
Funded by FCH JU (Grant agreement No. 256823) 

1 

© HyFacts Project 2012/13 
CONFIDENTIAL – NOT FOR PUBLIC USE 

1 



Funded by FCH JU (Grant agreement No. 256823) 

2 

© HyFacts Project 2012/13 
CONFIDENTIAL – NOT FOR PUBLIC USE 

2 

v  Hydrogen vehicles are refuelled at dedicated hydrogen refuelling stations. Users of 
hydrogen vehicles expect a safe, short (3 minutes), and complete hydrogen filling 
(state of charge of 90 to 100%). This should be ensured by an appropriate hydrogen 
refuelling protocol.  

v  The hydrogen fuelling protocol should also manage the heat of compression of 
hydrogen during the refuelling process. Indeed, pressurized hydrogen entering 
inside the vehicle tank increases the tank temperature. The faster the fill, the more the 
temperature will rise. 

(Source: S. Pregassame, F. Barth, L. 
Allidières and K. Barral, Air Liquide, 

June 2006, “Hydrogen refuelling station: 
filling control protocols development”, 
World Hydrogen Energy Conference) 
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RCS Scope Description Covered applications - examples 

97/23/EC 
Pressure 

Equipment 
Directive (PED) 

This Directive applies to the design, manufacture and conformity assessment 
of pressure equipment and assemblies with a maximum allowable pressure PS 
greater than 0,5 bar (0,05 MPa). 
Pressure equipment means vessels, piping, safety accessories and pressure 
accessories. 

- For gases (GH2) and liquids (LH2) 
- Stationary storage 
- HRS 
- Piping 
- Assemblies 
- Components and equipment 

2006/42/EC 
Machinery 
Directive 

(MD) 

This Directive applies to products like machinery, interchangeable equipment, 
safety components, lifting accessories, chains, ropes and webbing, removable 
mechanical transmission devices and partly completed machinery. 
- Machinery means an assembly, fitted with or intended to be fitted with a drive 
system 
- Safety component’ means a component  which serves to fulfil a safety 
function, is independently placed on the market. 

- Drive of pumps, compressors etc. 
- Safety components 

94/9/EC ATEX Directive 

Applies to equipment and protective systems intended for use in potentially 
explosive atmospheres. Safety devices, controlling devices and regulating 
devices intended for use outside potentially explosive atmospheres but 
required for or contributing to the safe functioning of equipment and protective 
systems with respect to the risks of explosion are covered as well.  

- Components, protective and safety 
devices intended to use for 
operation in explosive atmospheres 

EN 13445 Unfired pressure 
vessels 

This standard specifies the requirements for design, construction, inspection 
and testing of unfired pressure vessels.  

- Stationary storage 
- Assemblies 
- Components and equipment 

EN 13480  Metallic industrial 
piping 

This standard defines the requirements for industrial piping systems and 
supports, including safety systems, made of metallic materials (but not 
restricted to steel) with a view to ensure safe operation. 

- Piping  
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RCS Scope Description Covered applications - examples 

EN 60079 Explosive 
atmospheres 

e.g.  
Part 10: Classification of areas - Explosive gas atmospheres 
Part 25: Intrinsically safe electrical systems 
Part 29: Gas detectors 

General for all substances which 
can build up a potential explosive 
atmosphere, e.g.: 
- Stationary storage 
- Compressor 
- HRS 

ISO 15916 

Basic 
considerations for 

the safety of 
hydrogen systems 

This Technical Report provides guidelines for the use of hydrogen in its 
gaseous and liquid forms. It identifies the basic safety concerns and risks, and 
describes the properties of hydrogen that are relevant to safety. 

- Storage 
- Compressor 
- HRS 
- Assemblies 

ISO/TS 
20100 

Gaseous 
hydrogen fuelling 

stations 

This Technical Specification specifies the characteristics of outdoor public and 
non-public fuelling stations that dispense gaseous hydrogen used as fuel 
onboard land vehicles of all types. 

- HRS 

SAE J2600 

Compressed 
Hydrogen Surface 
Vehicle Refueling 

Connection 
Devices 

SAE J2600 applies to design, safety and operation verification of Compressed 
Hydrogen Surface Vehicle (CHSV) refueling connection devices hereinafter 
referred to as nozzle and receptacle. 

- FCHV 
- HRS 

SAE J2601 

Fueling Protocols 
for Light Duty 

Gaseous 
Hydrogen Surface 

Vehicles 

Establishes safety limits and performance requirements for gaseous hydrogen 
fuel dispensers. The criteria include maximum fuel temperature at the 
dispenser nozzle, the maximum fuel flow rate, the maximum rate of pressure 
increase and other performance criteria based on the cooling capability of the 
station’s dispenser. This document establishes fueling guidelines for “non-
communication fueling” in the absence of vehicle communication and 
guidelines for “communication fueling” when specified information is 
transmitted from the vehicle and verified at the dispenser. 

- FCHV 
- HRS 
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The tank operating window is defined as following:  
v  The service pressure of the vehicle tank is of 700 bar. The target density of hydrogen 

in the tank is the density of hydrogen in the tank at 700 bar and 15°C. The pressure 
at which target density is reached depends on gas temperature (itself a function of 
filling speed). In a Pressure - Temperature coordinate system, the points which reach 
the target density of hydrogen draw a line called target density line. Above the target 
density line, the tank is overfilled. 

v  The operating temperature in the vehicle tank must be checked to avoid values 
below -40°C or above +85°C. Above 85°C, the tank is overheated; below -40°C, it is 
overcooled.  

v  The density of hydrogen in the vehicle tank at 700 bar and 15°C is the same as the 
density of hydrogen at 875 bar and 85°C. As the maximum allowed gas temperature in 
the tank is of 85°C, the maximum operating pressure in the vehicle tank is of 875 
bar. Above 875 bar, the tank is overpressurized.  
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v  The safety objectives of the refuelling process are to avoid 
overpressure, overheating and overfilling of the vehicle tank. 

(Source: S. Pregassame, F. Barth, 
L. Allidières and K. Barral, Air 
Liquide, June 2006, “Hydrogen 
refuelling station: filling control 
protocols development”, World 
Hydrogen Energy Conference) 
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(Source: S. Pregassame, F. Barth, L. Allidières and K. Barral, Air Liquide, June 2006, “Hydrogen 
refuelling station: filling control protocols development”, World Hydrogen Energy Conference)) 

high low 
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Filling optimization: selection of the filling speed 

v  The refuelling objective is to achieve the target density as quickly as possible, while 
maintaining the refuelling process operating parameters within the tank operating window (safety 
objective): 
§  Fast fuelling is desired, but the tank internal temperature should be kept below 85°C. 
§   A full fill is desired, but the tank should not be overfilled. 
§   The final filling pressure should not be higher than 875 bar. 

v  The filling speed should be selected so that the refuelling and safety objectives are achieved. 
This selection is based on the filling control protocol concept showed on page 6. This figure 
defines the safe operating limits in Final filling pressure – Filling space: 
§  The points which reach the maximal final filling pressure draw a line called Pfmax.   Above the line, the 

tank is overpressurized. 
§  The points which reach the maximal tank temperature (85°C) draw a line called Pf85°C. Above the line, 

the tank is overheated. 
§  The points which reach the maximal state of charge (100%) draw a line called Pf100%. Above the line, 

the tank is overfilled. 
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v  This graph allows for the selection of the optimized filling speed: 
 

§  The point 1 corresponds to a 100% refuelling rate (as the point is on the line 
Pf100%) and to a long refuelling time (as the filling speed is low).  

§  The point 2 corresponds to a low refuelling rate (as the point is well below the line 
Pf100%) and to a short refuelling time (as the filling speed is high). At this filling 
speed, refuelling must be interrupted before a full fill is completed to avoid 
exceeding 85°C.  

§  The point 3 corresponds to an optimized filling: it is the maximum filling 
speed allowing a 100% filling of the tank. This speed is determined as the x-
coordinate of the maximum filling pressure, which is the minimum of (Pfmax, Pf100%, 
Pf85°C).  
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v  To control that overpressure, overheating and overfilling are avoided and target 
density achieved, pressure and temperature in the vehicle tank during filling 
need to be known. The pressure in the vessel is close to the pressure in the filling 
hose, but the temperature in the tank is different from the temperature in the filling 
hose. There are two possibilities to know this temperature: 
§  Data communication of the tank temperature to the dispenser. In order to establish the 

communication between the tank and the disposer, measuring means in the tank are 
required. The measures data are transferred to the dispenser, and then interpreted by the 
refuelling station. Not all vehicles have these measuring means. 

§  Temperature estimation thanks to an algorithm, if there is no communication 
between the vehicle and the station. The station must estimate the temperature change 
that occurs during fuelling, which involves many tank unknowns including starting 
temperature, capacity, and type of tank. 

v  Mathematical models using conservative hypothesis have been run. The results are 
presented in series of lookup tables specify fuelling rate and target pressure as a 
function of ambient temperature, initial tank pressure and storage system pressure.  
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v  Non-communication: 
 „Non-communication when used in combination with a fueling procedure or fueling type means 
that no data connection from vehicle to fueling station dispenser as described in SAE J2799 has 
been established, or that the received data has not been recognized as valid by the dispenser. 
However, if the station receives an „abort“ signal from the vehicle, then the station should stop 
fueling, regardless of whether the fueling mode was non-communication or communication.“ 

 
v  Communication: 

 “Communication when used in combination with a fueling procedure or fueling type means that a 
data connection from vehicle to fueling station dispenser as described in SAE J2799 has been 
established and the received data has been recognized as valid by the dispenser. In this 
document there are two types of communications ramp rates. Default, utilizing non-
communications average pressure ramp rate (APRR) and Alternative (ALT) communications 
using same APRR for Type “A” dispensers and different rates possible with types “B, C and D” 
dispensers.” 

 à via IR communication between the HRS and the vehicle  
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Example: when the initial tank pressure is of 200 bar, and that the ambient temperature 
is of 20°C, the target fill pressure should be of 725 bar and the fuelling rate of 29.2 bar/min. 
Note: hydrogen is pre-cooled prior to dispensing in order to increase hydrogen density. 
When fuel is pre-cooled to -40°C, fuelling times of 5 minutes or less are possible for most 
types of tanks under most conditions.  

(Source: Jesse Schneider, Ian 
Sutherland - GM, Mike Veentra 
- Ford, Mark McDougal l- 
Powertech Labs, Andrea 
Lubawy - Toyota, Steve 
Mathison – Honda, Steffen 
Maus - Daimler, Frederic Barth 
- Air Liquide, Bob Boyd - 
Linde, Julie Cairns - CSA, 
2009, “Industry-Wide Light 
Duty Hydrogen Vehicle 
Fuelling - Protocol up to 
70MPa: Created by Math 
Modeling and Confirmed by 
System Testing”) 
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v  Refuelling stations for road vehicles are generally located outdoors. 
The refuelling system consists of the three following sub-parts: 
§   The hydrogen source (hydrogen gaseous or liquid storage, on-site production 

unit, pipeline connection, etc.) 
§   The process skid typically including means of compression, high pressure 

buffers for rapid filling, and possibly means of pre-cooling. 
§  Supplied hydrogen is compressed to about 450 bar for refuelling at 350 bar, 900 

bar for refuelling at 700 bar, and then stored in high-pressure buffer vessels 
which are at different hydrogen pressures. So as to minimize compression energy, 
hydrogen is first taken from the lower pressure storage vessel. When the 
pressures in vehicle tank and in storage tank are balanced, the filling 
automatically continues from a vessel of higher pressure, thanks to a distribution 
valve panel (pressure cascading system). 

§   The hydrogen dispenser provides user interface and means of connection to 
vehicle to perform the refuelling operation. The compressed hydrogen dispenser 
has a vent stack line to the atmosphere.  
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(Source:  
VdTÜV 514 –  
Hydrogen refueling stations) 
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(Source: Adapted from the Biennal Report on Hydrogen Safety, Chapter II: Hydrogen technologies, June 2007) 
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Iwatani, 
Ariake Tokyo, 
Japan 

Shell 
Washington, DC, 
USA 

Shell/Vattenfall, 
Hamburg, 
Germany 

Shell 
Berlin, 
Germany 

(Source: www.h2.stations.org) 
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Feared event Potential causes Potential consequences 

Filling hose failure Multiple (improper use or maintenance, 
inadequate design, mechanical aggression…) 

Whipping hose, jet flame, 
detonation/deflagration 

Leak of the filling connection Multiple (improper use or maintenance, 
inadequate design, mechanical aggression…) Jet flame 

Unexpected activation of the PRD 
(pressure relief device) of the vehicle 
hydrogen storage 

Overheating due to excessive filling speed Flash fire, hydrogen 
detonation/deflagration   

Hydrogen release in the process skid 
container Process equipment failure 

Confined gas detonation/
deflagration in the 
container 

Loss of mechanical integrity of the 
compressed gas storage integrated to the 
process skid 

Flame impingement detonation/deflagration 

Loss of containment of the hydrogen 
source Environment or equipment failure Flash fire, hydrogen 

detonation/deflagration 

Human factor Operating error by refueling process Release of hydrogen 
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(Source: F. Barth, Air Liquide – Corporate Industrial Department, June 2006, “Safe 
Design of Compressed Hydrogen Fuelling Stations”, 16th World Hydrogen Energy 
Conference, Lyon) 
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Passive means of risk reduction 
 

v  To prevent leaks: reduce number of connections and possible points of leakage or release to atmosphere. 
v  To prevent pipe ruptures: select pipe size and wall thickness not only in function of service pressure, but 

also of technical environment, with adequate support and protection against exterior aggression. 
v  To limit consequence of inflamed leaks: locate connections such as to avoid possibility of impingement 

on critical equipment such as gas buffers, and use components in stainless steel (resistant to hydrogen 
flame) to avoid escalation. 

v  To limit consequence of pipe rupture: minimize gas passage to the size necessary for required performance 
in projected operating conditions. 

v  To limit consequence of dispenser hose rupture: a sleeve limits hose whipping in case of rupture. 
v  To limit consequences of a hydrogen release: design constructions and enclosures so as to avoid 

possibility of build-up of high hydrogen concentration even in case of foreseeable equipment failure; 
e.g. very high degree of natural ventilation. 

 
Ø  Example: The dispenser should not be located under a canopy which might accumulate gas in pockets or 

between the canopy ceiling and the roof.  
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Active means of risk reduction 
 

v  In addition to passive means such as those described above, active means are 
required to reach targeted safety levels. The following measures are examples of 
active means aiming at reducing the probability of leak during refuelling: 
§   Automatic leak-tightness check of filling line, connection and isolation 

valves before each filling 
§  Isolation of the dispenser between two refuelling operations 
§  Weekly visual control of the refuelling hose (to check that the hose is free from 

damage, cuts, cracks, bulges or blister, and kinks) and of the connection 
§  Periodic leak tests of the fuelling hose (at least once a year) 
§  Yearly replacement of the refuelling hose 
§  Controlled refuelling process: if a leak is detected during the refuelling, the 

system is shutdown.  
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Other means provide safety by acting on the consequence of foreseeable incidents. 

v  For example, disposing of the means to isolate remotely all hydrogen sources and gas 
buffers is an essential safety function as shutting off hydrogen is generally the only safe way to 
intervene in case of leak. This function may be triggered: 
§  Automatically, in case of hydrogen detection in atmosphere, through the safety control 

system (normally by 40 % LFL of hydrogen) 
§  Manually, thanks to properly located emergency shutdown devices. 

v  As the probability that a vehicle will be moved while it is being filled is relatively high in absence 
of standardized measures on vehicles preventing this, a break-away device is used to limit 
consequences by avoiding hose rupture. If the fuelling hose assembly includes a venting hose, 
this venting hose should also be fitted with a breakaway device. Additionally, the possibility to 
safely relief the pressure of gas buffers when they are integrated to a process skid in 
which there is the possibility of prolonged fire, is justified to prevent bursting and allow 
emergency personnel to approach safely, if such a fire were to develop, despite isolation of the 
hydrogen sources. 
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v  Despite the above measures, it makes sense to keep the user away from the hose and 
nozzle when the filling process is underway. This is quite easily achieved, without 
negative impact on convenience of use by locating the dispenser user interface 
away from the fuelling connection, while maintaining its line of sight. The filling 
process is designed in such a way that the hose and nozzle are without pressure 
when devices are handled by the user. 

v  The dispenser should also 
be located in such a way 
to prevent vehicles driving 
through potentially 
hazardous areas of other 
parts of the fuelling stations 
(e.g. The buffer storage 
vessels). It should also be 
protected from vehicular 
impact. 

(Source: F. Barth, Air Liquide 
– Corporate Industrial 
Department, June 2006, 
“Safe Design of Compressed 
Hydrogen Fuelling Stations”, 
16th World Hydrogen Energy 
Conference, Lyon) 



Funded by FCH JU (Grant agreement No. 256823) 

23
 

© HyFacts Project 2012/13 
CONFIDENTIAL – NOT FOR PUBLIC USE 

23
 

v  Examples for 70 MPa filling nozzles for gaseous hydrogen 

(Source: CEP) 
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v  The main difference between hydrogen refuelling stations for forklifts and hydrogen 
refuelling stations for regular vehicles is the location of the equipment of the 
dispenser. The hydrogen storage, the compressor and the buffers are located at the 
outside of the warehouse, while the dispenser is located inside of the warehouse. 
Therefore, a first part of the piping connecting the hydrogen buffer to the dispenser is 
buried outside of the warehouse; another part is on the warehouse roof; and the last 
part is in the warehouse.  

(Source: Air Liquide) 
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v  Since part of the refuelling station is located indoors (where the risk of hydrogen 
accumulation and therefore the risk of formation of an inflammable hydrogen-air 
mixture is higher), there are additional safety measures. These additional safety 
measures affect the hydrogen dispenser and the piping which is located in the 
warehouse:  
§  Controlled refuelling process: if a leak is detected during the refuelling, the system is 

shutdown and isolated by two isolation valves (one at the input point in the building, and 
one at the output of the station outside the building). 

§  Hydrogen flow limitation to 23 g/s instead of 60 g/s for road vehicles refuelling stations. 
§  Sensors to detect the presence of hydrogen or of a flame around the dispenser. 
§  Minimum distance between the dispenser and the warehouse goods: 4 m 
§  Ground marking informing about the presence of a hydrogen refuelling zone 
§  Trained staff. 
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v  As explained a specific risk informed rationale has been developed to define and 
substantiate separation distance requirements for gaseous hydrogen refuelling stations. An 
example of application of the separation distance requirements for a typical hydrogen refuelling 
station acc. to ISO/TSS 20100 Gaseous hydrogen – refuelling stations: 

12
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(Source: “Application of 
separation distance 
requirements for a typical 
fuelling station, Comparison 
of ISO/TS 20100 and NFPA 
55/52”, Air Liquide, Sept. 
2010) 
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v  High pressure hoses are pieces of equipment whose safety issues 
should be seriously considered. They are flexible hollow tubes designed 
to carry high pressure fluids. Hoses assemblies consist of the hose 
itself and of a connector. 

v  High pressure hoses consist of several layers:  
 a core, a braid to provide resistance  
 to pressure, and possibly a protective layer.  
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v  Several kinds of high pressure hoses exist, depending of their core material: 
§  Metallic core: these high pressure hoses consist of a metallic core. One should 

pay attention to the choice of the metal, which shall be compatible with hydrogen. 

 
 
 
  
§  Polymer cores: these high pressure hoses consist of a polymer core, a 

reinforcing braid and a plastic layer protecting the braid. There is a risk of blistering 
for polymeric high pressure hoses submitted to hydrogen pressure variations. In 
order to prevent the formation of blisters, the polymeric layer shall be perforated. 
Since the protective layer is then permeable to water, the braid’s material shall 
resist to corrosion.  
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Safety measures: 
 

§  High pressure hoses are qualified pieces of equipment. Cyclic tests under gas 
pressure are carried out on them, in order to validate that they are suitable for use. 

§  High pressure hoses are delicate pieces of equipment: they should not be twisted, run 
over or squeezed. Their lifetime is limited: they should be replaced when they have 
been damaged, or when their expiration date has run out. 

§  Stainless steel flexible hose assemblies should be installed in the right manner to 
obtain satisfactory service and longer life . The sharp bending near the end connection, 
stressed and twisted mounting and excessive fatigue are the main causes of premature 
failure of the assemblies. 
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v  Correct and incorrect modes of the installation of stainless steel flexible hoses:  

(Source: Aeroflex catalogue) 


