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1. INTRODUCTION
1.1 THE HYAPPROVAL PROJECT:

HyApproval is an EC co-financed Specific Targeteds&irch Project (STREP) to develop a
Handbook facilitating the approval of Hydrogen Rafing Stations (HRS). The project, started in
October 2005, will be performed over 24 months byatanced partnership including 25 partners
from industry, SMEs and institutes which ensure thitical mass and required know how for
obtaining the identified project goals. Most partnbave extensive expertise from HRS projects.
Key partners from China/ Japan/ USA provide an tafthl liaison to international regulations,

codes & standards activities. HyApproval is thetfand only project of its kind.

The project goals are to finalise the HRS techrgcédeline started under EIHP2 (European
Integrated Hydrogen Project) and to contributéhtointernational standard under development at ISO
TC197 and in first line to provide a Handbook, whassists companies and organisations in the
implementation and operation of HRS. The Handboitlkoe based oibest practiceseflecting the
existing technical know-how and regulatory enviremty but also includes the flexibility to allow new
technologies and design to be introduced at a $agje. In order to meet these goals, best practise
will be developed from project experience (CUTER®et: CUTE, ECTOS, EIHP1&2, HySafe,

ZERO REGIO, CEP) and partner activities. In 5 Ergoies (F/D/I/E/NL) and in China, Japan and
the USA the HyApproval process will include a Haodk review by country authorities to pursue
"broad agreement” and to define “approval routes”.

After finalising the Handbook process the developgiirements and procedures to get “Approval in
Principle” shall be sufficiently advanced to seebm@val in any European country without major
modifications. Not only infrastructure companie®R$loperators/ owners and local authorities but
also the EC will profit from the Handbook that isetned to contribute to the safe implementation of a
hydrogen infrastructure.

HyApproval comprises 7 workpackages including ‘HB&initions & Requirements’, ‘Handbook
Compilation’, ‘Infrastructure & Deployment’, ‘Safgt ‘Dissemination & Public Awareness’,
‘Vehicle Requirements’ and ‘Project Management'.

HyApproval can assist in building alliances betwew®tustry, governments, authorities, research and
SME in order to establish best practises mechangsgo take the approval in principle further to a
recognised and established approval proceduranlfurthermore serve as a future platform for the
exchange of all HRS approval and implementatioevaatt issues in Europe and internationally. The
results of HyApproval will be communicated in wigesad dissemination activities including various
national and international workshops and publicetid he project complies with EU’s R&D and
energy policies, which aims at the introductiorb® hydrogen as motor fuel by 2020.

1.2 THE FINAL DESIGN PAPER (FDP)

This Final Design Paper (FDP) may be used as ati@ud information pool, containing data about
realized Hydrogen Refuelling Stations (HRS) thraughEurope. The USA and China have also
participated in the HyApproval project and subnditseibstantial information on HRS which where
built in the respective country. As the handbooB]li$ the leading document, information which is
given in the FDP should only be seen as indicafitee. technical information relating to each station
should be seen in the whole context of the pr@adtin connection with the Regulations, Codes and
Standards (RCS) in place at the time these statvens built. Due to the circumstance that in many
countries, no or only very few HRS have been lalfar, these RCS are not existing or incomplete.



In order to reach a uniform view on the safety amdttionality, the good practice of today’s HRS can
be taken as reference, having in mind that somsthigher requirements on safety have been realized
as would have been necessary for a safe operation.

In the following chapters, a small, a medium ah@rge HRS have been taken as examples. The size
and location of these stations has been chosarcimaway to cover a maximum of possible HRS,
which may be built in the near future.

1.3 SCOPE OF THE FINAL DESIGN PAPER (FDP)

The FDP shall serve as a “side-document” to the Handbook and give some additional
information e.g. pictures, tables, general explanations and at least three different possible
generic sizes for implementing a HRS will be considered/ investigated in principle:

- ‘small’ HRS (< 300 kg hydrogen storage on site),
- ‘medium’ HRS (< 1,500 kg hydrogen storage on site ) and
- ‘large’ HRS (< 3,500 kg hydrogen storage onsite)

It is shown which methodologies are applied to assess safety distances for the existing HRS
examples and an overview on the selected safety features is given in tables.

The small, medium and large HRS are only examples which should not be considered as
“standard”. The reference stations in the FDP are shown in order to take these examples for
further development of other HRS of different sizes, location and functionality.



Abbreviations

CaFCP = California Fuel Cell Partnership

CGH2 = Compressed Gaseous Hydrogen

DDP = Draft Design Paper

ESD = Emergency Shut Down

FMEA = Failure Mode and Effect Analysis

FDP = Final Design Paper

HAZOP= Hazard and Operability Analysis

HRS = Hydrogen Refuelling Station

IDP = Intermediate Design Paper

LH2 = Liquid Hydrogen

(O] = On Side

SD = Shut Down

TRG = Technische Regeln Druckgase (Technical Regulations for Pressurized gas,
Germany)

TRB = Technische Regeln Druckbehalter (Technical Regulations for pressurized
equipment, Germany)

SAE = Society of Automotive Engineers

SME = Small and medium enterprise



2. SMALL HRS WITH < 300 KG HYDROGEN STORAGE ON
SITE:

Reference station: Small transportable HRS by Air Liquide

Production / delivery: Delivery of H2 bundles (20 kPa)
Delivery pressure & state: 35 kPa/ 87,5 kPa

Compressor: 1to 87,5 kPa

Storage: <300 kg CGH2 @ 80 kPa
Dispensers: 1 car, 1 bus

Location: Mobile

Other Energy-carriers: none

Picture 1: The Air Liquide HRS
comprising of bundle-storage,
compressor and dispenser.

Picture 2: The dispenser unit




Storage < 300 kg
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Picture 3: Size of HRS with onsite H2 storage e§lthan 300 kg (small)



2.1 THE SMALL HRS IN MANTOVA (ITALY):

The following information is based on the experiences and requirements which apply to the
HRS which has been built in Mantova (Italy) in the frame of the Zero Regio Project:

Methodology applied to determine safety distances:

Italian technical rule for HRS dispensing gaseous hydrogen, release 21/5/2004, and results
from risk analysis. As of 21/5/2004 the “Italian Fire Prevention Technical Rule for Gaseous
Hydrogen Refuelling Stations” was still a draft. Since its publication on the Italian Official Law
Gazette on 13/9/2006 it is a regulation referred to in Italian law DM 31/8/2006. Safety
distances in the final regulation have been changed (increased by 50%) with respect to the
21/5/2004 draft rule. Therefore, a new QRA this time based on detailed engineering plans
was required by the authorities in order to obtain the permission to operate the HRS. The
HRS as part of the MultyEnergy refuelling station in Mantova has been in operation since
21/9/2007. The risk analysis was based on PFD, preliminary plant lay-out, P&l diagrams and
comprised the following sequential steps:

- historical analysis

- location of the possible accidents by means of HAZOP, FMEA, check lists;
- estimation of frequency of the identified events and of the related scenarios;
- evaluation of consequences

Challenges related to safety distances affected choice of Safety Equipment

Safety equipment:

Reason for implementing safety equipment:
1) Results from HAZOP

2) National regulations: In-force Italian regulations for NG; Italian technical rule for HRS
dispensing gaseous Hydrogen

3) Results from risk analysis

Shut down philosophy:

1) ESD procedures are activated according to HAZOP recommendations in case of
exceeding of the threshold levels (temperatures, gas concentrations, gas flows, pressure
levels, fire detection); ESD procedures are automatically executed but can also be manually
activated by devices located both inside and outside the plant enclosure

2) other controlled SD procedures have been defined for being automatically or manually
executed due to the foreseen discontinous utilisation of the H2 production and distribution
equipments

Safety valves: Yes

Emergency Shut Down valves (automatic): Yes

Emergency Shut Down switches (manual): Yes

Rupture Discs: No
Explosion venting: Yes
Emergency ventilation: Yes




3. MEDIUM HRS WITH < 1,500 KG HYDROGEN STORAGE
ONSITE

In the DDP meeting (07FEB2006) in Stuttgart the decision was taken to define the “medium”
HRS like the following:

Inner City site with LH2 delivery and On Site-CGH2  generation

Reference station is the CEP station in Berlin (TOTAL)

Production / delivery: LH2 delivery and OS-CGH2 generation:
350 Nm3/h (2 days production can fill the OS-storage)
Delivery pressure & state: 35 kPa CGH2

Compressor: 1 to 41,5kPa

Storage: 1246 kg LH2

Dispensers: 1 car, 1 bus

Location: Inner City (reference site is CEP station Berlin by TOTAL)
Other Energy-carriers: Yes (LHCs, LPG)

Picture 4: View of the whole CEP Il HRS in Berlin (TOTAL)



Picture 5: 3D-Animation of the complete CEP Il HRS in Berlin (TOTAL)

Picture 6: View of the CEP Il HRS in Berlin from the shop (TOTAL)
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Picture 7: View of the CEP Il HRS in Berlin from the public side (TOTAL)

Picture 8: 3D-view of the LH2 path of the CEP Il HRS in Berlin (TOTAL)
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4. LARGE HRS WITH < 3,500 KG HYDROGEN STORAGE
ONSITE.

In the DDP meeting (07FEB2006) in Stuttgart the decision was taken to define the “large”

HRS like the following:
Inner city location with LH2 delivery, CHG2 & LH2 d  ispensing
Production / delivery: LH2 delivery

Delivery pressure & state: 35 kPa /87,5 kPa CGH2
LH2 dispensing

Compressor: 1to 87,5 kPa

Storage: 3.000 kg LH2 (42.500 litre LH2 underground storage)
Dispensers: 1 car, 1 bus

Location: CUTE London, Hornchurch

Other Energy-carriers: none

Picture 9: CUTE Project HRS of BP, London Hornchurch (GB)
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Picture 10: The H2 dispenser of the CUTE Project HRS
of BP, London Hornchurch

Because large HRS are relatively rare in Europe, the amount of information on this specific
size is small. In the following graph you can see the different sizes of HRS. The HRS in
London is by far the largest installed HRS compared to the other HRS with an OS-storage of
>300 kg of H2. The maximum amount of stored H2 is below 3 tons because an average tank-
truck can hold around 3t of H2.

The following graph shows an overview on HRS with an OS-capacity of < 300 kg H2:

Storage 300 - 3000 kg
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Picture 11: Overview of different HRS with onsite H2 storage between 300 and 3000 kg
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4.1 EXAMPLE FOR A HRS IN CHINA

The following pictures are showing the Beijing Hydrogen Park including a HRS, Bus garage

and research center.

Bus garage

Main gate

Picture 12:  The Beijing Hydrogen Park (2007)

Dispenser island

Picture 13:  Beijing Hydrogen
Park, dispenser
island
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5. OVERVIEW ON DIFFERENT HRS PARAMETERS

5.1 SAFETY DISTANCES:

Methodology applied to Did challenges related
determine safety distances, to safety distances
affect choice of
Safety Equipment?

CEP | Berlin National codes & standards Definition of areas with explosive
TRG, TRB, VD-TUV,... atmosphere were reduced by
the use of gas-warning
equipment (e.g. LH2-transfer-

pump)

CEP Berlin new | Local/municipal regulations: (LAgetSi):no | no
(Total) safety distances, only ex-zones to
observe)

Mandatory standards:

Regulations for service stations with
gaseous fuels (VdTUV 510, G97, EN
13638)Ex-Zones in accordance to DIN
TRDbF 40 Punkt 6 and DIB TRG 404 2.7
and 3.3.3

ECTOS Safety distances were determined be the | No
Reykjavik standard NFPA 50A: Standard for
Gaseous Hydrogen Systems at Consumer
Sites, 1999 Edition

France Toulouse | Risk assessment including quantification of | In progress. Safety equipment
& Dunkerque consequences. Use of regulatory choices (type, number, location
thresholds for thermal and overpressure of safety barriers) and their
effects. Benchmark with existing stations performances (response time...)
will be based upon safety

objectives
Zero Regio National codes & standards Definition of areas with explosive
Frankfurt TRG, TRB, VD-TUV,... atmosphere were reduced by

the use of gas-warning
equipment (e.g. LH2-transfer-

pump)

Safety equipment at CEP | and Zero Regqio Frankfurt:

The information about "Safety Equipment and Distahder the CEP | station in Berlin, Germany and the
ZERO REGIO station in Frankfurt am Main, Germanpésirly identical. CEP | is in operation since 2004
was used as a base of design for ZERO REGIO.

For a better understanding of the role of the proposed safety equipment, a distinction could
be made according to their function (prevention, detection, protection) and to the related
activity (production, compressor, storage and dispenser). Besides, safety features such as
rupture discs, physical barriers, vents and other safety equipment could be included to this
part.

» Hose break observation by vacuum sensors (Company requirements)
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« All connections of LH2-vacuum pipes are welded (no couplings) and observed by vacuum
sensors (Company requirements)

» LH2-Dispenser goes through a self leak-check test before dispensing fuel (Company
requirements )

» Hose & connector is pressure tested every 6 month (hoses are of stainless steel metallic
construction) (Regional regulations)

» LH2-, GH2-Dispensers are protected from external impact from vehicles by bollards and
crash-sensors (Company requirements)

» ESD button positioned near dispenser (Results from risk assessment)

* Dispensers are made from flame-resistant materials (Regional regulations)

» Hydrogen sensors inside dispenser and pump cabinet (Regional regulations)

» HC-sensors located in duct for piping below LH2-dispenser (Regional regulations)

» Communication between vehicle and LH2-dispenser (enable signal) (Company
requirements and Regional regulations)

» Gathering of released Hydrogen from safety valves to van-stack

Shut down philosophy (CEP | and Zero Reqgio Frankfurt):

Two different emergency levels have been proposed:

- Level 1: shutdown of a unit with local depressurisation (on any gas or fire
detection, lack of ventilation, ...) + isolation of gas sources (ESDV between
production and compression, between compression and storage, and between
storage and dispenser.

- Level 2: ultimate shutdown of the station (fire on the storage or manual stop, ...).

This ultimate shut down induces a complete depressurisation + isolation of gas
sources. Depressurisation may include the storage.

Depressurisation should be considered as an “extreme” decision, not always relevant and
should be monitored carefully, especially at high pressures.

Once emergency levels have been defined, related triggers should be listed.
« alarms of gas detectors or

e alarms ESD system or

* alarms of hose break or

* alarms crash sensors

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).
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5.2 SAFETY VALVES:

CEP | Berlin/ | (Typically, assumed great number). Wherever necessary according to

Zero Regio pressure equipment directive / to achieve the wanted level of safety

Frankfurt based on risk assessment results and corresponding risk acceptance
criteria

ECTOS 5 in the electrolyser room, 2 at the compressor, 3 at the storage bottles

Reykjavik

France one safety valve per gas input (low pressure and pressurised CNG)

Toulouse &

Dunkerque

5.3 EMERGENCY SHUT DOWN VALVES (AUTOMATIC) AND
SWITCHES (MANUAL):

ESD valves automatic ESD switches ( manual)
CEP | Berlin/ | (Great number) wherever necessary, to Great number, wherever
Zero Regio achieve the wanted level of safety based on | necessary
Frankfurt risk assessment results and corresponding
risk acceptance criteria
CEP Berlin Local/municipal requlations: 2 Below H2-
new Dispenser.Mandatory standards: TRB and
TRG:
On LH2-Tank and entire inside LH2-storage
and distribution line
ECTOS 8 automatic shut down valves, for Manual emergency shut down
Reykjavik depressurising of the system switches:
2 in the control room
1 in the electrolyser room
4 outside within the fuelling
station fences
1 at the dispenser
France One ESD valve after the buffer storage ; Every ESD valves are
Toulouse & one ESD valve on the compressed NG automatically triggered,
Dunkerque output possibility to trigger them
manually
Shell At CGH2 & LH2 dispensers; remote
Washington monitoring included
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5.4 PRESSURE RELIEF DEVICES:

CEP Berlin Mandatory standard:
new (Total) 2 Pressure relief devices on LH2-Tank Result from HAZID:
2 Pressure relief devices on LH2-tank for 316 kg/h each.
ECTOS 8 automatic shut down valves, for depressurising of the system, all located in
Reykjavik the electrolyser room
France PRD at the reformer, at the outlet of compressor, on the buffer, on the CNG
Toulouse & input
Dunkerque
Shell Compressor & LH2 storage tank protected
Washington

5.5 PHYSICAL SAFETY FEATURES:

Fence locks Other physical barriers
CEP I Berlin/ | LH2-storage tank incl. LH2-storage tank incl. LH2-storage tank and
Zero Regio Storage bottles Storage bottles LH2-pump placed on a 35
Frankfurt (auxiliary gases), LH2- | (auxiliary gases), LH2- | cm high plinth with
transfer pump, H2- transfer pump, H2- protection barrier
liquifier, electrolyser, liquifier, electrolyser,
electrical control-box, electrical control-box,
CGH2-compressor, CGH2-compressor,
GH2 storage bundles GH2 storage bundles
CEP Berlin 2,5 meter fence around | panic locks in fenced-in | barriers protecting the
new storage tanks, area LH2-container and the
vaporizer and pumps to dispensers from bus /
keep off trespasser truck crashes
ECTOS There are 4m high All door are locked and | No
Reykjavik walls all around ( glass | the fence also
and concrete)
France fence around refuelling | 1ISO container is locked, | dispenser is stilted on a
Toulouse & stations excluding the fence is closed by a | concrete base
Dunkerque dispensers locked door
Shell LH2 storage tank + Yes
Washington compressors
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5.6 SECURITY ALARM BUTTON:

Automatic Manual
CEP Berlin Local/municipal reg.: Any alarm Local/municipal regulation:
new (Total) S|gn_al has to be reported visual and One emergency shut down button at the
audible to the HRS shop. . . .
service station shop shutting down the
Company requirement:H2-Sensors | entire service station (gasoline, diesel,
inside compressor container, tank- LPG, H2)
storage container, dispensers
France Button / automatic ?? One on the dispenser, on the ISO-
Toulouse & container, at the gatehouse, plus on the
Dunkerque CNG station

5.7 ANALYSERS AND DETECTORS:

Fire detectors

Gas detectors

bas analysers

CEP Berlin Company requriement:
new (Total) H2-Sensors inside pre -
compressor container
(next to roof
ventilation), compressor
container, tank-storage
container, dispensers
ECTOS 2 smoke detectors in the control | 2 in the electrolyser 3inthe
Reykjavik room room electrolyser room
2 smoke and 2 UV-fire 2 in the compressor
detectors in the electrolyser room
room level of detection 50%
2 smoke and 2 UV-fire of LEL
detectors in the compressor
room
2 smoke detectors in the
maintenance room
France UV detectors located inside the | catalytic detectors : one gas analyser
Toulouse & ISO-container, above the H2 inside confined spaces | to check on line
Dunkerque storage + an other one to (ISO-containers, etc), fuel quality during
monitor the outside H2 an other one at the refuelling
equipment dispenser
Shell No at CGH2 dispenser No
Washington
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5.8 OTHER SAFETY EQUIPMENT:

Explosion Emergency Fire Emergency
venting Ventilation extinguishers Showers
CEP I Berlin | In housing of | in housing of CGH2- Yes No
/ Zero Regio | CGH2- compressor
Frankfurt compressor
on top of
container roof
CEP Berlin Company Company Requirement: | Comp. req.:6 x 6kg;
new (Total) req: I two inside the
. Forced ventilation .
containers L fenced in area, two
. system inside pre- .
housing COmMDbressor at the dispensers
GH2- P ’ (public side) and 2
compressor and GH2- .
Compressor . at the dispensers
storage container (e.g. . '
and GH2 o (private side)
two ventilation systems
storage tanks | .
. in pre-compressor
are explosion .
container (together
proof : A
maximum ventilation
6487,2m3h)
ECTOS Large ventilation fans 7 in total One for eye
Reykjavik both on the . and one for the
. 1 in the control .
electrolysers container room whole body, in
and the compressor addition there
container linthe are several
maintenance room | eye/face
5 outside washing bottles
around the
station
France The ISO- The ISO-container is Fire extinguishers
Toulouse & | container (H2 | ventilated (monitored onsite : nearby
Dunkerque reforming) is | ventilation) : two dispenser and
vented ventilation levels inside fences
(normal and emergency | including inside
ventilation triggered by | 1ISO-container,
ESD and gas according to
detection). Ventilation French regulations
interrupted in case of
fire
Shell No LH2 storage tank has Yes No
Washington emergency venting
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