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6. 
Concept:
Progress without Compromises,
Dynamic Performance Typical 
of BMW, Luxury Saloon Comfort 
and Premium Level Equipment.

•
Comfort and equipment of the highest standard.
•
Modern cockpit with H2 function displays.

•
Supreme chassis and suspension technology specifically 
geared to the car.
The BMW Group has always seen and appreciated the great potential 
of hydrogen as a drive energy offering both environmentally-friendly, low-emission combustion properties and first-class features guaranteeing attractive driving dynamics. Precisely this is why BMW Hydrogen 7, the first hydrogen-powered luxury saloon developed and suitable for everyday use, 
is positioned as a trendsetting, feature-oriented innovation in the premium segment within the BMW 7 Series.

In terms of performance, driving dynamics and motoring refinement, 
BMW Hydrogen 7 is entering the market right from the beginning at a level of perfection only achieved by conventional gasoline engines throughout a period of more than 100 years of ongoing development. This clearly and irrefutably contradicts the assumption that changing over to alternative energy inevitably means giving up a lot of driving dynamics and motoring refinement on the road – on the contrary, introducing the world’s first hydrogen-powered series-production luxury saloon, the BMW Group is setting a clear signal pointing into the future of individual mobility. And at the same time the supreme comfort and style of BMW Hydrogen 7 is further enhanced by an exceptionally wide range of features and equipment.

Dimensions and interior ambience of the BMW 760Li.

Measuring 5,179 millimetres or 203.9´´ in length, 1,902 millimetres or 74.9´´ in width, and with its wheelbase of 3,128 millimetres or 123.1´´, the BMW Group’s hydrogen car has exactly the same exterior dimensions as the BMW 760Li. With its new drive technology, on the other hand, BMW Hydrogen 7 accounts for unladen weight of 2, 460 kilos or 5,424 lb, making it heavier than 
the long-wheelbase version of the BMW 7 Series running on gasoline alone. 
But to provide an appropriate service load nevertheless, the maximum permissible weight of the car has been increased accordingly.

At first sight, neither the body lines nor the interior of BMW Hydrogen 7 differ from those of the “regular” BMW 760Li.

Within the interior, BMW Hydrogen 7 combines top-quality materials with 
the most demanding climate control and seat qualities. The seats themselves come in Nasca Black and Nasca Flannel Grey as well as Merino Platinum leather upholstery, interior trim in high-gloss black piano paint helping to further enhance the exclusive ambience within the car. 

Most of the modifications within the interior are to be found in the rear – 
and indeed, these modifications were necessary due to the hydrogen tank positioned beneath the parcel shelf and behind the rear seat bench. 
As a result, the rear seat bench in BMW Hydrogen 7 has been moved approximately 115 millimetres or 4.5´´ further to the front than on the 
BMW 760Li, but is still about 25 millimetres or 1.0´´ further at the rear than in the “regular” normal-wheelbase saloon. As a result, legroom in 
BMW Hydrogen 7 offers all the generous space typical of a BMW Luxury Saloon, giving the passengers at the rear the same grand touring 
comfort as in BMW’s other luxury performance cars.

The centre armrest at the rear is fitted firmly in position on account of the car’s overall package, meaning that BMW Hydrogen 7 is conceived as a four-seater.

The capacity of the luggage compartment is smaller than usual due to the additional components required for hydrogen drive. But offering an ample 
225 litres or 7.9 cubic feet, the luggage compartment is still able to easily accommodate, say, two full-size golf bags.

Telemetric TPC Tyre Pressure Control.

BMW Hydrogen 7 comes as standard with BMW’s highly accurate, sensor-based TPC Tyre Pressure Control. Carried over from motorsport, this pressure control system is particularly precise and provides a very reliable warning whenever necessary, thus representing the latest state of the art in tyre control technology.

TPC Tyre Pressure Control measures pressure within each tyre in short intervals, showing the appropriate reading for each wheel individually in the instrument cluster. At the same time the system also informs the driver 
of any gradual loss of pressure in any of the tyres resulting either from natural diffusion of air out of the tyres or from major fluctuations in temperature. Receiving this information, therefore, the driver is informed in good time of any deviations from the normal pressure level.

Modern cockpit with H2 function displays.

Apart from slightly modified dimensions in the rear passenger area, the interior of BMW Hydrogen 7 also differs from the interior of the BMW 760Li in terms of the cockpit and its equipment. New function displays, for example, show the driver immediately that he is sitting in a car with a highly innovative, future-oriented drive technology.

The instrument cluster above the steering wheel is already well-known from the BMW 7 Series, with the speedometer together with the fuel gauge 
and the remaining range display on the left, various regular and variable telltales 
in the middle, and the on-board computer at the right.

Now there is also the “H2” symbol in the middle of the display presenting the car’s variable telltales, clearly showing the driver that BMW Hydrogen 7 is running in the hydrogen mode whenever this is the case. When running on gasoline, on the other hand, this display presents the time and outside temperature, that is the usual functions offered in this case.

Within the circular speedometer, BMW Hydrogen 7 boasts no less than two tank displays: The H2 tank gauge is presented above the gasoline tank gauge, showing the driver the amount of hydrogen in the tank in kilograms. 
The overall range the car is able to cover on the fuel in the tanks is presented as a two-piece crossbar, the transparent bar showing the remaining range 
on hydrogen alone, the solid bar presenting the remaining range on gasoline. This information is supplemented by a further display showing the remaining range in kilometres/miles. 

Another figure possibly also presented here is the distance to a destination entered by the driver and calculated by the navigation unit. And the 
reserve levels for hydrogen (approx 1.5 kg useful residual hydrogen for about 
50 kilometres or 30 miles) as well as gasoline (approx 15 litres residual gasoline for at least 100 kilometres/62 miles), finally, are presented separately from one another.

Over and above these standard readings and in analogy to the usual 
defect displays on a gasoline combustion engine, any efficiencies relating to hydrogen drive are also displayed by the system. The driver will therefore be alerted by a warning signal if, for example, the fuel tank filler flap is not properly closed, the engine is overheated or cannot be started in the hydrogen 
mode, or if the driver is advised to drive the car to a specialised workshop.

Switching over conveniently from hydrogen to gasoline.

The engine always starts automatically in the hydrogen mode, thus avoiding a potentially higher level of emissions when starting the engine cold on gasoline. The driver may then switch over to gasoline drive conveniently just by 
pressing a button on the steering wheel, either when the car is at a standstill or while moving. Switching over again to the alternative mode is only possible after a short time-lag in order to avoid any unwanted change of modes in rapid succession. And if one of the car’s two tanks has been emptied to the residual level defined by the supply system, BMW Hydrogen 7 will automatically 
switch over to the other operating mode.

By way of exception, BMW Hydrogen 7 may also be started in the gasoline mode. In this case the driver is required to press the operating mode switch, activate the car’s brakes, and press the start/stop button. He is subsequently able to switch back BMW Hydrogen 7 to H2 operation, unless the hydrogen tank, contrary to required practice, has been emptied beneath the residual amount of hydrogen always required. 

Driving dynamics without compromises.

Like the BMW 760i, BMW Hydrogen 7 comes with BMW’s AdaptiveDrive suspension technology. The particular advantage of the AdaptiveDrive Package is that it combines BMW’s innovative Dynamic Drive suspension control system setting off body roll with BMW’s continuously adjustable 
EDC-C damper control. As a result, AdaptiveDrive offers the car’s occupants a feeling of genuinely gliding round bends by reducing body roll, thus 
combining superior driving dynamics with equally superior motoring comfort and avoiding even the slightest compromise in the process. 

BMW Hydrogen 7 also comes with head and side airbags front and rear, interior and exterior mirrors with an automatic anti-dazzle function, PDC Park Distance Control, a rain sensor, BMW’s Professional navigation system and the Professional HiFi system, lumbar supports for the driver and front passenger, as well as seat heating both front and rear. And last but certainly not least in this context, the car is safeguarded from theft by an alarm system.

Exceptional all-round comfort.

A wide range of additional functions ensures supreme comfort in 
BMW Hydrogen 7 also in every other respect. These features include Soft Close Automatic on the doors, climate-comfort laminated glass on the windows, BMW’s High-End automatic air condition, electrical seat adjustment complete with a memory function, auxiliary heating including remote control, BMW’s high-beam assistant, a DVB-T TV function and on-board monitor, a CD changer for six CDs, a DVD changer for six DVDs, a separate car telephone 
at the rear, a smoker package and of course cupholders both front and rear.

High-End automatic air condition maintains travelling comfort at a supreme level regardless of weather conditions outside the car. The sensors featured in this automatic air condition detect the exact level of sunshine and control 
the flow of cooling air precisely in line with these requirements, the automatic system distributing fresh air without draughts and with individual adjustment 
to the various areas within the passenger compartment.

The auxiliary heating system featured in BMW Hydrogen 7 is activated as an additional heating function either from inside the car or by remote control 
from outside, ensuring a pleasant temperature inside the car in winter even before the engine has been started and allowing the engine to warm up 
to its optimum operating temperature more quickly. In summer, in turn, the system supports the air conditioning through its auxiliary ventilation function.

The sunblinds on the rear side windows of BMW Hydrogen 7 serve to further enhance the climate and feeling of comfort within the car. To reveal their heritage, they proudly bear the words “BMW Hydrogen Power” also to be found on the trim bars in the doors.

Yet a further feature is the on-board entertainment system exceeding even the regular system in the BMW 7 Series and giving the interior premium-class lifestyle and business qualities in every respect, complete with a CD changer and DVD changer, a rear monitor for the passengers at the back, a TV 
function complete with DVB-T reception, the BMW Assist telematics service, 
a separate telephone at the rear, and full preparation for BMW Teleservice.

Further technical highlights round off the supreme standard of BMW Hydrogen 7, such as Comfort Access, BMW Online, as well as voice recognition 
controlling the navigation, telephone and audio system. Then there is also the 
heated steering wheel, electrically adjustable comfort seats, BMW Night Vision, Adaptive Headlights, as well as 19-inch light-alloy wheels including BMW’s Mobility Set. 

Metallic paintwork as yet another standard feature.

On the road, BMW Hydrogen 7 stands out clearly as a very exclusive vehicle through its high-quality metallic paintwork. Indeed, metallic paintwork 
comes as standard on BMW Hydrogen 7, particularly the special colour Blue Water Metallic available exclusively on this model highlighting the unique 
class, calibre and character of BMW’s Hydrogen Saloon.

So the bottom line of the vehicle concept boasted by BMW Hydrogen 7 is obvious: motoring will be just as attractive and appealing in future as it is today – and at the same time it will be cleaner than ever before.

7. 
Power Unit:
Six-Litre Twelve-Cylinder with 
Direct Gasoline Injection and Hydrogen Intake Manifold Supply.

•
Top speed of 230 km/h or 143 mph with hydrogen drive.
•
Engine emits virtually nothing but vapour.

•
BMW underlines its leadership in drivetrain technology.
The introduction of the BMW Hydrogen 7 represents a significant step into the future of automobile development, reducing CO2 emissions by a dramatic margin. The dual-mode twelve-cylinder power unit featured in 
BMW Hydrogen 7 is able to burn hydrogen with virtually no emissions whatsoever as well as gasoline in a conventional process.

Featuring revolutionary innovations in engine technology and calibre, 
BMW Hydrogen 7 is paving the way for a highly practical changeover to a much cleaner and more environmentally-friendly world of motoring. 
And at the same time the dual-mode twelve-cylinder power unit featured in BMW Hydrogen 7 efficiently overcomes any gaps in the use of hydrogen 
due to the supply infrastructure currently still limited. Indeed, these innovations in technology clearly demonstrate the great commitment and responsibility assumed by the BMW Group as a leader in drivetrain technology.

Taking the current state of the art, only the combustion engine offers the advantage of being able to run in two operating modes. And precisely this is why the motorist opting for clean energy in the drivetrain is not restricted in 
any way in his individual mobility, thanks to the engine’s dual-mode technology.

Offering a cruising range of approximately 700 kilometres or 435 miles, 
BMW Hydrogen 7 is able to take the driver and his passengers even further than a conventional gasoline-powered car. And in comparison with fuel 
cell technology, the combustion engine offers a far higher standard of maturity based on decades of experience the world over. Apart from the reliability offered by this engine concept as a result of this experience, the excellent driving dynamic qualities of the combustion engine are a further argument 
in favour of everyday motoring in practical style.

Series-production twelve-cylinder modified for hydrogen drive.

The twelve-cylinder power unit of the world’s first series-production hydrogen-powered luxury saloon for everyday use is a derivative of the gasoline engine 
in the BMW 760i and boasts the most advanced features in technology such as fully variable VALETRONIC valve control and variable camshaft adjustment on the intake and outlet side as well as double-VANOS. The dual-mode 

combustion engine is designed and laid out to burn both hydrogen or gasoline in its cylinders, the big advantage being that the car offers the same power and performance in both operating modes, the engine switching over without the slightest delay and without any perceptible change in driving behaviour from hydrogen to conventional gasoline operation and vice versa. 

Displacing 6.0 litres, the power unit featured by BMW Hydrogen 7 develops maximum output of 191 kW/260 hp, giving the car a top speed limited electronically to 230 km/h or 143 mph. Maximum torque is 390 Newton-metres or 287 lb-ft at an engine speed of 4,300 rpm. 

BMW’s Hydrogen Saloon accelerates to 100 km/h in 9.5 seconds and 
has a range of more than 200 kilometres or 125 miles on hydrogen alone, 
with another 500 kilometres or 310 miles on gasoline.

Offering qualities of this calibre, the dual-mode V12 power unit featured in 
the world’s first hydrogen-powered premium car for everyday use offers superior dynamic performance, motoring comfort and all-round reliability in typical BMW style, regardless of its operating mode. Precisely this is why 
dual-mode operation is particularly appropriate for increasing the acceptance of this new form of drive energy to a new, unprecedented level.

VALVETRONIC providing optimum conditions for hydrogen drive.

The combustion properties of hydrogen are quite different from those of gasoline or diesel: Hydrogen burns faster than gasoline and the combustion process with a mixture of hydrogen and air offers significant benefits through this faster rate of combustion, the same amount of energy providing a higher level of efficiency than with gasoline. A further significant point is that the different combustion properties of the two types of fuel are set off by specific engine management functions built into the dual-mode combustion engine.

Using throttle-free VALVETRONIC load management developed by BMW 
as well as variable double-VANOS camshaft adjustment, BMW’s engine specialists benefited from the start from ideal tools for flexible control and management of the dual-mode V12 power unit, being able in this way to gear the intricate gas cycle and injection rhythm specifically to the features and requirements of the hydrogen/air mixture.

VALVETRONIC load management controls both valve timing and valve lift. Operated by an electric motor, an eccentric shaft incorporating a separate lever between the camshaft and the intake valves in the cylinders conveys cam lift into larger or smaller valve movements, whatever is required. VANOS camshaft adjustment, in turn, uses hydraulically controlled adjusters to control the beginning and end of the valve opening times. 

Injection valves acting as a key technology.

Different processes in the dual-mode V12 power unit are used to provide 
the appropriate mixture of either gasoline or hydrogen. In the gasoline mode the engine operates with direct fuel injection, in the hydrogen mode the 
fuel/air mixture is formed in the intake ducts. The hydrogen distributors used for this purpose are integrated in the intake manifolds, while the specially developed hydrogen injection valves prove the outstanding art of engineering of the BMW Group’s engine development specialists as a trendsetting innovation pointing strongly into the future: Naturally being larger than conventional injection valves, the gas valves cover a much wider range of individual volume flow adjustment. They must be able to handle hydrogen under all kinds of pressure levels in the system and they must be able to operate with both short and long injection times. This means they are able to feed exactly the required amount of hydrogen gas into the intake air at all 
times within hundredths of a second.

Clean mixture formation serving also to minimise nitric oxides.

With fossil fuels containing carbon (C), conventional drive concepts generate emissions which can only be reduced by means of intricate and complex technologies. This problem does not arise in the use of hydrogen, with neither carbon dioxide (CO2) nor hydrocarbons (HC) or carbon monoxide (CO) being generated in the process of hydrogen combustion. 

Since the combustion of lubrication fluid and the process of rinsing the activated carbon filter in the gasoline engine nevertheless generates a very low level of CO2, HC and CO emissions, operation of BMW Hydrogen 7 in 
the hydrogen mode is commonly referred to as “virtually free of emissions”.

CO2 is generated by the combustion of gasoline vapour and the conversion of HC and CO emissions in the catalyst. Due to its concept alone, a gasoline-powered car requires an activated carbon filter in order to set off the natural evaporation of gasoline, for example in bright sunshine. Hence, emissions 
in the hydrogen mode are just a few per cent of the regular EU4 standards.

The only emissions of relevance in considering the dual-mode twelve-cylinder power unit are therefore nitric oxides (NOX): Regardless of the type of fuel used, NOX emissions will be generated in the combustion chamber under high combustion temperatures of more than 1,000 °C or 1,830 °F due to the mixture of nitrogen and oxygen in the air. Through its flexible engine management, however, BMW Hydrogen 7 is able to follow an operating strategy 
largely preventing the emission of nitric oxides, the dual-mode twelve-cylinder running with volume control under full load at so-called stochiometric 

conditions. This means a completely balanced air/fuel ratio, with a lambda factor of 1. With the engine generating its maximum power under these running conditions, emissions of NOX can be reduced to an absolute minimum by way of a conventional three-way catalyst.

Under part load engine load management is quality-controlled, like in a diesel engine. In this case the engine runs on a higher surplus of air with a lambda factor of more than 2, making the fuel/air mixture correspondingly lean. 
This, in turn, significantly reduces the temperature of the combustion process on account of the lean fuel/air mixture – and since these temperatures are below the thermal limit for NOX, the generation of NOX emissions is reduced to a minimum. Thanks to the wide range of hydrogen ignition temperatures, finally, the engine can be run on a very lean mixture in the H2 mode, that means on a particularly small amount of fuel, which again serves to enhance engine efficiency.

By contrast, raw NOX emissions increase significantly in the range between full load with a lambda factor of 1 and part load with a lambda factor of more 
than 2. This means that exhaust emissions are significantly higher under such running conditions. The system of engine management in BMW Hydrogen 7 is however in a position to cancel out this operating mode, switching over directly from lean combustion under part load to stochiometric combustion under full load, thus completely skipping or leaving out the fuel/air mixture range between a lambda factor of 1 and 2 with its unfavourable emissions. 
In other words, intelligent engine management avoids such operating and torque conditions altogether. 

Through its intelligent operating strategy, the dual-mode V12 power unit 
is able to generate substantial power and performance regardless of the fuel chosen, at the same time reducing emissions throughout its entire operating area to a minimum. The engine also uses the particular qualities of hydrogen 
in the combustion process in order to optimise its output, efficiency, and emission control. The bottom line, therefore, is that the power unit featured 
in BMW Hydrogen 7 ensures dynamic performance also in the hydrogen mode, while for all practical purposes emitting nothing but vapour.

Introducing this trendsetting concept of the dual-mode twelve-cylinder 
power unit, the BMW Group is once again proving its key competence in drivetrain technology and is further enhancing its leadership as a truly innovative carmaker.

8. 
Energy Storage:
Double-Walled Liquid Hydrogen 
Tank with Vacuum Super-Insulation.

•
Revolutionary efficiency in hydrogen tank insulation.
•
Double-walled tank minimising the infusion of heat.
•
Safe boil-off management system.
The dual-mode drive concept featured by BMW Hydrogen 7 requires the integration of two separate fuel tanks in the car. To ensure a very long cruising range, BMW Hydrogen 7 comes with a conventional gasoline tank for 
74 litres or 16.3 Imp gals and an additional fuel tank taking up approximately 
8 kilos (about 114 litres/25 Imp gals) of liquid hydrogen (LH2). 

The BMW Group opts for liquid hydrogen since the amount of energy contained in such liquid fuel related to tank capacity in the car is more than 
75 per cent greater than in the case of gaseous hydrogen stored in a compressed gas tank at a pressure of 700 bar. So in consideration of its higher energy density, hydrogen in liquefied form gives the car a much longer range in practice. 

Together with the dual-mode power unit in BMW Hydrogen 7, the LH2 fuel tank is another significant breakthrough in technology. The particular challenge in developing this tank system was that hydrogen does not become liquid under ambient pressure until cooled to a temperature of – 253 °Celsius, which then has to be maintained as long as possible. To achieve such storage conditions, the tank comes with double walls and features special super-insulation generating a high level of vacuum.

Fuel tank with vacuum super-insulation.

The fuel tank system is made up of an inner and outer tank, both formed out 
of two-millimetre-thick stainless steel and with a 30-millimetre (1.18´´)-thick layer of vacuum super-insulation between the inner and outer tank.

The high level of vacuum conditions provided in this way avoids heat transfer through the air. And to avoid any unwanted infusion of heat, aluminium reflection films and glass-fibre layers in the intermediate space help to reduce any incoming heat radiation. A further point is that both the inner and 
outer tank are mounted on tapes made of carbon-fibre-reinforced plastic (CFP) reducing heat conduction to a minimum.

The vacuum-insulated intermediate layer ensures an outstandingly good insulating effect comparable to a layer of styrofoam about 17 metres or 56 feet thick. Clearly, insulation of this kind helps to keep temperatures extremely consistent, as we see from an interesting example: If such a tank were filled with boiling coffee, the coffee would remain hot for more than 80 days 
before cooling down to a temperature fit for drinking. This explains why the cryogenic hydrogen in the hydrogen tank can be kept liquid for a long time 
at a temperature of approximately – 250 °Celsius.

Boil-off management system.

Even so a certain degree of heat infusion cannot be avoided altogether, meaning that some of the hydrogen will evaporate in a natural process referred to as the boil-off effect.

The car must however be parked for more than 17 hours before suffering even minor losses on account of boil-off. With pressure in the fuel tank then increasing accordingly, the gaseous fuel must be controlled by an appropriate process of boil-off management limiting the pressure level inside the 
tank by allowing evaporated hydrogen to escape in a controlled process.

An increase in pressure beyond 5.1 bar will automatically open a boil-off valve to eliminate excess pressure inside the tank. The gaseous hydrogen released in this way is mixed with air in a venturi pipe and is oxidised into water in 
a catalytic converter, without requiring any additional energy in this process.

A hydrogen tank half full will take about nine days to release all its fuel and become completely empty in a controlled process. Even then there is enough hydrogen in the tank for covering approximately 20 kilometres or 12 miles in the hydrogen mode. And if BMW Hydrogen 7 is driven in the hydrogen mode in the meantime, the consumption of fuel required for running the engine will reduce the pressure within the tank accordingly. So that when the car is parked again, the 17-hour loss-free period prior to the inception of boil-off management will start again from the beginning.

To avoid even the slightest risk of the vacuum super-insulation being damaged with a corresponding increase in temperature, the tank is equipped not only with a boil-off valve but also with two redundant safety valves serving to let off gaseous hydrogen into the environment in a controlled and decentralised process in response to any above-average increase in pressure.

This process uses the physical qualities of hydrogen which, being lighter than air, will rise up and disperse immediately.

As soon as the first valve opens, therefore, the gaseous hydrogen is able to flow up to the roof of the car through safety pipes installed in the C-pillars. 
The second valve opening up only under higher pressure guides the flow of gas to the underfloor of the car, where again it is able to escape and disperse into the air.

While driving, the defined conversion of liquid into gaseous hydrogen is a permanent, ongoing process in BMW Hydrogen 7: Apart from liquid hydrogen, there is always a “cushion” of gaseous hydrogen within the LH2 tank. 
This cushion is necessary since hydrogen is extracted from the tank and fed into the engine in gaseous form. A further point is that this consistent gas cushion is used for starting the engine, which automatically switches to the low-emission H2 mode when starting up. Hydrogen reaches the engine 
in this process through the pressure gradient and double-walled pipes, 
a construction principle avoiding the need to fit a hydrogen fuel pump.

The ancillary system capsule.

Hydrogen is removed from the tank in a cryogenic, gaseous state and must be heated to an appropriate temperature before serving to provide an external fuel/air mixture formation in the combustion engine. This is why the hydrogen gas is first fed into a heat exchanger within a so-called ancillary system capsule, yet another innovative component featured in BMW Hydrogen 7. 
This capsule is also double-walled and surrounds not only the heat exchanger, but also the pressure and temperature sensors as well as the valve units.

The heat exchanger uses the heat of the engine as well as the coolant in the cooling circuit. As long as tank pressure is beneath the level of 3 bar required for running the engine, some of the gaseous hydrogen heated in the 
process is allowed to flow through the LH2 tank, the infusion of heat provided in this way serving to evaporate some of the liquid hydrogen in the tank and thus increasing tank pressure to the level required.

Modified gasoline tank.

To meet the requirements of BMW Hydrogen 7, the gasoline tank in the 
BMW 760Li has been re-designed to fit into the space available and now offers a capacity of 74 litres or 16.3 Imp gals. This modification was 
necessary to guide the incoming LH2 pipes from the hydrogen tank to the engine manifold past the gasoline tank and to upgrade the coolant circuit in order to heat up the hydrogen accordingly. In addition the new design provides the space required for the additional coolant pump in the cooling circuit.

