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12.
Production: 
Integration into Series Production 
at BMW Plant Dingolfing, 
BMW Hydrogen 7 as a Spearhead 
in Innovation.

•
Production under regular conditions.

•
Production parallel to the BMW 7, 6, and 5 Series.

•
Innovations in lightweight body structure also applicable 
to other models.
Production of BMW Hydrogen 7 clearly confirms the enormous progress made by the BMW Group in developing hydrogen drive: Unlike former prototypes and demonstration models, BMW Hydrogen 7 is not the result of a research project, but has rather, like all other BMWs, gone through the 
usual process of series development. Precisely this is why the car may also be built under regular conditions in series production. 

BMW Hydrogen 7 is built at BMW’s Dingolfing Plant parallel to the “regular” models in the BMW 7, 6, and 5 Series. And the power unit, like all of 
BMW‘s twelve-cylinders, is built at the Company’s Engine Plant in Munich.

The most important objective in the process of series development was to allow efficient use of the car and achieving the goal of the homologation for the German and other ECE markets. So like all other models in BMW’s 
other model series, BMW Hydrogen 7 has gone through the usual process of product creation referred to as the “PEP Process” within the Company.

This process serves to analyse each and every component for itself as well as the overall vehicle as a whole for its subsequent qualities in series production.

High safety standards played an important role in this context, the various steps in the process of PEP development ensuring adequate testing, clearance and approval and therefore guaranteeing that all cars fulfil the high standards of the BMW Group.

A further objective carefully pursued in the case of BMW Hydrogen 7 was 
to further promote hydrogen technology both within the Company itself and 
with BMW’s respective suppliers. The establishment of detailed know-how and the integration of hydrogen technology in everyday use therefore set the foundation for future vehicle developments.

Body production pointing clearly into the future.

One of the particular challenges in production, over and above the innovative drive concept, is the car’s bodyshell and body construction. For the first time, BMW Hydrogen 7 comes with a body-in-white combining carbon-fibre-reinforced plastic (CFP) with steel, ensuring extra body stiffness on all parts and components subject to particular loads due to the higher overall weight of the car. The result of this combined CFP structure is enormous body stiffness on optimised weight – and the knowledge gained on this new technology might well be applied to other BMW cars in future. 

BMW Hydrogen 7 is assembled at BMW’s Car Production Plant in Dingolfing, some 100 kilometres or 60 miles north-east of Munich. This is also where the car is run for the first time in the gasoline mode, and where the hydrogen system is checked for leakage. The hydrogen drive system as such is then operated for the first time at BMW’s facility in Eching near Munich.

13.
Cooperation: 
The World’s First Hydrogen-
Powered Luxury Saloon for 
Everyday Use, Close Communication of Users and BMW.

•
Experience in everyday motoring provides valuable know-how.

•
Sheer driving pleasure and a pioneering commitment.

•
Competent service ensured by well-trained service technicians.
The driver of BMW Hydrogen 7 is participating in a truly outstanding pioneering achievement, at the same time enjoying a direct experience of new mobility. A further point is that each driver, through his or her individual experience with the car, will influence the ongoing development of hydrogen drive. Precisely this is why all drivers of BMW Hydrogen 7 are in close 
contact with BMW Group engineers involved in the development of the car and its technologies. In this way BMW Group specialists receive ongoing feedback on the everyday experience of such trendsetting motorists with the world’s first-ever series-production hydrogen-powered luxury saloon.

Taking receipt of BMW Hydrogen 7, each driver receives detailed instructions explaining the particular features of hydrogen drive and the practical 
functions of the car, and is therefore able to enjoy the usual standard of driving dynamics, motoring comfort and everyday reliability in BMW Hydrogen 7, 
with the same qualities as in a “regular” BMW 7 Series.

Additional knowledge over and above the usual procedures in driving a conventional gasoline- or diesel-powered car is required only for the different operating conditions in a hydrogen saloon.

As in the case of other innovations, BMW attaches great significance to the judgment of drivers on all functions relating to hydrogen drive, including 
the user-friendliness offered by the car. Such opinions and experience gained in practice have a direct influence on the development of future hydrogen 
cars still to come.

Remote diagnosis transmitting vehicle data directly to BMW.

A further important point is that every BMW Hydrogen 7 is equipped with an innovative remote diagnosis system ensuring particularly broad and 
efficient coverage of the car’s operating data in diagnosing the vehicle and its various components.

In BMW Hydrogen 7 this diagnostic process is maintained permanently and automatically in order to compile meaningful data on all conceivable operating conditions as quickly and efficiently as possible. The system thus covers a wide range of vehicle data transmitted regularly in an automatic process every four hours to a BMW hotline. Such data includes the pressure inside the 
tank and the level of fuel, the on-board voltage as well as various other reports on the condition and status of the vehicle. At the driver’s request, 
the system may even show the current location of the car at any point in time.

Specialised BMW workshops for competent service.

BMW’s development engineers have created a special service programme for BMW Hydrogen 7: Regular service every three months serves, inter alia, 
to check the hydrogen system for possible leaks and the safety components for proper function, thus guaranteeing supreme reliability and safety in the everyday use of BMW Hydrogen 7. 

All maintenance and repair operations are conducted exclusively by specially equipped workshops with specially trained service personnel able to carry out all work on the hydrogen system safely and competently. And last but 
certainly not least, only these workshops have the special tools required for working on the hydrogen system in BMW Hydrogen 7.

14.
Momentum: 
BMW Hydrogen 7 as the Incentive     for Developing a Hydrogen Supply Infrastructure.

•
Study: hydrogen is the most promising alternative fuel 
for the future.
•
Practical mobility giving H2-drive greater acceptance.
•
Plans for further hydrogen filling stations.
Introducing BMW Hydrogen 7, the BMW Group is powerfully paving the way for the ongoing expansion of hydrogen supply. While a nationwide network 
of hydrogen power stations is still a vision, the technical and logistical know-how required for this purpose is already available. And the supply of fuel for 
the motorist under practical conditions is most convenient and straightforward, with the process of filling up the tank of a hydrogen car being just as simple and uncomplicated as in a conventional gasoline or diesel model. The decisive arguments in favour of hydrogen are however the reduction of CO2 emissions and the need to become independent of fossil fuels with their finite outlook in future. 

A scientific study conducted by the Transport Energy Strategy (TES) Initiative, focusing on more than 10 alternative fuels and over 70 production processes, clearly reveals that hydrogen produced in a regenerating process is certainly the best solution for the future in the long term, given the need to ensure ongoing, sustained mobility. The TES study shows that the biggest political and strategic advantage of hydrogen lies in the fact that hydrogen can be recovered very flexibly and with a great potential from regenerating sources, thus helping to avoid CO2 emissions and supply risks in the long term.

A further point is that hydrogen technology offers a great potential for 
ongoing innovations in mobile use and therefore opens up new areas of growth for German industry.

Precisely this is why the German Federal Government promotes this environmentally friendly technology through its new National Hydrogen and Fuel Cell Innovation Programme, with additional funds of Euro 500 million 
to be set aside for this purpose in the next ten years. The focus in this case is on both pilot and demonstration projects alike. 

BMW Group focusing on the supply of liquid hydrogen.

In the process of introducing this alternative fuel on an all-embracing, ultimately worldwide level, the BMW Group is focusing on liquid hydrogen mainly because this form of hydrogen offers far higher energy density than gaseous hydrogen. Closely cooperating with MagnaSteyr as a project partner, BMW already started to develop a tank system years ago in which vehicles 
are able to fill up liquid hydrogen in fundamentally the same clean and harmless process as in the case of gasoline or diesel.

The world’s first public hydrogen filling station was opened at Munich 
Airport in the year 2000, operated by Linde and used by BMW and other manufacturers. This project alone served to provide valuable practical experience on hydrogen drive.

Further hydrogen filling stations have subsequently entered operation in the course of time, a filling station run by Aral opening up in Berlin in 2004 to supply both buses and passenger cars with liquid and gaseous hydrogen. 
In March 2006 another petroleum company, Total, opened up a further integrated filling station in Berlin offering not only conventional fuels, but also hydrogen. This new station replaced a test station opened in Berlin for the 
first time by Total in the year 2002.

There are further filling stations for liquid hydrogen in Washington, Tokyo, 
and Milan. 

BMW and Total promoting the development of hydrogen.                     

To promote the development of hydrogen as an alternative drive energy, 
BMW and Total intend to cooperate closely in future. Precisely this is why the two companies recently signed an agreement stating that Total will be 
opening up three hydrogen filling stations in Europe by the end of 2007, supporting the practical use of BMW hydrogen cars in the process.

Following the establishment of Total’s fully integrated filling station in Berlin, 
a further public filling station with hydrogen fuel pumps will be starting operation this year, not far from BMW’s Research and Innovation Centre in Munich, 
and taking the place of the hydrogen filling station so far operated at Munich Airport.

The two companies have also agreed to open up a third integrated hydrogen filling station at a European location outside of Germany.

Process of filling hydrogen into the tank standardised worldwide. 

A big advantage of hydrogen technology is the simple process of filling up the tank in the car: Filling the hydrogen tank is controlled largely automatically by the filling system, with all manual operations being basically the same as when filling gasoline.

A standardised tank coupling has been developed in close cooperation of carmakers, the fuel supply industry, and Linde for all liquid hydrogen filling stations the world over. And representing the European automotive industry, the BMW Group was directly involved in this joint development right from the start, thus defining a global standard for liquid hydrogen tank-filling systems.

Development of infrastructure supported by Linde technology.

A number of hydrogen projects have already benefited from the cooperation 
of the BMW Group and Linde. Linde is one of the world’s largest manufacturers of hydrogen recovery and production plants and has already built a great number of hydrogen liquefaction facilities. Linde is furthermore involved in all levels of H2 recovery and supply, and is indeed currently one of the largest suppliers of liquid hydrogen, providing the facilities and equipment for nearly all liquid hydrogen filling stations currently in existence, supplying also the filling stations in Berlin and Munich, among others, with both liquid and gaseous hydrogen.

15.
Clean Energy Partnership: 
Part of the Nationwide Strategy of Sustainability, Objective to 
Confirm the Everyday Use of Hydrogen.

•
CEP – one of the largest demonstration projects in the world.
•
Part of Germany’s National Strategy of Sustainability.
•
Hydrogen fleet in Berlin running under regular, everyday driving conditions.
The use of hydrogen as an alternative drive energy is being tested 
under practical conditions in Germany in a joint initiative launched by the 
BMW group, together with Aral, the Berlin Transport Authority (Berliner Verkehrsbetriebe, BVG), DaimlerChrysler, Ford, General Motors/Opel, Volkswagen, Hydro, Linde, Total, and Vattenfall Europe forming the 
Clean Energy Partnership (CEP) Berlin. 

Established in 2002, the CEP operates one of the most significant demonstration projects in Europe and one of the largest projects of its kind in the world. The objective of this initiative is to further develop the use of hydrogen as a source of energy in technological terms and to test the options for using hydrogen for everyday purposes as well as its qualities as part of 
an overall system.

For the time being the CEP project will be continued until the end of 2007, with a budget of Euro 33 million. The CEP is also part of Germany’s 
National Strategy of Sustainability and is promoted by the German Federal Government. 

An important aspect in the practical examination of hydrogen as an alternative fuel is to prove the positive aspects and advantages hydrogen offers the environment. The first point in this context is that hydrogen is to be recovered to the greatest possible extent with the help of regenerating energy, 
a process made possible in particular by the generation of electric power from biomass, solar energy, hydro and wind energy, since this rules out virtually 
all undesired emissions in the entire chain from the initial recovery of hydrogen all the way to its final use in the motor vehicle.

Hydrogen cars and buses in everyday operation.

Within this initiative, BMW is running several vehicles powered by a hydrogen combustion engine. The entire CEP fleet is made up of 16 passenger 
cars from various manufacturers equipped with various technologies and used under practical conditions in Berlin. A feature they all have in common is that they run virtually free of any emissions, nothing but pure vapour coming out of the exhaust as the final product of hydrogen combustion in the engine.

In Europe, BMW’s hydrogen cars are no longer in the process of being tested, but rather are already driven in everyday use – which alone proves their high standard of practical quality. In terms of power, performance and reliability, the BMW Group’s hydrogen cars are not inferior in any way to cars running 
on conventional power, with the process of filling the tank also being almost identical and therefore hardly requiring any additional efforts on the part 
of the driver. There are likewise no restrictions in terms of safety, with a study conducted by the South German Technical Inspection Authority (TÜV 
South Germany) confirming that “the hydrogen car is at least as safe as a conventional gasoline car”.

This alternative drive energy is also used in public short-haul transport, 
with the Berlin Transport Authority (BVG) starting operation of two buses running on hydrogen-powered combustion engines in June 2006 as part of the HyFLEET:CUTE Project subsidised by the European Union. In the course of the next two years alone, 12 further buses are to join this fleet, the world’s largest operation of environmentally-friendly hydrogen buses then proving its qualities under tough everyday conditions as a regular service in Berlin. 

Testing hydrogen filling stations under practical conditions.

Yet a further highlight of the CEP Initiative is the practical examination and verification of hydrogen supply. Two public hydrogen filling stations have already been built for this purpose in Berlin, giving users the opportunity as an option unique throughout Europe to fill up their cars with both liquid and gaseous hydrogen.

A CEP filling station operated by Aral was opened on Messedamm in Berlin-Charlottenburg in November 2004 and specialises on filling the tank and providing service for passenger cars with hydrogen drive. This is indeed the first time that Aral has grouped the supply, storage and filling of liquid hydrogen with the local production and supply of gaseous hydrogen at a conventional filling station.

A further significant point is that the CEP Initiative also has an Information Centre on the same site as the filling station, offering visitors interesting knowledge on the project as well as the possible use and future perspectives of hydrogen drive systems. 

In March 2006 another mineral oil company, Total, opened its CEP filling station on Heerstrasse in Berlin-Spandau, this new filling station focusing on the supply of hydrogen for buses run by the Berlin Transport Authority. 
Up to 20 buses are able to fill up hydrogen here every day, and the filling 

station is also able to supply liquid and gaseous hydrogen to passenger 
cars. It even has a so-called steam reformer for the local production of hydrogen from liquefied gas as well as two stationary fuel cells supplying electricity and heat to the filling station. 

This filling station is supplied with liquid hydrogen stored at a temperature 
of – 253 °Celsius in a tank above the ground with a capacity of 17, 600 litres or 3,870 Imp gals. 

Project successful.

Opening these innovative filling stations and operating an entire fleet of hydrogen vehicles, the CEP is clearly demonstrating the practical use of future-oriented technologies and is presenting the technical and economic requirements for the use of hydrogen in everyday traffic. A further objective 
is to prove the system capabilities of various mature technologies in practice, including the decentralised generation of gaseous hydrogen through electrolysis and the conversion of liquid hydrogen at the filling station. Further highlights of the project are the centralised recovery of liquid hydrogen in an external production facility as well as its supply to the filling station and storage on site. 

Yet a further objective is to test the economic qualities of hydrogen recovery from environmentally-friendly sources of energy under real-life conditions. 
To make this possible, Vattenfall Europe, a leading utility and power supply company, is supplying energy to the CEP Project recovered in a regenerating process. Use of such certified, environmentally-friendly electric power ensures that the entire energy chain supplying vehicles with hydrogen is indeed completely free of emissions.

The CEP Demonstration Project has been proceeding smoothly and without friction ever since it started in 2002, not presenting any problems even under demanding everyday operating conditions. The companies involved, in turn, have already gained a wide range of new knowledge on the use of hydrogen and have achieved significant progress in various areas. This experience accumulated by users, engineers and operators in the CEP Project will be further evaluated in 2007.

16.
Source of Energy: 
Hydrogen as an Infinitely Available Alternative to Fossil Fuels, 
Sustained Generation as the Perspective for the Future.

•
Ecologically advantageous production through regenerating energy.
•
Generation of hydrogen through wind and solar power with a high potential in Europe.
•
New storage technologies being tested.
Serving as a source of energy, hydrogen offers an enormous potential for the future, above all as it is available in virtually unlimited quantities. Hydrogen 
with its chemical symbol H is indeed the oldest, most common, and lightest element in the universe. It is a part of water and all organic compounds, 
thus forming part of the biological cycle, and is fully compatible with the environment.

Hydrogen can be transported in its cryogenic state as a liquid or in 
gaseous form, transportation requirements in both cases being relatively simple. As a gas, hydrogen is not toxic, it is colour- and odourless. 

Measured by its weight, hydrogen in liquid form offers three times the 
amount of energy in gasoline. And while the use of fossil fuels inevitably causes the emission of carbon dioxide, hydrogen is extremely compatible 
with the environment as an alternative drive energy, combustion of hydrogen generating virtually nothing but vapour. Recovered in a regenerating 
process, finally, hydrogen, as opposed to other alternative fuels, is the only source of useful energy that is fully sustainable.

The ecological benefits of hydrogen as well as the need to become independent of fossil fuels limited in their supply are the most important reasons why BMW became one of the first carmakers in the world to 
focus in the medium- and long-term development of its cars way back in the 1980s on hydrogen power. The objective in the process is to avoid emissions and use energy recovered through regenerative technology on a large scale.

Worldwide production of hydrogen already amounting 
to 600 billion cubic metres a year.

Worldwide production of hydrogen is currently more than 600 billion cubic metres a year, the volume of production in Germany is about 30 billion cubic metres. Hydrogen is found most frequently in water as well as hydrocarbons such as coal, petroleum, and natural gas.

By contrast, there is virtually no free hydrogen in nature not forming some 
kind of compound. This means that the hydrogen found under natural conditions has to be converted in order to use its energy potential, with pure hydrogen being recoverable, for example, from water, biomass, petroleum, 
or natural gas. A particularly interesting option is to recover hydrogen in a sustainable process through a regenerating, natural cycle, since the supply of hydrogen recovered from biomass or by means of solar, wind or hydro 
energy is virtually unlimited, coming – unlike coal or petroleum – in infinite supply from water.

Recovery of hydrogen from water.

Electrolysis is one of the most interesting and promising options for recovering hydrogen, allowing virtually unlimited generation of hydrogen from water by means of electric power. In this process electrical energy dissolves the chemical composition of water, splitting it up into hydrogen and oxygen. The oxygen generated in this way is formed at the anode (positive electrode), with hydrogen accumulating at the negative cathode.

This principle is applied in a so-called electrolyser in a series of consecutive circuits, about 2 per cent of the hydrogen consumed worldwide currently being produced in this way. From an ecological perspective, finally, 
this process makes sense in particular when the electric power required for electrolysis is provided by regenerative sources of energy.

Hydrogen from solar energy.

A truly fascinating option is to recover hydrogen from solar energy, since the sun offers the greatest potential of regenerative energy one could imagine: Within just one hour, the sun sends the same amount of energy to the world that mankind as a whole consumes in a complete year. The solar 
energy reaching our planet within one year, on the other hand, amounts to approximately 1.1 billion terawatt hours, approximately 10,000 times 
the world’s current annual consumption.

Solar energy can be converted, as one example, by solar cells producing electricity in a direct process. To try out this technology in practice, 
BMW participated from the start in the Solar Hydrogen Project conducted in the Bavarian town of Neunburg vorm Wald where, in cooperation with other companies, BMW tested the photovoltaic generation of hydrogen and its use for various purposes.

Generation of electrical energy by thermal solar power stations and parabolic mirrors is of even greater economic interest, considering the current state 
of the art in this area. In this case oil is heated up to a temperature of 400 °C or in the mirror’s focal line, then serving to evaporate water in a heat exchanger, 
the steam obtained in this way subsequently driving a steam turbine for the generation of electricity.

Parabolic power stations of this kind are already operating in the Californian Mojave Desert where they generate solar power under environmentally-friendly conditions also serving for the recovery of hydrogen. Covering an area of 2.3 million square metres, the world’s largest solar power station generates no less than 354 megawatt of electricity, equal to the energy demands of some 200,000 people.

To promote the use of solar power also in Europe, a plant similar to the solar power stations in California is currently being built in Spain. The options to recover hydrogen from solar energy are indeed enormous, with experts stating that the technical potential available worldwide is 30 times the global consumption of fuel.

Great potential in Europe.

The regions around the 40th latitude are of particular interest for thermal power stations, Africa and Australia offering by far the greatest potential 
of approximately 1.5 million and, respectively, 1.1 million terawatt hours (TWh). But this kind of power generation is also an interesting alternative for Europe, where experts see a potential of approximately 4,500 TWh, equal to more than 12 million of the solar power stations in California mentioned above. Photovoltaic power generation, in turn, that is the use of solar collectors, would also serve to provide approximately 600 TWh in Europe. 

Wind energy might also become a significant source of hydrogen power, 
the worldwide potential for recovering H2 through wind-generated electricity amounting to no less than 15 times the current consumption of fuel.

Experts believe that in Europe alone offshore wind power stations would be able to supply approximately 1,800 TWh of electric power, with an additional potential of wind parks on land of some 350 TWh. By comparison, 
only about 60 TWh of electrical energy is currently generated by wind power throughout Europe, equalling approximately 2.4 per cent of the total amount 
of energy consumed. 

Hydrogen from biomass.

Yet another alternative is to recover hydrogen from regenerating raw materials. This is indeed the only option to obtain hydrogen directly from a regenerating source of primary energy. A further advantage is that biomass is acknowledged as neutral In the CO2 balance, since through photosynthesis plants take 
up about the same amount of carbon dioxide from the air as is subsequently released in the processing phase. 

Hydrogen is recovered from biomass through a process of fermentation 
or gasification, and experts believe that bio-waste may also play a role in the generation of hydrogen.

The global potential for recovering hydrogen from biomass is approximately 14, 400 TWh, enough, even today, to meet approximately 60 per cent of 
the worldwide demand for fuel. Another advantage is that the generation of hydrogen from biomass would be relatively inexpensive, as we see from 
a study estimating the cost of regeneration all the way to the final provision of fuel at the filling station. A price of Euro 0.80 per hydrogen unit offering 
the same energy content as a litre of gasoline would therefore seem to be quite feasible.

Various kinds of storage options.

Unlike electrical energy, hydrogen can be stored in both gaseous and 
liquid state in large amounts. This is done, for example, in gaso-meters or in pressure tanks at up to 100 bar. Smaller amounts, in turn, can be filled into pressurised gas cylinders made of steel or carbon-fibre-reinforced composite materials able to handle pressure of up to 350 bar. New tank systems for vehicles capable of handling even higher pressure ratings of up to 700 bar are already in use in some vehicles. 

Hydrogen may also be stored in liquid form at a temperature of – 253 °C, 
and yet a further option is to use so-called hydride storage systems where hydrogen is stored under pressure in metal powder and subsequently 
released through the infusion of heat. Hydride storage systems are able to take up approximately 2 per cent of their weight in hydrogen, which is however 
not sufficient for the use of this technology in a motor vehicle.

Last but not least, research is also being conducted on the storage 
of hydrogen in nano-fibre structures or so-called alanates, compounds of aluminium and hydrogen with a magnesium alloy. Indeed, these technologies will open up brand-new perspectives for the storage of hydrogen in future.

