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1
SCOPE

This regulation applies to:

1.1
Part I: Specific components of motor vehicles of categories M and N using liquid Hydrogen

1.2
Part II: Vehicles with regard to the installation of specific components for the use of liquid Hydrogen

2
DEFINITIONS

2.1
"Approval of a vehicle" means the approval of a vehicle type with regard to its Hydrogen system as original equipment;

2.2
"Automatic valve" means a valve that is not operated manually, but by an actuator (e.g. pneumatic or electric actuator).

2.3
"Boil off management system" means a system that renders boil off gas harmless in normal conditions.

2.4
"Boil off system" means a system that in normal conditions vents the boil-off before the pressure relief device of the container(s) opens .

2.5
"Burst pressure" means the pressure that causes the bursting of a pressure vessel subjected to a constant increase of pressure during a destructive test 

2.6
"Check valve or non-return valve" means a valve that allows Hydrogen to flow in only one direction.

2.7
"Container" means any system used for the storage of cryogenic Hydrogen.

2.8
"Equipment of the container" means all devices that are fixed directly to the inner tank or outer jacket of the container.

2.9
"Fitting or screwed connection system" means a connector used in a piping, tubing or hose system.

2.10
"Flexible fuel line" means - flexible tubing or a hose through which Hydrogen flows.

2.11
"Fuel level sensor" means a device that measures the level of the liquid Hydrogen in the container.

2.12
"Fuel supply line" means the line that supplies hydrogen to the hydrogen conversion system(s).

2.13
"Ground clearance of the vehicle" means the distance between the ground plane and the underside of the vehicle.

2.14
"H2" means Hydrogen.

2.15
"Heat exchanger" means a device for heating the Hydrogen.

2.16
"Hydrogen component" means a component which is in direct contact with Hydrogen or which forms part of a system installed because of the use of Hydrogen.

2.17
"Hydrogen Conversion System" means any system designed for the consumption of Hydrogen

2.18
"Hydrogen system" means the complete assembly of Hydrogen components and connecting parts installed on motor vehicles using Hydrogen excluding the propulsion system(s) and/or auxiliary power unit(s).

2.19
„Impermissible fault range“ of a process variable means the range within which an unwanted event is to be expected, e.g. the corresponding pressure where from plastic deformation or bursting of the inner tank occurs as shown in Figure 1. In the case of steel inner tanks, the lower limit of the impermissible fault range corresponds to a pressure higher than 136% of the Maximum Allowable Working Pressure (MAWP) of the inner tank. For other materials an equivalent level of safety is to be applied. 

















Figure 1 – Ranges of a steel inner tank

2.20
"Inner tank" means the part of the container that contains the cryogenic Hydrogen.

2.21
"LH2" means liquefied Hydrogen.

2.22
"Manual valve" means a manually operated valve.

2.23
"Maximum Allowable Working Pressure (MAWP)" means the maximum pressure to which a component is designed to be subjected to and which is the basis for determining the strength of the component under consideration.

2.24
„Normal operating range“ of a process variable means the range planned for its values(see Figure 1). In the case of inner tanks, the normal operating range of the inner tank pressure is between 0 MPa and the set pressure of the primary safety relief device  which is lower or equal to the Maximum Allowable Working Pressure (MAWP) of the inner tank. 

2.25
"Outer jacket" means the part of the container that encases the inner tank(s) and its insulation system.

2.26
"Outer pressure" means the pressure acting on the convex side of the inner tank or outer jacket, e.g. in case of vacuum inside the inner tank and/or the outer jacket

2.27
„Permissible fault range“ of a process variable means the range between the normal operating range and the impermissible fault range (see Figure 1)

2.28
"Pressure" means gauge pressure against atmospheric pressure, unless otherwise stated.

2.29
"Pressure regulator" means a device used to control the delivery pressure of gaseous fuel to the Hydrogen conversion system.

2.30
"Pressure relief device" means a device which prevents a pre determined pressure from being exceeded (e.g. Maximum Allowable Working Pressure (MAWP) of a component) by releasing the pressure.

2.31
"Propulsion system" means the internal combustion engine or fuel cell system used to propel the vehicle.

2.32
"Rm" means minimum ultimate tensile strength 

2.33
"Rp" means minimum yield strength

2.34
"Refuelling connection” or “receptacle" means a device used to fill the container at the filling station.

2.35
"Rigid fuel line" means a tubing that has not been designed to flex in normal operation and through which Hydrogen flows.

2.36
"Safety device" means a device that ensures safe operation within the normal operating range or the permissible fault range of the system.

2.37
"Safety instrumented systems" are process control systems that prevent an impermissible fault range from being reached by an automatic intervention in the process. 

2.38
"Specific component" means a Hydrogen component that is subject to type approval.

Specific components used in the Hydrogen System include:


· Container

· Pressure relief device

· Automatic valve (if first automatic valve downstream of the container or if a safety 

 device)

· Manual valve (if first manual valve downstream of the container or if a safety device)

· Refuelling connection or receptacle

· Check valve or non-return valve (if safety device)

· Pressure regulator (if upstream of first automatic shut off valve)

· Flexible fuel line (if upstream of first automatic shut off valve or other safety devices)

· Fitting or screwed connection system (if upstream of first automatic shut off valve or 

 other safety devices)

· Heat exchanger (if upstream of first automatic shut off valve)

· Pressure, temperature and flow sensor (if safety device).


Many of the components mentioned above can be combined or fitted together as a "multifunctional component".

2.39
"Test pressure" (Ptest) means the pressure that a component is subjected to during acceptance testing.

2.40
"Thermal autonomy" is the time of the pressure increase in the inner tank measured from a starting pressure of 0 MPa at the corresponding boiling point of Hydrogen (–253°C) up to the moment when the set pressure of the primary pressure relief device is reached. The thermal autonomy is a measure of the quality of the insulation of the container.

2.41
"Vehicle type" means a vehicle fitted with specific components for the use of Hydrogen which do not differ with respect to the following conditions:

2.41.1
the manufacturer;

2.41.2
the type designation established by the manufacturer;

2.41.3
the essential aspects of construction and design:

2.41.3.1
chassis/floor pan (obvious and fundamental differences);

2.41.3.2
the installation of the Hydrogen equipment (obvious and fundamental differences);

PART I

APPROVAL OF SPECIFIC COMPONENTS OF MOTOR VEHICLES USING LIQUID HYDROGEN

3
APPLICATION FOR APPROVAL

3.1
The application for approval of a specific component or multifunctional component shall be submitted by the holder of the trade name or mark or by his duly accredited representative.

3.2
It shall be accompanied by the documents, in triplicate, containing the information identified below:

3.2.1
A detailed description of the type of the specific component according to Annex 1 of this Regulation

3.2.2
A drawing of the specific component, sufficiently detailed and on an appropriate scale with list of parts including material data and the intended operating mode.

3.2.3
In case of an approval for a container, a piping and instrumentation drawing.

3.2.4
Description of manufacturing process.

3.2.5
Verification of compliance with the specifications prescribed in paragraph 6 of this Regulation.

3.3
At the request of the technical service responsible for conducting approval tests at least two samples of the specific component shall be provided if not otherwise stated in the annexes. Supplementary samples shall be supplied upon request.

3.4
The competent authority shall verify the existence of satisfactory arrangements for ensuring effective control of conformity of production before type approval is granted.

4
MARKINGS

4.1
The samples of the specific component submitted for approval shall bear the trade name or mark of the manufacturer and the type; and in addition for flexible fuel lines also the manufacturing month and year. This marking shall be legible and indelible.

4.2
All specific components shall have a space large enough to accommodate the approval mark. This space shall be shown on the drawings referred to in paragraph 3.2.2 above.

4.3
Every container shall also bear a marking place with the following data clearly legible:

4.3.1
The inner tank

· Name and address of inner tank manufacturer;

· Serial number;

-
A mark confirming successful final acceptance test

4.3.2
The outer jacket

· The marking "Liquid Hydrogen";

· Prohibition of additional welding, milling and stamping;

· Allowed orientation of the tank in the vehicle 

· An identification plate with the following markings 

-Name of the manufacturer; 
-Serial number; 
-Water volume in litres; 
-Maximum Allowable Working Pressure (MAWP) (MPa(;
-Year and month of manufacturing (e.g. 2000/01);
-Approval mark according to paragraph 5.4
-Date of the evacuation of the insulation 
-Operating temperature range according to 14.1.7 of this regulation. 

The identification plate shall be legible while installed.

5
APPROVAL

5.1
If the specific component samples submitted for approval meet the relevant requirements of paragraph 6.1 to 6.14 of this Regulation, approval of the type of specific component shall be granted.

5.2
An approval number shall be assigned to each type of specific component or multifunctional component approved. Its first two digits (00 for the Regulation in its original form) shall indicate the series of amendments incorporating the most recent major technical amendments made to the Regulation at the time of issue of the approval. The same Contracting Party shall not assign the same number to another type of equipment.

5.3
Notice of approval or of refusal or of extension of approval of a Hydrogen component type pursuant to this Regulation shall be communicated to the Parties to the Agreement applying this Regulation, by means of a form conforming to the model in Annex 4 of this Regulation.

5.4
In addition to the markings prescribed in paragraphs 4.1 and 4.3 there shall be affixed, conspicuously and in the space referred to in paragraph 4.2 above, to all specific components conforming to a type approved under this Regulation, an international approval mark consisting of:

5.4.1
A circle surrounding the letter "E" followed by the distinguishing number of the country which has granted approval
.

5.4.2
The number of this Regulation, followed by the letter "R", a dash and the approval number to the right of the circle prescribed in paragraph 5.4.1. This approval number consists of the component type approval number which appears on the certificate completed for this type (see paragraph 5.2 and Annex 4) preceded by two figures indicating the sequence of the latest series of amendments to this Regulation.

5.5
The approval mark shall be clearly legible and be indelible.

5.6
Annex 3 to this Regulation gives examples of the arrangement of the aforesaid approval mark.

6
SPECIFICATIONS REGARDING HYDROGEN COMPONENTS

6.1
General provisions

6.1.1
The Hydrogen components shall function in a correct and safe way as specified in this Regulation. They shall reliably withstand the electrical, mechanical, thermal and chemical operating conditions.

6.1.2
Materials of the components which are in contact with Hydrogen shall be compatible with it according to annex 8C to this regulation.

6.1.3
The materials of the components in contact with cryogenic temperatures shall be compatible with cryogenic temperatures according to EN 1252-1:1998/AC:1998.

6.1.4
Those parts of a component whose correct and safe functioning is liable to be influenced by Hydrogen or high pressure shall be submitted to the relevant test procedures described in the annexes of this Regulation. In particular the provisions of paragraphs 6.2 to 6.13 shall be fulfilled. 

6.1.5
All components with directional flow shall have the flow direction clearly indicated. 

6.1.6
The requirements of this regulation and its annexes shall take precedence over the requirements of any standards referred to in this Regulation.

6.2
Provisions regarding Hydrogen container(s)

6.2.1
The Hydrogen container(s) shall be type-approved pursuant to the provisions laid down in Annexes 7A of this Regulation. The performance of Hydrogen container(s) made from materials other than steel shall be demonstrated to be equivalent to the requirements of Annex 7A of this Regulation according to existing International Standards.

6.3
General provisions regarding other components of the Hydrogen system

6.3.1
The Hydrogen system upstream of the first pressure regulator, excluding the Hydrogen container, shall have a Maximum Allowable Working Pressure (MAWP)equal to the maximum pressure the component is subjected to but at least 1.5 times the Maximum Allowable Working Pressure (MAWP)of the inner tank and a coefficient of safety not less than that of the inner tank.

6.3.2
Components downstream of pressure regulator(s) shall be protected against overpressurisation and shall be designed for at least 1.5 times the outlet pressure (Maximum Allowable Working Pressure (MAWP)) of the first pressure regulator upstream.

6.3.3
The insulation of the components shall prevent liquefaction of the air in contact with the outer surfaces, unless a system is provided for collecting and vaporising the liquefied air. Then the materials of the components nearby shall be compatible with an atmosphere enriched with Oxygenaccording to EN 1797:2001.

6.4
Provisions regarding pressure relief devices

6.4.1
Pressure relief devices for the inner tank

6.4.1.1 The primary pressure relief device for the inner tank shall limit the pressure inside the tank to not more than 110% of the Maximum Allowable Working Pressure (MAWP). This device shall be a safety valve or equivalent.

6.4.1.2 The secondary pressure relief device for the inner tank shall be installed to ensure that the pressure in the tank cannot under any circumstances exceed the permissible fault range of the inner tank. In the case of steel inner tanks, the secondary pressure relief device shall limit the pressure in the tank to 136 % of the Maximum Allowable Working Pressure (MAWP) of the inner tank. For other materials, an equivalent level of safety shall be applied. The secondary pressure relief device shall not operate below 110% of the set pressure of the primary pressure relief device.

6.4.1.3 The sizing of the safety devices shall be done in accordance with prEN 13648-3:2000 or CGA S-1.2:1995 and CGA S-1.3:1995.

6.4.1.4 The two devices according to 6.4.1.1 and 6.4.1.2 may be connected to the inner tank by the same fuel line.

6.4.1.5 The rating of the pressure relief devices shall be clearly marked. Tampering with the devices shall be prevented by means of a lead seal or equivalent system.

6.4.1.6 Pressure relief valves shall, after discharge, close at a pressure higher than 90% of the set pressure of the pressure relief valve. They shall remain closed at all lower pressures.

6.4.1.7 The pressure relief devices shall be type-approved pursuant to the provisions of Annex 7B of this Regulation.

6.4.2
Pressure relief devices for other components.

6.4.2.1
Whenever there is a risk of cryogenic liquid or vapour becoming trapped between two items of equipment on a line, a pressure relief device or an equivalent measure shall be provided. 

6.4.2.2
Upstream of the first pressure regulator the set pressure of the safety device which prevents overpressurization shall not exceed the Maximum Allowable Working Pressure (MAWP) of the lines and shall not be less than 120% of the Maximum Allowable Working Pressure (MAWP) of the tank, to prevent such valves opening instead of the pressure relief devices for the inner tank.

6.4.2.3 The rating of pressure relief devices downstream of the pressure regulator(s) shall not exceed the Maximum Allowable Working Pressure (MAWP) of the components downstream of the pressure regulator.

6.4.2.4 Pressure relief valves shall, after discharge, close at a pressure higher than 90% of the set pressure of the pressure relief valve. They shall remain closed at all lower pressures.

6.4.2.5
The pressure relief devices shall be type-approved pursuant to the provisions laid down in Annex 7B to this Regulation.

6.5
Provisions regarding the lines incorporating pressure relief devices.

6.5.1
The pressure relief devices of the container(s) shall be directly connected with the gaseous part. 

6.5.2
No isolating device shall be installed between the protected component and the pressure relief device.

6.5.3
The lines before and behind the pressure relief devices shall not impede their function and shall be compatible with the criteria defined in 6.4.

6.6
Provisions regarding Hydrogen valves

6.6.1
Valves which are considered as specific components shall be type-approved pursuant to the provisions laid down in Annex 7C to this Regulation. 

6.7
Provisions regarding heat exchangers

6.7.1
Notwithstanding the provision of 6.3.1 the Maximum Allowable Working Pressure (MAWP) of the heat exchanger shall be the highest Maximum Allowable Working Pressure (MAWP) of the different circuits.

6.7.2
The exhaust gases from the propulsion system shall not under any circumstances be used directly in the heat exchanger.

6.7.3
A safety system shall be provided to detect failure of the heat exchanger and prevent any cryogenic liquid or gas from entering the other circuit and the system located downstream of it, if it has not been designed for this.

6.7.4
The heat exchangers that are considered as specific components shall be type-approved pursuant to the provisions laid down in Annex 7D of this Regulation.

6.8
Provisions regarding refuelling connections or receptacles

6.8.1
The refuelling connections or receptacles shall be protected against contamination.

6.8.2
The refuelling connections or receptacles shall be type-approved pursuant to the provisions laid down in Annex 7E of this Regulation.

6.9
Provisions regarding pressure regulators

6.9.1
The pressure regulators which are considered as specific components shall be type-approved pursuant to the provisions laid down in Annex 7F of this Regulation.

6.10
Provisions regarding sensors 

6.10.1
The sensors considered as specific components shall be type-approved pursuant to the provisions laid down in Annex 7G of this Regulation.

6.11
Provisions regarding flexible fuel lines 

6.11.1
Flexible fuel lines which are considered as specific components shall be type-approved pursuant to the provisions laid down in Annex 7H of this Regulation.

6.12
Provisions regarding fittings or screwed connection systems

6.12.1
The fittings or screwed connection systems which are considered as specific components shall be type-approved pursuant to the provisions laid down in Annex 7I of this Regulation.

6.13.
General provisions regarding electrical components of the Hydrogen system

6.13.1
Electrically operated devices containing Hydrogen shall, to prevent electric sparks in the case of fracture:

a) Be insulated in a manner that no current is caused to enter and flow through hydrogen containing parts

b) Have the electrical system of the device insulated from the body of the vehicle 

c) The electric circuit insulation resistance, (batteries and fuel cells excluded), shall exceed 1 k( for each volt of the nominal voltage.
6.13.2
Electrical connections inside internal luggage and passenger compartments shall comply with insulation class IP 40 according to IEC 60529:2001.

6.13.3
All other electrical connections shall comply with insulation class IP 54 according to IEC 60529:2001.

6.13.4
In case of power supply bushing to establish an isolated and tight electrical connection, it shall be of a hermetic sealed type

6.14
If a test method other than those specified in Paragraph 6.1 to 6.13 above and the relevant annexes is used, its equivalence shall be proved.

7
MODIFICATIONS OF A TYPE OF A SPECIFIC COMPONENT AND EXTENSION OF APPROVAL

7.1
Every modification of a type of a specific component shall be notified to the administrative department which granted the type approval. The department may then either:

7.1.1
Consider that the modifications made are unlikely to have an appreciable adverse effect, and that the component still meets the requirements; or

7.1.2
Require a further report from the Technical Service responsible for carrying out the tests.

7.2
Notice of confirmation, extension or refusal of approval shall be communicated by the procedure specified in paragraph 5.3 above to the Parties to the Agreement which apply this Regulation.

7.3
The competent authority issuing the extension of approval shall assign a series number to each communication form drawn up for such an extension and has to inform the other contracting parties with the form according to Annex 4.

8
CONFORMITY OF PRODUCTION

The conformity of production procedures shall comply with those set out in the Agreement, Appendix 2 (E/ECE/324-E/ECE/TRANS/505/Rev.2) with the following requirements:

8.1
A Hydrogen component approved to this Regulation shall be so manufactured as to conform to the type approved by meeting the requirements set forth in paragraph 6 above.

8.2
The authority which has granted type approval may at any time verify the conformity control methods applied in each production facility. The normal frequency of these verifications shall be once every two years.

8.3
The compulsory tests of the Hydrogen containers are described in Annex 7A of this regulation

8.4
Every flexible fuel line assembly shall be tested at a pressure of 1,5 times the Maximum Allowable Working Pressure (MAWP) of the part of the hydrogen system it is installed in. 

9
PENALTIES FOR NON-CONFORMITY OF PRODUCTION

9.1
The approval granted in respect of a type of component pursuant to this Regulation may be withdrawn if the requirements laid down in paragraph 8 above are not complied with.

9.2
If a Contracting Party to the Agreement which applies this Regulation withdraws an approval it has previously granted, it shall forthwith so notify the other Contracting Parties applying this Regulation, by means of a communication form conforming to the model in Annex 4 of this Regulation.

10
PRODUCTION DEFINITELY DISCONTINUED

If the holder of the approval permanently ceases to manufacture a type of component approved in accordance with this Regulation, he shall so inform the authority which granted the approval. Upon receiving the relevant communication, that authority shall inform thereof the other Contracting Parties to the 1958 Agreement applying this Regulation by means of a communication form conforming to the model in Annex 4 of this Regulation.

11
NAMES AND ADDRESSES OF TECHNICAL SERVICES RESPONSIBLE FOR CONDUCTING APPROVAL TESTS; AND OF ADMINISTRATIVE DEPARTMENTS

The Contracting Parties to the 1958 Agreement applying this Regulation shall communicate to the United Nations Secretariat the names and addresses of the technical services responsible for conducting approval tests and of the administrative departments which grant approval and to which forms certifying approval or extension or refusal or withdrawal of approval or production definitely discontinued, issued in other countries, are to be sent.

PART II

APPROVAL OF VEHICLES

WITH REGARD TO THE INSTALLATION OF SPECIFIC COMPONENTS FOR THE USE OF LIQUID HYDROGEN

12
APPLICATION FOR APPROVAL

12.1
The application for approval of a vehicle type with regard to the installation of specific components for the use of Hydrogen shall be submitted by the vehicle manufacturer or by his duly accredited representative.

12.2
The application shall be accompanied by description of the vehicle comprising all the relevant particulars referred to in Annex 2 to this Regulation in triplicate.

12.3
A vehicle, representative of the vehicle type to be approved, shall be submitted to the Technical Service conducting the approval tests.

12.4
The competent authority shall verify the existence of satisfactory arrangements for ensuring effective control of conformity of production before type approval is granted.

13
APPROVAL

13.1
If the vehicle submitted for approval pursuant to this Regulation is provided with all the necessary specific components for the use of Hydrogen and meets the requirements of paragraph 14 below, approval of that vehicle type shall be granted.

13.2
An approval number shall be assigned to each type of vehicle approved. Its first two digits (00 for the Regulation in its original form) shall indicate the series of amendments incorporating the most recent major technical amendments made to the Regulation at the time of issue of the approval. The same Contracting Party shall not assign the same number to another type of vehicle.

13.3
Notice of approval or of refusal or of extension of approval of a Hydrogen vehicle type pursuant to this Regulation shall be communicated to the Parties to the Agreement applying this Regulation, by means of a form conforming to the model in Annex 6 to this Regulation.

13.4
There shall be affixed, conspicuously and in a readily accessible space specified on the approval form referred to in paragraph 13.3 above, to every vehicle type approved under this Regulation an international approval mark consisting of:

13.4.1 A circle surrounding the letter "E" followed by the distinguishing number of the country which has granted approval
.

13.4.2 The number of this Regulation, followed by the letter "R", a dash and the approval number to the right of the circle prescribed in paragraph 13.4.1 above. 

13.5
If the vehicle conforms to a vehicle approved, under one or more other Regulations annexed to the Agreement, in the country which has granted approval under this Regulation, the symbol prescribed in paragraph 13.4.1 above need not to be repeated; in such case, the Regulation and approval numbers and the additional symbols of all the Regulations under which approval has been granted in the country which has granted approval under this Regulation shall be placed in vertical columns to the right of the symbol prescribed in paragraph13.4.1.

13.6
The approval mark shall be clearly legible and be indelible.

13.7
The approval mark shall be placed close to or on the statutory plate of the vehicle.

13.8
Annex 5 of this Regulation gives examples of the arrangement of the aforesaid approval mark.

14
REQUIREMENTS FOR THE INSTALLATION OF SPECIFIC COMPONENTS FOR THE USE OF HYDROGEN WITHIN MOTOR VEHICLES

14.1
General

14.1.1
The Hydrogen system shall function in a correct and safe way. It shall reliably withstand the electrical, mechanical, thermal and chemical operating conditions.

14.1.2
Specific components of the Hydrogen system shall be type approved pursuant to Part I of this Regulation.

14.1.3
The materials used in the Hydrogen system shall be compatible with Hydrogen in its liquid and/or gaseous state according to Annex 8C to this regulation.

14.1.4
All components of the Hydrogen system shall be mounted and connected in accordance with best practice.
14.1.5
The Hydrogen system shall show no leaks other than the boil-off at Maximum Allowable Working Pressure (MAWP), i.e. stay bubble-free if using leak detecting spray.

14.1.6
The Hydrogen system shall be installed such that it is protected against damage, such as damage due to moving vehicle components, collision, grit or due to the loading or unloading of the vehicle or the shifting of those loads.

14.1.7
The operating temperatures should be:

	
	Internal Combustion Engine Compartment
	On Board

(All types of propulsion systems)

	
	
	

	
	-40°C to +120°C
	-40°C to +85°C


14.1.8
Further requirements

14.1.8.1
No component of the Hydrogen system, including any protective materials which form part of such components, shall project beyond the outline of the vehicle.

14.1.8.2
No component of the Hydrogen system shall be located near the exhaust of an internal combustion engine or other heat source, unless such components are adequately shielded against heat.

14.1.8.3
The ventilating or heating system of passengers compartment and places where leakage or accumulation of hydrogen is possible shall be kept apart so that Hydrogen is not drawn into the vehicle.

14.1.9
Appropriate automatic measures shall be adopted in coordination with the refuelling station to ensure that no uncontrolled hydrogen release occurs during the filling procedure . 

14.1.10 In the event of Hydrogen leakage or venting Hydrogen shall not be allowed to accumulate in enclosed or semi-enclosed spaces of the vehicle.

14.1.11 Identification of Hydrogen-fuelled public service vehicles


14.1.11.1 Public service vehicles equipped with a liquid hydrogen system shall carry plates as specified in Annex 10


14.1.11.2 The plates shall be installed on the front and rear of the public service vehicle and on the outside of the doors on the right-hand side

14.2
Components of a Hydrogen on-board system

14.2.1
A Hydrogen on-board system shall contain at least the following components:

14.2.1.1

Container;

14.2.1.2

Refuelling connection or receptacle;

14.2.1.3

Pressure relief device;

14.2.1.4

Automatic shut-off valve;

14.2.1.5

Flexible fuel line or rigid fuel line;

14.2.1.6

Fittings or screwed connection systems;

14.2.1.7
Hydrogen conversion system(s) (i.e. combustion engine, fuel cell, catalytic heater etc.). 

14.2.1.8

Safety instrumented system

14.2.1.9

Fuel level sensor or flow rate sensor to calculate fuel level

14.2.1.10 Fuel level indicator

14.2.1.11 Boil off management system

14.2.2
The Hydrogen system could also include the following components:

14.2.2.1

Pressure, temperature and flow sensors;

14.2.2.2

Pressure and temperature indicator;

14.2.2.3

Pressure regulator;

14.2.2.4

Gas flow adjuster;

14.2.2.5

Hydrogen injector(s) or gas/air mixer;

14.2.2.6

Fuel selection system and electrical systems;

14.2.2.7

Electronic control unit;

14.2.2.8

Manual valve;

14.2.2.9

Heat exchanger.

14.2.2.10
Non-return or check valves 

All specific components according to 2.38 must have a type approval.

14.3
Installation of the hydrogen container on-board a vehicle

14.3.1
The hydrogen container shall be permanently installed on-board the vehicle. The hydrogen container may only be removed for maintenance. It shall be adequately protected against any kind of corrosion, e.g. due to road de-icing salt, leakage of acid batteries etc.

14.3.2
The container can be integrated into the vehicle design to provide complementary functions. In such cases the container shall be designed to fulfil the integrated function requirements plus the tank requirements. 

14.3.3
When the vehicle is ready for use the lowest part of the hydrogen container shall not reduce the ground clearance of the vehicle.

This shall not apply if the hydrogen container is adequately protected, at the front and the sides and no part of the hydrogen container is located lower than this protective structure.

14.3.4
The hydrogen container(s) including the safety devices affixed at it must be mounted and fixed so that the following accelerations can be absorbed (without damage of the safety related parts) when the hydrogen containers are full. No uncontrolled release of Hydrogen is allowed.


Vehicles of categories M1 and N1:



a) 20 g in the direction of travel



b) 8 g horizontally perpendicular to the direction of travel


Vehicles of categories M2 and N2:



a) 10 g in the direction of travel



b) 5 g horizontally perpendicular to the direction of travel


Vehicles of categories M3 and N3:



a) 6.6 g in the direction of travel



b) 5 g horizontally perpendicular to the direction of travel

14.3.5
The provision of 14.3.4 shall not apply if the vehicle is approved according to 96/79/EC or ECE R 94 and 96/27/EC or ECE R 95.

14.4
Accessories fitted to the hydrogen container

14.4.1
Automatic shut-off valves or non return valves

14.4.1.1
All hydrogen fuel supply lines to the hydrogen conversion system(s), except the boil-off management system shall be secured with an automatic valve (idle closed). These valves shall be mounted directly on or within the container.

14.4.1.2
The refuelling line shall be secured by either a manually or an automatically operated shut off valve which shall always be closed except during the refuelling process. If the receptacle is not mounted directly on the container, a second isolating device is needed. This device may be a manual valve, an automatic valve or a non return valve. One of these two isolating devices shall be mounted directly on or within the container and the other one shall be integrated in the receptacle. 

14.4.1.3
In the event that the container is displaced, the first isolating device and if applicable, the line connecting it to the container shall be protected in such a manner that the shut-off function remains operational and the connection between the device and the container cannot be ruptured. 

14.4.1.4
The automatic valves shall be closed idle (fail-safe).

14.4.1.5
The automatic valves shall close if any malfunction of the Hydrogen system occurs and in the event of a crash or of a break of the fuel supply line(s).

14.4.1.6
When the propulsion system is switched off, irrespective of the position of the ignition switch, the fuel supply to the propulsion system shall be switched off and remain closed until the propulsion system is required to operate.

14.4.1.7 When another hydrogen conversion system is switched off, irrespective of the position of the activation switch, the fuel supply to the respective conversion system shall be switched off and remain closed until the respective hydrogen conversion system is required to operate.

14.4.2
Pressure relief devices

14.4.2.1
The pressure relief devices (pressure triggered) shall be fitted to the hydrogen container(s) in such a manner that it must discharge into an atmospheric outlet line that vents outside the vehicle. It shall not discharge at a heat source such as the exhaust. Additionally it shall discharge such that Hydrogen cannot enter the inside of the vehicle and/or accumulate in an enclosed or partially enclosed space. In case the secondary pressure relief device is a burst disc and is installed within the inner tank, an appropriate exhaust vent in the outer jacket is required.  
14.4.2.2
In the event of accidents it must be ensured so far as is reasonably practicable that the pressure relief device and the associated vent line remain capable of functioning.

14.4.2.3
The vent line of the pressure relief device shall be adequately protected against dirt and water.

14.4.3
Gas tight housing on the hydrogen container(s)

14.4.3.1
All non-welded connections of hydrogen-carrying components and the Hydrogen components which can leak, that are mounted within the passenger or luggage compartment, shall be enclosed by a gas tight housing.  

14.4.3.2
The gas tight housing shall be vented to the atmosphere.

14.4.3.3
The ventilation opening of the gas tight housing shall be at the highest point of the housing and shall not discharge at a heat source such as the exhaust. Additionally it shall discharge such that Hydrogen cannot enter the inside of the vehicle and/or accumulate in an enclosed or partially enclosed space.

14.4.3.4
There shall be no unprotected ignition sources inside the gas tight housing.
14.4.3.5
Any connecting system and lead-through in the body of the vehicle for ventilation of the gas tight housing shall have at least the same cross sectional area as the tube of the pressure relief device.

14.4.3.6
This housing shall be for test purposes hermetically sealed and shall be gas tight at a over pressure of 0.5 kPa i.e. bubble free for 1 minute and without any permanent deformation. 

14.4.3.7
Any connecting system shall be secured by clamps, or other means, to the gas tight housing and the lead-through to ensure that a gas tight joint is formed.

14.5
Rigid and flexible fuel lines

14.5.1
Rigid fuel lines, shall be secured such that they shall not be subjected to abrasion, critical vibration and/or other stresses.

14.5.2
Flexible fuel lines shall be secured such that they shall not be subjected to torsional stresses, abrasion is avoided and cannot be crimped in normal use.

14.5.3
At the fixing points the fuel line, flexible or rigid, shall be fitted in such a way that they cannot make metal to metal contact to prevent galvanic and crevice corrosion.

14.5.4
Rigid and flexible fuel lines shall be routed to reasonably minimise exposure to accidental damage whether inside e.g. due to placing or movement of luggage or other loads, or outside the vehicle, e.g. due to rough ground or vehicle jacks etc..

14.5.5
At penetration through the vehicle body or other hydrogen components, the fuel lines shall be fitted with grommets or other protective material.

14.6
Fittings or gas connections between the components

14.6.1
Stainless steel tubes shall only be joined by stainless steel fittings.

14.6.2
The number of joints shall be limited to a minimum.

14.6.3
Any joints shall be made in locations where access is possible for inspection and leak testing.

14.6.4
In a passenger or enclosed luggage compartment, the fuel lines shall be no longer than reasonably required. 

14.7
Refuelling connection

14.7.1
The refuelling connection shall be secured against maladjustment and shall be protected from dirt and water. It shall be safe against handling errors.

14.7.2
The refuelling connection shall not be installed in the engine compartment, passenger compartment or in any other unventilated compartment. 

14.7.3
The refuelling line shall be secured at the container as described in 14.4.1.1.

14.7.4
The refuelling connection shall have an isolating device according 14.4.1.2

14.7.5
It shall be ensured that the propulsion system cannot be operated and the vehicle cannot move while the receptacle is connected to the filling station.

14.8
Electrical installation

14.8.1
The electrical components of the Hydrogen system shall be protected against overloads.

14.8.2 Electric or electronic equipment in the gas tight housing shall be evaluated according to IEC 60079-10:2002 and comply with EN 50014:1997/AC:1998/A1:1998/A2:1999, EN 50015:1998, EN 50016:1995 EN 50017:1998, EN 50018:2002, EN 50019:2000, EN 50020:1994 and EN 50021:1998 if applicable. 

The metallic components of the Hydrogen system shall have electrical continuity with the vehicle’s earth.

14.9
Boil-off under normal conditions

14.9.1
Boil-off gases shall be rendered harmless by a boil-off management system.

14.9.2
The boil-off management system shall be designed to accept the boil-off rate of the container(s) under normal operating conditions.

14.9.3
At start-up and during the operation of the vehicle, a warning system shall be activated to warn the driver in the event of the boil off management system failure.

14.10
All pressure relief devices and vent line(s) shall be protected against vandalism so far as reasonably practicable.

14.11
The passenger compartment, the luggage compartment and all safety-critical components of the vehicle (e.g. the brake system, electrical insulation) shall be protected against adverse temperature effects due to the cryogenic fuel. Possible leakage of the cryogenic fuel shall be considered when assessing the protection that is required.

14.12
Inflammable materials used in the vehicle shall be protected from liquefied air that may condense on uninsulated elements of the fuel system.

14.13
Failure of the heating circuit of the heat exchanger shall not cause leakage from the Hydrogen System. 

14.14
Safety instrumented systems 

14.14.1
Safety instrumented systems shall be fail-safe, redundant or self-monitoring

14.14.2
If the safety-instrumented systems under 14.14.1 are fail-safe or self-monitoring electronic systems, the special requirements according to Annex 9 are to be applied.

14.15
Periodic requalification

Recommendations for periodic requalification by inspection during the service life shall be provided by the vehicle manufacturer on the basis of use under service conditions specified herein. These recommendations shall comprise as a minimum:

· Check of the mandatory marking of the container

· Visual inspection of the outer jacket

· Inspection of the pressure relief devices 

· Inspection of the automatic shut off valve

· Check of the gas tightness of the receptacle

15
MODIFICATION OF A VEHICLE TYPE OR HYDROGEN SYSTEM AND EXTENSION OF APPROVAL

15.1
Every modification of the vehicle type or of its installation of the specific components for the use of Hydrogen shall be notified to the administrative department which approved the vehicle type. The department may then either:

15.1.1
Consider that the modifications made are unlikely to have an appreciably adverse effect and that in any case the vehicle still complies with the requirements; or

15.1.2
require a further report from the Technical Service responsible for carrying out the tests.

15.2
Notice of confirmation, extension or refusal of approval shall be communicated by the procedure specified in paragraph 13.3 above to the Parties to the Agreement which apply this Regulation.

15.3
The competent authority issuing the extension of approval shall assign a series number to each communication form drawn up for such an extension.

16
CONFORMITY OF PRODUCTION

The conformity of production procedures shall comply with those set out in the Agreement, Appendix 2 (E/ECE/324- E/ECE/TRANS/505/rev.2) with the following requirements:

16.1
A vehicle approved to this Regulation shall be so manufactured as to conform to the type approved by meeting the requirements set forth in paragraph 14 above.

16.2
The authority which has granted type approval may at any time verify the conformity control methods applied in each production facility. The normal frequency of these verifications shall be once every two years.

17
PENALTIES FOR NON-CONFORMITY OF PRODUCTION

17.1
The approval granted in respect of a type of vehicle pursuant to this Regulation may be withdrawn if the requirements laid down in paragraph 16 above are not complied with.

17.2
If a Contracting Party to the Agreement which applies this Regulation withdraws an approval it has previously granted, it shall forthwith so notify the other Contracting Parties applying this Regulation, by means of a communication form conforming to the model in annex 6 to this Regulation.

18
PRODUCTION DEFINITELY DISCONTINUED

If the holder of the approval permanently ceases to manufacture a type of vehicle approved in accordance with this Regulation, he shall so inform the authority which granted the approval. Upon receiving the relevant communication, that authority shall inform thereof the other Parties to the Agreement applying this Regulation by means of a communication form conforming to the model in Annex 6 to this Regulation.

19
NAMES AND ADDRESSES OF TECHNICAL SERVICES RESPONSIBLE FOR CONDUCTING APPROVAL TESTS; AND OF ADMINISTRATIVE DEPARTMENTS

The Contracting Parties to the 1958 Agreement applying this Regulation shall communicate to the United Nations Secretariat the names and addresses of the technical services responsible for conducting approval tests and of the administrative departments which grant approval and to which forms certifying approval or extension or refusal or withdrawal of approval or production definitely discontinued, issued in other countries, are to be sent.

20 REFERENCES

The following referenced documents are indispensable for the application of this document.
 For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

CGA S-1.2:1995 Pressure Relief Device Standards — Part 2: Cargo and Portable Tanks for Compressed Gases
CGA S-1.3:1995. Pressure Relief Device Standards — Part 3: Stationary Storage Containers for Compressed Gases
DIN 50021:1998 Spray tests with different sodium chloride solutions
DIN 50916-2:1985 Testing of copper alloys; stress corrosion cracking test in ammonia, testing of components 

EN 287-1:1992/A1:1997 Approval testing of welders — Fusion welding — Part 1: Steels
EN 287-2:1992/A1:1997 Approval testing of welders — Fusion welding — Part 2: Aluminium and aluminium alloys
EN 288-3:1992/A1:1997 Specification and approval of welding procedures for metallic materials — Part 3: Welding procedure tests for the arc welding of steel
EN 288-4:1992/A1:1997 Specification and approval of welding procedures for metallic materials — Part 4: Welding procedure tests for the arc welding of aluminium and its alloys
EN 288-8:1995 Specification and approval of welding procedures for metallic materials — Part 8 Approval by a pre-production welding test 

EN 729-2:1994 Quality requirements for welding — Fusion welding of metallic materials — Part 2: Comprehensive quality requirements
EN 729-3:1994 Quality requirements for welding — Fusion welding of metallic materials — Part 3: Standard quality requirements
EN 1251-2:2000 Cryogenic vessels — Transportable vacuum insulated vessels of not more than 1000 litres volume — Part 2: Design, fabrication, inspection and testing
EN 1252-1:1998/AC:1998 Cryogenic vessels — Materials — Part 1: Toughness requirements for temperatures below -80°C
EN 1418:1998 Welding personnel — Approval testing of welding operators for fusion welding and resistance weld setters for fully mechanised and automatic welding of metallic materials
EN 1626:1999 Cryogenic vessels — Valves for cryogenic service
EN 1797: 2001 Cryogenic vessels —Gas/material compatibility
EN 10204:1991/A1:1995 Metallic products — Types of inspection documents
EN 12300:1998 Cryogenic vessels — Cleanliness for cryogenic service
EN 12434:2000 Cryogenic vessels — Cryogenic flexible hoses 

EN 13371:2001 Cryogenic vessels — Couplings for cryogenic service
EN 13648-1:2002 Cryogenic vessels — Safety devices for protection against excessive pressure — Part 1: Safety valves for cryogenic service

EN 13648-2:2002 Cryogenic vessels — Safety devices for protection against excessive pressure — Part 2: Bursting discs safety device for cryogenic service
prEN 13648-3: 2000 Cryogenic vessels — Safety devices for protection against excessive pressure — Part 3: Determination of required discharge — Capacity and sizing 

EN 50014:1997/AC:1998/A1:1998/A2:1999 Electrical apparatus for potentially explosive atmospheres — General requirements
EN 50015:1998 Electrical apparatus for potentially explosive atmospheres — Oil-immersion "o"
EN 50016:1995 Electrical apparatus for potentially explosive atmospheres — Pressurized apparatus "p"
EN 50017:1998 Electrical apparatus for potentially explosive atmospheres — Powder filling "q"
EN 50018:2002 Electrical apparatus for potentially explosive atmospheres — Flameproof enclosure "d";

EN 50019:2000 Electrical apparatus for potentially explosive atmospheres — Increased safety "e"
EN 50020:1994 Electrical apparatus for potentially explosive atmospheres — Intrinsic safety "i"
EN 50021:1998 Electrical apparatus for potentially explosive atmospheres — Type of protection "n"
IEC 60068-2-52:1996 Environmental testing - Part 2: Tests — Test Kb: Salt mist, cyclic (sodium, chloride solution) 

IEC 60079-10:2002 Electrical apparatus for explosive gas atmospheres — Part 10 Classification of hazardous areas 

IEC 60529:2001 Degrees of protection provided by enclosures (IP Code)

ISO 188:1998 Rubber, vulcanized or thermoplastic — Accelerated ageing and heat-resistance tests
ISO 1431-1:1989 Rubber, vulcanised or thermoplastic — Resistance to ozone cracking — Part 1: Static strain test
ISO 2768-1:1989 General tolerances — Part 1 Tolerances for linear and angular dimensions without individual tolerance indications
ISO 6957:1988 Copper alloys — Ammonia test for stress corrosion resistance
ISO 9227:1990 Corrosion tests in artificial atmospheres — Salt spray tests
ISO/DIS 11114-4
 Transportable gas cylinders — Compatibility of cylinder and valve materials with gas contents — Part 4: Test method for hydrogen compatibility with metals
R 77/CEOC/ CP 90 Def - Appraisal of Materials for Pressure Equipment (and following numbers of the specifications)
R 80/CEOC/CP 91 def - Quality Systems for Pressure Vessel Manufacturers
R 81/CEOC/CP 91 def - Quality requirements for Pressure Vessel manufacturers not possessing a certificated quality system.

R 97/CEOC/CP 96 def - Supplementary Quality Management System Requirements for Manufacturers of Metallic Materials for Pressure Equipment
E/ECE/324-E/ECE/TRANS/505/Rev.2 – Agreement concerning the Adoption of Uniform Technical Prescriptions

96/27/EC – Directive of the European Parliament and of the Council on the protection of motor vehicles in the event of a side impact

96/79/EC – Directive of the European Parliament and of the Council on the protection of motor vehicles in the event of a frontal impact

97/23/EC – Directive of the European Parliament and of the Council on the approximation of the laws of the memberstates concerning pressure equipment

ECE R 94 – Uniform provisions concerning the approval of vehicles with regard to the protection of the occupants in the event of a frontal collision

ECE R 95 - Uniform provisions concerning the approval of vehicles with regard to the protection of the occupants in the event of a lateral collision
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� 1 for Germany, 2 for France, 3 for Italy, 4 for Netherlands, 5 for Sweden, 6 for Belgium, 7 for Hungary, 8 for the Czech Republic, 9 for Spain, 10 for Yugoslavia, 11 for the United Kingdom, 12 for Austria, 13 for Luxembourg, 14 for Switzerland, 15 (vacant), 16 for Norway, 17 for Finland, 18 for Denmark, 19 for Romania, 20 for Poland, 21 for Portugal, 22 for the Russian Federation, 23 for Greece, 24 Ireland, 25 for Croatia, 26 for Slovenia, 27 for Slovakia, 28 for Belarus, 29 for Estonia, 30 (vacant), 31 for Bosnia and Herzegovina, 32-36 (vacant), 37 for Turkey,38-39 (vacant) and 40 for the former Yugoslav Republic of Macedonia, 43 Japan.��Subsequent numbers shall be assigned to other countries in the chronological order in which they ratify or accede to the Agreement concerning the Adoption of Uniform Technical Prescriptions for Wheeled Vehicles, Equipment and Parts which can be Fitted and/or be Used on Wheeled Vehicles and the Conditions for Reciprocal Recognition of Approvals Granted on the Basis of these Prescriptions, and the numbers thus assigned shall be communicated by the Secretary-General of the United Nations to the Contracting Parties to the Agreement


� 1 for Germany, 2 for France, 3 for Italy, 4 for Netherlands, 5 for Sweden, 6 for Belgium, 7 for Hungary, 8 for the Czech Republic, 9 for Spain, 10 for Yugoslavia, 11 for the United Kingdom, 12 for Austria, 13 for Luxembourg, 14 for Switzerland, 15 (vacant), 16 for Norway, 17 for Finland, 18 for Denmark, 19 for Romania, 20 for Poland, 21 for Portugal, 22 for the Russian Federation, 23 for Greece, 24 Ireland, 25 for Croatia, 26 for Slovenia, 27 for Slovakia, 28 for Belarus, 29 for Estonia, 30 (vacant), 31 for Bosnia and Herzegovina, 32-36 (vacant), 37 for Turkey,38-39 (vacant) and 40 for the former Yugoslav Republic of Macedonia, 43 Japan.��Subsequent numbers shall be assigned to other countries in the chronological order in which they ratify or accede to the Agreement concerning the Adoption of Uniform Technical Prescriptions for Wheeled Vehicles, Equipment and Parts which can be Fitted and/or be Used on Wheeled Vehicles and the Conditions for Reciprocal Recognition of Approvals Granted on the Basis of these Prescriptions, and the numbers thus assigned shall be communicated by the Secretary-General of the United Nations to the Contracting Parties to the Agreement


� In order to set the stage for global harmonization, the ISO standards that are being prepared on the same topic as the EN standards referred to in this regulation are given in Annex 11.


� To be published.





