
system, etc.) which reduce the escalation of tbielémt;

- The ‘object’ which is protected by the safety distg i.e. the harm potential
(e.g. people, environment or equipment).”

The number of parameters that influence the redusadety distance is large. This
inhibits the inclusion of a simple table of numbargl figures. As long as technical
standards for the HRS do not exist, a situatiorciipesvaluation will be required,
probably in each case of a planned erection of RE8.H

The site-specific determination of required safdigtances (categories B to D)
involves the following steps:

- ldentification of foreseeable events that may léada loss of containment
from the HRS. This identification includes the mmi& and external causes and
the available preventive devices and mitigating sness for each cause;

- Determination of the likelihood (frequency) of teesvents and decision
whether the event should be included in any furdmalyses;

- Assessment of the potential effects of the defienaeht on the target, in terms
of physical exposure (thermal load, overpressuneattbn, etc), and in terms
of damage or harm (injury, fatality, window or wadllapse, etc). In IGC Doc
75/07/E a number of damage / harm criteria arenddf{see below);

- Determination of the (safety) distance at whicls temage / harm occurs;

- If necessary, consideration of additional prevantianitigation measures to
reduce this distance followed by recalculationaiey distance.

8.2.3.1 Identification of hazards and prevention and mitigdion measures

The identification of credible accidents includas,a minimum, an agreed set of Loss
of Containment events for the HRS and an evaluatibthe mitigating measures
(controls, alarms, barriers) already in place. Amarmeple of such a set of accident
scenarios for an HRS is shown in Table 8.
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Sub-System Dewqtlon to be Hazard Targets (T)/ Potential Safety distance to be Ex_a_mpl_es of Prevention . .
or process considered for . /mitigation measures allowing to Current Practice /Comments
. . Hazard Sources (S) consequences considered L )
item safety distance reduce/ eliminate safety distance
Users kept away at x Hose and connection are
meters of connection o . . R recognised as critical items
M Specific coupling design validation L
when fuelling is underway Measures indicated as
. . L program .
Minor leak T: User Burn injury if ignition . ) examples are common practice
. Leak test prior to each fill : '
Area subject to safety - Dispensers may be designed
" Trained users . :
restrictions (e.g. no with user interface located
smoking) away from connection.
. Lethal burn (flash fire) Between user and . Measures indicated as
T: User o connection when fuelling .
if ignition . examples are common practice
is underway
T: Other station o Separation between
Burn injury if ignition : ;
customers dispensing areas
T: Shop area, Offices, Ex_ploswc_e atm_os_phere Distance to openings and L .
- build-up in building . Separation is normal practice
Buildings Fire air intakes
T: Construction in . Separation to avoid Specific design validation of L .
Gaseous H2 combustible material Fire propagation of H2 fire coupling and hose Separation is normal practice
Dispenser T: Stock of combustible . Separation to avoid Automatic shut-off limiting quantity . .
Fire Separation is normal practice

Large leak at
coupling - Hose
failure - Hose
disconnection

material

propagation of H2 fire

T: Flammable liguid/gas
storage above ground

Fire impingement
menacing structural
integrity

Separation to avoid
potentially severe domino
effect

T: Flammable liguid/gas
storage below ground

Possibly no impact

None

T: Public sidewalks —
people outside facility

Burn injury if ignition

Minimum distance to
public sidewalk

T: Site boundary —
people and property

Burn injury if
ignition/fire
propagation

Minimum distance to site
boundary

of H2 released
Frequent inspection of hose and
connector

Separation is normal practice

Separation not needed if no
impact

Separation is normal practice

Separation is normal practice

S: Vehicle impact

H2 release due to
equipment rupture

Safety distance not most
effective measure

Up-stream isolation when not in use
Prevention of risk of impact by plant
layout

Prevention of consequences of
impact
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Sub-System Dewgtlon to be Hazard Targets (T)/ Potential Safety distance to be Ex.a.mplles of Prevention . .
or process considered for . /mitigation measures allowing to Current Practice /Comments
. . Hazard Sources (S) consequences considered L .
item safety distance reduce/ eliminate safety distance
T People. buildinas and Distance from vent outlet
Vents Ignition : pie, 9 Fire to targets eliminating Separation is normal practice
property .
hazardous impact
Restricted access to “back-
T: People on site Burn injury if ignition | Area of restricted access office” systems is common
practice
T: Shop area, Offices, !Explc_)5|_\/e atmosphere Distance to openings and N .
o in building L Separation is normal practice
Buildings Fire air intakes
T: Construction in Fire Separation to avoid Separation is normal practice
combustible material propagation of H2 fire P P
GH2/LH2 T Sto.Ck of combustible Fire Separathn to av0|d. Proven industrial technology Separation is normal practice
material propagation of H2 fire . .
process Leak Fire impinaement Separation to avoid GH2 : Leak-tightness check by
equipment T: Flammabile liguid/gas ping pare . process (no pressure drop) . .
menacing structural potentially severe domino Separation is normal practice
storage above ground . )
integrity effect
T: Flammable liguid/gas . . Separation not needed if no
Possibly no impact None ;
storage below ground impact
T: Public sidewalks — Burn injury if ignition Minimum distance to Separation is normal practice
people outside facility Jury itig public sidewalk P P
T: Site boundary — Burn injury i Minimum distance to site L .
ignition/fire Separation is normal practice
people and property . boundary
propagation
Same Targets as H2 As above As above As above As above
process systems
S: Equipment prone to Menace to structural
Hydrogen fire hazards integrity in case of fire
storage Leak S: Stock of combustible | Menace to structural : : T
systems material integrity in case of fire To avoid excessive Thermal Shielding Separation is normal practice

radiation in case of fire

S: Other (smaller)
storage of combustible
material

Menace to structural
integrity in case of fire

GH2 : Release of pressure

Table 8: Qualitative overview of incident scenarios of an HRS
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8.2.3.2 Event and threshold frequency

In document IGC Doc 75/07/E EIGA suggests to exelegtents with an expected
frequency less then 3.5*P0/yr from inclusion in calculations. This is callede
threshold frequenclt. The expected annual frequency includes:

- Frequency of initial deviation Fd) (like leakage, external impact, etc.,
including failure of preventive devices and pregeatignition sources)

- Probability of the effect reaching the targétg) (e.g. probability of a jet
pointing towards the target)

- Probability of failure of mitigating measureRng)

Hence for events for whicRd x Pg x Pm < Ft = 3.5*10° /yr no safety distance is
required.

8.2.3.3 Assessment of effects

An inventory of potential effects, given the adi®$ within the establishment, threats
from outside the establishment, and the overadl Eiyout, as well as the existing
protection layers (barriers, fire proof walls) aldy in place.

The effects of each relevant event have to be ssde§uantified) by means of
consequence modelling. For the various elementanoHRS the relevant effects
would be heat load from fires (pool, jet, constimt}) and explosion overpressure.
Models for calculation of heat load, pool evapamati gas cloud dispersion for
estimating the extent of LEL (Lower Explosion Lijniexplosive pressure effect, etc.
are available for these assessments, e.g. EFFEQTEND or PHAST by DNV,
although validation for use with hydrogen has netgs been performed.

For indicative purposes, graphs may be developetyjical extents of the effects, as
a function of HRS type and inventory. Specific sitenditions (lay-out, obstacles,
ventilation) may require more sophisticated tolik® numerical CFD models.

8.2.3.4 Definition of acceptance (or harm) criteria

An effect distance is the distance from the hazangce to a location where a certain
effect (or damage), such as death of a person orshbwan occur. Beyond this
distance the effects will be less severe. The effag strike both workers and users of
the HRS. In the event of fire or explosion (then@iconcern for an HRS), the heat
radiation may be lethal, may cause burns, or it pase damage to nearby structures
or equipment.

Some typical harm effect levels frequently useddsess the effect of a fire are shown
in Table 9.

The severity of the consequences will depend on tilme of exposure. The
consequences for people shown in Table 9 are tyfmcaxposure times around 20
seconds. Consequences will be less severe foresleposure times and more severe
for longer exposure times. In case of a flash fioe,instance, it is assumed that only
persons inside the flame will be affected i.e.ddthinjured. For those being outside
the flammable area, the short duration of expotutbermal radiation will not result
in lethal burns.
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Heat intensity Consequence to people | Consequence to installations or structures
[KW/m 7]
Direct flame contact 100% fatalities Integrity offrotected installation may be lost
35 100% fatalities Domino effects; combustible mate (e.g.
wood) will catch fire
10 1% fatalities Temperature increase of instalfathventory,
resulting in pressure increase and failure
4-5 1% first degree burns Glass structures and windows will break
Fire brigade can operate, |n
protective clothing
<1 Safe area Safe situation

Table 9: Typical heat load criteria and related consequences frequently used in consequence
assessments

The consequences mentioned for structures andlatstas generally apply for a
more prolonged exposure. Though the specific candit have to be taken into
account, one may generally assume exposures ofatewénutes up to one hour
before the secondary effects (i.e. catching ficEuo.

Fire integrity of supporting structure or main guuent heavily depends on design
and specific protection measures like e.g. heatlatisn. Detailed structural integrity
assessments can be performed to optimise desigasanof passive fire protection on
potentially exposed parts of structure or equipmirgreby reducing safety distances
without increasing the risk of escalation of aniahievent.

For the external consequence area, often the 1Balikgt criterion is used. For 20
seconds exposure duration, the corresponding hdation level equals approx. 10
KW/,

Also the pressure effect caused by an explosiomldhioe taken into account. At
pressures exceeding 0.1 bar structures may beebtgwdamaged which may result in
casualties amongst persons in or nearby such stesct Therefore the distance at
which this pressure level will occur should alsacbasidered.

In IGC Doc 75/07/E, two harm or effect criteria aised:

- A “harm criterion” (defined as 1% chance of indiwval risk of serious injury
or fatality)

- A “no harm” effect criterion

The “harm” and “no harm” criteria used for the ed#tion of safety distances (and
relevant for HRS’s) proposed in IGC Doc 75/07/E sinewn in Table 10. As can be
seen the “harm” criteria are in good agreement widse shown in Table 9.
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hazard target “no harm criterion” “harm criterion”

(Prolonged) fire (pool, | people 1.6 kW/rh 9.5 kW/nt

jet or other type of fire)| equipment - 37.5 kW/fMm

Flash fire people Y LEL LEL

explosions people 2 kPa 7 kPa
equipment - 20 kPa

Table 10: "Harm" and "no harm" criteria relevant for fire and explosions proposed for
calculations of safety distances in IGC DOC 75/70/E

The relevant event frequencies and harm critercraling to IGC Doc 75/07/E are
show in Table 11.

Event frequency Safety distance

Event frequency > 3.5*10/yr (=100 xFt) Distance “no harm”

3.5*10° /yr (= Ft) < Event frequency < 3.5*10/yr Distance “harm”

Event frequency < 3.5*10/yr (=Ft) No safety distance required

Table 11: Relevant event frequencies and safety distance criteria according to 1GC Doc
75/07/E

8.2.4 Application to hydrogen refuelling station

In this chapter the proposed method for the calicriaof safety distances, as
described above (essentially the method descrihet3C Doc 75/07/E), will be
applied to an HRS. As outlined earlier, and willcbee clear throughout this
paragraph, the results cannot be applied to any.HR®allation-specific and site-
specific assessments will be required on a caseabg-basis until standardisation has
been achieved. Data from the QRA on a reference fie&after shortly referred to
as “the QRA”) and data from the CFD calculationschéter referred to as “the CFD
calculations”) have been used as input in thisgragzh. Hence all assumptions and
(limiting) conditions mentioned in the QRA and CEBlculations are applicable here
as well. Both the QRA and CFD results, but parédyl the CFD calculations, are
strongly affected by the chosen geometry and lagbthie HRS.

8.2.4.1 Identification of events
Identified hazards for an HRS are:

- H2 — causing (vapour cloud) explosions (flash jiresol fires (from liquid
H2) and jet fires

- Other combustible material (shop, cars) causiresfir
- External impact (cars)

From figure 8.1 and 8.2 in the QRA the relevanialets (of the reference HRS) for
the safety distance can be extracted. These akensimTable 12. Indicated is also
whether such an element can be a hazard sourcer(&)target (T). As can be seen
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most elements can be both source and target. Tilhidepend on the deviating event.
For those elements that can be a source, the releeaiations are shown and types
of hazards they may create (fires — f, flash fir, -er explosion - ex) are shown. For
the target elements the “harm” and “no harm” ciditeare shown, with a distinction
between equipment (E) and people (P), derived ffafle 10. Explosions and flash
fires will only occur after a built-up of an igniiee gas cloud of H2 (i.e. leakage in
confined spaces) and delayed ignition. Direct ignitwill cause a jet fire. Other fires
may be caused by combustible material as preseitteirservice building (shop),
customer cars, tanker trucks, in the vent stac#l, anpools of liquid H2 in case of

(very) large leaks.

Element Source [IfS: If S: Type |[If T: Harm criterion |If T: No harm
or deviation |of hazard® criterion
Target
H2 — production S, T leak f, ff, ex E: 37.5 kW/m20kPa| E:-
(Electrolyser or
reformer)
Compressor S,T leak f, ff, ex E: 37.5 kW/B0kPa| E:-
Buffer storage for S, T leak f E: 37.5 kW/m 20kPa| E:-
CGH2
CGHZ2 dispenser ST leak, ext.|f, ff, ex E: 37.5 kW/m, 20kPa| E:-
impact
Evaporator ST leak f, ff, ex E: 37.5 kWin20kPa| E:-
Storage of LH2 ST leak f E: 37.5 kW/n20kPa| E:-
Vent stack ST fire f E: 37.5 kW/n20kPa| E:-
Piping (gas) ST leak f, ff, ex E: 37.5 kW/n20kPa| E:-
Piping (liquid) S, T leak f, ff, ex E: 37.5 kWm20kPa| E:-
Pump (liquid) S, T leak f, ff, ex E: 37.5 kWin20kPalE:-
LH2 dispenser ST leak, ext. [f, ff, ex E: 37.5 kW/m, 20kPalE:-
impact
LH2 Unloading area / [S,T leak f E: 37.5 kW/m 20kPa| E:-
LH2 tanker
HRS service building / [S, T Shop fire | f E: 37.5 kW/m20kPalE:-
shop P: 9.5 kW/ni P: 1.6 kW/ni
Fence T E: 37.5 kW/h20kPa |E: -
P: 9.5 kW/M, LEL, 7 |P: 1.6 KW/,
kPa Y% LEL, 2 kPa
Customer cars S, T Fire, ext. |f, ext. E: 37.5 kW/m, 20kPalE:-,
impact impact undefined undefined
People on site T P: 9.5 kWIMLEL, 7 |P: 1.6 kW/m,
kPa Y% LEL, 2 kPa

(i) f = fire, ff = flash fire, ex = explosion

Table 12.: Overview of elements, deviations and consequences to consider during calculation
of safety distance

From Table 12 all possible events (or accident ages) should be evaluated. For
example, for the compressed gas dispenser thewiallp scenarios should be
evaluated (derived from event tree 1, appendix B®QRA):

1. Leak —immediate ignition — shutdown failure —fjes

2. Leak — immediate ignition — shutdown — short liyetfire
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3. Leak — no immediate ignition - shutdown failure (Bi&umulation) — delayed
ignition - flash fire and explosion

4. Leak —no immediate ignition - shutdown failure (FK2cumulation) — no
delayed ignition — no effect

5. Leak —no immediate ignition - shutdown (minor HZ@mulation) — delayed
ignition - flash fire and explosion

6. Leak —no immediate ignition - shutdown (minor H2c@mulation) — no
delayed ignition — no effect

In the QRA the following leaks were distinguished:
- Small leaks (0.1-5 mm)
- Large leaks (5-12 mm)
- Full bore ruptures

On the basis of the criterion that the event freqyeshould be larger than 3.5%9r,
full bore ruptures can be dismissed on forehand {@lele 10-1 of the QRA). This, for
example, assumes implementation of a crash basudficiently effective to reduce
the event frequency to a value below 3.5/¢0 Of course this effectiveness should
be assessed.

Therefore, for the evaluation of safety distantes, sets of scenarios were analysed:
one for a small leak and its possible outcomes {81 S-6) and one for a larger leak
(L-1 thru L-6).

Using the data presented in figure 1 and table dppendix E plus table 10-1 of the
main report of the QRA (Appendix IV of the handbpdtike event frequencies for the
12 scenarios (i.e. small and large leaks) can brileded. These are summarised in
Table 13.

Scenario [Leak type / [Immediate |Shutdown Delayed |Event freq. |criterion

nr freq (1/yr) |ignition failure ignition

S-1 03 |y 0.15 Y |- 1.49E-03 | harm

S-2 ) 0.85 N |- 8.42E-03 | no harm

S-3 Small leak / 0.15 v 0.2 Y |6.93E-04 | harm

S-4 3.30E-02 07 IN ' 0.8 N |2.77E-03 |no effect

S-5 ' 0.85 N 0.1 Y [1.96E-03 | harm

S-6 ' 0.9 N |1.77E-02 |no effect

L-1 04 |y 3.9E-03 |Y |- 6.35E-06 | no saf. dist. required
L-2 ' 0.9961 |N |- 1.62E-03 | harm

L-3 Large leak / 39E-03 | Y 0.25 Y |2.38E-06 | no saf. dist. required
L-4 4.07E-03 06 IN ' 0.75 N | 7.14E-06 |no effect

L-5 ' 09961 | N 0.2 Y |4.86E-04 | harm

L-6 ' 0.8 N |no effect |no effect

Table 13: Event frequencies for leak scenarios for CGHZ2 dispenser, based on data from QRA
for mode/ station

In case of a jet fire (scenarios S-1, S-2, L-1 b?) the event frequencies should be
attenuated by the probability of the jet hitting ttarget. This however can only be
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done after calculation of the shape and size ofahdence after effect / consequence
calculations are done.

For 8 of the 12 scenarios above, safety distaneed to be calculated. As outlined
earlier specialised calculation techniques, alsdusr QRA’s, can be used for this
purpose, as well as CFD methods.

From the QRA (Appendix IV of this Handbook) and CE&lculations (Appendix V
of this Handbook) only a very limited number of gsere data, jet and cloud
dimensions (i.e. distances to LEL) are reportétb heat loads are reported, required
for fires. For short-lived jet fires (immediate igon but successful shutdown),
however, criteria for flash fires rather than (praged) fires will be more appropriate,
provided shutdown takes place only a few secortgs aflease.

On this basis, for the relevant criteria (i.e. ‘fhaand “no harm”) the (limited number
of) distances that could be extracted from the Q&# CFD calculations are
summarised in Table 14. A distinction is made betw85 and 70 MPa (350 and 700

v

bar) HRS's.
Scenario |Event effect criterion Relevant Distance for | Distance for 70 MPa
nr freq. values 35 MPa (350 | (700 bar) HRS
bar) HRS
P: 9.5 kW/m Not reported Not reported
E: 37.5 kW/m | Not reported Not reported
S-1 1.49E-03| Jetfire harm P: LEL Not reported 4 m
P: 7 kPa Not reported Not reported
E: 20 kPa Not reported Not reported
Short P: 1.6 kW/m Not reported Not reported
S-2 8.42E-03| lived jet noharm | P:%LEL Not reported 6m
fire P: 2 kPa Not reported Not reported
Flash fire P: LEL Not reported Not reported
S-3 6.93E-04| / harm P: 7 kPa Not reported Not reported
explosion E: 20 kPa Not reported Not reported
Flash fire P: LEL Not reported Not reported
S-5 1.96E-03 explosion, harm P: 7 kPa Not reported Not reported
E: 20 kPa Not reported Not reported
Short P: LEL Not reported 21 (19 m at 1.5 m heigh
L-2 1.62E-03 lived jet harm P: 7 kPa Not reported Not reported
E: 20 kPa Not reported Not reported
Flash fire P: LEL 7m Not reported
L-5 4.86E-04 explosion, harm P: 7 kPa Ca.7m >7m
E: 20 kPa 55m 7m

Table 14: Calculated safety distances for various events. Data from QRA (5-1, S-2 and L-2)
and CFD calculations (L-5)

From the list of safety distances the longest distashould be selected as the safety
distance belonging to this element of the HRS,dyermaking a distinction between

® The purpose of the QRA were to calculate the fatality risk for humans on site and off site.
Hence, e.g. radiation levels are not reported as fires (as a simplification) are considered fatal
to all people hit by flames or inside buildings, cars etc hit by flames, but otherwise not. Harm
criteria for safety distances are more strict, and more detailed calculations are required for the
events selected.
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people and equipment as a target. Of course Tablghduld be completed before
such a choice can be made. If the target is wittisisafety distance measures need to
be taken or source and target should be furthearatgal. Measures that can be taken
may be mitigation measures (those limiting theaffee.g. a fire wall) or preventive
measures (those limiting the event frequency, eeglucing the probability of
ignition).

In this example case, for instance, the safetyadcss will be unacceptable. For
instance a distance of 19 m between a person andispbenser (in case of a jet fire)
will be unacceptable, as customers and their cdrevmuch closer to the dispenser.
The best way to reduce the safety distance forditbgenser is by taking (more or
better) preventive measures that reduce the exemiéncy to negligible values (i.e. a
value below 3.5 19 /yr), by reducing the leak frequency (e.g. betmupling design,
leak test prior to each fill, trained users) andier probability of ignition.

Finally it should be stated that many of the ddilee (failure frequencies, ignition
probability) and calculation models are derivednfrother applications than those
involving hydrogen. It is therefore important tdleot data and to validate models for
hydrogen applications.

8.3 Hazardous areas

The hazardous area is the area around an ingiallathere a flammable / explosive
atmosphere may be present that is inherent to thpegies and activities of that
installation. Thus, in these areas activities aestricted or subject to special
precautions (e.g. no bare flame, work permit)

The figures below provide examples of hazardoua el&ssification around dispenser
and process equipment. For comparison the condegatfety distance is shown also.
Safety distances shown are just examples as thkie\depends on local conditions,
as outlined in paragraph 8.2.
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Figure 24. Safety distances and hazardous zones — example 1
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REFUELLING STATION IN OPEN AIR
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Figure 25: Safety distance and Hazardous areas — example 2
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Figure 26. Safety distance and Hazardous areas — front view
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Determination of the hazardous area — usually tiree-dimensional shape — is done
on the basis of the foreseeable quantity that cssape and the likelihood of
occurrence. It gives the zone where specific choeilsl be taken in order to avoid the
presence of ignition sources and to provide expteproof equipment and smoking
prohibition.

This concept is covered by the ATEX regulations EXTDirective 94/9/EC), the IEC
standard and European Norm IEC/EN60079-10 “Eledtrapparatus for explosive
gas atmospheres. Part 10 Classification of hazardmas” and for the USA in NFPA
70 “National Electrical Code, Article 500”. Theseeawidely acknowledged
international standards/norms. Harmonisation andliggion is considered
sufficiently implemented by these standards.

8.4 HRS plant level recommendations
8.4.1 Site selection and HRS lay out
8.4.1.1 Site selection

It is possible for the dispenser posts of Hydrogeibe located within the operating
area of a public petrol station or a refuellingtista Their operating areas may
overlap.

All hydrogen filling station installations shall Isguated in open air. Indoor refuelling
Is not permitted. For any underground installatiadslitional requirements shall be
considered.

The installation shall not be located beneath ar redectric power cables, piping
containing all classes of flammable and combustilj&ds, piping containing other
flammable gases, or piping containing oxidizing enais. Care shall be exercised
with regard to location relative to sources of fumlch as pipelines or bulk storage
containing other flammable gases or liquids or ofaential hazardous substances
that could jeopardize the integrity of the instiédia.

All hydrogen refuelling stations shall be locates that it is readily accessible for
product supply and distribution vehicles, fire figly services and easy escape routes
in case of an emergency. In cases where persooukl be trapped inside the station,
there shall not be less than two separate outwpething exits, remote from each
other, strategically placed in relation to the @egof hazard considered.

Barriers or bollards, to eliminate vehicular impashall suitably protect the

installation. Precautions, such as the erectiosabéty barriers or fences, shall be
taken to protect against damage during the manowuef any hydrogen supply unit

and by unauthorized tampering. HRS that is pernhitte be unattended shall be
designed to secure all equipment from tampering.

Fencing is required for parts of the refuellingtista which are not open for the
public to prevent access of unauthorized persoresevbther means are not provided.
Where fencing is provided, the minimum clearancéwben the fence and any
installation shall be 0.8m to allow free accesarnd escape from the enclosure. The
height of the fencing should be at least 2m. Timbemther readily combustible
materials shall not be used for fencing.
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All gates shall be outward opening and wide enotagprovide for easy access and
exit of personnel.

Any firebreak walls or partitions shall be madéadtk, concrete or any other suitable
non-combustible material of 90 minutes rating.

Consideration shall be given to the proximity ofhet activities or buildings
containing process equipment, where there is anpatdire or explosion hazard.

All HRS or refuelling facilities shall have permamdighting at points of transfer and
operation. The lighting shall be designed to previlimination of all parts of the
station. Emergency lighting shall be provided.

Site preparation shall include provisions for rétem of spilled LH2 and other
materials within the limits of plant property amat Surface water drainage. Enclosed
drainage channels for LH2 shall be prohibited plagable.

Roadways and yard surfaces at the station shatiobetructed of non-combustible
materials, especially the surfaces located belguelied hydrogen piping as well as
areas located under the fill connections and delivehicles. Uninsulated hydrogen
piping from which liquid air is able to drip, shdle constructed of non-combustible
materials. Asphalt and bituminous paving shall #suaed to be combustible.

8.4.1.2 System arrangement
A hydrogen station with on-site production of hygkea consists typically of:
- Feed Pre-treatment
- Hydrogen production unit (electrolyser or naturas gteam reformer)
- Gas purification
- Hydrogen compression
- High-pressure storage
- Dispenser
- Utilities (cooling water, inert gas, power suppys.)

System arrangements for on-site production of hyeincby water electrolysis and by
natural gas reforming are discussed below.
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Hydrogen generation by water electrolysis

Typical sketch of a hydrogen refuelling stationhmiin-site production of hydrogen
by water electrolysis is shown in the next figure:
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Figure 27: Ref CUTE

Feed pre-treatment

The feed pre-treatment consist of a water purificaunit and lye preparation. The
feed-pre-treatment units should be located closkd®lectrolyser.

Hydrogen production unit - electrolyser

The hydrogen production process consists of artrelgser, which is supplied with

feed water, to which a DC current is applied. Theoming AC main supply is

stepped down to a lower voltage and rectified tod»@ supplied to the electrolyser.
The process generates hydrogen and oxygen intibeofa2:1. The produced oxygen
is normally released to the atmosphere after aspresontrol valve.

The oxygen route, pipelines, equipment and outlellsbe subject to special
consideration taking into account the reactive prbes of oxygen.

The electrolyser and the power supply, transforared rectifier shall be designed
according to current regulations and acknowledd¢aadards and codes.

Electrolysers shall comply with ISO 22734-1

Gas purification

Downstream the hydrogen production, gas purificatemuipment is included for
removal of oxygen and moisture. Oxygen is removeddnxidizing; water moisture
is removed by water vapor absorption. Normally i ti@wer dryer is used.

The purified hydrogen gas is fed into a compredsocompress the gas to the
specified pressure.
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An inert gas supply system, e.g. nitrogen or argdmall be available for purging
purposes.

The hydrogen production unit, including the tramsfer, rectifier, and gas
purification should be located inside an enclosiifee enclosure should be divided in
to different compartments separated by a steet wa#h compartment for the process
units and one compartment for DC power supply amdrol system.

The process unit compartment should contain thetrelgte system, the cooling
water system, the feed water system, the elecenlyse dryer system and the inert
gas valve panel. The control room compartment n@aytaen the transformer, the
rectifier, control panels with PLC (programmableayito controllers), MCC (Motor
Control Center), fire and gas control functions.lo&al operation panel should be
located inside the control room compartment. Compation with remote control
units should be established.

Hydrogen compression

The produced hydrogen is compressed to 350 — 70(ioar to refuelling of the
vehicle tanks.

The compressor should be supplied by an approveglisu and delivered as a
complete skid mounted package including a comptetgument package to ensure
safe and reliable operation. The compressor sladldhe located as a separate unit.

The type of compressor may vary. All types of coesgors are acceptable provided
that they have been designed with particular refareto hydrogen service. Any
vibrations from the compressor shall not be tramstketo the pipe work.

Safety controls shall be installed to ensure thiadperature and pressure levels do not
exceed or fall below set operating levels.

Important compressor requirements are relateddaspiecified gas pressures and the
fact that the hydrogen gas shall maintain oil-fi@é.free diaphragm compressors or
hydraulic compressors are alternatives.

To take care of regulation of the production catyaaisuction buffer tank should be
included upstream of the compressor, located ceitkid compressor enclosure.

Hydrogen high-pressure storage

The compressed hydrogen should be transportegbiipedine to high-pressure storage
vessels.

The vessels are divided into several vessel banksgh-pressure bank, a medium-
pressure bank and a low-pressure bank. This amaegewill allow a three stage

"cascade filling" of vehicles. A two-stage cascdilleng system combined with a

booster compressor, or a multiple stage cascalw®gfdystem with more than three
pressure banks are other options. Each vessel dlankd be equipped with its own
pressure relief devices and pressure monitorintgumeents.

The storage pressure is typically 35 — 80 MPa 3800 bar).
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A gas distribution valve panel for distribution gds from the compression unit to the
storage tanks and from the storage tanks to theedser should be located inside an
enclosure, e.g. inside the compressor enclosure.

The pipeline transferring the hydrogen from the djatribution panel to the dispenser
enclosure may be located in a duct, below groundpove ground on a pipe rack. If
located in a culvert, the “roof” of the culvert shd be a grated to achieve good
ventilation in case of releases inside the culvert.

Inert gas system

Prior to start-up and at process deviations treat te shutdown with depressurization,
the electrolyser shall initiate automatic purgirfiglee pipes and equipment with inert
gas, e.g. nitrogen or argon.

Purging may also be carried out manually, by caogplnitrogen to specified
connection points.

The inert gas for purging is normally taken frons deottles. The inert gas bottles
should be located close to the production facility.

Hydrogen generation by gas reforming of hydrocarbos e.g. natural gas

Reforming is the process of transforming hydrocagbmto hydrogen. The process
takes place in three main stages (see next sk@jcreforming, (i) water-gas shift,
and (ii) purification.

Off gas

Reforming »Water-gas shift—» Condenser —» Purification @>

FY

Steam generator

‘Water purification

Figure 28: Schematic of natural gas reforming process for hydrogen production

In the first stage (reforming), and depending oa thpe of reactor, natural gas
feedstock reacts with steam (in a steam reformeagtor, SMR) or oxygen (in a
partial oxidation reactor, POX) to produce a systhegas (synthesis gas) that is
composed mostly of Hand CO. In the second stage (water gas shift)synéhesis
gas reacts with steam and produces more hydrogemndacg to the reaction:
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CO+HO > H;+CO

The produced gas is 50-60% hydrogen rich, theisesbmposed of C§ CH,, H,O
and a fraction of CO (0.5-1%). Surplus water frdra gas exiting the shift reactor is
condensed and recycled. Very often, removal of mcgaompounds and dissolved
CO; is necessary prior to sending water back to th@nstgenerator unit.

In the last step (purification), dry reformate igher sent to a purification unit or to a
preferential-oxidation reactor, depending on theernded use for hydrogen. For
industrial hydrogen, that requires a purity of 8%, Pressure-Swing Absorption
(PSA) is the technology of choice for hydrogen pithn capacities of 50-1,000
Nm%hour. Palladium membrane is another alternativé tms been considered
uneconomic for production capacities above 10*KmFor fuel cell applications, a
preferential-oxidation process is normally appliededuce the CO content to a few

ppm.
CO+¥% Q> CO

The reforming process is flexible with respectdedstock. Fossil fuels like LPG and
naphtha have been used commercially as feed famsteformers. POX reformers
have been operated with heavy fraction of fosslduike diesel and heating oils as
feed. Reforming processes have been developedaftialpoxidised compounds like
dimethylether and methanol. These compounds argereds reform than
hydrocarbons and less heat transfer is involvedsé&lsimplify the process design and
these technologies are in some locations competitespite high feed costs.

Catalytic reformer processes are sensitive to irtipgrin the feeds. Purification of the
feed is important for the performance of the referrand downstream units. Water
need to be treated to avoid fouling of steam geoefacilities as well as catalysts.
Catalytic ATR and Pox units will in some locatiomgjuire purification of incoming
to avoid poisoning of the catalytic systems.

Many concepts have been proposed for, C&pture from large scale reformers. The
same principles can be applied for small scalermefos. However, little attention has

been paid on cost effective scale down of thesegsses. New reformer concepts
have been launched to reduce the, @@idance cost like thermo catalytic cracking,
sorbent enhanced reforming and cyclic auto therefatming.

In the following a detailed review of the technakxyfor reforming of hydrocarbon is
given. Focus has been on commercial and semi-coomtherocess developed for the
hydrogen filling station market.

The following technologies are used in current fddor reforming hydrocarbons to
hydrogen:
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Steam reforming

The steam reforming (SMR) is the most widely amgplieforming technology. The
reaction is endothermic and requires external sigaply:

CHs+HO>CO+3h AH = +206 kJ/mol of Cll

Partial Oxidation

In Partial Oxidation (POX), methane is oxidizedpwduce carbon monoxide and
hydrogen according to the following reaction:

CHi+¥%2GQ>CO+2H AHp = -36 kJ/mol

Auto thermal reforming

Auto thermal reforming (ATR) combines partial oxida and steam reforming
reactions in a single reactor where natural gasixed with both steam and oxygen
(or air):

CH4 +% 02> CO +2 H2 AHp = -36 kJ/mol
CH4 + H20-> CO + 3 H2 AHp = 206 kJ/mol

8.4.2 Identification of and access to Hazard Zones

The extent of the hazard zones shall be indicaygaebmanent notices, particularly at
access points, or by distinctive lines paintedtedround. Notices shall indicate the
nature of the hazard, e.g.

HYDROGEN - FLAMMABLE GAS
NO SMOKING - NO NAKED FLAMES

Only authorised personnel shall be allowed to eifitese zones. These personnel shall
be aware of the hazards likely to be encountered thie relevant emergency
procedures. Any work other than that directly carteé with operating the station
shall be covered by a Safety Work Permit system.

8.4.3 Building

Buildings in which hydrogen systems are installdahlls be of single story
construction, designed for the purpose of use awdll ventilated with outlets at the
high points. The degree of enclosure should be miramum level consistent with
providing a reasonable working environment in retato local weather conditions.

Adequate measures shall be taken to ensure thabdem cannot penetrate into
service ducts, electrical wiring, electrical corduistaircases and passages that
connect to locations that are designated as sa#sare. outside the hazard zone.
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Buildings used for hydrogen operation shall be dira resistant construction as
determined by applicable codes or regulations.fAtgalot plan shall be worked out,
including escape routes.

Doors that do not have direct access to the outshiddl be of a fire resistant
construction and shall be self-closing.

Explosion relief shall be provided only in the exde walls or roof and should be
designed in such a way that if an explosion occtlrs, resulting pressure will be
relieved without the explosion relief system emitdangerous projectiles.

The total relieving area should not be less threethe area of the roof or the area of
one of the longest sides. This area may consisingfone or a combination of the
following;

- An area open to the outside,

Outward swing doors in exterior walls,

Lightly fastened hatch covers,

Light roof design.

Lighting shall be provided that is of an adequattensity for all enclosures and
operating areas so that, at all times operationsbeacarried out safely. The lighting
equipment shall be suitable for use in hydrogeasare

Where heating is required, it should preferablypdot water or warm air. Where re-
circulation systems are used, consideration shallglven to the possibility of
hydrogen contamination and adequate precautions Ishdaken. The heat sources
shall be located remote from the buildings.

The building or enclosure shall have good low aigthfevel natural ventilation to the
open air. Outlet openings shall be located at tighdst point of the room in the
exterior walls or roof.

In areas where natural ventilation is not possibtasideration should be given for
the installation of permanent hydrogen detectidms Hetection equipment shall be at
suitably located point(s), considering the design tlee natural and/or forced
ventilation system.

8.4.4 Hydrogen gas detection and hydrogen fire detection

The principles and considerations for the deteatibhydrogen gas and hydrogen fire
are mainly extracted from the ANSI/AIAA Guide to f&y of Hydrogen and
Hydrogen System (G-095-2004) (former NASA docum¢86 (1740.16, 1997)).

8.4.4.1 Hydrogen gas detection

Hydrogen is colourless, odourless, and therefoeegis is not detectable by human
senses. Well-placed, reliable hydrogen detect@snaperative for a safe installation.
A leak or spill of hydrogen shall be recognisedthg use of hydrogen detection
systems in enclosures where hazardous accumulatiays occur. Examples of

enclosures are the cabin of a hydrogen productiohand the compressor unit, the
dispenser unit and the canopy of the hydrogenifge#itation. In open-air situations,

measuring of hydrogen gas is not sensible. Hydragendetection shall be followed
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by alarm signals, automatic procedures to shuaodf isolate (parts of) the hydrogen
system and pre-determined actions to be takendoyegponsible employee.

The measuring of hydrogen with commercially avdéaiydrogen sensors is based on
various principles for instance: catalytic comboistsensors, electro chemical sensors,
semi conducting oxide sensors and thermal condtyctdetectors. Characteristics
such as minimum detection limits, response timewegvo requirements and
applicability in a defined gas environment are pnésd in ANSI/AIAA Guide to
Safety of Hydrogen and Hydrogen System (G-095-2004)

8.4.4.2 General considerations for hydrogen detection systes
1. Requirements regarding hydrogen sensors to befigueare:

- The minimum gas concentration detection requiresjent
- Full scale range of the detector system,
- Level of concentration for which alarm detectiomaguired,
- Response time,
- The accuracy,
- The operating temperature,

- The selectivity and the sensitivity for interferengases such as
hydrocarbons,

- Reliability and recalibration frequency and
- The interface to facility safety and shutdown syste

2. The time for detection, transmission and display dfydrogen concentration
shall be as short as possible. The USA NationakRable Energy Laboratory
(NREL)® proposes a response time for hydrogen safety mensols.
Compatibility with the responding safety systemlisha ensured.

3. The measurement range of hydrogen sensors is detatethe hydrogen
concentration level at which succeeding steps (aaghalarm and shut-off
actions) shall be taken. Visual and audible alashdl be provided when the
worst allowable condition is exceeded. The allowatndition must still be
in the safe range: the warning indicates a probkmexample: alarm signal
at 10% of the Lower Flammability Level (0,4% H2am) and shut-off at 25%
of the Lower Flammability Level (1% H2 in air). ThRéREL proposes a
measuring range for hydrogen safety sensors ofl0.%6 H2 in air.

Detection units shall not be ignition sources.

5. The number and distribution of detection pointgakated to possible leak
rates, ventilation conditions and the volume of #@closed location. In
enclosed area’s, generally, the inlet of air shalbn the lowest possible level,
the outlet of air on the highest possible leveltbe opposite side. By this
configuration, the flow of air is routed throughetrenclosed area. The

® Source : Proceedings of the 2002 U.S. DOE Hydrogen Program Review NREL/CP-610-
32405: Interfacial stability of thin film fiber-optic hydrogen sensors. NREL.
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hydrogen sensors shall be positioned near thengedr at the highest level,
where accumulation of hydrogen can be expected.

6. Detectors shall be maintained and periodically Ileted to ensure
acceptable performance.

7. The appropriate hydrogen detections system shalide®l when explosion
suppression techniques using inert gas purgesstadied.

8. A 1% by volume hydrogen concentration in an exhaustjie should generate
an alarm. A higher hydrogen concentration at a @ughaust indicates a
major leak or fire hazard after the purge is exteus air.

8.4.4.3 Hydrogen fire detection

Hydrogen flames are not visible during daylight ditions. For remote operations the
continuous monitoring of locations where hydrogeesf may occur (for instance

vents, safety release valves) shall be considéredcontinuous monitoring thermal

fire detectors and optical sensors for detectingrdgyen fires are applicable. These
detectors can be equipped with an alarm function.

For locating small hydrogen fires a broom may bedughe dry straws of the broom
ignite as it passes through a flame.

8.4.4.4 General considerations for hydrogen fire detectiorsystems

1. The radiation from the sun can overpower the hyelnofflame emission,
resulting in an invisible flame during the day, the visible spectrum.
Therefore, the fire detection should not be sudglepto false alarms from the
sun, lightning, welding and lighting sources (appliespecially for optical
sSensors).

2. Hydrogen fires emit radiation over a broad speataage, which means that
no extreme peaks for hydrogen appear. Also radiatb the hot water
molecule is measured by the sensor. This shoul@pein mind when optical
sensors for detecting hydrogen fires are used.

3. The minimum distance to the flame and length offthme to be detected by
the fire detection system shall be specified.

4. The fire detection system response time is to kexiBpd based upon the
prevention of loss of function, equipment and pcota of people.

8.4.5 Fire prevention and fire fighting
8.45.1 General
The essentials of fire prevention are to:
- Minimise all potential sources of leaks,
- Eliminate, as far as possible, all sources of ignjtand

- Make provision for isolation of hydrogen, meansestape and methods of
controlling any fire.
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Smoking, fires and open flames of any kind are iitdd within the areas defined in
§ 8.2. Warning notices shall be clearly postedcicoadance with § 8.4.2.

Adequate means of giving alarm in the event of@adhall be provided. These should
be clearly marked and suitably located.

Full emergency procedures shall be establishede&mh particular installation in
consultation with the local fire authorities andipdic drills should be carried out.

Adequate means of escape in the case of emergkaltyoe provided. In cases where
personnel could be trapped inside compounds odibgs there shall be not less than
two separate outward opening exits, remote fronh edhber, strategically placed in

relation to the degree of hazard considered.

Emergency exits shall be kept clear at all times.

The area within 3 metréof any hydrogen installation shall be kept freedoy
vegetation and combustible matter. If weed killems used, chemicals such as sodium
chlorate, which are a potential source of fire danghould not be selected for this
purpose.

Water shall be available in adequate volume andspre for fire protection as
determined in consultation with the relevant auties.

Maintenance or repair work shall only be carried after the relevant parts of the
plant, or area, have been checked and a Safety Wemkit has been issued by a
competent person. This is particularly importanteveh such maintenance work
introduces an ignition hazard, e.g. welding.

For liquid hydrogen storage it is important thatemtwater is used to keep equipment
cool and that careful control is exercised. Watesutd not be sprayed near relief
valve vents or vent stack outlets due to the p@tkedanger of plugging vents with
ice.

8.4.5.2 Fire fighting equipment

The location and quantity of fire fighting equipnhesiall be determined, depending
on the size of the hydrogen station and in consattavith the local fire authorities.

The equipment shall be periodically inspected. Tispection date and the result
should be recorded.

Personnel shall be trained in the operation oktngpment provided.

Means to cool down hydrogen storage vessels thdt dme exposed to fire shall be
available.

Extinguishing of a hydrogen leak fire shall be em¢ed only if subsequent re-ignition

is not a hazard. In this case Monex powder extsigens are effective. CO2

extinguishers shall not be used, as CO2 ice pestitiay become a source of ignition
due to static electricity build-up. Many fire exduishers are not effective on a
hydrogen fire.

" EIGA IGC Doc 15/06/E mentions 3 m. The NFPA 53ngalso applicable for high
pressure (70 MPa - 700bar) applications?) NFPA 50:8 m for LH2.
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8.4.5.3 Action in event of fire

Most hydrogen fires from high-pressure systemsimaig at the point of discharge
and the flame will have the characteristic of ahoor jet. Such fires are extremely
difficult to extinguish.

The most effective way to fight a hydrogen firgasshut off the source of hydrogen
supply, provided this can be done safely.

Where hydrogen cannot be isolated, hydrogen finesild not be extinguished whilst
the flow of leaking hydrogen is continuing, becausethe danger of creating an
explosion hazard more serious than the fire itsglirrounding equipment, when
necessary, shall be cooled with water jets or spdaying the fire.

Hydrogen flames are almost invisible and the apgroaust be made with caution, a
flammable material such as paper or cloth affixaed fire retardant rod can be used if
necessary to detect a flame boundary.

The following are guidelines, which should be uded formulating emergency
procedures:

- Raise the alarm;
- Summon help and fire fighting services;

- Wherever possible, and it is safe to do so, tufrvalives to cut off the source
of hydrogen supply;

- Wherever possible, and it is safe to do so, mogecgénder away from fire
area; beware of potential burst of gas cylindegsosgd to fire;

- Evacuate all persons from the danger area, exbepéthecessary to deal with
the emergency;

- Always approach any fire from the windward direntio
- Cool adjacent objects, from a distance and prefgraimanned;
- Avoid transmittance of the fire to buildings nearby

For further details see 9.2.

8.4.6 HRS emergency shut down

An important preventive measure is emergency sbwnd It is important that the
shut down philosophy is made clear thereby makidginction between;

- Emergency shut down (complete shut down with latgressurisation -
triggered by fault such as loss of ventilation, gasection, manual action,

o))

- Ultimate emergency shut down (complete shut dowth wepressurizing of
all equipment including buffer storage - ultimateisdown triggered by fire
on buffer storage or by manual stop).

Shut down is initiated in case a threshold leveinfperatures, gas concentrations, gas
flows, pressure levels, fire detection) is exceeaddch is continuously measured by
detectors and sensors. In this case IEC 6150&@m@mended (Functional safety of
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electrical/electronic/programmable electronic safelated systems by the
International Electro technical Commission).

8.4.7 Security
Gaseous hydrogen

Precautions, such as the erection of safety baroefences, shall be taken to protect
against damage during the manoeuvring of any hwarogupply unit and by
unauthorised tampering.

Where the storage installation area is not under dinect control of authorised
persons, it shall be contained within a securkddenclosure and the key held by an
authorised person.

Liquid Hydrogen

Fencing is required to prevent access of unauthdnersons, where other means are
not provided. On controlled sites with sufficienpgrvision, fencing is optional.

Where fencing is provided the minimum clearancewbet the fence and the
installation shall be 0.8m to allow free accesartd escape from the enclosure.

Timber or other readily combustible materials shait be used for fencing. The
height of the fencing should be at least 2m.

Gates shall be locked during normal operation.

8.5 Specific recommendations
8.5.1 On-site production
Refer to applicable standards in chapter 7.3.1.1.

8.5.2 Pipeline interface

A hydrogen refuelling station may be directly cocteel to a hydrogen production

plant via a pipeline. The pipeline internal diameésetypically 150 mm. Depending on

the operator and the status of the installationpipeline pressure varies typically

from 2 to 10 MPa (20 to 100 bar). GH2 has theretorke compressed to the desired
pressure at HRS level.

In general gaseous hydrogen supplied by pipelin®risndustrial (e.g. chemistry)
application. Gas purity may not be compatible wath application in vehicles. Gas
analysis and potential purification has to be earout at HRS level.

The pipeline interface shall be earthed and borndedive protection against the
hazards of stray electrical currents and statictedgty.

General requirements concerning piping are provideghapter 8.1.1.
Regulations, codes and standards applicable tdiqepare listed in 8 7.3.1.2.
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8.5.3 Hydrogen dispensing

The dispenser has to be located outdoor, at pbuse If the dispenser is covered by
some kind of roof, the roof shall be designed tevpnt H2 accumulation under the
roof. Natural ventilation will limit the risk of bld up of large ignitable gas clouds.

8.5.3.1 Gaseous Hydrogen buffers

Gaseous dispensers usually include high-pressufer lmtorages for fast dispensing.

These vessels can be grouped into single storayes laé different pressure levels and
different size. The single storage banks do notrieebe separated from each other
by a safety distance. Each group of storage bamlkejuipped with its own set of

safety devices, independent from the other groupe $torage vessels shall be
permanently fixed according to the specificatiohthe manufacturer. Means shall be
provided to protect them against physical damage.

8.5.3.2 Safety valves

Safety valves are used to prevent an over presdiarizof the vehicle tank system.
The overall maximum filling pressure for the vehithnk system shall be limited to
1,25 x 1,1 x NWP (Nominal Working Pressure). Preseaf safety valves shall be
documented, together with their cracking pressure.

8.5.3.3 Enclosure

The enclosure shall be weather protected with rerpstedges. The handling of
dispenser hoses and couplings shall be easilylgesdihe dispenser hoses shall not
touch the ground when the nozzle is stored in thpethser unit. All displays shall be
easily readable.

8.5.3.4 Filter

There shall be a 5 pum filter installed to protewt tvehicle from particles in the
hydrogen flow bigger than 10 pum.

8.5.3.5 Breakaway coupling

The hose of the HRS shall be protected by a breakasoupling from severe
hydrogen leakages in case of unintended vehicle @vay. The breakaway coupling
shall release within a force band of 200-400 Nxialadirection.

8.5.3.6 Dispenser grounding

A grounding connection of the fuelling station toognd has to be installed. The
hydrogen source and the fuelling station need & lmacommon grounding.

8.5.3.7 Vehicle grounding
Vehicle grounding can be performed by one of tikefong solutions:
1) Grounding through vehicle tires
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(Preferred method if refuelling area ground surfamnductivity is adequate).
Resistance between pad and ground shall be les4 tkBDhm.

2) Connection of a dedicated grounding strap gdarozzle connection

8.5.3.8 Operating instructions
The dispenser operating instructions shall be postéhe dispensing device.

8.5.3.9 Pre-fill leak tightness test

The connection between nozzle and vehicle shoultigh¢ness tested before each
fuelling.

8.5.3.10 Hydrogen detection

A system for automatic detection of H2 gas inside tispenser housing, which
contain most of the valves and measuring devicethiodispenser, is recommended.
Shut down should be initiated automatically upos detection.

8.5.3.11 Dispensing process interruption

In case of interruption of the dispensing procedsg, to a power or system failure, the
user shall not be exposed to any hazard. Moredweuser shall be informed of the
interruption and shall receive proper instructions.

8.5.3.12 Hydrogen supply isolation valve

Hydrogen supply to the dispenser shall includelleséde isolation valve downstream
the process equipment (e.g. compressor and buffierges, liquid hydrogen pump).

8.5.3.13 Emergency dispenser shut down

At minimum one manual ESD button near the dispeskall be available. A second
manual ESD button in a larger distance from thepafiser (safe area) is
recommended.

Activation of one emergency button only shall imna¢ely terminate all on-going
fuelling. The hose and connections shall be depresesi automatically.

Emergency shut down will be released in the follaysituations:
- Manual emergency shut down at the dispenser
- Leakage of hydrogen at the Nozzle by pressurertegis test

- Temperature drop of the temperature control at Mwozzle (in case of
hydrogen pre-cooling)

- Loss of electricity or drop down of Nitrogen anddfiggen or Helium supply
pressures

- Detection of hydrogen via gas sensor inside theetiser enclosure
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8.5.3.14 Detection of severe leakages

The fuelling station needs to provide measurestedl severe leakages. In addition, a
test for vehicle-HSS (Hydrogen Storage System)dgalkshall be performed by a low-
pressure pulse test prior to fuelling.

The following points need to be documented:
- Initial pressure pulse to detect vehicle-HSS leakag
- Additional measures to detect severe leakagesdat bne necessary)
- Hydrogen sensor on fuelling area to detect vehézdkages
- Plausibility check of HRS pressure to detect pnesdwop during fuelling

8.5.3.15 Pressure inlet sensor failure

The HRS needs to be pressurized with hydrogerhaltime to prevent air entrance.
The inlet pressure shall be permanently supenaseta failure of the inlet pressure
sensors shall be detected automatically. If thetiptessure is less than the required
minimum inlet pressure, the station shall stop rnattically. A restart is allowed only
after purging the Fuelling Station.

The minimum inlet pressure shall be documented. foHewing elements shall be
available as well:

- Inlet Pressure detection
- Automatic Stop of HRS if inlet pressure is too low
- Restart possible only after purging

8.5.3.16 Liquid Hydrogen dispensing

The refuelling hose, as a movable and manipulatetl gf the dispenser, shall be
monitored for the loss of vacuum insulation. Thepeénser should be automatically
shut down in the case of a loss of vacuum.

Dispensing shall stop in case of sudden or heangida at the fuelling hoses and
Nozzle (break away system used for gaseous dispeissnot applicable).

8.5.3.17 Lighting

Hydrogen fuelling facilities transferring producturthg the night shall have
permanent lighting at points of transfer and openatThe lighting shall be designed
to provide illumination of the dispensing apparatnsl dispensing area, such that all
controls including emergency shutdown devices @ible to the operator.

8.5.4 Gaseous hydrogen storage system

Steel cylinders and storage tubes are commonly useatiustry to store pressurised
hydrogen, varying from a single cylinder to muliinder packs and stacked tubes.
Cylinders may also be made of composite materials.

Flammable materials should be kept at a distarmee the tank.
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Connections between vessels and pipe work and & work should be carefully
considered both for durability, contamination aednpeation.

Underground piping connections should be butt-wetlded consideration should be
made for the effect that welding will have on pressatings.

8.5.5 Liquid hydrogen storage system

A cryogenic storage tank consists typically of anar and outer vessel, separated by
a vacuum to minimise heat ingress by conductiosidlnthe vessel the product will
exist in both liquid and gaseous phases.

Cylindrical vessels can be built either verticallyhorizontally. Design should ensure
minimum heat leak into the vessel and minimise bffilHeat transfer could occur as
radiation, convection or conduction depending anitistallation chosen.

- Boll off — the vaporisation of liquid hydrogen tageous phase - will always
occur. The installation should therefore be equippéth an overpressure
regulation circuit to remove the gas and keep tardssure at equilibrium.
The removed gas should be safely utilised, ventedherwise disposed of.

- Pressure relief circuits should be backed up bgfrdevices.
- Always keep vessel above atmospheric pressure.

- Cryogens will cause pipe work to shrink when coosdl expand when
warmed up again. This should be designed for.

- When considering the ventilation for boil off hydem, remember that much
colder gasses will be less buoyant in air than antbhydrogen. Cloud
formation can cause asphyxiation and also caudes®p risk.

Flammable materials should be kept at a distarmre the tank.

The ground surface and plinth above which the tamgoriser and refilling area
stands should be made of a non-flammable mateoalpermeable to cryogens.
Consider the collection of liquefied oxygen-enridhair beneath cold lines and
whether it could penetrate the ground or run imrg before boiling off.

The ground surface should not be made of a flamenataterial such as asphalt or
other bitumen based materials.

Where heating is required to vaporise liquid hy@mgt should, ideally, be supplied
from hot water or steam supplies, to eliminate kbthneed for electrical equipment
in the vicinity and the potential for contaminatiohre-circulated streams.

8.5.6 Specific storage configurations
8.5.6.1 Under-ground storage systems

Hydrogen can be stored safely underground providiegessary precautions are
undertaken. Underground storage reduces the ingbactgulfing fires above ground.
Further benefits include reduced space, aesthatidseduced impact exposure both
from accidental and malicious attack.

Further to the considerations made for above-grostodage, the following points
give examples of the risks inherent and avoidedbbrying the vessel and some
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suggested means of mediating these risks. Cldalpverriding message is that leaks
must be avoided in all circumstances and propegctien, containment and removal
should be made to minimise the dangerous impattteolieak.

- Storage of gases or liquids that vaporise at anlo@mditions is always safer
in open, well-ventilated areas. Vaporised cryogerace colder and often
remain denser than air for some time. The spacewuling the vessel can
be described as ‘confined’ when three or more waflla square enclose it.
Confined spaces create substantial risk to persotmad¢ are required to
install, maintain, remove or in anyway work nea¥ #lessel. There is a hazard
of asphyxiation due to leaked product that canretvbnted fast enough.
There is also an increased risk of ignition duethe oxygen-enriched
atmosphere that can result from liquefaction of imircontact with non-
insulated liquid hydrogen lines. In case of igmtib is also an increased risk
of strong explosion due to the high level of coafirent around the tank.

- Precautionary measures must be taken to avoiddeaj#rogen or other gas
concentrations entering underground conduits (sisctvater and gas mains)
and foundations of buildings.

Buried storage system
The following issues are to be considered for lilviessels:

- Corrosion Protection (Cathodic Protection, coatingsaterials of
construction, proper burial per existing standards)

- Structural Design Issues (soil forces, water tagpieund Freezing)

- Pressure Vessel Integrity (Double wall constructimmmparison to pipelines
and other pressurised underground vessels)

Liquid hydrogen storage in vault

Underground storage of liquid hydrogen typicallynsists of a horizontal cryogenic
Stainless Steel tank, either sealed or containduma vault.

- The subterranean vessel may be contained withauH to reduce corrosion.
Consideration must be given to the medium betwéenvault and vessel
walls. Where air is present, liquefaction may oamuipoorly-insulated vessel
walls and pipe work. As the temperature decreas#snihe vault, Oxygen
will liquefy more readily than other air gasses aachain liquid for longer,
creating a rich concentration of oxygen aroundgbmt of liquid collection
and a significant fire hazard. Though sealing thaltvwith a suitable inert
purge gas should remove this risk, it would thedh tadasphyxiation risk.

- Where liguefaction of surrounding air or purge gasmay occur within a
vault, consideration must be given to the damagiifigcts this may cause to
vault walls and other equipment.

- Drainage should be considered. Condensed watemuvamal potential water
leaks into a vault must be removed to avoid coomsCryogens and gasses
must not enter into such drainage systems.
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- Where the outer wall of a vacuum-insulated tanks faixygen concentrations
vaporising as they gather on the floor could bewdranto the vacuum
chamber, thus significantly increasing the riskicg and explosion.

- Though maintenance of the vessel itself maybe duoikeat, consideration
should also be given to the subsequent installatibmachinery such as
pumps at the vessel level. Such machinery is likelpeed more frequent
routine and unexpected maintenance and thereforeiecaa higher
asphyxiation risk.

- Before installing storage vessels underground, iderstion should be given
to local seismic activity and, where necessarythgaake damage mediation
must be designed into the housing.

8.5.6.2 Canopy mounted gaseous storage systems

Similar to surface storage systems, gas storageelgesan be raised above the canopy
of the fuelling station. As for underground storgaipgs can reduce spatial issues.

Note: Technically a canopy mounted liquid storagsteam is feasible. However, this
configuration was never used so far.

It can also be argued that faster venting of gg®ssible, for example in case of fire,
with much lower risk to people or equipment on tjreund. Leaks from raised
equipment are likely to disperse more quickly.

Gaseous storage is preferred in this instanceibddrms of safety and practicality.

- Collision damage should still be considered. Dsvef high vehicles may
misjudge the height of a low canopy.

- Maintenance planning must consider ladder use ank at height.

- Safety distances surrounding the canopy storagd stilisbe considered,
despite vertical separations from ground-level popgnt satisfying the codes.
Horizontal high-pressure leaks may travel someadist before rising,
particularly with a strong tailwind. Such leaks bwenter neighbouring
facilities, or high-sided vehicle (e.g. double-dedkbus) windows before
rising. The storage area can be surrounded bydiieiewalls to ensure such
leaks are directed upwards.
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9 Operation and maintenance of an HRS
9.1 Operating requirements

Training shall be arranged to cover all the aspeactd potential hazards that the
particular operator is likely to encounter.

It shall cover, but not necessarily be confined ttege following subjects for all
personnel:

- The potential hazards of hydrogen
- Site safety regulations

- Emergency procedures

- The use of fire fighting equipment

- The use of protective clothing/apparatus includimgathing sets where
appropriate

- Safe work permits for maintenance activities

In addition individuals shall receive specific traig in the activities for which they
are employed.

It is recommended that the training be carriedunder a formalised system and that
records be kept of the training given and, wherssiiibe, some indication of the
results obtained, in order to show where furth&ning is required.

The training program should make provision foresfrer courses on a periodic basis.

Activities other that those directly related to ttngdrogen operation should be kept
remote from hydrogen equipment.

Detailed operating instructions containing all resaey technical information in clear
form shall be prepared for each system. Theseuictstns shall be used in the training
program and shall be available to the relevantatpey personnel.

Operating personnel shall wear suitable clothing arhere necessary protective
equipment.

Where single manned operation is used on any pdheoplant, adequate means of
summoning assistance in the event of an emergdvatlyl®e provided. This should be
backed up by a system of checks.

The installation and operation of electrical systeim hydrogen stations must be in
accordance with the Regulations, Standards and<Gafd@ractice of each country.
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9.2 Emergency safety plan

Preparation Description According to/ specification

measures

Fire fighting Plan of Attack for different | Remarks: Hydrogen flames are not
scenario’s whereby danger, | visible.
tactics and means are Hydrogen fires should not be
nominated. Sufficient fire extinguished before the supply of
extinguishing material should hydrogen has been stopped.
be present. Availability of firg Cooling of adjacent devices that
extinguishing material contain hydrogen may be a tactic
guaranteed. Unobstructed | for which sprinklers may be used.
access required.

Emergency Shall be prepared to cover | Contains the availability and duties

response plan| potential emergencies and | of individual facility personnel and
shall be coordinated with the| the availability of external response
local emergency services personnel during the identified

emergencies

An example of detailed Emergency Response Plan YBR$ been prepared by WP4
and is provided as Appendix Ill.

9.3 Maintenance requirements
9.3.1 General principle
Preventive maintenance is mandatory to ensure ledtée operation of an HRS.

The refuelling site shall have a written mainter@anrogram or process safety
analysis program in place. The operator shall raaird written record of the required
maintenance.

Maintenance shall be performed based on the OEMpoosnt manufacturer's
recommendations and not less than every 6 montlasnt&hance records shall be
made available upon demand. Records of requiredtar@nce shall be provided to
the authority having jurisdiction upon request.

Fuelling facilities shall be free from rubbish, diebweeds, and other material that
present a fire hazard.

Grass areas on the hydrogen fuelling facility gasishall be maintained in a manner
that does not present a fire hazard. Grass sheuke ot fresh and green, and cut grass
should be removed immediately as rotting grass sedfyignite.

A preventive maintenance program shall be in pkaoe shall include a schedule of
written procedures for test and inspection of facgystems and equipment.

Each component in service, including its suppodtay, shall be maintained in a
condition that is compatible with its operation eafety purpose by repair,
replacement, or other means.

If a safety device is taken out of service for nimance, the component being served
by the device shall be taken out of service unlessame safety function is provided
by an alternative means.
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If the inadvertent operation of a component takem of service could cause a
hazardous condition, the system shall be shut dowihthe component is replaced.

Safety, gas detection, and fire protection equignstall be tested or inspected at
intervals not to exceed 6 months.

Maintenance activities on fire control equipmentalsibe scheduled so that a
minimum of equipment is taken out of service at ang time and fire prevention
safety is not compromised.

Access routes for movement of fire control equiptrtera hydrogen fuelling facility
shall be maintained at all times.

Maintenance/repairs procedures should follow normadineering practice, with
additional precautions relating to hazard zonesclBp attention shall be paid to
ensuring that systems are adequately depressuaisggurged, before any work is
undertaken and a Safe Work Permit is issued.

Detailed maintenance programmes should be prepfmecach system, making
individual reference to items of equipment in tlystem. The following guidelines
may be used.

A documentation system should be set up to incdbddollowing information:
- Flow sheets
- Vessel dossiers
- Pressure test certificates
- Operating instructions
- Equipment manufacturers maintenance instructions
- Equipment drawings
- Piping drawings (including any modifications)
- Material schedules
- Modification details and approvals
- List of recommended spare parts

A suitable system for recording the frequency arterd of all maintenance and
periodic tests shall be provided. This should idela means of recording defective or
suspect equipment to ensure that prompt and caotion is taken.

Where modifications are made to any part of thdesys or to individual items of
equipment, these shall be subject to technicaleyapprand conformance, at least, to
the original standards and be adequately tested.

Any changes made shall be fully documented.

Schedules shall be established detailing maintengasks and their frequency. The
following shall be included as key items:
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- Periodic inspection/pressure test of vessels apthgisystems should be
done on annual basis

- System checks of leakage

- Safety shut-down system functional check

- Pressure relief device testing

- Control and monitoring equipment testing

- Filter checks

- Electrical system/grounding integrity checks

- Compressor maintenance

- Flexible hoses

- In addition, the following should also be scheduled
» Painting
* Notices

* Pipeline identification

Flexible refuelling hoses can be considered touleerable and a source of potential
hazard, special attention is required regarding tse.

Hoses shall be inspected regularly. Attention shallpaid to the integrity of the
electrical continuity, end fittings and evidence gifysical damage. They shall be
tested or replaced at fixed intervals. Recommendstland inspection intervals can
be obtained by a risk based approach.

The operator’s attention is drawn to the importantevoiding corrosion that can
otherwise limit the working life of the cylindersic affect the fatigue characteristics
in serious cases. The implementation of good prripceventative maintenance in
anti-corrosion procedures is strongly recommended.

A manually operated shut-off valve to isolate ed@pensing unit shall be provided
for maintenance purposes.

Maintenance or repair work shall only be carried after the relevant parts of the
plant, or area, have been checked and a competesrphas issued a Safe Work
Permit. This is particularly important where suclaimeenance work introduces an
ignition hazard, e.g. welding.

All personnel engaged in the operation and/or neaitce of hydrogen
stations/systems shall have received training lsiaéiteor the work on which they are
engaged.

A systematic approach to the maintenance of hydregstems is necessary to ensure
safe and correct operation.
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9.3.2 Typical maintenance program for a gaseous HRS

This paragraph presents a typical maintenance gnogpr a gaseous HRS:

COMPONENTS OPERATIONS FREQUENCY
Break away (X410) Replacement of O-Ring on the GH2|Every two years
outlet pipe
Compressor A-type Visit (see Table 16) Every year
B-type Visit (see Table 16) Every two years
C-type Visit (see Table 16) Every two years
Main station Leak test at Maximum Service Pressiieery 6 months
with leak spray on screwed sub-
assemblies
H2 venting control Every 6 months
Filing hose Replacement of the filing hose Everyg yiears
Compressor feeding hose| Replacement of the fedudisg on the Every year

compressor skid

Filter F110

Visual control of the filter elementdan
replacement of the gasket. Cleaning v
compressed air if necessary

Every 6 months

Safety Devices

- Pressure safety valves

- Gas detection system

Replacement of the Pressure Safety
valves on the bundle, test of the PSV
(NB: it is the responsibility of the
customer to make sure the local
regulation for pressurised equipment
applied)

Every 3 months

S

H2 detector calibrationdesite

Every 6 months

- Emergency stop Emergency stop verification Everyr
Pressure transmitters Verification of sensors value Every year
Temperature transmitters |  Verification of resistivit Every year

Hand valves for High
Pressure isolation

Replacement of the needlaiog, gaske
ring

Every two years

Hand valves for High
Pressure isolation

Replacement of the needleaiog, gaske
ring

Every two years

Automatic valves for High
Pressure isolation

Verification OPEN/CLOSE and stroke
of the piston, closing of the valve whe
no air supply available, tighten the

mechanical parts, and H2 leak test with

leak spray according to the manufactt
recommendation

Every year
n

Filling couplings

Leak test Maximum Service Pressur
with Nitrogen

Every 3 months

Electric valve

Open/Close test, mechanical tiglgne
leak test

Fvery 3 months

Flow meter GH2 leak test on connectors Every 3 hmnt
H2 bundles GH2 leak test on all the installation eB\3 months
Electrical cabinet Ground pad testing Every year

Air venting filter, electrical connection

Every 3 months

tightness, overheating components, ...

Table 15: Typical maintenance requirements for gaseous dispensing HRS
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For the Compressor, typical types of visits aregiin the following table:

Running
time/maximum OPERATIONS
frequency
-Valve internal tightness control
VISIT -Flow pressure limiting control setting control
TYPE A -Process parameters control (pressure, temperapowsr, flow rate)
Max. 2000 h |-Mechanical parts control (drive belts of the coegsor...)
-Mechanical parts control (drive belts of the coegsor...)
VISIT -Process parameters control (pressure, temperapowsr, flow rate)
TYPEB
Max. 4000 h |-Valves inner ports control and/or replacement
-Oil drain
-Frame and metal filter cleaning
-Qil Filter replacement
-Motor greasing
-Suction gas filter cleaning
-Replacement of diaphragm
-Mechanical parts control (driving belts of the goessor...)
VISIT -Process parameters control (pressure, temperapowsr, flow rate)
TYPEC
Max. 8000 h |-Valves inner ports control and/or replacement

-Oil drain

-Frame and metal filter cleaning
-oil Filter replacement

-Motor greasing

-Suction gas filter cleaning
-Replacement of diaphragm

-Safety elements control: Gas, oil, water, etc ....)
-Replacement of the oil non return valve

-Replacement of internal parts of the compensator
-Replacement of internal parts of the pressurdilgicontrol
-Replacement of O-ring on olil circuit

Table 16. Typical inspection plan for the compressor of a gaseous dispensing HRS
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10 Vehicle interface requirements

This section discusses both gaseous and liquid olggdr interfaces. Further
information on the vehicle description and requieets are provided in Appendix VI.

10.1 General requirements
10.1.1 Compressed Hydrogen refuelling

The OEM'’s have developed a common refuelling precésis document describes
the targeted refuelling process based on vehicgeirements and also defines a series
of detailed requirements (performance, hardwame, .¢tfor the vehicle interface at
fuelling stations.

Due to the differing thermal behaviour of differemissel types, all HRS’s should use
this refuelling specification. The following docunts provide specification and
requirements for the fuelling process:

-  SAE TIR 2601 (in progress)
- SAETIR 2799

- Vehicle manufacturers commonly agreed specificatianailable at:
http://nextenergy.org/industryservices/70MPa_Syatibn_Docs.asp

A communication interface between vehicle and HRB lve introduced, with the
purpose of optimising the refuelling process. Bibith optimised communication and
more conventional non-communication re-fuelling tegss are described in this
document.

10.1.2 Liquid refuelling

The amount of hydrogen is measured in mass (kg.mbasurement tolerance is in
accordance with the standards for conventionakfuel

The HRS must prevent the nozzle dropping on thargipor nozzle shall be designed
not to fail in this situation.

The Hydrogen quality provided should be in accocgawith SAE J2719 with a
particular requirement for 95% content of “Para-H2”

Inclination of the fuel stations ground shall netdbove 1.5%.

The HRS shall be able to refuel a vehicle tank withAWP between 0.2 MPa and
1 MPa (2-10 bars).

Concluding the refuelling process could be possiblany time during the refuelling
process (except during warm refuelling as mentidndbe safety requirements).

The station needs to be designed for any back ftom the vehicle tank during the
refuelling process.
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10.2 Grounding

The requirements for the electrical installation figdrogen vehicles are included in
many codes and standards. The validation of thetradal installation including all
requirements for discharge of any currents or asrg done on behalf of the vehicle
homologation.

Grounding to HRS during refuelling needs to be mtest such that the vehicle ground
plane is at the same potential as the refuelliagiost prior to fill nozzle making
connection with the vehicle. A conductive path dtoexist between the vehicle
chassis, via the conductive pad, and a common droume (earth). The total
resistance through the pad and the tires shoulegexaged 125 Mohms, and the fuel
receptacle should be bonded to the chassis. This \@based on SAE 1645, relating
to the complete electrical resistance between emdhnd and the conductive chassis
of the vehicle. See SAE J1645 for recommended ipesctfor minimizing
electrostatic charges and their effects.

Measurement shows that stations that are builtrdoap to ISO TS 20012 have
enough conductivity at the ground to dischargecstatcumulation.

10.3 Communication with the vehicle

A communication link between the HRS and the vehiotay be implemented
according to SAE TIR J2601.

Both the HRS and vehicle must be enabled in oalstart the refuelling process.

On the vehicle side, the data interface consistonfacts that are directly connected
to a normal open relay. The relay is part of thieicle safety loop.

When the refuelling process is initiated, the conystem of the vehicle will be
activated. All safety related aspects of the vehaile checked by the vehicle control
system. If all sensors and actuators are workirgiwihe expected range, the vehicle
refuelling relay will be energized. The refuellipgocess is then enabled.

The signal from the HRS is routed through the Vehielay and the refuelling process
commences.

The LH2-Dispenser is equipped with control deviceshich control the

communication with the vehicle and the internal tooinsystem for the automatic
nozzle. The control system is also responsiblectomtrolling (opening, closing) the
filling valve and gas return valve of the LH2-Disger.

If a failure or emergency occurs at the LH2-Disgensite, the control system will
give a signal for the refuelling to stop or inidadn emergency shut down (see §
8.5.3).

Data exchange:

The HRS will drive a binary self safe signal cotiagg of a 10V and 10mA DC, to the
vehicle. If the vehicle potential free contactlne tvehicle is closed by the vehicle, the
refuelling process will start.
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All parameters relating to the HRS and vehicle tyafeust to be considered, assessed
and addressed as required.

10.3.1 Gaseous hydrogen tank system

The infrared-based hardware of the refuelling dat@munication interface is
currently being developed, collaboratively, by DEMChrysler and General Motors.
HRS providers and other OEMs are invited to paéte in the development of a
common refuelling process and related interfacedware. The communication
interface together with the refuelling process dpation ensures a complete fill
under all circumstances. The SAE technical inforomateport TRI 2799 specifies a
guideline for the hardware requirements for fuellia hydrogen vehicle with
compressed hydrogen storage rated at a nominalingogressure of 70 MPa @
+15°C. It contains a description of the casing getwynand optional communication
hardware, along with the communications protocthtieg to the refuelling of an
hydrogen vehicle. The aim of this document is talda the harmonized development
and implementation of the hydrogen fuelling inteefs.

The overall hydrogen fuelling system consists dfspenser and an hydrogen vehicle.
The connector couples the hydrogen fuelling sydi@ispenser) and the Vehicle, and
that hydrogen fuelling coupling is specified as thelling connector interface. There
are three portions of the hydrogen fuelling cougplia mechanical; a process; and, a
data portion. The SAE document J2601 describesdéte portions of the fuelling
interface. See Figure 29.

Hydrogen Fuéling Couplinﬂ\
Data IR IR Data
Hydrogen N Receiver [ Transmitter % Hydrogen
Fueling System 4_\_/ Vehicle
Hydrogen Hydrogen
yareg > Nozzle Receptacle yeros >
Fueling
Interface

Figure 29: Overall fuelling system
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10.3.2 Liquid hydrogen tank system

The data interface for LH2 refuelling differs frothe CGH2 data interface. The
communication for LH2 vehicles does not requireatecexchange. No data protocol
will be transmitted.

Nevertheless the HRS and the vehicle must be linkgdther during the refuelling
process.

The communication between vehicle and HRS conefsasself safe binary signal DC
voltage, 10V and 10mA, sent from the HRS. At thbaisle a potential free contact
receives the signal.

The vehicle, with onboard liquid hydrogen storagas a different connection type,
which includes a data interface and refuelling pcage as required by a vehicle with
CGH2 storage system.

The receptacle and coupling have to handle cryegkquid hydrogen flow and
cryogenic gaseous hydrogen back flow from the Mehiank system.

Both the HRS and vehicle must be enabled in oalstart the refuelling process.

On the vehicle side the data interface consistscaritacts, which are directly
connected to a normal open relay. The relay istéatwithin a safety loop.

By initiating the refuelling process, the contrgsem of the vehicle will be engage.
All safety related areas of the vehicle are intgated by the vehicle control system. If
all the sensors and actuators are working withim éxpected range, the vehicle
refuelling relay will be energized. The refuellipgpcess is fully enabled.

The signal from the HRS will be routed through tehicle relay and the refuelling
process commence.

According to SAE 2578 the following are requestgdHe vehicle control system:
- Ignition off

- Pressure difference not less than 1 MPa between &tRiSvehicle storage
system

- Tank level < 85%
- Park brake engaged

- H2-Sensors in the vehicle showed up no H2-concemtrawithin all
compartments in the vehicle

Breakdown of the communication signal either in\tkgicle or on the HRS instigates
the Emergency stop. Therefore the filling proceskbe interrupted.

10.4 Refuelling interface (nozzles and breakaway)
Nozzles shall be one of three types as describezihder.

TYPE A: A nozzle for use with dispensing hoses tmaty remain fully pressurized
when the dispenser shuts down. The nozzle shalllow gas to flow until a positive
connection has been achieved. The nozzle shaljbi@med with an integral valve or
valves, incorporating an operating mechanism, wlhiigt stops the supply of gas,
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then safely vents the trapped gas before allovheglisconnection of the nozzle from
the receptacle. The operating mechanism shall entha vent connection is open
before the release mechanism can be operated amghshlocated between the nozzle
shut-off valve and the receptacle check valve fslgarented prior to disconnecting
the nozzle.

TYPE B: A nozzle for use with dispensing hoses thay remain fully pressurized at
dispenser shutdown. A separate three-way valveemted directly, or indirectly, to
the inlet of the nozzle is required to safely vieapped gas prior to disconnecting the
nozzle. The nozzle shall not allow gas to flow uatipositive connection has been
achieved. Venting is required prior to disconnatiod the nozzle. External three-way
valves shall be constructed and marked, indicatiegrly the open, shut and vent
positions.

TYPE C: A nozzle for use with dispensing hoses Wwhace depressurised (0.5 MPa
and below) at dispenser shutdown. The nozzle stallallow gas to flow until a
positive connection has been achieved. The functibrpreventing flow can be
controlled by the dispenser as long as it is recgia positive connection signal from
the nozzle.

In addition, nozzles shall be designed for a lifeL@0 000 cycles with manufacturer
specified maintenance. The three-way valve use@dtrating Type B nozzles shall
meet the same number of cycles as the nozzleX06.000 cycles).

To distinguish the pressure level of the storageesy of a hydrogen vehicle, the
receptacles and nozzles must be hardware codeiffénedt length of the receptacle.

It is not possible to connect a 70 MPa (700 barzleoto a 35 MPa (350 bar)
receptacle, because of the different design ofébeptacle.

A 35 MPa (350 bar) nozzle can be connected to aMP@ (700 bar) receptacle,
because a 70 MPa (700 bar) vehicle could also foelled by a 35 MPa (350 bar)
dispenser.

10.4.1 35 MPa (350 bar) gaseous hydrogen interface
SAE J2600 is the standard for 35 MPa (350 bar)tkfig interfaces.

SAE J2600 applies to design, safety and operatierfication of Compressed
Hydrogen Vehicle interfaces referred in the docutsiéor the nozzle and receptacle.

All vehicle OEM'’s follow the SAE J2600 for the vele receptacle. The nozzle
mounted to the hydrogen filling station dispengellshe manufactured in accordance
with SAE J2600.

Receptacles shall comply with all sections of tfeeeanentioned SAE document.

The receptacle on the vehicle shall be designedflife of 15 000 cycles and 15
years with manufacturer specified maintenance.

The receptacle shall be equipped with an interhatk valve to prevent the escape of
gas. The check valve shall be of the non-contaua,tgpening by differential pressure
only.

Receptacles are designed with protection agaimstdntamination when connected
or disconnected. For example, this requirement & ilnthe receptacle has a filter
upstream of adequate size to protect the funciitynafl the check valve. A receptacle
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shall have a means to prevent the ingress of fladd foreign matter when
disconnected. For example, the above SAE docunmshides a test to verify the
resistance to contamination.

A number of reproducible, different tests shallgeformed for the receptacle and
nozzle. These tests are described in the aforeamsmatiSAE document, e.g. handling,
dropping, leak tests for different temperaturedration resistance, abnormal loads,
rocking/twisting, thermal stress, durability andintainability, hydrostatic, corrosion,
deformation, thermal cycling and materials test.

The receptacle shall be designed to operate frdth %€ to 85 °C.
For 35 MPa (350 bar) applications a TYPE A nozhlewd be used.

BREAK AWAY:

Similar to gasoline refuelling stations, a breakagvdevice between the refuelling
hose and HRS is required to avoid major damagbdastation (and vehicle). Break
away force should be between 220 N and 660 N, ISQIV. The similar requirement
for CNG-Vehicles is a load of 670 N at the recelatat any direction.

A standard for the break away coupling is not adéd yet. Only a working draft is
available: ANSI HGV 4.4 | Standard for Breakawayides for hoses used in
compressed hydrogen vehicle fuelling stations.

10.4.2 70 MPa (700 bar) gaseous hydrogen interface

Best practice and experience of 70 MPa (700 batesys is available. Based on the
design criteria of the SAE 2600 and the field eigere, the consensus for the
preferred type of receptacle design to be used@@mMPa (700 bar) applications for
North America and Europe has been reached. Howdwerto the different designs
required for Japan no decision for a world widexdtad has yet to be agreed.

A technical information report from SAE is availabiThis SAE-TIR-2799 will be
superseded by J2600 in two years. SAE J2600 wiilbe be the standard for 70 MPa
(700 bar) refuelling interfaces.

SAE J2600 applies to design, safety and operatierifisation of Compressed
Hydrogen Vehicle interfaces referred into the doentras nozzle and receptacle.

All vehicle OEM’s follows the SAE J2600 with the hiele receptacle. The nozzle
mounted to the hydrogen filling station dispendellsbe manufactured according the
SAE J2600.

The receptacles shall comply with all sectionshef mentioned SAE document.

The receptacle on the vehicle shall be designedaflile of 15 000 cycles and 15
years with manufacturer specified maintenance.

The receptacle shall be equipped with an interhatk valve to prevent the escape of
gas. The check valve shall be of the non-contget,tgpening by differential pressure
only.

Receptacles are to be designed with protectionnagalirt contamination when
connected or disconnected. For example, the rageineis met if the receptacle has a
filter upstream of adequate size to protect thectionality of the check valve. A
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receptacle shall have a means to prevent the ingfeffuids and foreign matter when
disconnected. For example the SAE document incladest to verify the resistance
to contamination.

A number of different, reproducible tests, shallgeeformed for the receptacle and
nozzle. Those entire tests are described in thetiomsd SAE document, e.g.
handling, dropping, leak tests for different tengperes, vibration resistance,
abnormal loads, rocking/twisting, thermal stressiradility and maintainability,

hydrostatic, corrosion, deformation, thermal cygland materials test.

The receptacle shall be designed to operate frdth %€ to 85 °C.
For 70 MPa (700 bar) applications a TYPE C nozitautd be used.

BREAK AWAY:

Similar to gasoline refuelling stations a break pwlavice between refuelling hose
and refuelling station is required to avoid maj@nthge of station (and vehicle).
According to ISO TC197, the break away force isMeein 220 N and 660 N.

A standard for the break away coupling is not améd yet. But a working draft is
available: ANSI HGV 4.4 | Standard for Breakawayides for hoses used in
compressed hydrogen vehicle fuelling stations.

10.4.3 Liquid hydrogen interface

For liquid hydrogen systems a SAE document, alanteal information report, is
available. The SAE-TIR 2783 is not a standard,uniil 2009 all dispensers for LH2
shall follow this technical information report.

The SAE J2783 applies to design, safety and operaterification of Liquid
Hydrogen Vehicle Interfaces. Refuelling connectidavice shall consist of the
following components, as applicable:

A: receptacle

B: nozzle

C: dispenser

The general requirements for the LH2 interface are:

a) Refuelling of tanks with a MAWP between 0.2 and P2 and 10 bar) shall
be possible

b) Bi-directional refuelling (refuelling line and baclkgas line) shall be
implemented

c) The nozzle shall be designed for 100.000 refuelliogcles without
maintenance

d) Nozzles shall have a means to prevent the ingréssolad matter from
upstream sources. For example, this requirementesif the nozzle has a
filter upstream of adequate size to protect itfiomality

e) The nozzle shall be protected against solid anddigontamination when in
parking position
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f) Refuelling shall be possible under any relevanirenmental conditions (ice,
snow, rain, - 40°C to 85°C)

g) The nozzle shall be designed for a flow rate thhotlge filling pipe of up to
120g/s of liquid hydrogen

h) The dispenser system shall have the means to prduapping of the nozzle
to the ground. Otherwise the nozzle shall be ablevithstand the impact
force. This must be proved by a drop test

In addition to the general requirements the follmyvbasic safety requirements shall
be fulfilled.

a) It shall not be possible to deliver hydrogen unkaesnozzle and receptacle are
connected properly and positively locked.

I. Leakage test prior to the opening of the shut daffves of the
receptacle and the stop refuelling procidezzle. If leakage is
detected.

II. Nozzle shut off valve shall not open in an uncodtate.

b) Disconnection of the nozzle shall only be possililehe refuelling of
cryogenic H2 has stopped and the nozzle and rezteptalves are closed.

c) The act of venting, or de-pressurizing, of the @mtion space between nozzle
types and receptacles to ambient pressure is szhpiior to disconnection.

d) No uncontrolled release of critical amounts (tbd)hgdrogen during the
refuelling process through the fuel station dispensystem including the
nozzle.

lll. Leakage through the dispenser system shall betddtend limited
to a non critical amount.

e) It shall not be possible to remove a nozzle when dbntained pressure is
greater than ambient pressure.

10.5 Driver instructions

The level of knowledge, experience and comfort imilpact the training necessary for
an early fuel cell vehicle driver. In some cases, might imagine a case where a
customer already has familiarity with fuelling witlkmpressed gas. In other cases, a
customer may have no previous knowledge and wi#ldneore extensive review.
Therefore, an instruction program should be batkille and easily acquired, so all
who have an interest in driving a fuel cell vehiate given the opportunity.

A driver instruction program must meet the needthofe parties: (1) the driver, (2)
the station operator, and (3) the vehicle manufact(OEM). It should make sure a
driver is safe, capable and comfortable with the ashydrogen and the refuelling
procedures. A training program should be regarded aomprehensive strategy to
educate and reinforce the proper and safe fuefimogedures and simply not a one-
time orientation session. The responsibility of @xeng this strategy is that of the
driver, the station operator, and the OEM.
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10.5.1 Driver

The main interface between vehicle and fuellingiatais the driver. A driver must
clearly understand and adhere to OEM instructionpfoperly and safely fuelling the
vehicle. In addition, a driver shall follow all imgctions and safe operating
procedures posted by the station operator.

Driver shall follow the OEM instructions to prepahe vehicle for filling, including:
- Properly positioning the vehicle for fuelling;

- Following the instructions in the vehicle manualnd any additional training
approved by the OEM);

- Using the correct nozzle and/or dispenser (andheatapproved pressure for
compressed hydrogen).

Divers shall be aware of and able to locate thetgafevices and procedures at the
HRS:

- Emergency shut down (E-STOP), locations, how tivaid;
- Hydrogen or fire detection system and/or fire segpion systems;

- In the event of an alarm, a leak (hissing soundfjre, push the E-STOP (if
possible) and leave the area.

It is also recommended that drivers obtain a shairoduction into hydrogen
properties to properly navigate the differenceswbenh hydrogen and existing
transportation fuels, such as gasoline and nagasl This provides an opportunity to
avoid potential misconceptions by early adoptersthBstation operators and OEMs
should actively work with drivers to offer backgramlknowledge on hydrogen.

10.5.2 Station operator

HRS's are, and will be, operated by a variety ofjamizations, from local
governments to traditional retail gasoline statidBtation operators shall ensure the
following information is clearly displayed in a cgpicuous manner:

- Clearly identified stations and dispensers (signs);

- Access procedures (private, public, or other);

- Fuelling procedure (clear steps via diagram andi&penser interface);

- Emergency stops (sign / posting);

- No smoking / open fire / electronic devices neapédnser (sign / posting);

- Do not leave fuel pump unattended when fuellingublgicle (sign / posting);

- Do not let children operate the dispenser; childslould be kept away from
the dispenser area (sign / posting).
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10.5.3 Vehicle manufacturer (OEM)

OEMs are uniquely positioned to educate, respond, @ffer guidance to drivers

during the vehicle initial orientation. An OEM shdeliver clear fuelling instructions

in such a manner the OEM is comfortable with drvebility to safely operate and

refuel the vehicle, including guidance on geneedety measures taken by station
operators.

Each OEM is also positioned to identify distincélfing procedures related to its own
vehicle. These procedures shall be reviewed duhiivgr training and may include:

- A vehicle fuelling mode;

- Fuelling with communication between vehicle andisia

- Pressure of hydrogen storage, e.g. 70 MPa (700vbesiyis 35 MPa (350 bar);
- Vehicle shut down procedure, e.g. vehicle fuegfiioor open;

- How to react in the event of an emergency.

10.6 Acceptance of HRS based on OEM perspective

This acceptance documentation shall not substititeany legally required local
acceptance procedures.

Before any functional test is performed, all safethated tests and checks need to be
passed and documented.

Compliance of the HRS against requirements ligte®l 8.5 shall be checked.

HRS to vehicle interface is described in the steshd®AE J2601. This standard is
currently in progress. SAE TIR 2799 temporarily \pdes specification for the 70
MPa (700 bar) interface.

10.6.1 Codes and approval authorities

For all public stations, the certification for igeration from the authorities must be
checked. All legally required tests and approvalsinte performed and documented.
The fuelling station operating company and manufactare responsible for assuring
full legal compliance.

Applied codes and approval authorities shall tedisn the HRS documentation.

10.6.2 Passive safety compliance

All safety related tests have to be performed aasis@d prior to performing any
performance testing.

10.6.2.1 Grounding and set-up

A grounding connection of the fuelling station toognd has to be installed. The
hydrogen source and the fuelling station need & lmacommon grounding.

For proper vehicle grounding, station proceduresicelude:
1) No external strap and grounding through veHhicés

Deliverable 2.2, Version 2.1, 4 June 2008 Pageaf282 AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

(Preferred method if refuelling area ground surfemeductivity is adequate)
2) Dedicated grounding strap
3) Grounding through CaFCP ground pin

Measurements to be performed without hose and eoztlached to vehicle
receptacle:

This measurement shall be made with grounding adiomes in place per the station
operation procedure.

Resistance pad to ground: (Requirement: <1 MOhm)
Resistance Nozzle to ground: (Requirement: < A

Visual inspection of the wiring:

All connections tight fit to the ground connectors OK / NOK
Routing of wiring without obstructions for HRS aoperators OK / NOK
Power supply to the HRS reasonably installed /OKOK
Safety distances to possible ignition sources K/QOK

The refuelling area ground surface material shalidentified (concrete or asphalt or
other) and recorded.

10.6.2.2 Leak and pressure test

All necessary leak and pressure tests have to b&rped by the station
manufacturer. The station needs to be fully cedifiand approved to perform
hydrogen fuelling.

10.6.3 Functional safety

10.6.3.1 Fuelling Station with no data communication to velile or with non-
communication refuelling mode

The fuelling station manufacturer shall documeset station operation procedure and
ensure that the station performs as specified.

Hot Soak Test

Non-Com-fill, vehicle HSS (Hydrogen Storage Systestart pressure 5 MPa (50
bar), start temperature preconditioned 25° degbeseaambient, continue refuelling
to 100% SOC in non-communication mode.

The temperature inside the Vehicle HSS shall nakted 85°C and no overfill to
hydrogen densities higher than 40.3 g/l is allowed.
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Cold Soak Test 1

Vehicle HSS 100% SOC, start temperature precomditloto 15° degree below
ambient. Vehicle HSS defuelled to 75% SOC and imately refuelled to final
pressure, calculated by the HRS.

The temperature inside the HSS shall not excee@ &Bfd no overfill to hydrogen
densities higher than 40.3 g/l is allowed.

10.6.3.2 Fuelling Station with data connection to vehicle awrding CaFCP Fuelling
Interface Specification

For fuelling the Vehicle-HSS at fuelling stationglwcommunications according the
California Fuel Cell Partnership Fuelling InterfaBpecification it shall be assured
through testing that the fuelling station termisafd if vehicle temperature signal

exceeds 85°C or if a termination request is senthéo HRS via the confirmation

signal. If the vehicle pressure signal is usedHhgydtation, then the fuelling shall be
terminated if the pressure signal exceeds 87.5 (8Pa bar). In addition, overfilling

of the vehicle-HSS shall be prevented by an apptgrfuelling algorithm and

procedure.

The Fuelling Station shall continuously supervige tconfirmation signal and
terminate refuelling anytime if confirmation signallost.

The Fuelling Station shall terminate fuelling dgricomm.-fill if the transmitted
vehicle temperature signal exceeds 85°C.

If the fuelling station uses the vehicle pressuigna, the HRS shall terminate
fuelling if the vehicle pressure signal exceed$ &iPa (875 bar).

Cold Soak Test

The refuelling station shall not overfill the veleiddSS to hydrogen densities higher
than 40.3 g/l, even under cold soak conditions. fher calculation of the filling
procedure, vehicle temperature and pressure dateded via the CaFCP connection
can be used.

Cold Soak Test 1

Empty the tank of a filled vehicle by driving as fas possible. Fill the vehicle
immediately after arriving at the Filling Statiohhe HRS shall terminate fuelling if
the hydrogen density in the vehicle HSS (Hydrogemegie System) exceeds 40.3 g/l.
The hydrogen density in the vehicle, as well asténeperature and pressure, shall be
monitored and supervised on the vehicle PC104 Byspl

The temperature inside the Vehicle-HSS shall nateed 85°C and no overfill to
hydrogen densities higher than 40.3 g/l is allowed.

Cold Soak Test 2

Empty the tank of a filled vehicle by driving tdik of approximately 50 % SOC. Fill
the vehicle immediately after arrival at the Figistation. The HRS shall terminate
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fuelling if the hydrogen density in the Vehicle-H®3ceeds 40.3 g/l. The hydrogen
density in the vehicle, as well as the temperadumck pressure, shall be monitored and
supervised on the vehicle PC104 Display.

The temperature inside the HSS shall not excee@ &bfd no overfill to hydrogen
densities higher than 40.22 g/l is allowed.

10.6.4 Performance tests
10.6.4.1 Back to back fill

If possible, two consecutive fills with two vehislghall be performed to evaluate the
HRS performance to perform back-to back fills.

10.6.4.2 Signal quality test

The temperature signal provided to the HRS connemtal the temperature signal
displayed on the HRS display should not differ byrenthan 3%.

If the vehicle pressure signal is used for thanfijl algorithm, the pressure signal
provided to the HRS connector and the pressurakdjsplayed on the HRS display
should not differ by more than 3%.

Accurate communication is desirable in order tdizeahe benefits of communication
refuelling. However, data quality is not a safesgue, because the vehicle can
ultimately terminate the fill through the enabléathsignal.
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11 Review of technical and safety measures
11.1 Stages (hierarchy) of safety assurance
The following three stages (hierarchy) of safetyuaance can be identified:

1. Prevention of accidents by application of statetled art technology and
following technical standards.

2. Mitigation, e.g. creation of distance between hdzsource and vulnerable
target (e.g. safety distances, hazard zones).

3. Well-prepared emergency response.

This section covers the first point only. See 8a&hd § 8.3 for the safety distances as
well as hazard zones, and § 9.2 for the emergezsponse plan.

11.2 Review of currently applied measures

Prevention of accidents starts by avoiding an atal hydrogen release. Such a
release may result from hardware failures, softwarkires, operational errors or
external impact. Underlying these failures may detdrs like e.g. incorrect system or
equipment design, incorrect system specificatiomsadequate maintenance,
inadequate operating procedures, insufficient imgiof personnel etc...

The preventive measures below cover the followssgies:
- The technical system (the hardware),
- Maintenance,
- Operations,
- Good housekeeping, and
- Fire prevention.
Such measures are recommended to ensure safety.

Table 17 reflects measures applicable in partidel@aguipment located in non-public
areas.

Table 18 reflects measures applicable to the dssgren

Preventive measures Description According to/ specif ication
Background of requirement
Fail safe approach The production is shut-off in the event | Specify shut down philosophy — See § 8.4.6
of a power or equipment failure
Fire detection Detection at multiple locations. See § Specify shut down philosophy — See § 8.4.6

8.1.8and §8.4.4.3and §8.4.4.4

Hydrogen gas detection | Detection at multiple locations See § Specify succeeding steps such as alarm and
84.4.1and §8.4.4.2 shut-off actions.

Manually operated In case of emergencies local

emergency shut down responsible persons must be able to

(ESD) shut down the installation completely
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Safety devices

Safety valve, rupture disks
Accumulation of hydrogen in closed
areas (roofs, eaves of buildings)
should be avoided.

Vents shall discharge in open air at
high level and ignition sources shall be
avoided. Avoid collection of moisture
in the vents of safety devices

Pressure equipment directive (PED
97/23/EC)

Safety devices shall be installed on tanks,
lines and component systems to prevent
damage by overpressure.

Sealing of pressure
release valves

The adjustment of pressure release
valves shall be provided with a means
for sealing the adjustment to prevent
tampering. If the seal is broken, the
valve should be removed from service
until being reset and sealed by
competent personnel.

NFPA 52-06

Safety devices of the
hydrogen compressing
system

Consists of:

- Inlet pressure

indicator/switch,

- Oxygen analysis,

- Temperature indicator/alarm,

- Discharge pressure indicator/
switch,

- Water pressure/flow alarm in
the cooling water system,

- Low pressure/flow alarm in
purge gas system of electrical
equipment,

- Low pressure/flow alarm in
compressor crank case

EIGA IGC Doc 15/06

The switches shall cause the compressor to
shut down or may be arranged to shut down
the compressor at a predetermined level.

Pipelines

- Shall be clearly marked by
means of colour coding and/or
labels

- Shall make use of welded or
brazed joints wherever possible.

EIGA IGC Doc 15/06

Isolation valves

Shall be provided so that the hydrogen
source can be shut off safely

EIGA IGC Doc 15/06

Instruments

- Shall make use of safety
glass and blow-out backs on
pressure gauges

- Sampling lines shall minimise
guantities (i.e. flow and pressure)
of hydrogen delivered to analysis
instruments

EIGA IGC Doc 15/06

Filling of storage facility

Shall be provided with

- Non-return valve

- Main isolation valve

- Remote operated shut-off
valve

- Vent/purge outlet valve

- Each branch: isolation valve

- Pressure indicator/alarm high

Testing

After installation all piping, tubing and
fittings shall be tested and proved
hydrogen gas-tight at maximum
operating temperature

NFPA 52-06

EIGA IGC Doc 15/06

Pressure tests shall be witnessed by
responsible persons and suitable test
certificates.

Barriers and fences

Protection of storage containers,
piping, valves, regulating equipment
against vehicular impact and damage
by unauthorised persons

The minimum distance between the fence
and the installation should be 0.8 m to allow
free access to and escape from the
enclosure. All gates shall be outward opening
and vide enough to provide for an easy
access and exit of personnel. There shall be
at least two separate opening exits, remote
from each other.

Access to storage, compression and gas
processing equipment by member of public
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should be restricted by a secured enclosure.

Physical protection
measures

Adequate means of escape

In case where personnel could be trapped
inside compounds or buildings there shall be
not less than two separate outward opening
exits, remote from each other — EIGA IGC
DOC 15/06

Fire fighting equipment

Fire fighting equipment shall be
periodically inspected and the
inspection date recorded

EIGA IGD Doc 15/06

Earthing

All metallic structures must be earthed
to avoid static charging.
Resistance should be less than 10 Q.

Protection against static electricity, electrical
charge (sparks), lightning EIGA IGC Doc
15/06

Explosion venting

In housing of CGH2-compressor on
top of container roof

Maintenance
requirements

Description

According to / specification

Maintenance

A preventive maintenance program
consistent with the manufacturer’s
recommendations shall be in place
and shall include a written regular
schedule of procedures for tests and
inspection of facility systems and
equipment. The maintenance shall be
carried out by a qualified
representative of the equipment
owner.

NFPA 52-06

Preventive
operational safety
requirements

Description

According to / specification

Training of personnel

The installation manager and his
substitute(s) have to be trained by the
designer/constructor of the plant in
order to understand the system, its
safety features and the tasks of the
owner of the installation.

Option: the installation may function without
operators and then will in principle be
controlled from a distance.

Training of personnel

The installation manager should take
care of the instruction of gas station
operator(s) regarding their role in daily
operations and in the event of
emergencies.

EIGA IGD Doc 15/06

Subjects of the training may be:

- potential hazards of H>

- Site safety regulations

- Dangers of using unauthorised
electrical equipment

- Emergency procedures

- The use of the fire fighting
equipment provided

- The use of protective
clothing/apparatus

Operating personnel
Personal Protective
Equipment (PPE)

Precautions against accumulation of
static charges: operators, working in a
hazardous area, shall wear conductive
footwear and working clothes of non-
flammable and non-static materials

Remote surveillance of
production and storage
facility

The use of telemetering techniques
may be considered

Automatic reporting of hydrogen detection
signals to operator (24 hours presence)

An installation manager
shall be designated to
direct technical efforts.

Supervision of the technical system,
approve maintenance activities and
primary point of contact for all
activities regarding the installation.

Good housekeeping

Description

>

ccording to / specif ication
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Clearance of
combustibles

The area within minimal 8 m of any
hydrogen container shall be kept free
of dry vegetation and combustible
material.

NFPA 55:5m

NFPA 50-B: 7.6 m for LH2.

EIGA IGC Doc 15/06: 3 m

On the basis of the QRA in Appendix IV a
minimal clearance distance of 8 m has been
chosen.

Operating instructions

For installations that require any
operation by the user, instructions
shall be maintained at operating
locations

EIGA IGC Doc 15/06

Labelling requirements | Stationary compressed gas NFPA 55-05
containers, cylinders and tanks shall
be marked. Markings shall be visible
from any direction of approach.
Fire prevention Description According to/ specifica tion

Background of requirement

Fire prevention

Work permit for activities

Any work other than that directly connected
with operating the station shall be covered by
a Safety Work Permit System. EIGA IGC Doc
15/06

Fire prevention

- Minimize all potential sources
of leaks

- Eliminate all sources of
ignition (Ban of open fire in danger
zones)

- Make provision for isolation
of hydrogen

Any electric equipment should be suitable
and approved for use in the zoned area.

Warning signs at

zones

access points to hazard

Signs with the words “Hydrogen —
Flammable gas — No smoking —No
naked flames” in plainly legible, bright
red letters not less that 25 mm high on
a white background

Only authorised personnel shall be allowed to
enter these zones. EIGA IGC DOC 15/06
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Preventive measures

Description

According to / specification

Break away coupling

The filling of the vehicle will be stopped if the
vehicle drives away before it is disconnected
from the filling station. Automatic shut off valves
may also be required for higher pressure HRS
designs.

To be examined according
manufacturer’s requirements, at
least monthly.

Dispensing device has
to be made of flame
resistant materials

shall be tested and proved hydrogen gas-tight at
maximum operating temperature

Barrier Protection of dispensing device against
vehicular impact

Hose Protection from damage. EIGA IGC Doc 15/06 INFPA52-06
Shall be tested for leaks per manufacturer’s See § Erreur ! Source du renvoi
requirements and any unsafe leakage or introuvable. , 8 Erreur ! Source du
surface cracks shall be reason for rejection and | renvoi introuvable. and § Erreur !
replacement Source du renvoi introuvable.

Testing After installation all piping, tubing and fittings NFPA 52-06

Hydrogen sensors
inside dispenser and
pump cabinet

Detection of hydrogen will cause an emergency
shut down and the complete system will run into
safe operation automatically (all valves will be
closed, release of hydrogen to atmosphere will
be minimized)

Manually operated
emergency shut down
button (ESD)

To be located near dispenser and in service
station shop

Fast fill station

At fast fill installations all equipment
specifications should be respected

Maintenance

Description

According to / specification

Maintenance

A preventive maintenance program consistent
with the manufacturer’'s recommendations shall
be in place and shall include a written regular
schedule of procedures for tests and inspection
of the dispensing equipment. The maintenance
shall be carried out by a qualified representative
of the equipment owner.

NFPA 52-06

Preventive
operational safety
requirements

Description

According to / specification

Communication

Any alarm signal has to be reported visually and
audibly to the station operator.

Training of personnel

The installation manager should ensure
instruction of gas station attendants when the
installation is constructed and ready for use
regarding their role in monitoring/correcting the
use of the station by visitors

Training of personnel

The installation manager should ensure
instruction of gas station attendants regarding
their role in the event of emergencies.

EIGA IGD Doc 15/06

Subjects of the training may be:

- potential hazards of H2

- site safety regulations

- emergency procedures

- the use of the fire fighting
equipment provided

- the use of protective
clothing/apparatus

Indoor refuelling is not
permitted

Only outdoor refuelling is applied. Roof or
canopy can be used as weather shelter.

Good housekeeping

Clearance of
combustibles

The area within 8 m of any hydrogen container
shall be kept free of dry vegetation and
combustible material.

NFPA 55:5m

NFPA 50-B: 7.6 m for LH2.
EIGA IGC Doc 15/06: 3 m
On the basis of the QRA in §
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Erreur ! Source du renvoi
introuvable. a minimal clearance
distance of 8 m has been chosen.

Permanent lighting is
required during
operation hours

The employee in the service station shop should
be able to overlook the whole HRS and its
activities.

Emergency exits shall
be kept clear at all
times

EIGA IGC Doc 15/06/E

Fire prevention

Description

According to/ specification

Fire prevention

Work permit for activities

Any work other than that directly
connected with operating the
station shall be covered by a Safety
Work Permit System. EIGA IGC
Doc 15/06

Fire prevention

- Minimize all potential sources of leaks

- Eliminate all sources of ignition (Ban of
open fire in danger zones)

- Make provision for isolation of
hydrogen

Any electric equipment should be
suitable and approved for use in the
zoned area.

Warning signs

Signs with the words “STOP MOTOR, NO
SMOKING, NO CELL PHONES, FLAMMABLE
GAS”

NFPA 52: in plainly legible, bright
red letters not less that 25 mm high
on a white background at the
dispensing station.

Table 18: Overview of preventive measures relative to dispenser
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12 Risk assessment methodologies for HRS approval
12.1 Introduction

Hydrogen has been and is being broadly used in icaénand metallurgical
applications, the food industry and the space pmogThus, with proper handling and
engineering controls, hydrogen use can be as sajthar fuels in common use [1].

A “lower risk fuel” does not always mean a safeplagation of the fuel. Safety is
connected to the level of risk .How could you measww much risk you face? This
chapter aim to show how to measure this intangd@acept by measuring the
potential effects of different accidents, as theffects are truly measurable. There
exist several methodologies to assess the risksifand to evaluate safety compared
to desired levels. Once you can measure the riski gan evaluate possible
alternatives to use to reduce the risk of an HR& achieve the desired risk level.
This could be even smaller than the risk of a commetrol station.

This chapter aims to explain the risk assessmentegs, as a key part of safety
management, to be followed in the process of reachpproval of an HRS, showing
different methodologies and main hazards to besassle

12.2 Concepts involved in risk assessment

- Tolerable risk: Every risk below the maximum rigletsociety is willing to
face in a current, given context.

- ALARP principle: As Low As Reasonable Practicabkngiple pretends to
show that, whenever the risk faced is tolerabkk reducing measures should
be implemented if the ratio cost - beneficial effisavorth.

- Consequence: Severity of the harms caused to pesggment or effects in
the common operation of the process due to an aatid

- Exposure: Number of times a worker faces an eveatdetermined period of
time.

- Harm: Physical injury or damage to the health obgte, or damage to
property or the environment.

- Hazard: Potential source of harm

- Probability: Likelihood of occurrence of a determgihevent. Commonly, it is
expressed as expected period of time needed tevdrd to occur in common
operation. It can also be expressed as a numbeeéetO and 1, where 1 is
certainty of the event to occur and 0O the certanfithe event not to occur.

- Risk: Combination of the probability of occurrerafeharm and the severity of
that harm.

- Risk analysis: Systematic use of available inforamato identify hazards and
to estimate risk.

- Risk assessment: A risk analysis followed by a e&luation.

- Risk control: Controlling the risk exposure of teystem/process by reducing
risk actions.
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- Risk evaluation: Procedure based on the compamdamsk achieved with
tolerable risk.

- Risk magnitude: Measure that makes possible touatalthe risk in a
quantitative way. It depends on probability, expesand consequence.

12.3 Risk assessment process
12.3.1 Risk management

The risk management is a systematic approach ivatvies two different areas, as
shown in Figure 30. Firstly, there is the risk gsa& method, which identifies all
possible hazards that can appear in the HRS aindates how much each hazard
contributes to the safety of the HRS. There co@dazards that are very remote but
very dangerous, as an explosion of the hydrogeragtovessels, and others less
dangerous but more frequent, as the release obggdrfrom a pipeline. Which one
makes a determined HRS less safe? It cannot beeagdw priori, as we need to
evaluate all the consequences caused from thechamdrthe probability of the failure
to occur. This is the topic involved in risk anasysn which the end is an estimation
of all the risks involved in the HRS.

i
Consequence i Asessment
assessment i criteria

[}
[}
[}

T e ¥ -

Hazard Hazard Risk i Risk Risk
identification =~  assessment estimation | evaluation reduction

[}
[}
[}
[}
i
Probability |

RISK ANALYSIS assessment i RISK CONTROL
[}
[}
I

Figure 30: Risk management scheme [2]

Secondly, there is the risk control method, whighleates if the risks pass all the
criteria imposed. There are two types of acceptaniberia. One consists of assessing
each risk individually, e.g. some guidelines ore®dan specifically express that the
distance of the nearest urban area to the HRS toeleel above a certain level. Thus,
you need to assess each risk individually to falfithe restrictions imposed by codes
or standards. The other type of acceptance criiakialves evaluating the risk in
groups, depending on the risk consequence, evge Mvant to assess the risk of any
client's damage, we need to evaluate how each thazamtributes to this risk and if it
is below the adopted criteria. The aspect in comroorboth types of acceptance
criteria in the risk control method is the reductaf risk, which needs to be practiced
whenever the risk faced is above the tolerableleg&l or the ALARP principle is not
matched.
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It is important to differentiate between the ALARRNciple and the risk acceptance
criteria. The risk acceptance criteria states ¢waty risk that cannot be categorized as
a tolerable risk must be reduced up to the poinwlich it can be categorized as a
tolerable risk. On the other hand, the ALARP pnitei (As Low as Reasonable
Practicable) involves a cost-benefit analysis,aree should start reducing those risks
that have a smaller marginal cost of reduction ahduld do so while its cost is
relatively small. The term relatively is a subjgetiterm that involves the use of
common sense and is more directed towards ageanmsode makers. Figure 31
illustrates clearly the concept of the ALARP prisiel

Non-tolerable risk Risk cannot be justified

A Tolerable only if risk reduction is impracticable
Increasing or if its cost is highly disproportionate to the
The ALARP region risk improvement galned
Tolerable if cost of reduction would exceed
the improvement gained
_——_y NV ____.

Tolerable risk Negligible risk

Figure 31: The ALARP principle [2]

The ALARP region, tolerable risk and non-tolerabik are not the same for every
person or culture. Thus, local standards and codest be studied in depth depending
on the mandatory code in each country. Despitdief the context can be considered
pretty much the same for every country. In casenai-existence of a developed
country mandatory code in this topic, other’s coyctn be used as a guideline.
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12.3.2 Risk acceptance criteria

In case of non-existence of a code or standarthgtatr advising risk acceptance
criteria to follow, several alternative strategies be carried out. The three strategies
discussed by the European Integrated Hydrogen &nolese 2 (EIHP 2) are [3]:

1. Comparing with statistics from existing petrol gias, giving an historical
average risk level.

2. Comparing with estimated risk levels from risk aisak.
3. Comparing with general risk in society.

Examples of this last third alternative concernimgnaximum death rate tolerable for
clients of an HRS are:

- Dutch authorities suggest a base death rate (iahapility for a death to
occur) of 1 1d per year for the age group 10 to 14 years in aoggss in the
society.

- UK authorities suggest a base death rate of 28p#0 year for the age group
5 to 14 years in any process in the society. Thilssociety is less risk averse
to death than Dutch society.

In the EIHP2 project it was decided to compare vgdneral risks in the society,

mainly due to lack of relevant statistics and rslalyses of existing petrol stations.
This choice also satisfies the general criteriasguring that the risk level associated
with hydrogen applications should be similar tosaraller than the risks associated
with comparable non hydrogen systems. For furtretail$ of the risk acceptance

criteria developed in the EIHP2 project, ref [3hdze consulted.

For risk evaluations of a hydrogen refuelling statiit can be practical to use a coarse
methodology with a risk matrix. One such methodglag Rapid risk Ranking
Methodology (chapter 12.4.6). These approached baea applied by others, one
example is given in ref [4]. In case of being abdeevaluate the risk, the risk
acceptance criteria established by the Europeauyratted Hydrogen Project (EIHP)
is shown in Table 19, in its form of risk matrindathe meaning of each concept is
shown in Table 20 and Table 21. It follows the RRRapid Risk Rating)
methodology explained in the paragraph 12.4.6.

PROBABILITY (per year)
A B C D E
(<0.001) | (0.01-0.001)| (0.1-0.01) (1-0.1) (10-1)

1 (Catastrophic)
>_
- 2(Severe loss) M
n: .
m 3 (Major damage) M M
E 4 (Damage)
n L M M

5 (Minor damage) L L L L M

Table 19: The Rapid Risk Ranking Risk matrix developed in the ETHPZ2 project [9]

Deliverable 2.2, Version 2.1, 4 June 2008 Pageaf3B2 AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

Level name | Description

Medium The risk may be acceptable but redesign or other @nges should be considered i
(M) reasonably practical. Further analysis should be grformed to give a better
estimate of the risk. When assessing the need ofwedial actions, the number of
events of this risk level should be taken into corderation.

Low (L) The risk is low and further risk reducing measuresare not necessary

Table 20: Risk levels in the risk matrix for acceptance criteria proposed by EIHP [9]

Level Description Definition Frequency

A IMPROBABLE | Possible, but may not be heard of, or About 1 per 1000
maybe experienced world wide. years or less

B REMOTE Unlikely to occur during lifetime/operatio| About 1 per 100
of one filling station years

C OCCASIONAL | Likely to occur during lifetime/operah of | About 1 per 10 years
one filling station

D PROBABLY May occur several times at the filling About 1 per year
station

E FREQUENT Will occur frequently at the filling $itan About 10 per year or

more.

Table 21: The probability levels in the risk matrix for acceptance criteria proposed by EIHP
9]
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Level Description Definition
People Environment Material
1 CATASTROPHIC | Several fatalities Time for restitut of | Total loss of station
ecological resource and major structural
such as recreation damages outside
areas, ground water | station area
>5 years
2 SEVERE LOSS One fatality Time for restitution of | Loss of main part of
ecological resource 2 -| station.
S years Production interrupted
for months.
3 MAJOR DAMAGE | Permanent Time for restitution of | Considerable structuraj
disability ecological resource < 2 damage
Prolonged years Production interrupted
hospital treatment for weeks
4 DAMAGE Medical treatment Local environmental Minor structural
Lost time injury | damage of short damage
duration Minor production
<1 month?? influence
5 MINOR DAMAGE | Minor injury Minor environmental | Minor
Annoyance damage
Disturbance

Table 22: Description of consequence severity levels as proposed in the EIHP2 [9]

CONSEQUENCE LEVEL ASSET DAMAGE HUMAN DAMAGE

Extremely severe damage Collapse of nearby dwelling | One or more fatalities of
houses pedestrians or dwellers

Severe damage Major damage of nearby | One or more fatalities of

dwelling houses

customers station

workers

or

Damage

Minor damage of

dwelling houses

nearby

Injury and hospitalization

Small damage Windows broken Injury and medical
freatment
Minor damage No damage to nearby dwelling | Minor injury

houses

Table 23.: Types of consequence levels in the risk matrix for acceptance criteria developed
based on the EIHPZ project by [4]

This risk acceptance criterion is a guide thatraggppsed by the EHIP. The idea is that
we will have no hazard categorized as H, and thst [|possible hazards categorized as
M. There are other, more developed, risk acceptantaria, but this is the simplest
one, which does not mean it is not good. It islgagiplicable and a very good option
when there is no high experience in the field tdaas in the case of HRS'’s.
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12.3.3 Risk assessment procedure

The risk assessment procedure consists of anivieratocess that does something
similar to the risk management shown in figure it im a looping way. Thus, the
procedure to follow is the accommodation of th& msanagement to a mechanical
process to be done until the final risk can be ictamed tolerable. This procedure is
shown in the Figure 32.

Definition of the hydrogen station model A A

v

Hazard identification

v

P Risk estimation v

v

Risk reduction Risk evaluation *
A

RISK ANALYSIS

RISK ASSESSMENT

NO

Tolerable risk?

END |
N

Figure 32 Flowchart of risk based approach [4]

12.3.4 Hydrogen accident databases

It has already been stated that the process ofagskssment involves two important
features: estimation of probability of an evenotur and the consequences of this
event. CFD simulations and simplified tools canveey useful in the assessment of
the potential risks in an HRS.

One of the most challenging questions when asgessks associated with an HRS is
to evaluate how often a failure might occur. Thef@rable way to find out would be
to utilise experience data from real HRSs. Dud#limited experience with HRSs in
the world, there is a real need for a worldwideallase, which can be used to
establich the failure rates expected for the hazatdntified. Such information will
also assist in learning from past experiences.

Currently two databases are under developmentiroBarope and another one by the
US DOE. The European database work is undertakehenEU’'s &' Framework
Programme, project “HySafe — Safety of Hydrogeam&nergy Carrier”, in the work
package named WP5 — HySafe Information System (féy3. The development of
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the Hydrogen Incident and Accident Database (HfAB)an important part of the
HySafe IS. The American database is being develdpethe US Department of
Energy and is fully and freely available attp://h2incidents.org/and can be
completed from personal experiences. It is a siiedliversion of the above cited
HIAD [3].

12.4 Risk assessment methods

The main difference between the risk-assessmentaudetpresented in this chapter is
in how the hazards are identified and the degreghich the risk is quantified. For

some purposes it is sufficient to identify whiclzhals are likely to occur, yet in other
cases, e.g. when comparing the risk of differestesys or site layouts, it is important
to quantify how frequent a hazard occurs and tlpeeted impact the hazard will lead
to at and around the particular site.

The table below summarises and gives recommendatvith respect to areas of use
for the risk assessment methods described in iaipter:

Method

Qualitative
/quantitative

When to be used

Benefit

HAZID

Qualitative

Early in the design process when

little detail about design is available. with respect to risk associated with the

As first step of a QRA or a RRR

Identify at an early stage concerns and issu

concept or activity. Requires little time.

HAZOP

Qualitative

During detailed design (P&IDs muig-ocus on safe process safety and operabilit

be available).

Detailed design review to verify
safe and reliable process design.

[s)

SWIFT

Qualitative

Design review of a process withess time consuming than a HAZOP.

focus on safe design. Less detai
than a HAZOP.

ed

FMECA

Semi-
quantitative

Detailed design review with focus @
safe design. An effort to rank the ri
contributors is included. Les
detailed than a QRA.

nLess time consuming than a full QRA. Coa
sknethod  for identification of main ris
scontributors.

[SE

RRR

Semi-
quantitative

Early in the design process wh
little details about design is availab
Less detailed than a QRA.

eiidentify at an early stage concerns and iss
ewith respect to risk associated with t
concept or activity. Gives a framework f
identification of main risk contributors an
prioritisation of risk reducing measures.

ues
he
Or

d

QRA

Quantitative

A QRA may be performed during

hA detailed tool for identification of main risk

feasibility studies, as a coarse riskontributors for an HRS design, a method fq
assessment during the concept phasessessment of the acceptability of the desig
as well as a detailed risk assessmecvmpared to defined acceptance criteria an
when the facility design is frozen,systematic method for identification and
when the facility is undef prioritisation of risk reducing measures.
construction, or even during the

operational phase. A very efficient risk management tool,

=

=]
QO

particularly if used during the design of an
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HRS to evaluate different design solutions 3
optimise design with respect to both risk an
economical aspects. Can for example asse
the effect of physical changes to the HRS

ind
i
5S

layout.

Table 24: Summary of risk assessment methods (source: DNV)

12.4.1 HAZID — HAZard IDentification

A HAZID is a simple qualitative risk assessmentmoet The method is often used in
conceptual design work, and the intent is to useestorm of structured session to
identify concerns and issues associated with timeegat or activity being reviewed.
Most HAZID session use drawings (PFD’s-Process FDvawings and layout
drawings) and guidewords as basis for a structorainstorming. A basic HAZID
session does not include any quantification of zatas probability or severity, but
merely identifying the hazard. A HAZID is normailycluded as one of the first steps
of other risk assessment methods, such as QRA BRRIv&ich are described later in
this chapter.

12.4.2 HAZOP — HAZard and OPerability study

HAZOP studies are usually undertaken to determihetler any implications of a
process design have been overlooked. In partidutseks to identify problems with
the operability of the system, and any associawrhid. A HAZOP is a formal,
systematic and detailed process design examingtan

A HAZOP team should include design and operatioassgnnel with technical
experience and expert knowledge of the particdategn, as well as someone who is
independent and can take an objective view of #mgh. A HAZOP is structured
around a set of guidewords, which ensure completerage of all possible problems
while allowing sufficient flexibility for an imagiative approach. The guidewords are
used to generate questions to investigate potefgiahtions from the intention of the
design. When possible deviations are identified ¢these of each deviation, its
consequences, possible safeguards, as well as memwshations and actions, are to be
included in a HAZOP report.

The typical scope of a HAZOP is to consider allrafiens represented by a series of
piping and instrumentation diagrams, P&ID’s. HAZ@Bproaches have also been
developed for review of written procedures, conliogic, electrical one-line diagrams
and other systems.

The HAZOP involves systematic consideration of efiéht parts of the process,
termed nodes. The HAZOP follows a process, nodedole, which also considers the
interaction with the rest of the plant. The studsesses the hazard potential of
operations outside the design intention or malfienctof individual items of
equipment, and their consequential effects ondb#itly as a whole. The probabilities
of hazards occurring are not assessed in the HAZ@Ey, thus the study is
qualitative only.
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The main purpose of a HAZOP is to identify how anptex system can fail and to
determine qualitatively whether the process desgobust and whether the existing
safeguards are adequate.

The study can contribute to process design imprevesnaffecting the operability and
the safety at the plant. A HAZOP may be requireddnulatory or company specific
requirements.

Being a study focusing on process design and opigyahe HAZOP obviously has
limitations when it comes to external non-proceszands (airplane crash, earthquake,
etc.). It is also not suitable for evaluation ofdat specific issues such as; need for
fire protection, optimising design to limit risk @Xxplosions, use of fire walls to
reduce risk to people etc. Neither is HAZOP’s sl@édor detailed review of complex
computer control systems of which P&ID’s are a psaurce of document. Due to the
very detailed and time-consuming examination ofrapiity hazards, and involving a
fairly large group of people, the HAZOP is a ressuintensive risk assessment
technique.

12.4.3 SWIFT — Structured What-IF checklisT

The SWIFT technique has been developed as anegftialternative to HAZOP for
providing highly effective hazard identification e it can be demonstrated that
circumstances do not warrant the rigor of a HAZG®WIFT can also be used in
conjunction with or complementary to a HAZOP.

While a HAZOP study examines the plant line by lamel vessel by vessel, SWIFT is
a systems oriented technique examining completeersgsor subsystems. Instead of
studying each component on a P&ID, as with a HAZB,SWIFT study is looking
at a part of the process e.g. a complete P&ID.Asuee comprehensive identification
of hazards SWIFT relies on a structured brainstogneffort by a team of experienced
process and control systems experts. The “whaju€stions are structured according
to various categories, and supplemented by questiom a checklist. Typical “what
If” questions may also start with “how could”, ‘itspossible”, or something similar.

Before starting the group discussions the teamelealdould ask for input on known
hazards occurred in similar facilities, previousidents with catastrophic potential,
and facility layout. The following step is to presecategories for further questions
and discussions. Typical categories include madtgniablems, external effects or
influences, operating errors, emergency operatietts,For each of the categories the
group members are urged to do an individual “btams’ to come up with
appropriate questions. When all questions for eemgicategory are asked and
discussed the team goes through a checklist, pmmneléng to that category, ensuring
that the category has been thoroughly assessedrebgfoceeding to the next
category.

The study requires the input of knowledgeable temembers to evaluate the
consequences of hazards that might result fronowarpotential failures or errors
they have identified. The team is assessing ttedifi@od of an incident, the potential
consequences, and the adequacy of safeguardsveEnpmg mitigate a deviation from
normal intended operation through the discussionrat the “what if” questions.

The advantage of the SWIFT technique comparedH#&a0P is that it is less time
consuming, because it avoids lengthy discussionareds where hazards are well
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understood or where prior analysis has shown narbdazare known to exist. Its

effectiveness in identifying hazards comes fromiraglquestions in a variety of

important areas, according to a structured plamheip ensure complete coverage.
However, the SWIFT method does not have the sanphasis on identification of

operability related aspects as does the HAZOP.

12.4.4 FMECA - Failure Mode, Effect and Criticality Analyis

FMECA is a technique developed for detailed desigview down to component
level. The methodology involves a detailed evabranf failure modes, effects, and
criticality for each component, equipment and sysstudied.

The difference between FMEA (Failure Mode and Hff&énalysis) and FMECA is
the criticality analysis. While FMEA is a plain ditative technique assessing the
reliability of a system by analysing failure modeesd identifying the effects of each
failure, the criticality analysis quantifies theopability of each failure. Linking the
probability to the effect, or consequence, the FME®Gethod is able to draw a semi-
quantitative risk picture.

The first basic steps to prepare for the FMECA eevare to 1) establish a list of
functional blocks consisting of subsystems and ste) clarify the purpose of each
item, 3) analyse and list each items failure modes] 4) establish criterion for
highlighting or acceptance; either qualitative oangtitative.

The essence of the FMECA is to apply a general topesire to each identified
failure mode including the following questions:

- Cause of failure mode; e.qg. external hazards, melifon, failure derived from
sub-item.

- Effect of failure; either a local effect affectitige item only or a global effect
affecting the main system operation.

- Detection; how is the failure detected?

- Response and repair; what are the corrective actiaken to eliminate the
failure mode, minimize the effect, or to repailddiitems?

- Consequences; what is the severity of the failumdenwith regards to
personnel, environmental, and economic loss?

- Probability; what is the probability of the failuneodes appearance?

- Actions and remarks; what actions are to be takehe effect of a failure
mode exceed the acceptance criterion? Are thererecgmmendations for
design or operation improvements?

For practical purposes an overview of the risk rbaypresented in a probability-
severity matrix designed to highlight the accepitgtof the risk.

12.4.5 QRA — Quantitative Risk Assessment

QRA is a methodology to quantify the risks of anplar facility. To be able to
guantify the risk, the frequency of the relevargdrds and the potential consequences
of the hazards must be quantifiable as well. Mucthe effort in a QRA thus has to
be on the frequency analysis and consequence BBS#ESS
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The hazard identification normally takes the forinaoHAZID, as described in 8
12.4.1. However, if a HAZOP, a SWIFT or a FMECAdthas been performed for
the system ahead of the QRA, results from thesdiestican also be used as input to
the QRA. The qualitative outcome of this hazarchideation process should form
the basis for the scenario selection.

All incidents and failures leading to a given saamahould be analysed in order to
guantify the frequency of such a scenario. Theueagies are calculated based on
available statistical data and/or detailed causalyars. Likewise the potential
consequences of all selected scenarios should &etitpiively assessed. In general
when consequences are calculated for fire and sigquieevents, one will consider the
potential release (release calculations), the paleior gas build-up and dispersion
(dispersion calculations), as well as dimensiorsduration of any resulting fire (fire
and explosion calculations). Fire and explosioralhdg may affect people in a variety
of ways, primarily relating to impact of heat / i@ibn and explosion overpressures
(hazardous effects). Based on the effect calculatithe impact on people or
equipment exposed to the hazardous effects issestes

By multiplying the frequencies with the probability a given impact and the impact
in terms of i.e. number of fatalities, the risksofch an impact is quantified, typically
utilising an event tree. The risk is then compikeda format so that it can be
compared with the risk acceptance criteria appledbr the specific HRS. Risk
Acceptance Criteria for a hydrogen refuelling statcan be set by the authorities in
the relevant country or by the station owners, ddpg on the regulations in the
country. If the estimated risk level is too highhgmared to the acceptance criteria, risk
reduction measures must be identified and impleetenthrough the risk assessment
it is quantified which are the main risk contribrtgoon the HRS. The main risk
contributor should have a special focus in the regskuction process and with respect
to safety management of the facility.

Based on the findings from the QRA, risk reductineasures are suggested and the
risk reducing effect of the measures can be qudivily evaluated. By evaluating the
effect on risk and the cost of different suggesisk reducing measures, the most
optimal measures with both respect to risk reducéind economy can be selected for
implementation.

QRA'’s can be a very efficient risk management tgaliticularly if used during the
design of a HRS to evaluate different design sohgiand optimise design with
respect to both risk and economical aspects. Fample to:

- Optimise relative location of equipment, to prevestalation and/or exposure
of people to potential accidents

- Optimise shutdown segment sizes
- Assess the need for fire protection of equipmerstupport structure
- Assess the need for designing buildings againdbsign overpressures

A QRA may be performed during the feasibility seglias a coarse risk assessment
during the concept phase, as well as a detailédd assessment when the facility
design is frozen, when the facility is under comsfion, or even during the
operational phase. The level of detail and scopwvark will vary at the different
stages of facility development. Since the QRA magiude one or more of the
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previously presented assessment methods it musiudby be considered more time
and resource consuming.

Compared to qualitative studies, like HAZID, HAZOPMEA, and SWIFT, the
quantitative frequency analysis and consequencariledibns make the QRA a more
accurate risk assessment tool. The risk resulepseding on data directly linked to
components or systems failure frequency, and cioms based on the facility
layout. Component and system changes or chandasility layout may therefore be
directly reflected in the calculated risk.

A QRA, conducted on a reference HRS, is presergednaillustration in Appendix
IV. In this particular QRA study on a reference IHtygen Refueling Station, the use
of Leak offshore data has been used because dhdtkeof data and information on
Hydrogen leaks, which makes it difficult to caldeldeak frequencies. However, the
results give an indication of the leak frequenat ttean be expected. Thus, the results
should not be used to conclude whether the saisky at Hydrogen Stations is
acceptable or not. They can, however, be used @st o where risk reducing
measures, if necessary, would give the largestfitene

12.4.6 RRR — Rapid Risk Ranking

RRR [9] is a simpler approach than a QRA, and bletao be used when the
information available is not sufficient for a fulDRA. The methodology was
developed (and applied) in the EIHP2 projet undertake assessments of HRS
alternatives at an early development phase whetaletk information is generally
lacking. The method is based on risk ranking, oénidied hazards and their
probability and consequence. The hazard identifivatand risk estimation will
normally be undertaken in a group session. Whenifspelata is not available, the
assessments will be based on judgements made lyrahp of experts and project
owners participating. As RRR depend on expert jotge the knowledge,
competence, and experience requirements to the erenolb the assessment team is
high. The risk result may be characterised as sprantitative.

For a large facility, such as an HRS, it may benmmnended to split the system into
subsystems, e.g. production unit, compression wshitlage facility, and dispenser
unit. The steps of a RRR are similar to the stdpas QRA except that the detailed
frequency calculations and consequence assessmawenteplaced by estimates and
evaluations.

Typical steps when performing a RRR are:

- Concept presentation, where the layout drawingtheffacility and process
conditions are presented together with a descnptiodetection, control, and
emergency systems

- Hazard identification session

- Frequency, consequence and impact estimation

- Risk evaluation and ranking

- Assessing the risk and comparing it with the acoeq criteria defined
- Identification of remedial actions where needed

® http://www.eihp.org/
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12.4.7 Hazard consequence models used in QRA

To quantify the risks posed by particular hazardnacios both the frequency of
occurrence and the severity of the consequences atss be quantifiable. The
consequences are usually quantified using matheahatiodels; these may be either
so-called Engineering models or Computational Fdyshamics (CFD) models. The
purpose of this section is to describe briefly biyges of model and their merits in
the context of the approval process for a HRSuppsrt of this handbook a thorough
assessment of the hazards associated with a HRpevfmsmed. From an extensive
list, a number of interesting and representativmanos were analysed using state-of-
the-art CFD models; the results are summarisedppeAdix V.

Engineering models are based on a simplified reptation of the physics and on
experimental data. This means that the models halve a limited range of

applicability and caution must be exercised sooasot extrapolate the results of the
model too far. The engineering models are not géilyeable to take into account a
complex geometry. The models are generally conteevaand sometimes overly

conservative, but are relatively easy to use andige a near-instant answer.

CFD modelling involves solving a set of partial feiential equations governing:
conservation of mass, momentum, energy, species imastions and turbulence
quantities, which are strongly coupled and highdn4inear in nature. In principle, it
is possible to model very complex scenarios, thangieality one will typically have
to exclude some details in order to make the sitimnaractable. The computational
domain is divided into a number of small elemeaften referred to as computational
cells. The cells can take many different shapes, tetrahedrons or hexahedrons,
where the former cells are typical of an unstriedumesh and the latter of a
structured mesh. The set of partial differentialiagpns are then solved for each of
the computational cells; typically up to a milligells are used. It is also necessary to
define suitable boundary conditions and initial ditions.

The accuracy of the CFD simulation is dependerd anmber of factors such as time
step size, if the problem is transient, the resmudf the mesh, where a finer mesh
leads to a more accurate solution, the choice gsipal sub-models, i.e. turbulence
and combustion models, and the initial and boundangitions, which are not always
known. The output from CFD models can be quite bieg, and the extent to which
particular models have been validated for speafiplications should always be
ascertained.

Figure 33 shows an example of how elements of aB HRght be represented in a
CFD model with a typical mesh, finest in the areagre the greatest detail is needed.
The elements: a vehicle (green), dispenser unitgyémia), and a wall (grey), are
somewhat simplified.
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Figure 33: CFD model representation of a vehicle and dispensers units on a HRS

Figure 34 shows typical outputs from a CFD simolatithe extent of the hydrogen-
air cloud above the lower flammability limit (a)né a colour contour plot of the
hydrogen concentration (b), from a hydrogen leatnat of the dispensers.

Time = 100.04

(@)

(b)

Figure 34. Typical output from a CFD simulation

As illustrated above, the visual aspect of CFD outgan be particularly valuable in
showing the extent of hazard consequences.

CFD simulations tend to be time-consuming to seamgh the computer run times can
be of the order of weeks for the most complex seesaThis would make the use of
CFD intractable if a large number of different smeos need to be modelled. A
number of different approaches based on probabitisasoning have been developed,
which can reduce the number of CFD simulationsirequ

In summary, engineering models are widely usedssessing hazard consequences,
they are quick and easy to use but they are ndtsudked to complex geometries.
Increasingly, the more sophisticated CFD modelsbaieg used, as both the models
themselves, and the computers on which they rewagidly improving. CFD models
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require expert users, but they do provide veryigtautput that cannot be matched
by simple engineering models.

12.4.8 Combination of risk assessment methods

Different risk assessment methods have differemtetiis and, also, different

drawbacks. They also have different levels of depttme global risk analysis. Figure
35 shows the guideline proposed in the project CUTES a good example of the

order in which to use some of the risk assessmeititadologies explained. The idea
is to start with a simple, straightforward and retbomethodology (RRR) in order to
refine, step by step, the conclusions obtained &iynguother methodologies that
improve the results obtained, up to the QRA ansg)ysiery efficient and detailed risk
management tool.

Safety Risk Assessment Methods
for design and engineering

Rapid Risk A starting point to identify
Ranking hazards and rank associated ]
risks Increasing
: hazards
: . (consequences
HAZOP and/or Analysis on impact of process and complexity)
FMEA deviations/failures on hazards,

functionality and operability

Assessment of Assessment of critical scenarios
Safet‘_\,L-' |“t'|?-‘9 rity and independent protective layers
eve

Quantitative Calculation of risk and comparison
Risk Analysis with Hydro quantitative acceptance
criteria

Figure 35: Safety risk assessment methods [2]

Project CUTE (Clean Urban Transport for Europe) wasambitious project in the

field trial of fuel cell buses and their hydrog@efrastructure [8]. The project follows a
comprehensive approach in which safety is an ingpotask, and its recommendation
in risk assessment methodology is shown in thisgraph as several HRS'’s have
been set up in the framework of this project, beéing experience very valuable.

12.5 Most common hazards in HRS’s

The main layout of an HRS is shown in Figure 36erEhare several processes of
production of hydrogen that can be carried outitey@ in an external place, so the
purification and compression do. The storage cammiagle at different levels of
pressure or, even, liquid. Something similar hagpenthe dispensing of hydrogen,
which can be liquid or gaseous at different lewdlpressure.
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AND PURIFICATION

COMPRESSION
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BUFFER
STORAGE

H,
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DISPENSER

GASEOUS / LIQUID /

SUPPLY STORAGE

Figure 36: Flowchart of an HRS

Despite of all the possible alternatives in an HR®re exist some common hazards
that must be taken into account in a first prevava risk assessment process. They
are shown more precisely in [5] for an HRS with site production with an

electrolyser, but, mainly, the hazards are:
1. Hydrogen gas leak inside the production unit.
2. Hydrogen gas leak from compressor unit.
3. Hydrogen gas leak from the storage unit.
4

. Catastrophic rupture of a hydrogen cylinder caubgdmaterial failure,

internal explosion or escalated jet fire.

m

dispenser.
Hydrogen gas leak in the dispenser area.

© 0 N o

Hydrogen gas release from car refuelling at HRS.
Hydrogen liquid release from car refuelling at HRS.
Hydrogen release from loading system during unlogadif tanker.

10.Hydrogen leak from connection or valve at the Hikta

Hydrogen gas leak from piping/valves/connectiondwben storage and

11. Catastrophic rupture of H2 tank caused by mat@ikire or escalated jet fire.

12.Hydrogen leak from H2 distribution system or pump.

13.Hydrogen leak in the H2 dispenser area.

It is not strange to notice that all of the hazandh the hydrogen in an HRS are
related to leaks. It is like this due to the prdijgsrof hydrogen and its propensity to
ignition, deflagration and detonation. Another impat source of hazard that can
lead to a leak is the hydrogen embrittlement: #silt of hydrogen entering into the
structure of the metal, causing the metal to laseesof its strength.

Another very important source of hazard concernadruerrors. An error is defined
as the failure of a planned action to be complet&dtended or the use of a wrong
plan to achieve an aim. A table of proposed nontiahan unreliability that could be

used in a risk assessment is shown in Table 25.
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GENERIC TASK UNRELIABILITY
(%)

Totally unfamiliar, performed at speed with no rédéa of likely 0.55
consequences
Shift or restore system to a new or original statea single attempt 0.26
without supervision or procedures
Complex task requiring high level of comprehensiod skill 0.16
Fairly simple task performed rapidly or given scatténtion 0.09
Routine, highly-practised, rapid task involvingatlely low level of 0.02
skill
Restore or shift a system to original or new stallewing procedures 0.003

with some checking
Completely familiar, well designed, highly-practiseroutine task
occurring several times per hour, performed to ésghpossible
standards by highly-motivated, highly trained amgegienced person, 0.0004
totally aware of implications of failure, with tim® correct potential
error, but without the benefit of significant jolas.
Respond correctly to system command even when thigeran 0.00002
augmented or automated system providing accuraéepnetation of
system stage.

Table 25: Generic classification of proposed nominal human unreliability [7]
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Part Il: Permitting process
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13 Description of the recommended approval process fddRS

The process of obtaining an approved Hydrogen RafgeStation (the Process) is
outlined in Figure 37. The Process involves thragigs: The Owner, the Project and
the Authorities. The roles and responsibilitieshs three parties are indicated in the
figure and further described in the Process desenipelow.

AUTHORITIES

OWNER

PROJECT

Figure 37: The Process of obtaining an approved HRS

13.1 The Roles
The Owner:

The Owner is the party that owns the HRS and theides the location, the capacity,
the technology basis and that supplies the ovigeatiework for establishing the HRS.

The Project:

The Project is the Owner’s organisation that acd@hngs the establishment of the
HRS. The Project may involve external consultantel specialists whenever
beneficial for the establishment of the station.

The Authorities:

The Authorities are the bodies that set the requergs for the HRS, and ensure
compliance of those requirements. The authoritge@ve the station, and issue the
required permissions and licences.

The Authorities comprises regional, national andalcauthorities. The Authorities
may delegate certain parts of the control and agptasks to a Notified Body.
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13.2 The Process
Step 1: Define HRS Project Scope

The overall concept of the HRS Project is defingdtlie Owner. This definition
should include the overall concept of hydrogen $uppd processing, the location,
the capacity, and the operating philosophy. Mangatequirements, i.e. regulations
set by the Authorities (appendix ....) and requiretseset by the Owner (Company
requirements) should also be included in this dksbim.

Step 2: Information to the Authorities and Stakeld®rs

As soon as establishment of an HRS is foreseen,Otlvaer should inform the
Authorities and other Stakeholders, e.g. neighbauads other local bodies, about the
HRS Project. Although information to the Author#tiat this stage is regarded to be
informal, the Owner should inform the Authoritiést a formal application according
to specified regulations will be issued at lateagst The Authorities may outline
specific requirements for the HRS, e.g. due totlooapopulation, lay out, etc. These
requirements should be included in the Owner’s inpuhe Project.

Step 3: Prepare the HRS Design Basis

Having defined the scope of the HRS Project a @etddesign Basis for all parts of
the HRS should be prepared. The specificationsthadconcepts described in the
Project definition should act as basis for prepanabf the Design Basis. In addition,
the Owner’s information strategy, the hydrogen $y@md technology basis and a
basic HRS layout should be included.

The Design Basis should also include a list of geized standards and codes of
practice that should be used as guidelines in &ésgyd and construction of the HRS.
This list of standards and codes of practice tylyiceomprise both national and
international standards as well as the Owner's GompBest Practice. A list of
reference documents are givenin 8 7.

All requirements set by the Authorities or by thevr@r should be included in the
Design Basis.

Requirements and targets related to Health, Sadety Environment (HSE) should be
specified in the Design Basis. A typical framewddk ensuring that the HSE
requirements are complied with is by implementihg following principles in the

order as indicated:

1. Principles of inherent safety
2. Barriers preventing development/limiting conseq@snaf incidents/ accidents
3. Operational instructions
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Step 4: Design and Engineering

The HRS should be designed according to the Dd&agis. The standards and codes
of practice listed in the Design Basis should bedusctively as guidelines in order to
create a practical, cost efficient and safe HRSampliance with all mandatory
requirements.

The engineering activities should include preparabf all documentation needed for
construction as well as documentation relevantamahstrate that all requirements
set by the Authorities and by the Owner are metrniNdly, safety studies are
prepared in this step.

Documents to be included in the Owner’s formal maypion to the Authorities should
be prepared.

The process of obtaining an approved HRS
focused on the approval process

Workers |Clients | Public [Environment Target groups to be
1stparty P" party| 3" party . protected
Safety policy « > LAWS
Stalreiollers Guidelines

(ATEX, PED, MD)

Coordination
ole for permitting

authority EIGA guidelines
Advisors
. I RESULTS Country specific
Public | Environmental Permit guidelines
Building permit
Operational permit
1 Emergency Response Plan | h.

Plan of attack 'I-.

Figure 38: Process of obtaining an approved HRS focussed on the approval process

The approval process from the authorities’ pointiefv starts when the owner of the
future HRS applies for the respective permits, saglhere are: a building permit, an
environmental permit and an operating permit. ka fiinst stage of the building and
approval process of an HRS, steps 5, 6 and 7 altlresactual approval process used
by the authorities. These steps are outlined below.

Step 5: Apply for permissions

As soon as the HRS is designed and all documemritdedefor formal application to
the Authorities are prepared, the Owner should serfdrmal application to the
Authorities. Depending on local and regional regiates, separate applications for
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construction and operation may be needed. The Oamgtthe Project should be well
aware of the Authorities’ application handling pedares in order to implement the
application handling in the timeline of the HRSaddishment project.

When a future owner of a HRS applies for the perthi first task of the permitting
authority should be to bring all stakeholders tbgetto inform each other about the
information needed, to clarify the roles in theqa®ss and to agree on a realistic time
schedule for the activities to be executed. Therméation about the documents to be
submitted to the authorities is presented in chidiptel.3.

Step 6: Application handling

The Authorities should handle the applications &diog to procedures set forward in
the regional or local regulations including anyafie requirements given to the HRS
project.

The Owner and the Project should be understandghkcation handling procedures
and may be asked to present the HRS station prigecially to the Authorities as
part of the formal application process.

During the formal handling process the Authorittestrol that all requirements are
fulfilled and duly documented. Any clarification @dditional information needed
should be communicated by the Authorities to then@wat an early stage of the
Application handling.

The Application handling process may include a jgu¢aring.

The authorities will issue a permit for activitiesolving hazardous substances based
on the existing laws. The intention of these lasviiprotect the various target groups
such as the workers (1st party), clients of the HR%®l party) and the public (outside
the gate: 3rd party).

Generally these laws include:

1. Prevention of accidents.

2. Creation of a safety zone or safety distance.

3. Optimal preparation of emergency services (conticgglanning).
For specific country legal requirements see chalptet.1.

Step 7: The Issue of Permissions and Licences
The authorities will judge, depending on their saf®licy:

1. Which of the various guidelines for the constructaf a HRS are applicable
and

2. Whether a hazard identification study an/or quiaieaand/or quantitative risk
assessment study is required

3. They have a requirement to be informed on the &dmplementation of
preventive safety measures, zoning measures apdrpt®n measures aiming
to protect the various target groups against ptesdidgingers
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Before granting the permits, a plan of attack @osbt up by the fire brigade) and an
emergency response plan (to be set up by the npatitgi + emergency services) will
be required by the authorities.

When all requirements set forward by the Regulatimnby the Authorities as specific
requirements are complied with and well documemetie Owner’s Application, the
Authorities are expected to issue formal permissidor construction and for
operation.

Step 8: Construction of the HRS

Having received the permission for constructiore HHRS should be constructed as
designed and detailed engineered and accordirgtddcumentation prepared. Codes
of practice specified for construction should biéofeed.

Construction of the HRS the Project shall complghwihe Construction Licence
issued by the Authorities. Communication with tleedl Fire Brigade should be
initiated in order to outline an Emergency Plantfex HRS.

Step 9: Commissioning and Preparation for Operation

The construction is completed by checking thatHRS is erected as planned and that
all equipment and items included in design are eam@nted. During commissioning
the equipment and systems should be tested apdrit/mance documented.

In parallel to commissioning of the HRS preparationoperation should take place.
This involves among others, preparation of opegaiimstructions, preparation of
instruction for maintenance and inspection, prep@ardor emergency plan, planning
for emergency drills, training of personnel (opeEnat maintenance, emergency), etc.

Preparation for Operation also includes planningrfgplementation of the Licence to
Operate issued by the Authorities.

Step 10: HRS ready for operation

Having carried out all the tasks included in thejwus steps, the approved HSR is
now ready for effective and safe operation with dompliance with the Owner’s and
the Authorities’ requirements and expectations.dsdltumentation should be updated
“as built”, and readily available to all parties mseded for operation, maintenance,
inspection and emergency handling.
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14 Country specific issues
14.1 Introduction to country specific issues

The country specific issues focus on the requiregmehthe authorities with respect to
the safety assessment for the approval of an HREE member states, the USA
and China. The 5 EU member states are: France, &wtnitaly, Spain and the
Netherlands.

Paragraph 14.2 illustrates the identification aksholders in the approval process in
the above-mentioned 7 countries. The safety reaugines for approval of an HRS
were identified through interviews.

A compilation of the interviews is given in paragha 14.3 thru 14.11.

The analysis of the interviews in the 5 EU memlates, the USA and China with
respect to the requirements is presented in pgyhgrd4.3 thru 14.5.

Depending on the interviewed party, certain togased more attention than others.
The interview protocol is shown in Appendix II.

14.2 Identification of stakeholders
Representatives of the following categories of sltakders were interviewed:
- The owner of the HRS who will generally be the agapit for the permit(s).

- The authority or authorities issuing the permit@gpending on the political
organisation of the various countries the authocityld be an autonomous
region, a local regulator, or even an accreditepesusory board. Often
separate permits are required for building and atper of an HRS.

- Advisors to the authorities issuing the permit(Ehe authority may seek
specialised advice for the issues to be considiétedenvironmental impact,
public health and safety and workers health andtgafThe following was
suggested:

o Fire brigade. In most countries the fire brigadeegi (compulsory)
advice on permits on (preventive and mitigatingetsameasures and
on contingency planning.

0 Labour inspectorate and /or other inspectors.

- The (governmental and/or advisory) bodies resptaddr creation and / or
implementation of guidelines and legislation as liggpby the authorities
issuing the permit(s).

- Members of the public working and/or living in thecinity of the (future)
HRS

In those EU countries where HRS'’s had been eshadisn the framework of the
CUTE (Clean Urban Transport for Europe) project r(@ny, Spain, The
Netherlands) the authorities involved in the apptgwocess, were approached. In
Italy and the USA authorities involved in the apmioprocess of HRS'’s, built outside
the CUTE context, were approached. As no HRS emistrance it was decided to
approach the authorities involved in the regulati@m dangerous substances (like

Deliverable 2.2, Version 2.1, 4 June 2008 Pageaf382 AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

SEVESO II) as a starting point. In China the Bgjare-brigade Bureau is involved
in the approval process of Beijing Hydrogen Park.

14.3 Responsibility and liability of the stakeholder inerviewed

In Table 26 an overview of the organisations intamed and their role in the
approval process is presented.

D

=

11%

ind

Country Approval role | Name of organisation intervieved
Issuer of permit Behdrde fur Soziales, Familie, Gesundheit und
Verbraucherschutz - Hamburg
Advisor to Gewerbeaufsichtsamt bei der Reg. v. Oberbayern
Germany issuer - Minchen
: Regierungsprasidium Darmstadt, Abt.
Inspection )
authority Arbeitsschutz.
Frankfurt.
Advisor to DRIRE Inspector (of Rhone Alpes region)
issuer Fire brigade (of Fontaine city)
. Ministere de L’écologie et du développement
Responsible Durable - dinati fi i .
for legislation urable - coordination of inspection services
(DRIRE).
Issuer of permit| Prefect of the “département” : intérviewed
France g‘ustﬁ(e)fitt';n DRIRE inspector (Rhéne Alpes region)
Coordination of Hydrogen project founding in
None . . - :
Direction Générale des Entreprises
Ministére de I'Intérieur, Direction de la Défensg
et de la Sécurité Civile DDSC - Risk and Crisis
None : .
Management — in charge of technical and
chemical hazards.
Sportello unico per le imprese del comune di
Italy Issuer of permit| Mantova (Single Counter for Business Activiti
of Mantova City Council)
Azienda Sanitaria Locale (ASL) della Provincia
Advisor to di Manto_va_, Servizio Prevenzione Sicqrezza
: Ambienti di Lavoro (Local Health Service of th
issuer : . S
Province of Mantova, Service for Prevention &
Safety in the Working Environment)
Advisor to
SIUC for
building permit
and operating | Comando Provinciale Vigili del Fuoco
license, issuer | (Provincial Fire Brigades Headquarters)
of Fire
Prevention
Certificate
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Country

Approval role

Name of organisation intervieved

Hierarchically

n
nit:

al

Netherlands

superior to Direzione Regionale dei Vigili del Fuoco della
Provincial Fire | Lombardia (Lombardy Region’s Fire Brigades
Brigade Headquarters)
Headquarters
Agenzia Regionale Protezione Ambiente
(ARPA), Dipartimento di Mantova, Unita
Advisor to Operativa: Territorio e Attivita Integrate
issuer (Lombardy’s Regional Environmental Protectiq
Agency, Department of Mantova, Operative Ul
Territory and Integrated Activities)
Inspection ISPESL (technical-scientific body in the Nation
authority Health Service)
owner GVB — Municipal Transportation Company

Amsterdam

Issuer of permit

Amsterdam City council

Advisor to
issuer

Environmental & Building Department (DMB-
Amsterdam)

Fire brigade Amsterdam

Responsible for

VROM inspectorate (Ministry of Housing,

legislation Spatial Planning and the Environment)
NIFV Netherlands Institute Physical Safety Nil
None Arnhem (Task a.o: Training institute for fire
brigade)
Spain owner E/Ir:grrizsa Municipal de Transporte (EMT) -
MADRID . , . .
( ) Issuer of permit| Comunidad de Madrid. Dpt. De IndasMadrid
Spain Customer TMB (Transportes Metropolitanos de Bama&)o
.| Generalitat de Catalufia. Dpt. De Trabajo e
BARCELONA : . :
( ) | Issuer of permit Industria. Secretaria de Industria. Barcelona
USA DC Office of the Fire Marshal

Advisor to DC Department of Health: Environmental

issuer District | Division

of Columbia | pC Department of Consumer and Regulatory
Affairs

Advisor to Michigan Department of Environmental

issuer State of | Quality/Waste and Hazardous Materials

Michigan Division/Storage Tank Unit

Advisor to

issuer State of | Office of the State Fire Marshall

California

Issuer of permit
State of New
York

New York State Dept.
Division of Code Enforcement and

Administration
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Country Approval role | Name of organisation intervieved

Issuer of permit

State of Nevada Local government of Las Vegas

Advisor to Department of Environmental Protection,
issuer State of | Tallahassee, Florida
Florida Division of State Fire Marshal Tallahassee

Issuer of permit

State of North Office of the State Fire Marshall in the Authority

Having Jurisdiction (AHJ)

Carolina
Issuer of project Beijing Municipal Commission of Development
permit and Reform
China :f:rl:r?irt site Beijing Bureau of Land Resources
Issuer of fire
protection Beijing Fire Brigade Bureau
permission

Table 26. Overview of parties interviewed in various countries

No ‘members of the public’ were interviewed.

The following was emphasised by all parties:
Coordination

The coordination between the stakeholders involgeah important issue, whereby it
should be clear which authority has the coordimatiole. It is advisable that the
parties involved seek after agreement on discrepaimt an early stage.

Community relations

To facilitate community acceptance of the HRS itadvisable to determine the
requirements for community relations efforts. Neglef the community concerns and
issues may delay the implementation of the pr@éerwards.

14.4 Required information
14.4.1 Laws/regulations applied

The information that is required for the approvathe building and operation of an
HRS will depend on the laws and regulations apple&aAs HRS'’s are a relatively

new type of infrastructure there is not yet a catglview of the risks involved.

Neither dedicated regulations nor guidelines exishce other sources of information
are used.

In some countries the national implementation & 8EVESO-II guideline is the
leading document. As quantities of hydrogen culyestbred, or planned to be stored,
at an HRS (max. 3.5 tons) are well below the lolvait specified in the SEVESO
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guidelines (5 tons) these guidelines are, strisfgaking, not applicable. They were
mainly used as an information source for methoetshriiques and criteria that could
be useful for the safety assessment of an HRS. @wmceafety risks associated with
an HRS are understood, a more general approacfo(asg. LPG stations in the

Netherlands) may be adopted. Table 27 shows thdategn and guidelines used for
the approval of an HRS according to the interviewadies in the various countries.

Country Laws/regulations applied regarding HRS
France

Loi n° 76-663 du 19 juillet 1976 relative aux Irktaons
Classées pour la Protection de I'Environnemengih¢hr
regulation for classified installations for envirnantal
protection (ICPE)

- Décret n° 77- 1133 du 21 septembre 1977 pris pour
I'application de la loi n° 76-663 du 19 juillet W®ielative aux
Installations Classées pour la Protection de I'tBriviement /
Application decree for above regulation. ]

- Arrété ministériel du 10 mai 2000 modifié par & du 29
septembre 2005 (Loi Bachelot - Arrété du 29 septer@b05
relatif a I'evaluation et a la prise en compteadprbbabilité
d'occurrence, de la cinétique, de l'intensité diesseet de la
gravité des conséquences des accidents poterdredses
etudes de dangers des installations classées ssuais
autorisation) _ . _

- Loi du 30 juillet 2003 relative a la prévention desgjues
te_chnol_oglgues et naturels et a la réparation destthges

- Circulaire du 29 septembre 2005 relative a I'apjatéan de la
démarche de maitrise des risques.

The above regulation sets two authorisation regidegending
on the hazardous potential of the industrial site:
- Declaration regime (lowest hazard)
- Authorisation regime (highest hazard)
Under declaration regime:
= Arrété type — rubrique™1416 de ICPE Stockage ou emploi
de I'hydrogene (h¥dro en storage environmental
expectations for stored quantity between 100kgldtdD

9). L .

Under authorisation regime: _

= Arréteé type — rubrique™1416 de ICPE Stockage ou emploi
de I'hydrogene (h drogen storage environmental
expectations for stored quantity above 1000 kg).

= Arrété type — rubrique’i415 de ICPE fabrication
industrielle d’hydrogéne ((hydrogen production )
environmental ‘expectations for on site hydrogerdpetion
whatever the quantity)

- Circulaire du 24 mai 1976 relative aux dép6ts dioggne
liquide / Technical note for liquid hydrogen stoeag N
Approval from local authority required on the basis specific

safety and environmental studyq(Etude de dangétuste

d’'impact).

Germany HRS'’s are installations needing a certificate adicmy to 813
BetrSichV (Betriebssicherheitsverordnun

In case of storing up to 10.000 Litres of HZ, the

Storfallverordnung is not applicable.

Italy DM 31 Auglu_st 2006 Fire Prevention Technical RuleHRS
(SEVESO-II is optional)
Spain In Barcelona, I.I.A.A. (national implementation ISEVES(-

10 ICPE: Installation classée pour la protection de 'Environnement
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Country Laws/regulations applied regarding HRS

1), in Madrid, Reglamento de aparatos a presion
Netherlands BRZO (implementation of SEVESO-II)
USA International Fire Code, NFPA 52, NFPA 55, &tePA 70.
China Design Code for hydrogen gas stations (GBB%2D05)

Table 27: Guidelines and regulations applied for approval of HRS's in various countries

14.4.2 Permits required

Appendix Il shows, under the heading ‘Permits resqllj that the approval process of
an HRS may consist of obtaining a number of permits

- A building permit,
- An environmental permit and
- An operating permit.

Not all permits are required in each country areldrder in which permits have to be
obtained differs as well. Chapter 13 is focussedhenrequirements of the authorities
regarding the safety assessment of the approval.aFoumber of countries the
approval process is illustrated in the flowchamntgshapter 14.14.

14.4.3 The required information by the authorities

The owner of the HRS has to apply for the permits.

In most countries the following documents havedsbbmitted to the authorities:
- Location of the HRS and its surroundings (drawing ky-out)

- List of plant components e.g. piping, fittings, sels, materials, heat
exchangers etc. and used guidelines/regulations.

- A short description of the process and Process Bagrams (PFD’s)

- Impact study on environmental impact in day to dag (gaseous and liquid
emissions, noise emissions, waste water, soil auntgion)

- Mitigating and preventive safety measures includiexplosion and fire
detection

- Intervention measures in the event of abnormalities
In addition, some countries/states require:

- Hazard identification study, special attention wittleness (For information
on brittleness see EIGA Doc 15 05)

- Qualitative or quantitative Risk Assessment stuffigiRA)

- Declaration of installation of pressurised equiptnen

- Electrical design as well as grounding system aidihg protection system
- Listing of measuring and control systems

- Listing of applicable Regulations, Codes & Standard

Deliverable 2.2, Version 2.1, 4 June 2008 Pageaf@82 AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

- Installation plan and utilities
- Operating instructions

14.5 External and occupational safety policy concernindpydrogen
14.5.1 Target groups for a safety assessment
Three target groups can be distinguished for aysagsessment:

- The public, outside the HRS. This is the targeugréor external safety. The
basic principle of external safety is to guararttee public a specific level of
protection against threats posed by dangerous auest in their immediate
environment. The table in Annex Il shows that exaérsafety is not always
(Germany) or not anymore (ltaly) identified as paate topic. The authority
that pursues the policy in this respect may be atiheuthority (Germany)
or/and an environmental authority (The Netherlakaance, Spain).

- Employees of the service station — This is worlsatety. This is often the
concern of the Labour inspectorate. This aspectneaspecifically addressed
during the approval process, except in Germany. édew the HRS operating
permit itself often contains regulations concerning skills of attendants and
the procedures to be followed by them (e.g. in cdsEn emergency). Also it
is implicitly assumed that compliance with techhistandards will largely
take care of workers safety. This applies for tlehdrlands, Spain and Italy.
In France, safety of workers concerns is handledLalour inspectorate.
However, topics such as ATEX zoning (EC/99/92 Ef@) @ealt with by both
labour inspectorate and environmental authority rwhazardous industrial
activities are concerned.

- Safety of customers at the filling station. Forfpesionals, like the bus drivers
of hydrogen fuelled buses, the HRS operating pemmay require that persons
that execute the refuelling operation should bel wedtructed. For private
customers safety should be more or less guarariige@roper technical
standards or similar rules as for professionaledsymay apply.

14.5.2 Safety Policy
Conceptually three stages can be distinguishedsafety policy:

1. Prevention of accidents by application of statetled art technology and
following technical standards

2. Creation of a safety zone or safety distance
3. Optimal preparation of emergency services (contiogglanning)
In all countries interviewed these three elemergsevidentified.

The prime assurance for the prevention of accid@md thus taking care of external,
worker’'s and customer’s safety) is reached by apglwstate-of-the-art technology
through standards and guidelines. These guideAnesnostly based on experience
with compressed natural gas (CNG) but may alsmbuadlated in general terms (like
the BetriebsSicherheitsVerordnung Betr.SV — Germé#ésse also paragraph 14.6). A
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review of best practises on actual experiences WRS is also presented in WP4
(Deliverable 4.1).

In addition to the prescriptive safety policy, 8skay further be reduced by spatial
zoning, i.e. the application of safety distances.

France and the Netherlands use a Quantitative Asskssment (QRA) to determine
the safety distance.

In Italy specific safety distances for HRS includedDM 31/8/2006 are used (based
on previous experience with CNG). A QRA, perfornoedthe first HRS in Italy, had
shown these to be adequate.

In the US safety distances are determined on tlss baf state regulations and
applicable codes.

No particular mention of safety distances is magé&pain, although it is mentioned
that the normative for CNG is used for the appr@fdiRS’s in Spain. In Spain, both
HRS’s are inside the bus station perimeters so tleeyiot consider special distance
requirements. The HRS’s are not considered to bblig’ ones.

Germany mentions the use of safety distance, bmetbod is specified.

In all countries contingency planning is also prthe safety policy. Usually the fire
brigade is the leading party in here.

14.6 Technical standards for the construction of an HRS

In Table 28 and Table 30 the technical standard¢ghfo construction of an HRS used
in all European countries are mentioned as wethase used in the USA and China.
For completeness the Codes of Practice of the Ed@Amentioned in Table 29.

Pressure Equipment Directive 97/23/EC

Machinery Directive 98/37/EC

Low voltage Directive 2006/95/EC

Electro Magnetic Compatibility Guideline 89/336/EC

ATEX 137 Directive 99/92/EC Guidelines for deterdion “non-
classified”, “zone 07, “zone 1", zone2 in IEC 600I0. Explosion
safe equipment according EX-Zone 1 at locationsre/hf2 is present
in apparatus and pipelines

Table 28: Technical standards used in all European countries
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EIGA Document IGC 15/06 — Gaseous Hydrogen Stations

EIGA Document IGC 6/02 — Safety in storage, hargd&ndistribution
of liquid H2

EIGA Document IGC 75/01 — Determination of SafeigtBnces
EIGA Document IGC 23/00 — Safety training of emgey
EIGA Document IGC 40/02 — Work permit systems

EIGA Document IGC 88/02 — Good environmental manaeye
practices for the industrial gas industry

EIGA Document IGC 90/03 — Incident/accident invgstion &
analysis

EIGA Document IGC 100/03 — Hydrogen Cylinders & isport
Vessels

EIGA Document IGC 102/03 — Safety audit guidelines

EIGA Document IGC 122/04 — Environmental impactsipdrogen
plants

Table 29: Technical standards of the European Industrial Gases Association available in
Europe but not always mentioned by the interviewed

NFPA 52 (Vehicular Fuel Systems Code)

NFPA 55 (Standard for the Storage, Use and Handliri@ompressed
Gases and Cryogenic Fluids in Portable and Statyddantainers,
Cylinders and Tanks)

NFPA 30A (Code for Motor Fuel Dispensing Faciktiand Repair
Garages)

NFPA 57 (Liquefied Natural Gas Vehicular Fuel SysteCode 1999
Edition) (THIS DOCUMENT HAS BEEN PHASED OUT AND
INCORPORATED INTO NFPA 52)

NFPA 70 (National Electric Code)
ASME BPV Code Section VI, Div.l and Section IX

Table 30: Technical standards used in the USA

In Table 31 Technical standards taken into conatd®r for approval of HRS’s in
various European countries are shown.
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France Regulation for NGV stations may be used asading
point. “Arrété types 1415 &1416” mentioned abover
hydrogen storage and hydrogen production, are |édsly
to be used.

—

Germany Technical regulations in BetrSV (leadingutoent)

Italy DM 31/8/2006 (leading document)
Non binding references:
NFPA 50A (now NFPA 55) - EIGA 15/96
1ISO 15916

Spain Regulation of Pressure apparatus

Real Decreto 2486/1994 (CNG regulation)

Netherlandg PGS 25 (CNG)
NFPA 55
NFPA 57-02 (LNG)

China In China, BP is the major equipment suppleBeijing
Hydrogen Park. BP applied internationally recogiise
hydrogen safety codes, principally the NFPA (USibitl
Fire Protection Association codes: NFPA55, NFPA52)

Various Regulations for the storage of hazardous substances
countries

Table 31: Specification of regulations for approval of HRS's

1 1ISO/TR 15916:2004 provides guidelines for the ofskydrogen in its gaseous and
liquid forms. It identifies the basic safety conterand risks, and describes the
properties of hydrogen that are relevant to saf@gtailed safety requirements
associated with specific hydrogen applications teeated in separate International
Standards

14.7 Methodologies and guidelines for the assessmentefternal (off-site)
effects damage and risks

The methods used to assess external safety, amnahin the interviews, are shown
in Table 32.

France The evaluation of the risk is the respolitsibof the
owner and must be done with both quantitative and
gualitative methods with a risk based approach |but
without commonly accepted methods or software. dtate
regulation (Arrété et circulaire du 29 septembré®=0
relative aux criteres d’appréciation de la démadehe
maitrise des risques d’accidents) sets criticatiigtrix
to be used.

Germany Limited to a hazard evaluation accordinBet'SV and
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Explosion protection

Italy Because of the small amounts of dangeroustanbes
involved, an external safety study is not lega#iguired
for an HRS, as for other low-to-medium risk actast
by DL n. 334 of 17/8/1999 that implements EU
Directive 96/82/EC.

DM 31/8/2006 requires a QRA only for the in-sjtu
hydrogen production section of the HRS. Howeyer,
being the first public HRS of its kind in Italy, |a
guantitative risk analysis on the whole HRS |as
prescribed by the “High Risk Activities” Seveso
Directive was also considered in the approval ptace
for the Zero Regio’'s HRS in Mantova.

Spain No QRA is required. No specific guidelinessexThe
existing normative for compressed natural gas edys
taking into account the special characteristicllf

Netherlands | In NL a QRA is required for each statiNo specific
guidelines exist for HRS’s anduntil specific
requirements for H2 are specified (as with LPG)sthi
will be the caseThe Dutch guidelines (as defined for
Seveso establishments in CPR-18) will be leadirgy,
scenarios and failure frequencies, will be deri¥ean
this to determine safety distances. Relevant distaare
also used for land-use planning purposes, e.giskf
criteria are not met, relocation will be necessary.

-

USA In general, states or local governments dopaoform
guantitative risk assessments nor do they reqgueen
of project developers. However, in the United $aie
is very common for project developers themselves to
perform quantitative and/or qualitative risk assessts
and/or FMEA'’s.

China Because the novelty of HRS in China, asseas#sise
checked by experts in an argumentation meeting. In
China, BP is the major equipment supplier in Begijin
Hydrogen Park. BP applied quantitative rigk-
engineering techniques which look at potentialdeaits
and their prevention (frequency/probability redonji
or mitigation (consequence reduction). One such
technique is Quantified Risk Assessment (QRA).

Table 32.: Methodologies and Guidelines for the assessment of external (off-site) effects,
damage and risks

From the information in Table 32 it can be seert tba Netherlands, Italy, France,
QRA's, along the lines of the local interpretatiamighe SEVESO Il guidelines, have
been or should be performed, resulting in an assassof off-site effects, damage
and risks. In the other countries no specific mashdor external safety were
mentioned. Nonetheless, for all countries documargsrequired in which the safety
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measures are outlined. In Spain, USA (where extesagety was also considered
important) and also the Netherlands the choicéhefmost suitable method is left to
the expert judgement of operator, constructor asrdoivner of the HRS.

14.8 External safety (off-site safety) and land use plaring

Although all countries, apart from Spain, mentibe tise of safety distances it is not
always clear how (or if) they are used in relatimn land-use planning. Safety
distances (damage radius for a given accident pilitya external safety) should not
be confused with so called “ATEX zoning” that relatto occupational health and to
the choice of appropriate equipment to preventasipé atmosphere ignition. Only
for the countries in which these distances are dhase methods derived form the
SEVESO directive (Italy, Netherlands France) a lsglems to be present (see Table
33).

In the USA, zoning issues and land use requiremevith respect to the sitting of
HRS’s, come under the cognisance of local govertsnemather than the Federal
government or requirements in codes and standards.

Of course we are concerned here with safety dissabheyond the zoning in the sense
of the ATEX guideline, where it concerns avoidiggition in the event of release of
small quantities of hydrogen.

France Safety distances are set for specific lasitahs like
storage of large quantities of liquid hydrogen. Btrer
cases, the safety study shall demonstrate that the
hydrogen installation is not likely to cause ex&din
effects. Safety distances exist nowadays |for
conventional and NGV refuelling stations (declamatj

regime).
Germany Safety distances inside and outside the &R 8pplied.
Italy The location of the HRS must be complianthwihe

City Council’'s general plan and zoning ordinance |fo
ordinary refuelling stations and, currently, CNG
refuelling stations.

In case the HRS is located in close proximity taigh-
risk activity, local authorities at the higher l&étigan the
City Council, i.e., the Province and/or the Regnats to
compile a risk analysis report of the whole area| by
putting together the information provided by eartigle
activity in the area. This document must take into
consideration also any planned future business or
building activity in the area.

There are no specific provisions for HRS.

Spain Both of the HRS’s were considered to be tearyand
operating in already restricted areas (bus stations
Outside safety distances are applied accordingCihe
Council’s general plan.
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Netherlands | A municipality may only designate apief land for g
high-risk activity in an establishment if the asated
risks to the vicinity do not exceed the limit vaukaid
down in the External Safety Establishments Decree.
Decree established environmental quality standards
the form of limit values for location-based riskg.e10°
per annum for vulnerable objects and for siteshi@
process of remediation.

—

USA Safety distance requirements inside HRS areighed in
ICC and NFPA codes, if the local governments chiose
adopt them. Safety distances outside HRS’s |are
governed by local zoning and site laws and reguiati

China Fire separation distance between hydrogetomstar
hydrogen supply station or hydrogen gas receiver|an
building or construction shall be no less than thst
specified in GB50177-2005.

Table 33: External safety and land-use planning

14.9 The inspection protocol

Only France requires an inspection protocol for amstallation including HRS's.
Nonetheless some kind of inspection protocol eXmtShe Netherlands, USA, ltaly
and Germany. As can be seen in Table 34 thesecoist@re usually based on
maintenance/inspection demands of the equipmert (@eprescribed by the owner
and / or manufacturer). The fire brigade can belwed in these inspections. In Spain
an inspection protocol, based on the risk, is culydeing developed.

France Inspection of ICPE in France is clearly orggd and not
delegated to private notified bodies (except foespure
vessels). The protocol for inspection is availaljie
French) at the following address:

http://www.drire.gouv.fr/environnement/controle.htm

This inspection is the responsibility of tHRRIRE civil
servants or inspectors under the sole authority othe
Prefect (local representative of the government).

In case of request from the prefect combined inspes by
veterinary (in case of refuelling station in a suparket
when food is sold), DRIRE, and fire brigades cambee.

Germany According to BetrSichV every 5 years Gpmpetent
Safety Organisation

Tubes every half year bgperators + manufacturers
regulations.

Also: 24 months after start-up and every threes/ear
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Italy No specific protocol exists. General procedufor
conventional or, better, CNG refuelling stationlvaipply.
Only the first inspection during the plant startwpl be
carried out by all inspecting bodies simultaneouliyitaly
the responsible authority for workers safety (ASk)
present at the start-up inspection and may carryusther
inspections during operation. THiee brigades make an
inspection every three years.

Spain No specific protocol exists.

Fire brigade applies general checklist.

Owner does visual checks.

Supplier of equipmentcompletes a 6 monthly check or,
the time suggested by the device manufacturer, This
however, is primarily because of the experimental
character of the Madrid and Barcelona HRS.
Technical reliability of the HRS is determined by
equipment supplier. Owner is alerted when replaceésne

are due.
Netherlands No specific protocol exists.
Fire brigade applies general checkilist.

Owner does regular (once a week or so) visual checks.

Supplier of equipment does a weekly check. This,
however, is primarily because of the novelty ane |th
experimental character of the Amsterdam HRS. Also
VROM will apply ‘general’ inspection techniques.

Technical reliability of the HRS is determined py
equipment supplier, and monitored by the softwé@nener
is alerted when replacements are due.

There is an increasing tendency in the Netherlandsve
private notified bodies perform the obliged corgrof the
installation. However, such a notified body for HR8oes
not exist yet.

USA The states are not involved in conducting kddi.e.,
annual or unannounced) inspections of hydrogereligig
stations.

Uniformly, this is the responsibility of tHecal fire
marshal and/or fire department. Local fire protection
authorities, in general, have the authority to pitgect
operators for violations of safety regulations loutsdown
a facility if they believe that there is an immindire
safety hazard.

In nearly all projectsthe operators and/or vendorshave
documented systematic inspection protocols.

Table 34.: Inspection protocols used in various countries
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14.10Contingency planning

Emergency response organisations like the fireadieg ambulance services and the

police should be prepared for accidents that neghtir. In most countries the leading
party regarding contingency planning is the firegade. Many of the interviewed
parties indicated that they would like to see titervention measures for the various

incident scenarios at HRS’s explicitly stated ia HiyApproval handbook.

France

Dedicated plans to be made:

“Plan d’operation interne” under the responsibi
of the owner (when installation under authorisat
regime)

- “Plan particulier d’intervention” under th

responsibility of the prefect (when installation

under authorisation regime)

Germany

Action plan of the fire brigade and safetgponse plal
Fire fighters or the agency for fire-prevention sldobe
involved in an early stage as officials often wémthave

their point of view regarding emergency planningd an

access to the HRS

Italy

Similar to ordinary and CNG refuelling stai®

Spain

Similar to ordinary refuelling stations

Netherlands

The environmental permit states that the estabkstim

should have an emergency plan and a plan of atteitke
fire brigade based on the possible scenarios.

environmental permit states the contents of then ma
attack as well. The fire brigade identified the fbke
scenarios and their response.

A contingency plan should not be mono disciplin@ogly
assistance by the fire brigade) but also refehérole of
the GHOR (Health Assistance in the event of Acdisl¢
and Disasters) and the Police.

USA

Required, regardless of the governmental/ afghragency

China

Fire brigade, ambulance services and police al
involved in contingency plan
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14.11Dissemination of the handbook

Table 36 presents the response of the intervieamedle subject dissemination of the
handbook.

France Organisations would use the handbook if auld/
contain relevant information to particular problems

However, the handbook has no legal status. It |can
therefore only be referred to as best practice
information.

Dissemination through DDS€E (Department at
governmental level in charge of fire services)

Germany Some interviewees answered that the hakdbitionot
be used because it has no legal status

Italy Organisations would use the handbook if ihteined
information related to their field of responsikylit
Formal recognition of the handbook by Italign
authorities would greatly help its disseminationd an
acceptance.

Spain Organisations would use the handbook if ittaioed
relevant information to problems such as:

1. What functions and buildings are allowed near
HRS's?

2. Technical Standards
3. Intervention measures

Netherlands | Organisations would use the handbookt wvould
contain relevant information to problems such as:

1. What functions and buildings are allowed near
HRS's?

2. Technical Standards
3. Intervention measures

USA Based on a survey of states that are activelglved in
pursuing hydrogen technology and implementing HRS
projects, they are not familiar with the handbook

China Organisation would use the handbook If it taored
relevant information with respect to their partaoul
problems (such as safety).

Table 36: Dissemination of the Handbook

1 DDSC: Direction de la Defense et de la Securité Civile
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As can be expected from the response the use diahdbook will depend on the
relevance of the information in the book to thelgpeans that the various stakeholders
are confronted with.

A point to be noted is that the (legal) statushef handbook will also affect its use.

14.12Remarks / other issues / gaps

The importance of involving the local communityaat early stage in the approval
process is mentioned by various countries.

Some of the interviewees felt the fact that theolabinspectorate had not been
involved in the approval process in their coungydept Germany) as an omission.

In Italy the labour inspectorate was not involvedhe HRS approval process so far.
The main responsibility for workers safety lieshiiit ASL — the local health service.

In the USA, both permitting officials and HRS prdjedevelopers emphasize the
importance of community involvement in implementipgpjects — the earlier that
involvement, the better.

France considers that the classification of thé&sriss based on the quantity of
hydrogen stored on site, regardless of the pressype of tanks and location of the
tanks. The quantity of hydrogen stored mainly @affé¢be administrative status of the
refuelling station (declaration or authorisatioginee) and therefore the amount of
documents to prepare for authorities. Authorisatiegime always applies when
hydrogen is produced on-site.

The risks associated with “non classical” technisalutions (buried storages for
instance) would also be interesting to develop.

14.13Conclusions and Recommendations

In all interviewed countries either explicitly omplicitly three stages of safety
assurance could be distinguished in the approwalgss of an HRS:

1. Prevention of accidents by application of techngtahdards
2. Creation of a safety zone or safety distance.
3. Optimal preparation of emergency services (contiogglanning).

Ad 1.
Conclusion:

There was good agreement on the first of theseesthgtween all 5 EU countries.
They all used the same technical standards (EUlatgous) sometimes augmented
with local regulations. Also some American standar@nost notably NFPA-
standards) are used sometimes.

The USA has their own technical standards, althooginy are similar to EU
regulations.

China has no existing regulations especially forS;iRut there is related code
GB50177-2005.
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Recommendation:

The handbook should contain a detailed technicatrjgion of the HRS; thereby
making sure it is in good agreement with all regates applicable.

Ad. 2
Conclusions:

Although all countries do mention the use of safaiges it is not always clear how
they are derived and which criteria acceptabiktyels are used.

The Dutch standards are very clear concerning rexitsafety, which are also used for
land-use planning and they calculate the Locatiasel risk (PR) and Societal Risk
(GR). Acceptance levels are PR < 10-6/yr and GR-8/N2, in which N represents
the cumulative number of fatalities.

Also in France risk based criteria for externalebafcame into force recently. In
addition to fatalities (as in the Netherlands) riga to persons are used as a criterion.
Acceptability levels are not clearly defined, bggreed during discussions between
stakeholders

Italy assessed the consequences according to dalnaige provided for in DM
9/5/2001. No acceptance levels are stated by |lAwseptance levels have to be
negotiated and agreed upon by interested partigsamithorities having jurisdiction.
Based on pilot studies on a few early HRS’s anddhg experience with CNG, it has
already been decided that safety distance as madwg DM 31 August 2006 can be
used. If the HRS complies with DM 31 August 200értla QRA is required only for
the in-situ hydrogen production section of the HR#e safety distances of the HRS
do not comply with DM 31 August 2006 then a QRAeaguired on the whole HRS to
convince the authorities that the safety charastiesi of the non-compliant HRS are
equivalent to those of a compliant HRS.

In the USA safety distances are set on a statddig-basis, using their adopted codes
and standards or regulations. No generally apphethod or criteria exist. Choice of
suitable methods is often left to the builder /tcactor / owner of the HRS.

Spain has not adopted specific safety distancesatkaelated to the possible risks of
the HRS. Due to the situation of the HRS (insids &tation perimeter, not open to the
public) the safety distances are the same as usmethé bus station itself (City
Council’s general plan).

Germany reports the use of safety distances. hoiwever unclear how they are
derived, which criteria are used and what the aebdfy levels are.

Recommendations:

All safety studies reported should be sufficientdgtailed such that individual
countries can extract the information that is ulskfutheir particular safety approach
or policy. This means effect / safety distancesukhde reported as a minimum
(deterministic approach). Probability of correspogd scenario could also be
proposed.
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Ad.3
Conclusions:

In all countries contingency planning was reportede a factor to consider. Most
countries reported a leading role for the fire adg in this area.

In the Netherlands their advice is binding.

In France they prepare a dedicated plan (Plan di@sgtion Interne — POI) for

installations falling under the authorisation regimA POI defines contingency

procedures and related emergency resources in torgeotect employees, neighbours
and the environment in case of an accident. Ttas [ written by the owner of the

installation under his/her responsibility. Fire\sees should be consulted. It is not
likely that a POI will be requested for hydrogefuegling stations.

In Germany they prepare an action plan and saésfyanse plan.

In Italy, emergency planning is coordinated by tbeal authorities, either for a

township, province or region, depending on the resiten of the interested area. The
region is responsible for the implementation of 8®veso Directive in the case of
high-risk plants. The Fire Brigades are always @ &etor. No specific emergency
plan for HRS was mentioned during the interviews.

In Spain Fire brigades visit the HRS, are informabdut risks and safety devices and
propose safety response recommendations.

For the USA, there are no Federal regulations diggrcontingency planning.
Contingency planning requirements (where they pxas¢ established at the state
and/or local government level.

In China, the fire brigade plays the leading role.

Recommendation:

The role of the fire services should be outlined @m emergency response plan
should be in the HyApproval handbook. In this pilae intervention measures for the
various incident scenarios at HRS’s should be eitpflistated in the handbook. Most
of the interviewed parties indicated that they wiolike to see this. At least
emergency measures should be outlined.

General recommendations:

Communication between stakeholders

Good coordination between the stakeholders in figrowval process involved was
seen as an important issue by the interviewees. Sttould also be emphasised in the
handbook, whereby it must be clear which authdndg the coordination role. It is
advisable that the parties involved seek agreemenpotential discrepancies in an
early stage.

This includes Community relations. To facilitatemoounity acceptance community
concerns should be addressed as otherwise thenmaptation of the project could be
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seriously delayed, particularly because of the hgwd# HRS'’s, with (certainly to the
general public) unknown risks.

Inspection regime

An inspection regime would have to be set in acaocd with the risk imposed by the
HRS. A number of countries reported that no spedifspection protocol exists. An
(example of an) inspection protocol should be givetihe handbook.

Dissemination

The use of the handbook in the approval process GRS is not a requirement as
long as its status is not recognised. A statemeh fthe competent authorities
concerning the conditions under which they will ers# the use of the handbook
would be welcome.

14.14Flow charts of the approval process in China, ItalyGermany, France,
Spain and the Netherlands

Beijing Fire
Brigades
Beijing Bureau of Bureau
: Land Resources :
Project C_onstrucnon Design Construction
approval g site approval
A
- Expertise
Beijing Municipal argunaentation

Commission of
Development and
Reform

Feasible
research
report

Construction
Company

Figure 39: Flowchart of the approval process in Beijing, China

Deliverable 2.2, Version 2.1, 4 June 2008 Pageaf B2 AIR LIQUIDE - DTA



WP2 HyApproval — Handbook for Hydrogen Refuellingt®n Approval

Timeframe of the .
ZeroRegio's HRS Operating licence
In Mantova Fire Prevention Certificate (CPI)
Expected —— _
May 2007 Commissioning & Start-up Inspection
Time length for the Purchasing & Construction

operating licence
of multifuel + HRS

Exexutive Project

May 2006 ’ Building permit ‘

4 Conference of services
_ SUIC, VVF, ASL, ARPA, Region, Customs
Time length of the

multifuel + HRS ’

building permit Risk Analysis \
procedure
Basic Design of the H2 Zone
November 2004 ——
(start of ZeroRegio project) Legislative issues for HRS

multifuel RS building
permit procedure

Time length of the - —
Design of the civil works

August 2003 Lay-out of the multi-fuel station

Figure 40. Flowchart of approval process in Italy
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Reconciliation talk prior to permitting procedure wéompetent permitting authority, applicant, planndrifice,
accredited supervisory board, equipment manufactioeer building inspection, petroleum company, firdglade

v

Compilation of indispensable application documents lieréxpert statement on the permitting procedpre

v

Finalisation of the permitting application

v

Approval by customs office
(permission for the distribution of hydrogen as fuekhg petroleum company

v

Issuance of an expert statement by an accredited sspeyJoard

v

Approval according to the building laws by the lowerldirig inspection

v

Permission through the competent permitting authofity

v
Erection of the plant
\ 4

Document for the examination of the plant before swgrt
(amongst others action plan for the fire brigade andtyaksponse plan
\ 4

Verification before the first start-uf

v
Permission for the start-up of the plant and its opemat
\ 4

Determination of the inspection validity periods for thrtire plant and component according
§ 15.1 of the BetrSichV by the operator

v

Evaluation of the defined inspection periods by the jiteimg authority/accredited supervisory board.
Information on the inspection periods to be submittethirelevant permitting authority

Figure 41. Flowchart of approval process in Germany
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Authorisation for classified installations for Building
protection(ICP

Application File content
- Inquiry letter,
- Justification papers,
- Annex papers

File const itution

The complete file has to be submitted in seven copies to the
departmental préect and one copy per commune being inside the area i o :

h ! p h ile for building licence with
concerned by the nuisances of WKICh the installation could be the source a receipt acknowledgement

2 months of the ICPE file
maximum Receipt is sent by the Inspection of Classéd 10 days
Installations assessing that the file is completed and maximum
ready to start the acceptance procedure

Submission of application

The Prefect asks the President of the Administrative tribunal to name @
commissioner in chief to conduct the public inquiry

15 days {
maximum . . s
Commissioner in chief is named
Prefectdeclares by Order, the opening of the public enquiry
Notice to the public is posted in all the communes concerned by the nuisances of which the
15 days installation could be the source
minimum
Start date of the public enquiry is announced in local newspapers
Public procedure Administrative procedure
1 month
minimum : . : City councils give their State services
dare 1 | Gbservatians and consams are | | opinions (check Local Urban | | (Departmental Publc
m registered development or planning Works Directorate) give
projects) their opinions
Closing date of public enquiry Minimum delay before
signing the building
8 days . licence
maximum The departmental authority
A copy of the report made after acknowledges receipt of
the public enquiry is sent to the administration opinions
12 days site operator
maximum

Site operator replies officially to commissioner in chief

15 days
maximum

Register of the enquiry is closed and
signed commissioner in chief and sent
along with his report and reasoned
conclusions to the prefect

Departmental prefect sends a copy of the report and chief
inspector’s conclusions to the president of the Administrative
¢ | Departmental prefect acknowledges| — | Tribunal, to the applicant and to the mayorsf the communes
receipt of the enquiry folder in the public enquiry area

A copy of the public enquiry folder along with local city councils opinions is sent to Regional
Directoratefor Industry, Research and Environment (Inspection Service for Classified installations)

The Inspection Service forClassified installations issues its report, containing its

3 months proposals concerning either the refusal of the application or the proposed regulations

maximum

The report from the Inspection service for classified installation is submitted by the prefect to the Departmentd|
council of Health (CODERST)

15 days

sent to the applcant by the prefects X
maximum

The draft Order containing the decision on the application is }

The applicant submits its written observations to the prefect

The Order containing the decision (authorisation of refusal) is issued
by the prefect

Figure 42: Flowchart of approval process in France
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| Project of the HRS and visa |
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l
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Figure 43: Flowchart of approval process in Spain

Consultation between owner, design engineer, enwviemmal and building
department of local authority, competent authority fire brigade

Building Department prepares building perm
and competent authority grants building perr

)

Construction of the HRS installation

A

Training of personell by owne

¥

—

it

v
Owner applies for environmental permjt
Environmental Department prepares environmnetal perijkg " Compulsory advice by fire brigadg
and competent authority grants environmental permit
Owner applies for building permi

Local authority sets up emergency response plan inut@tisn

|

Fire brigade sets up plan of atta¢k

¥

Conditions fulfilled? HRS in operation

Figure 44. Flowchart of approval process in The Netherlands
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15 List of appendices

Appendix | “Safety Data Sheets for hydrogen andigefated
hydrogen”
Prepared by AL DTA
Appendix Il | “Approval requirements in five EU couies and the
USA”
Prepared by TNO
Appendix 1l | WP4
“Emergency Response Plan”
Prepared by SHELL Dated 24/11/2006
Appendix IV | HyApproval WP4 Deliverable Deliverable D4.9
“Quantitative Risk Assessment of Hydrogé&tevision 4
Refuelling Station with on-site production” Dated 13/07/2007
Prepared by DNV
Appendix V | HyApproval WP4 Deliverable
“Consequence Assessment Summary Report” Revision 4
Prepared by NCSRD Dated 23/10/2007
Appendix VI | “Vehicle description and requirements”
Prepared by AL DTA with inputs from OPEL
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