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 Objectives 

 To know all the technical obstacles solved in order to enable the use of hydrogen 

as an energy carrier. 

 To understand the difficulties related to the use of hydrogen as a fuel and 

whether it is technically possible to store hydrogen in the liquid phase at very low 

temperatures. Hydrogen is usually stored in gaseous form in a pressurised tank. 

 To know the difference between metal and polymer gas tanks. 

 To know the safety accessories related to the pressurised gas tank. 

 To know and be able to recognise the accessories placed on hydrogen piping. 

 To know and be able to recognise the accessories placed on the compressed air 

supply of the fuel cell, the so called oxygen side. 

 To know and be able to recognise the cooling system of the fuel cell. 

 To know and be able to recognise the water management system of the fuel cell. 

 To know and be able to recognise the hydrogen purging system of the fuel cell. 

 To know and be able to recognise the exhaust system of the fuel cell. 
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 Introduction 

The transportation sector is the largest consumer of oil products; this situation 

creates a negative dependency. The vehicle manufacturers therefore propose 

alternative solutions like alternative fuels, hybrid, electric and fuel cell vehicles. 

LPG, an oil by-product, is now a familiar fuel. Users have never encountered any 

particular difficulties with LPG and thus it has opened the way for the widespread 

use of gaseous fuels. Over the years, public perception of gaseous fuels has 

improved. 

LPG, however, is special because it is heavier than air and can be stored in liquid 

form under its vapour pressure which is around 8 to 10 bar at room temperature. 

Storage in a vehicle is therefore not a problem in liquid form. However, since it is 

derived from the oil sector, it presents the same supply issues as gasoline and 

diesel. This is no longer the case if we consider the methane and hydrogen which 

are independent of oil. 

Methane and hydrogen are cryogenic fluids; they become liquid at very low 

temperatures. Methane and hydrogen are liquid below -161 °C and -253 °C, 

respectively. In this case, it is no longer a question of pressure but only a question of 

temperature that whether hydrogen can be stored as a liquid or gas. This means 

that to store liquid hydrogen in a tank requires the use of special technologies. For 

storage of liquid hydrogen all components must be fabricated from austenitic 

stainless steel and vacuum jacketed pipes and tanks must be used. 

High pressure gas tanks are considered the most affordable storage method at 

present but there are two major drawbacks. The first one is the use of high storage 

pressures, 200 bars for compressed natural gas (CNG) and 700 bars for H2. The 

second is the large storage volumes required by CNG (300 litres) and H2 (120 litres) 

which corresponds a mass of 25 kg and 5 kg, respectively. 

The challenges are quite significant as gaseous fuels can be dangerous, especially 

hydrogen. Nevertheless, safety regulations are strictly abided by and have been 

applied to many fuel types. Therefore, if a road vehicle is running on liquid hydrogen 

or compressed hydrogen gas it will have to satisfy many of the existing safety 

standards in order to make the technology equally as safe as other vehicles using 

conventional fuels.. Therefore, in the future, rescue services and fire fighters should 

be trained and informed on the consequences of dealing with a hydrogen vehicle 

involved in an accident. A technician should also be able to explain the dangers to 

the end users. 

In addition to the hydrogen supply, the fuel cell must also be fed with compressed 

air which by volume has a 21% oxygen content. This compressed air must be 

cooled to avoid the overheating of the sensitive electrolyte membrane material. 
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Finally, the water produced by the redox reaction must be partly evacuated through 

the exhaust and partly recycled in the intake air via a humidifier. 

Therefore, the technician will encounter several fluid circuits in a hydrogen fuel cell 

vehicle. 

 



H2 fuel cell for transport 

  5 

 

03 

 Teaser presenting unit 3 

 Hydrogen storage & filling 

1.2.1. Cryogenic hydrogen storage 

The first well known vehicle using hydrogen has been proposed by BMW with an 

adaptation of the 7-series (Figure 1). The engine is a gasoline direct injection V12 

on which a kit of hydrogen injectors was added to the intake manifold. The 

technological choice of BMW was based on liquid hydrogen storage at -253 °C. At 

this temperature, hydrogen has a density of 70.8 kg/m3 which is approximately 10 

times less than gasoline (720 kg/m3). It should be noted that: 

1. The lower heating value of hydrogen (LHV) is 120 MJ/kg which is 2.7 times 

greater than that of gasoline (45 MJ/kg). 

2. The volume of the tank located at the rear of the car is 170 litres, also 3 times 

more than a regular fuel tank. 

The vehicle keeps the same range which is an important criterion for the acceptance 

of a new technology by the user. In addition, the petrol engine can use gasoline 

delivered from a second tank. 

 
Figure 1 Specific tank for liquid hydrogen and location in the vehicle (Source, BMW). 

In the case of a cryogenic fluid such as liquid hydrogen, one encounters two major 

problems. The first one is to maintain the low temperature as long as possible in 

order to minimise evaporation and the second is to manage the inescapable 

evaporation of the vapour to the environment. There are therefore two innovative 

solutions adopted. 
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The first one is the use of a vacuum jacketed tank. It is a thermos tank with two 

casings between which vacuum is created for insulation. This thermal barrier is 

equivalent to a thickness of 17 meters of polystyrene. When the car is not in use, the 

tank will be heated by the environment and the pressure will increase slowly until a 6 

bar safety valve will open and allow hydrogen to escape safely. 

The second innovative solution is the use of a burner system to control the release 

of hydrogen to the atmosphere. This device is shown in Figure 2. 

 
Figure 2 safety burner system (Source BMW & KIWA). 

The system can be explained as follows: 

The system begins with the air intake pipe (1), which leads to the air filter (2) and 

following this the air enters a kind of venturi(*) (3) where it is mixed with hydrogen 

(back inlet not visible). In practice, it is the hydrogen stream that draws air into the 

volume. The mix enters the catalyst (4) where the oxidation reaction occurs. It is a 

passive device that does not require an ignition spark to work. The burner status is 

monitored by two temperature sensors (5) visible above the catalyst. Finally, the 

exhaust pipe (6) will release only water. 

(*) The venturi effect consists to reduce the section of a pipe in order to increase the 

velocity of the fluid. Following Bernouilli’s law this reduces the pressure in the fluid 

which allows another fluid to be sucked from a T-fitting and the fluids are mixed. The 

typical application of this effect is the painting spray gun. 

The advantage of this technology is the storage of a large mass of hydrogen. The 

drawback is the long-term inability to prevent hydrogen boil-off which results in the 
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cryogenic tank emptying after 10 to 12 days if the vehicle is not in use. It is for this 

latter reason that this type of storage is temporarily unpopular. 

Figure 3 below illustrates the filling device used for liquid hydrogen, given the very 

low temperatures encountered the filling connector must be properly insulated to 

avoid any contact with skin in order to prevent cryogenic burns. 

 
Figure 3 Filling of liquid hydrogen (Source, BMW). 

1.2.2. Compressed hydrogen storage 

Another storage method has been developed more recently in the field of gaseous 

fuels under pressure. Conventional steel gas bottles under 200 bars (20 MPa) of 

pressure have gradually been replaced with polymer tanks. These consist of a 

plastic liner around which a composite shell is added through a winding of fibres 

impregnated with resin, this process is called filament winding. The inner layer 

contains and seals the gas, the middle layer provides mechanical strength and the 

outer layer is added to protect the tank against any impacts. Figure 4 shows an 

example of such a tank designed for 300 bars. The fibres are visible; they follow 

specific and optimized orientations in order to cover entirely the liner, including 

cylinder and tank bottoms. The thickness of the layers is designed to assume the 

stresses generated by the internal pressure.  

 
Figure 4 Gas tank made of composite materials 28l - 300 MPa (Source, Campus). 

Figure 5 shows another example of polymer tank designed for 700 bars. The 

technology is nearly the same but the tank walls are thicker. The valve including 

safety features is located on the right side of the tank.   

For comparison, it will take a 400 kg steel bottle to store 5 kg of hydrogen gas under 

200 bar of pressure while a tank made of composite materials will have an internal 
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volume of only 120 litres and a weight of only 90 kg to store the same mass of 

hydrogen gas under a pressure of 700 bars. 

 
Figure 5 Latest developments of tank technology, 60 litres - 700 bars - valve 

including safety features (Source, Toyota [3]). 

Concerning precisely that special valve, as the public is generally unfamiliar with 

hydrogen vehicles, it is necessary that the technology brings confidence and 

ensures maximum safety to the user. That’s the reason why the valve of the tank is 

provided to perform several safety mechanisms as illustrated in Figure 6. The safety 

mechanism includes: 

 
Figure 6 Special valve of the high pressure tank 

(Source, CBT Mercedes & Campus). 

1. A solenoid valve actuated by the control unit. This valve is normally closed, it is 

held open to allow vehicle operation and for filling the tank. 

2. A manual valve allows the worker to isolate the content of the pressurised tank 

before servicing the high pressure circuit of the vehicle. 

3. A restrictor valve located within the tank will close the outlet in case the pipe 

connection is severed. 
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4. A thermal fuse must melt at around 100 °C and rapidly release the content of the 

tank as a big flame when the vehicle is on fire. This solution is less risky than 

leaving the tank to explode as a result of heating. This is clearly demonstrated in 

Video 1 thanks to the support of the Dutch Safety Board (Onderzoeksraad voor 

veiligheid NL). 

5. A temperature sensor of the pressurised gas is used mainly to check and control 

the filling operation. 

6. A bleeder valve used for defueling the tank when the automatic valve is stuck in 

the closed position preventing the release of the gas. The tank must be changed 

after this operation (not visible on the figure). 

In the following Video 1 you can see the role of the thermal fuse in event of a fire. In 

this scenario, the fire is the result of an electrical fault. Finally, the safety device 

allows the evacuation of the gaseous fuel in the form of a large flame. As a result, 

an explosion was averted. 

 
Video 1 What happens when the thermal fuse opens? 

(Source, Dutch Safety Board). 

The tank is also connected via a check valve to the filling line. This reaches the 

outside of the vehicle on a connection fitting adapted to a special dispenser 

equipped with a "clamp grip" mechanism. The mechanism catches a shaft shoulder 

located at the end of the coupling. In the event of a bad connection, the dispenser 

will not dispense the hydrogen. The dispenser components are shown in Figure 7. 

 
Figure 7 Vehicle connection to the filling station (Source, WEH) 

1.2.3. Cryo-compressed hydrogen storage 

Much progress has been made since the days of steel tanks. It is now possible to 

embed 5kg of hydrogen in a vehicle in order to deliver a range of 500 km to the final 

file://srvcamp/campusauto/PARTAGE/Projets - KNOWHY/Course development/UNITS-Courses/UNIT 3 PICTURES VIDEO/Video_1_U3.wmv
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user. This is an impressive feat but is still not competitive with diesel engines. This is 

why another solution has been developed by BMW for their new fuel cell vehicle, the 

cryo-compressed storage of hydrogen. 

 
Figure 8 Schematic view of a cryo-compressed hydrogen storage (Source, BMW). 
 
MLI : multi layer insulation  
COPV: composite overwrapped pressure vessel 

This method stores the compressed hydrogen gas at very low temperatures but still 

above the cryogenic threshold so that it remains a gas. The pressure used to deliver 

the gas at low temperatures is 300 bars while the tank can operate up until 350 bars 

before starting to release hydrogen gas. A schematic view of the special tank used 

in this case is shown in Figure 8. It resembles a pressurised tank placed inside a 

vacuum enclosure so that both high pressures and low temperatures can be 

achieved. This tank is also compatible with a regular compressed gas delivery 

system working at 350 bars. 

By using this technology, it becomes possible to increase the storage capacity in 

comparison to the 700 bars pressurised tanks and also largely reduces the issue of 

hydrogen boil-off often encountered with cryogenic storage. As this issue is 

improved but not totally solved, it is necessary to keep the burner device that 

transforms the inescapable hydrogen into water. 

Table 1 compares the capacity of the different storage systems. 

Table 1 Comparison of the storage capacity of different technologies. 

Hydrogen storage capacity 

Compressed H2 700 bars Cryogenic Cryo-compressed 

100% 125% 150% 

 
In summary, the characteristics of the new BMW cryo-compressed storage 
technology are as follows:  
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 Maximum hydrogen capacity: 8 kg 

 System volume: 235 l 

 System weight: 145 kg 

 Refuelling pressure: 300 bars 

 Release pressure: 350 bars  

 Hydrogen loss (burner): ~3g/day 

 
Due to the larger size of this system, it will be located longitudinally in central 
position of the vehicle chassis. 

 Piping & valves 

The selection, handling and proper installation of tubes associated with an adequate 

choice of connections are essential to ensure the reliability of a gas line. The 

connection system is based on the deformation of the tube by a seal made of hard 

material. This deformation is obtained when tightening the fitting nut. An example of 

the equipment available and operating principle is illustrated in Figure 9. 

 
Figure 9 Examples of pipes, fittings and principle (Source, Swagelok). 

 

Figure 10 shows examples of mounting accessories used with this type of piping 

which includes (from left to right) a manual valve, a solenoid valve, a flow meter and 

distribution piping featuring a pressure regulator. 

 

 
Figure 10 Examples of accessory assemblies (Source, Campus). 

As the pipes have been severely deformed during installation, they must be 

replaced with new piping if removed for maintenance purposes. Nevertheless, 

reusable connectors can be found with a replaceable soft seal counterpart like a 
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copper ring or a rubber seal. In this case, only the removable soft material part must 

be changed. 

In all cases, the safety operations to keep in mind when replacing such high 

pressure piping or components are: 

 Replace the parts that have been severely deformed from previous assembly 

 Observe the surfaces of the seal and check that there is no damage and no dust 

 Tighten the connector with the correct torque specified by the manufacturer 

 Check the tightness with the method described by the vehicle manufacturer and 
using the appropriate hydrogen pressure in the system. 

Hydrogen molecules are minuscule and can escape through the finest leakage 

paths such as grooves or scratches. The larger the diameter of a pipe, the greater 

the risk of finding these surface defects, It is therefore not a good idea to oversize 

the section of the pipe. On the other hand, there is a benefit to using an oversized 

pipe thickness because a strong tightening allows the fitting ring to cover any 

invisible scratches. 

Finally, the choice of pipe diameter and thickness is obtained in tables or charts 

given by the manufacturers and calculated by the ASME B31.3. 

 Pressure regulator 

The pressure regulator is an essential component since it allows the reduction of the 

high storage pressure used in a tank (up to 700 bars) to low pressures compatible 

with the fuel cell. The design and materials used for electrolyte membranes in a fuel 

cell can withstand low internal pressures, typically no more than 0.5 to 3 bars 

depending on the size and design of the stack. Beyond these pressures, there is a 

risk of rupturing the membrane. The operating principle of the pressure regulator is 

demonstrated in the schematic diagram shown Figure 11. 

 
Figure 11 Schematic diagram of a pressure regulator (Source, CBT Mercedes). 
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The working principle of a pressure regulator is 100% mechanical. The low pressure 

gas exerts a force onto the large-diameter piston (1) pressing it downwards. This 

force is opposed by the adjustable force of a pre-stressed spring (2) located on the 

other side of the piston. On the same axis, there is a conical valve (3) which when 

closed isolates the low pressure chamber from the highpressure side of the 

regulator. The setting of the spring preload determines the pressure at which the 

piston and valve move down and close the supply of the high pressure gas.  

It is important to consider what happens when a fuel cell consumes hydrogen, the 

low pressure will drop and the load on the large piston will become smaller than the 

spring force. The piston will move upwards and the valve will reopen. The gas 

pressure will increase once again until the piston goes down and closes the valve at 

the desired pressure. This process is repeated continuously and rapidly, creating 

two different pressure zones before and after the regulator. 

A safety pressure sensor monitors and detects any failures found in the pressure 

regulator and it helps to maintain the low pressure at a constant value. Indeed, a 

sudden pressure increase in the fuel cell would create major damage and would 

cause significant hydrogen leaks through the ruptured membrane. If this happens, a 

safety valve (4) will release the pressure and a solenoid valve (5) placed just before 

the regulator will close and isolate the low pressure side. This will create a 

malfunction but saves the installation from significant damages. 

In practice, the pressure regulator must always be placed as close as possible to the 

high pressure tank or ideally just after the tank outlet as shown in Figure 12. 

 
Figure 12 Regulator following the manometer at tank outlet (Source, Campus). 

For those familiar with CNG, the regulator icing problem does not exist with 

hydrogen gas. The only problem that remains with this device is the possibility of a 

low pressure pipe disconnecting during maintenance. In this particular case, the 

regulator will try to maintain the pressure and will therefore remain fully open. The 

only solution to this potential risk is to strictly follow the instructions during 

maintenance and especially check the different valves placed upstream. 

Finally, the solution provided by the manufacturers involves using a regulator 

designed for obtaining a medium pressure which is then reduced through injectors in 
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order to supply the fuel cell with accurate gas flow and gas pressure. These two 

stages require twice as many pressure sensors. 

 Air compressor & humidifier 

The topic of hydrogen supply has been covered extensively. We must not forget that 

the fuel cell operates using a redox reaction that also requires an oxidant, i.e. 

oxygen from air. It is therefore necessary to supply the stack with enough oxygen 

over the entire power range of the fuel cell. To reach this, an excess of air is 

necessary to avoid any waste of hydrogen and to produce the steam exhaust, the 

disadvantage being an extra cost because the compressor consumes energy as it is 

driven by an electric motor controlled by an inverter powered by the high voltage bus 

supplied by the FC or the high voltage battery. 

There are two types of compressors, centrifugal and volumetric. An example of a 

supercharger is illustrated in Figure 13. 

 
Figure 13 Air compressor and intercooler (Source, Toyota). 

Figure 13 shows a diagram of an intercooler which helps to maintain the air 

temperature below 100 °C in order to avoid any damage to the electrolyte 

membrane. The air flow and pressure in the stack are managed by means of two 

valves, a bypass valve at the stack inlet and a counter pressure valve at the stack 

exit. 

 The following lists the main functions of the air management system [1]: 

 Supply: the air supply system should provide enough oxygen over the entire 

power range of the fuel cell. 
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 Filtration: the air must be filtered because any external particles are harmful to 

the catalyst and the membrane. 

 Pressurisation: the air is supplied at a pressure greater than atmospheric, between 

2 and 3 bars absolute following the design of the stack. A higher pressure leads to 

more air or oxygen but one must also consider the hydrogen pressure at the anode 

and maintain a pressure balance within the cell, since the membrane cannot 

withstand large pressure differentials. 

 Humidification: the polymer membrane plays the role of electrolyte and therefore 

must be adequately humidified. However, excess of water will flood the gas 

diffusion layer and reduce the cell power output. If the fuel cell power output 

does decrease, a compromise must be made which generally involves the 

addition of water to the oxygen supply at the cathode. 

There are several methods to humidify the electrolyte membrane of a fuel cell, 

moisten the intake air or produce more water in the cells over a shorter time. The 

available methods are: 

o Water injection: water is injected into the air supply. This needs a tank, a 

pump and a water spray 

o Membrane humidifier: water is exchanged between two air flows, one wet 

and the other dry through a membrane 

o Short circuit of the fuel cell: water is produced during a short circuit of 

the fuel cell and a part of the water produced remains in the cell to 

humidify the electrolyte 

o Internal humidification: the design of the cells helps to continuously keep 

enough water inside the cell (patent) 

An example of a membrane humidifier is shown in Figure 14. In this moisture 

exchanger, the wet air leaving the fuel cell transfers the moisture to the dry intake air 

through a membrane. 

 
Figure 14 Examples of compact humidifiers (source PERMA PURE). 

In the future, the integration of the humidification function in another component 

will further increase the compactness of the air supply system. For some 
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manufacturers, the humidifier is already integrated in the design of the bipolar plates 

of the stack (patent). 

 Fuel cell cooling system 

The thermal management of a fuel cell has to take into consideration the redox 

reaction and moisture content of the electrolyte membrane. On one hand it requires 

a high temperature so that the redox reaction is initiated and takes place with a 

small amount of catalyst and on the other hand the membrane materials do not 

support temperatures above 100 °C. This is why the PEMFC work at temperatures 

between 50 °C and 100 °C. 

In the case of a niche product, a low power 3 kW fuel cell for example, requires 

1200 W of heat to be removed by an air flow. In the case of high power fuel cells, 

the heat to be dissipated becomes more significant, around 40 kW for an average 

100 kW automotive fuel cell. The first case is shown in Figure 15, in this image the 

air cooling system is generated by 4 fans and 2 fans provide the intake air. 

 
Figure 15 Air cooled fuel cell. 

In the second case, the liquid cooling circuit closely resembles the existing 

automotive combustion engine, as shown in Figures 16 and 17 with respectively a 

schematic view and the location of parts under the hood. There are however two 

major differences: 

 The coolant is special, it cannot be a conductor of electric current 

 The coolant passes through a filter containing an ion exchanger resin that 

adsorbs ions H+ and OH- in order to reduce the electrical conductivity of the 

coolant. 
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Figure 16 Schematic view of the FC cooling circuit (Source, Toyota [3]) 

 
Figure 17 Location of parts in the cooling circuit (Source, Toyota [3]) 

The fuel cell water pump provides the coolant circulation in the  

stack and in the intercooler which is associated with the air compressor. The warm 

coolant flows into the cooling three way valve which is controlled based on signals 

from the two temperature sensors 1 and 2. Depending on the fuel cell temperature, 
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the coolant goes through the radiator(s) to be cooled or will be directed to the ion 

exchanger filter to remove ions. In parallel with this, there is the heater circuit for the 

passenger compartment which needs a coolant pass, a dedicated water pump and 

an electric coolant heater. If it is possible the heating three way valve will connect 

the warm part of the fuel cell coolant pass to the heater circuit in order to recover 

heat from the stack and therefore optimise energy consumption.  

A specific water circuit inside the stack is used since the best place to remove heat 

is located between the bipolar plates. This point explains the high cost of these 

plates which must have precise dimensions with low tolerances to ensure a good 

seal. In short, their shape is complex because they include many functions: the gas 

distribution channels on one side, the cooling channels on the other side and in 

addition they collect the electrons produced from the redox reaction and 

simultaneously form a good electrical contact with the adjacent cells in series. 

In general, a separate coolant circuit is added to cool the power converters of the 

traction system and the electrical machine. 

 Fuel cell & exhaust 

The fuel cell has evolved considerably since the first prototypes developed for the 

space sector. Nowadays, it has reached a level of performance and price that 

enables it to be present in the transport market. It is clear, however, that R&D must 

continue to reduce costs, increase the compactness and increase lifetime. The 

ideas followed by research institutes and car manufacturers are as follows: 

The micro machined bipolar plates are replaced by stamped plates as shown in the 

concept published by CEA [2] and shown in Figure 18. 

 
Figure 18 Concept of stamped bipolar plates released by the CEA [2]. 
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The gas diffusion layer is the subject of development for the use of less catalyst, or 

rather for a better distribution of nano-particles. 

The electrolyte membrane is also the subject of further developments searching for 

other materials which can withstand temperatures above 100 °C. This will enable 

the reduction or even the complete removal of the platinum catalyst. Other 

developments concern the internal pressure of the cell, where an increase should 

help to reduce the volume of the stack giving the same power. 

Finally, the auxiliary components are also being developed to combine several 

functions like the different steps of the air treatment and secondly to search for 

optimal management of the energy consumption for each operating point of the fuel 

cell. 

To end this tour of the components, the exhaust of the fuel cell is the simplest and 

the least dangerous element of the system, as shown in Figure 19.  

 
Figure 19 Water and vapour from the exhaust pipe. 

The heat provided by the water vapour is partly dissipated to the atmosphere 

through the exhaust material so that its external temperature is around 50 °C. The 

exhaust therefore evacuates hot water combined with vapour. One will finally ensure 

that the exhaust does not come into contact with the user, just like an engine 

exhaust. The material used may be stainless steel or plastic and there is no need for 

after treatment. 

 

[1] S. Pischinger, O. Lang : Handbook of Fuel Cells, Fundamentals, Technology and 

Applications, volume 4, chapter Air-supply components, pp 727-741. John Wiley & 

sons, 2003. 

[2] La filière hydrogène, des concepts innovants pour les plaques bipolaires, CLEFS 

CEA n°50/51, 2004-2005. 

[3] Mirai Technical Training manual, Toyota Motor Corporation 
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 Summary 

We have learned that hydrogen is very light and has a lower heating value (LHV) of 

120 MJ/kg. In order to power an internal combustion engine with hydrogen, it is 

necessary to introduce special technologies from the space sector which involves 

the storage of liquid hydrogen using a vacuum jacketed thermos tank. 

A more affordable solution is to store hydrogen gas in compressed form. The current 

technology allows pressurised tanks to use a pressure of 200 bars with conventional 

steel vessels and up to 700 bars with tanks fabricated from reinforced composite 

materials.  

In order to gradually increase user confidence, it is necessary that the technology 

minimises any risks. Thus, the tank valve incorporates devices that perform multiple 

functions: 

 Manual shut-off valve to neutralise the high pressure circuit during maintenance 

of the vehicle 

 Solenoid valve operated by the electronic control unit 

 Tank internal nozzle and closing valve in case of damaged pipework 

 Thermal fuse to ensure the escape of hydrogen in case of extreme temperature 

caused by fire near the tank 

 Rupture disk to prevent the explosion of the tank in case of overpressure 

Several tanks are connected to a second solenoid valve that can be shown on the 

high pressure pipe or the inlet of the pressure regulator. This last one will enable the 

reduction of pressure from several hundred bars to the working pressure of the fuel 

cell which is between 0.5 to 5 bars. This is a mechanical system based on a 

pressure balance acting on different surfaces. It is equipped with a safety system 

that prevents any high pressure from reaching the fuel cell. 

To function properly, the electrolyte of the fuel cell must have sufficient moisture 

content which is achieved by injecting water into the air intake. Water is recovered in 

the exhaust line through a condenser and the intake air is humidified. The fuel cell 

stack has an efficiency of about 60%. The heat produced remains important and 

must be removed to maintain an operating temperature between 60 °C and 90 °C.  


