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1.
Introduction:
More Dynamism, Greater Fuel 
 
Efficiency and Even More 
 
Sheer Driving Pleasure: 
 
The BMW Group Presents 
 
Innovative Drive Concepts. 

Focusing consistently on Innovative Drive Concepts, the BMW Group has established the BMW EfficientDynamics Project for the further reduction 
of fuel consumption and emissions. As a premium manu​facturer committed in particular to the development and production of trendsetting power units, 
the BMW Group combines lower emissions and greater fuel economy with enhanced dynamism and performance. These trendsetting drive technologies do not require the customer to make any concessions or compromises, 
but rather continue BMW’s philosophy of Sheer Driving Pleasure consistently and with full respon​sibility into the future. 

High Precision Injection and Brake Energy Regeneration: 
Innovations in technology by BMW for a significant improvement 
of fuel economy on all models.

“Progress must not be limited to small niches in a manufacturer’s model range.” Following the philosophy that a few per cent less fuel consumption throughout the entire model range gives the public and society in general more than a significant improvement of fuel economy on just one niche model, the BMW Group is focusing in particular on the quickest possible use of 
the latest technology for enhanced fuel economy benefiting a large number 
of customers. The High Precision Injection Technology which BMW will be intro​ducing within the next few years plays a fundamental role in this context: As the first injection jet-guided direct gasoline injection system for large-scale production, BMW’s High Precision Injection Concept capitalises on the full potential for reducing fuel con​sum​ption so far not offered by any of the existing solutions in the market. 

Further features of BMW’s Technology Package for all models are Brake Energy Regeneration in an intelligent configuration typical of the BMW brand as well as Automatic Engine Start/Stop. 

BMW Active Hybrid: Spontaneous, Powerful, Economical.

The BMW Group is developing the BMW Active Hybrid Drive Concept 
for high-performance models as an example of BMW’s interpretation 
of hybrid drive based on a combination of the Active Transmission and 
Super Cap technology.

The Active Transmission with the same dimensions as the current auto​matic transmission will supplement the conventional transmission by adding 
an electrical power unit with integrated power electronics and leaving out the conventional converter. Energy will be supplied by high-performance capacitors referred to as Super Caps.

Hybridisation improves fuel economy in the standard European driving cycle 
by up to 20 per cent, intelligent management of the flow of energy providing the technical parameters required for BMW’s first-ever hybrid drive raising the classical attributes of a BMW to a new level of out​standing all-round economy: The active transmission enhances both the car’s spontaneity and its dynamic performance. 

BMW is presenting its first concept car with this technology based on the X3 at the 2005 Frankfurt Motor Show, a vehicle boasting a whole range of special features: The most outstanding highlight of the BMW Concept X3 Efficient Dynamics – and a significant stand-alone feature quite different from conventional solutions – is the optimum, very com​pact utilisation of so-called Super Caps serving as the main medium for storing energy. A further 
highlight of the Concept Car is the integration of the additional electric motor including its power electronics in the Active Transmission, without requiring any modifications of the package as such. 

While consistently developing the BMW EfficientDynamics Concept, BMW is also carefully and closely observing the development of other new drive technologies in the market. Hence, the BMW Group is keeping other options 
open for the rapid development of other drive technologies through appropriate cooperation and joint ventures.

2.
BMW EfficientDynamics.
2.1
BMW Innovations in Technology 
 
for Far Greater Fuel Efficiency 
   
on All Models.
High Precision Injection is the world’s first direct gasoline injec​tion system offering significant benefits in fuel economy under 
regular driving conditions. And this technology is based as before 
on the combustion engine.

Despite more than 100 years of evolution, the gasoline and diesel en​gine still offer a great potential for further development – which is pre​cisely why it is 
the primary objective of BMW’s engineers to capitalise on this potential. And it is why the combustion engine remains the foundation for BMW’s ongoing development, improvement of the engine’s all-round efficiency offering significant benefits under all driving conditions, whereas ancillary sys​tems often allow improvements only in certain, closely defined and limited areas and only under specific conditions. A further point is that no other drive concept 
is more suitable than the combustion engine in fulfilling the expectations 
of BMW’s customers in terms of thrilling per​formance and efficient dynamics.

BMW’s drive units today compete right at the top in the market, offering the highest level of technology confirmed year in and year out by many international prizes and awards. In 2005 alone, for example, six out of ten class wins in the renowned Engine of The Year Awards went to BMW, 
including the highly prestigious Best Overall Engine of the Year Award.

Now BMW is moving up to the next level of technology at the 2005 Frankfurt Motor Show: Introducing a breakthrough technology for lean direct injection 
of gasoline referred to as High Precision Injection, BMW is setting out to solve the conflict of interests in the next few years bet​ween sporting performance and superior fuel economy, moving up to a standard of excellence never seen before. Indeed, High Precision In​jection will save up to 10 per cent fuel in the European test cycle and between 5 and 15 per cent under typical customer driving conditions, depending on the route taken and the driver’s style of motoring, over and above BMW’s VALVETRONIC engines already renowned for their outstanding efficiency. High Precision Injection therefore for the 
first time offers the full ther​modynamic potential direct gasoline injection is able to provide. 


So far direct gasoline injection systems have not been able in practice to provide the advantages in fuel economy originally anticipated. The first technical solutions were therefore completely unable to fulfil the demands made by BMW’s engineers, which is why in 2001 BMW launched an alternative technology for optimum fuel economy, the Company’s throttle-free VALVETRONIC engine load control concept, as a standard technology featured on BMW cars. Proven hundreds of thousands of times in the meantime and now featured worldwide throughout BMW’s entire range of models, VALVETRONIC has de​finitely turned out to be a lasting, 
sustainable solution. 

At the same time BMW has continued to focus carefully and consist​ently on the development of direct gasoline injection – especially be​cause it was always known that direct gasoline injection had the po​tential to offer even greater benefits than all alternative technologies. 

BMW is therefore now becoming the first car maker in the world to offer 
High Precision Injection as a solution appropriate for large-scale pro​duction saving fuel to an extent in practice simply unparalleled by other technologies. 

A particularly important new feature is that BMW’s High Precision In​jection 
no longer requires a specific flow of fuel and air in the com​bus​tion chamber to provide the right mixture. Rather, BMW’s engineers are able to prepare the appropriate mixture by means of a stable, conical configuration of the injection jet entering the combustion chamber, the fuel/air mixture then igniting 
directly in the area of the injection jet. Pre​cisely this is why experts refer to this technology as jet-guided direct in​jection as opposed to air- or wall-guided injection. 

The injection valve configured as a piezo-injector and positioned in the middle between the valves and the spark plug also at the centre of the combustion chamber represented a challenge in the past simply insurmountable, 
since both temperatures and pressure levels were too high above all within 
the cylinder head with its confined space. 

Now the reward for the great efforts made by BMW’s engineers is a very robust combustion process functioning efficiently throughout a wide operating range and therefore far superior to former solutions in the market. Hence, 
the engine is now able to run on a lean mixture all the way from idle speed to high revs, maintaining a surplus share of air at all times. And precisely this gives the customer significant benefits in terms of fuel economy, marking the big difference between BMW’s so​lution and other concepts in the market allowing lean burn operation only within a small “window”.

A further advantage is that High Precision Injection does not call for any compromises in the design of the cylinder head and pistons de​priving the car and the driver of the high level of maximum torque and output so typical 
of BMW. 

Introducing High Precision Injection, BMW is therefore once again prov​ing the Company’s leadership in drive technology – especially because it is BMW’s philosophy not to introduce innovations merely as a purpose of their own, but rather only when such innovations are ap​propriate for the brand and therefore offer genuine customer bene​fits. 

BMW High Precision Injection will first be launched in the European markets. Then, with sulphur-free fuel becoming increasingly available as the 
essential ingredient for this engine with its NOx catalysts, High Precision Injection will also be introduced in other markets one after the other. 

Brake Energy Regeneration and Automatic Start/Stop: 
Substantial Improvement of Fuel Economy without Forfeiting 
that Driving Pleasure so Typical of BMW.

As an outstanding innovation introduced within the engine, High Pre​cision Injection makes the largest individual contribution to a substantial improvement of fuel economy. But taken together as a “package”, furth​er improvements also offer additional, substantial advantages in reduc​ing 
fuel consumption. In all, therefore, an improvement of fuel economy by up to 10 per cent in the European test cycle and 5–15 per cent in everyday 
motoring is quite possible. 

One feature to be found with all steps and improvements introduced by 
BMW is that they will be available on numerous models in good time be​fore the actual introduction of the self-commitment made by ACEA, the European Association of Automobile Manufacturers, to reduce CO2 emissions to 
140 grams/km by the year 2008. So through their overall effect throughout BMW’s entire model range, these improvements are able to make a far greater contribution to fuel economy than the use of an even more sophisticated 
and elaborate package of technologies on only one model. With this in mind, therefore, BMW’s strategy differs significantly from that of other manufacturers.  

Particularly important highlights of BMW’s Technology Package are Brake Energy Regeneration and Automatic Engine Start/Stop. Indeed, each of these improvements in itself represents a major step in reduc​ing fuel consumption in situations where so far a lot of energy remained unused. 

Under the definition “Brake Energy Regeneration”, BMW is able to re​cover energy previously lost as heat on the brake discs by introducing an intelligent alternator control concept. Expressed in simple terms, whenever the 
driver applies the brakes or just takes his foot off the gas pedal, the car’s kinetic energy is converted by the alternator into elec​trical energy and 
fed into the battery. Stored in this way, the energy is now once again available in the on-board network for driving purposes. Ultimately, this means that 
the alternator and, accordingly, the car’s combustion engine are both relieved in part of their workload and the system saves fuel in an intelligent manner. Indeed, this even means extra torque on the wheels when accelerating, since less power has to be fed elsewhere to drive the alternator. 

All major components required for this purpose are already in place in a modern car and therefore require only minor modification to capitalise in full on the potential available. Hence, only a minor effort is required to save an amount of fuel otherwise requiring far more elaborate and costly systems. 
So BMW’s solution is a consistent concept for the fu​ture not only from 
an ecological, but also from an economical perspec​tive. And what makes this approach even more attractive is that it does not in any way deprive the driver 
of that sheer driving pleasure so typical of the brand.

The second major component of BMW’s Technology Package is the Automatic Engine Start/Stop System. Being introduced as “Auto Start/Stop”, this system will automatically switch off the engine in an increasingly 
large number of models in future as soon as the car comes to a standstill, for example at the traffic lights. Then, as soon as the driver presses down 
the clutch or operates the gas pedal, the engine starts again automatically. 

This helps to save a significant amount of fuel particularly in city traffic 
and under stop-and-go conditions, following the simple philosophy that “the engine should only run when it is really needed”. In a similar way to 
BMW’s intelligent alternator control for regaining brake energy, the Au​to​matic Engine Start/Stop System is based in principle on conventional components. The main difference is that Intelligent Software now serves to link the various sensors, the starter and the alternator control with one another, seeking in this way to make the process of switching off and starting the engine as comfortable and reliable as a BMW cus​tomer – rightly – expects. Consistently applied, the principle of auto​matic start/stop management is one of the 
most efficient technologies there can be in terms of its cost:benefit ratio. 

2.2
BMW Active Hybrid.

Presenting the  Active Hybrid Technology Concept at the 2005 Frankfurt  Motor Show BMW is unveiling trendsetting drive technology for efficient dynamics based on a very special concept car: The BMW Concept X3 EfficientDynamics combines intelligent technological solutions based on superior drivetrain, transmission and energy storage components. 
The transparent side-sill trim, for example, offers the beholder a clear view 
of the copper-coloured electrical energy storage units forming part of the 
BMW Active Hybrid Concept.

The big advantage of this concept is that it enhances both the spon​taneity 
and the dynamics of a car on even less fuel than before thanks to 
the regeneration of energy for an additional electrical drive system. 

The BMW Concept X3 EfficientDynamics is a breakthrough in tech​nology clearly showing that the dedicated motorist may by all means still enjoy 
sheer driving pleasure also in future, combining supreme dynamics with equally supreme fuel economy.  

Energy Management BMW-Style: Supreme Dynamics on 
Optimum Fuel Economy.

The BMW Group defines “hybridisation“ as the intelligent management of the flow of energy within the car. A hybrid concept BMW-style must naturally 
retain features typical of BMW such as dynamic performance combined with the optimum use of fuel, it must be suitable for all pur​poses, and it must 
be available for the widest possible range of use within BMW’s model series. Precisely this is the philosophy borne out by the technology featured in the BMW Concept X3 EfficientDynamics standing out clearly from all other hybrid systems already in place or currently being developed: The core element in the case of BMW’s con​cept is the Active Transmission operating in conjunction with the most efficient combustion engine and, without requiring any additional space, accommodating both the electric motor and the electronic con​trol unit. And as a further highlight, the entire system is supplied with energy primarily not by a conventional battery, but rather by high-
per​formance capacitors referred to as Super Caps. 

Higher Performance, Lower Emissions.

Driving calculations based on the BMW Concept X3 EfficientDynamics serving as a high-tech development vehicle confirm the great advant​ages BMW’s concept offers the driver: These calculations show that the 
car accelerates much faster than a comparable production vehicle of the same kind with conventional drive, the BMW Concept X3 EfficientDynamics accelerating according to calculations in approximately 6.7 seconds from 
0–100 km/h and reaching a top speed of approximately 235 km/h or 146 mph. 

This superior performance comes with a further reduc​tion of fuel consumption and, accordingly, emissions in the European driving cycle by approximately 
20 per cent. Intelligent management of the flow of energy, therefore, lifts those virtues so typical of BMW to a new, even more fuel-efficient pinnacle. 

Engine Technology Both Dynamic and Economical All in One: 
Six-Cylinders with Jet-Guided Direct Gasoline Injection. 

This synthesis of economy, ecology and driving pleasure is made pos​sible by the intelligent combination of the combustion engine and the electric motor. The main source of power, reflecting an old and proven BMW tradition, is of course the straight-six BMW engine in its most advanced and sophisticated configuration: a gasoline power unit with High Precision Injection, 
that is jet-guided direct gasoline injection ensuring a significant increase in efficiency on higher torque and power over the current generation of 
power units. And indeed, jet-guided direct gasoline injection is not the only special feature, since the six-cylinder will be the first engine completely 
without V-belts, ancillaries such as the steering servo pump, the brake servo and the air conditioning compressor being driven by their own electric 
motors. The electrical power generator in the Active Transmission, finally, 
takes over the conventional functions of the alternator. 

The Big Advantage of the Electric Motor: Superior Torque Right 
from the Start. 

Additional use of an electric motor allows the utilisation of specific phy​sical benefits: Although an all-electric drive system is inferior to a com​bustion drive principle, the electric motor nevertheless offers interesting fea​tures in conjunction with the combustion engine: While the com​bustion engine, due to its inherent system and underlying technology, is able to develop torque 
only as of a certain minimum speed, the elec​tric motor generates its full torque right from the start, that is from a standstill. A further advantage is that 


the electric motor develops a re​latively high level of torque even at low power, making the electric motor the right kind of drive technology for setting off smoothly and directly, while the combustion engine always requires a clutch to bridge the difference in engine speed to the wheels initially at a standstill 
be​fore setting off. 

With increasing engine speed, the output of both drive systems in​creases 
a long and almost linear curve. The only drawback is that the electric motor required to develop more power also requires a corres​pondingly greater energy supply, where the weight of bat​teries or fuel cells quickly reaches practical limits and restrictions. So with BMW’s system the torque 
generated by the electric motor decreases on an over-proportional curve as soon as the electric motor has reach​ed maximum output when accelerating. 

A Powerful Team: Combustion Engine Complete With a Boost Ef​fect.

With all this in mind, one thing was clear to BMW’s development spe​cialists right from the start: The relative overall benefit of an electric motor is greatest at low running speeds, since it is here that a com​bustion engine develops 
only part of its full torque. So instead of work​ing painstakingly on the torque of the combustion engine, BMW’s engineers were able to develop a concept using an electric motor to boost the overall level of torque. Which, in practice, ensures full power right from the start at low speeds. 

BMW Know-How at Its Best: the Active Transmission.

BMW’s development specialists have examined a wide range of pos​sible combinations bringing together the electric motor and the com​bustion engine to form one common drive system – and in the process finding a solution most appropriate for BMW: the Active Transmission featured in the BMW Concept X3 EfficientDynamics. Within the same compact dimensions as the automatic transmission otherwise fitted as standard, Active Transmission comprises 
the six driving gears, the elec​tric motor together with two clutches, and the car’s complete con​trol and power electronics. So BMW’s specialists 
have succeeded in developing a concept housing the complete additional drive system within the space available for the hydraulic torque converter 
and the converter lock-up clutch, without affecting or enlarging the package 
in any way. 

To reach this goal, BMW’s engineers have developed an extremely compact, weight-optimised electrical motor housed on the input shaft leading into the transmission. Laid out for maximum output of 30 kW or 41 bhp, this electric motor offers the advantage of being able to briefly develop maximum output of up to 60 kW or 82 bhp without requiring any additional features or equipment. 

Clearly, this makes the electric motor most suitable as an additional boosting unit and at the same time allows compact dimensions. The synchronous electrical motor inciden​tally operates at an operating voltage of 100–200 Volt, equal to the usual band​width of system voltage in the integrated power electronics. 

Electric Motor with Two Clutches Replacing the Torque Converter. 

Positioning the electric motor in the direct flow of power between 
the combustion engine and the transmission offers another big advantage: First, the electric motor is able to use the usual transmission ratios available; second, it can perform a whole range of diferent drive func​tions with different power and torque requirements. One example is that with a conventional automatic transmission a hydraulic torque converter acts as the set-off clutch, the converter increasing engine torque on the first few metres and therefore – in simple terms – feeding more power to the wheels than the engine would actually deliver. Now the compact electric motor is able to provide exactly the same effect.

The electric motor on the Active Transmission therefore assumes the space 
and function of both a torque converter and a lock-up clutch, sup​plemented in 
its operation by two oil bath clutch systems: The first set of clutch plates 
connects the combustion engine with the electric motor, the second links the 
electric motor with the transmission. Again, the objective is to fit the entire  
configuration including the power electronics into the transmission housing 
in terms of both length and diameter, thus being relatively easy to fit in lieu 
of a conventional BMW automatic transmission. Indeed, this compact design 
and con​figuration makes the BMW Active Transmission quite unique in the 
worldwide development of hybrid drive systems. 

Bundled Energy: Setting off with the Electric Motor, Accelerating with the Six-Cylinder.

The integrated hardware is nevertheless just half of BMW’s Active Hy​brid concept. The other half lies in the system’s sophisticated operating strategy with its particular know-how.  The first point is that the driver is no longer required to start the com​bustion engine first. Rather, all he has to do is press down the gas pe​dal and the car will start accelerate immediately. In this 
case the first clutch between the combustion engine and the electric motor is open in the Active Transmission, while the second clutch links the motor and the transmission unit. So the car sets off under electric power, without the slightest noise. Then, once the car has started to move, the first clutch gently engages and the combustion engine will fire. At this point the electric motor also acts as the starter for the combustion engine, the intelligent operating strategy ensuring that the entire process is smooth, comfortable, and free of any jolts. 

Up to 600 Newton-Metres (442 lb-ft): The Muscle of a Diesel, 
the Responsiveness of a Gasoline Engine.

Given all the features mentioned, the energy strategy of BMW’s trend​setting Hybrid Concept combines spontaneous power and per​formance with optimum use of energy: Whenever the driver applies the brakes until the car reaches a standstill, the combustion engine is automatic​ally switched off, 
thus not consuming any fuel and not generating any emissions. Then, as soon as the driver presses down the gas pedal again, the engine starts again automatically. Should the driver then continue to give gas, the 400 Newton-metre (295 lb-ft) electric motor will start initially to accelerate the car with 
its maximum output of up to 60 kW or 82 hp. When accelerating moderately, the system intention​ally does without the combustion engine, with the vehicle being driven by the electric motor alone. Hence, the combustion engine 
will only cut in and drive the car when accelerating faster or when reaching a higher speed on the road. 

The combustion engine is started at the same time as the electric mo​tor whenever required for accelerating quickly from a standstill. In this case the torque of the two drive systems is combined at low speeds, developing 
up to 600 Newton-metres or 442 lb-ft of torque at engine speeds below 
1,500 rpm – certainly a new dimension for a gasoline engine even exceeding the supreme power and muscle developed by BMW’s three-litre diesel. 
The electric motor then continues to support the combustion engine up to a speed of approximately 3,000 rpm, when it is either de​activated without generating any further power or switched to its charge function, depending 
on the car’s current driving dynamics. 

More Power in All Six Gears.

The Active Transmission Concept not only offers significant advantages when setting off and accelerating, but also serves as an additional “booster” in each of the six automatic transmission gears, since the electric motor is positioned upstream of the transmission and is able to cut in whenever the combustion engine is running at low speeds. With the driver’s commands and power requirements being carefully shared out among the two drive units, 
the additional power coming from the electric motor is applied only very briefly when accelerating, as under normal driving conditions. Indeed, BMW’s development specialists have determined that in most cases the electric motor is required for only about three seconds to provide significant 
boost and save a sub​stantial amount of fuel at the same time. 

Driving Dynamics at Its Best: Accelerating Fast, Charging Quickly.

A further advantage of these generally short operating periods of the electric motor is that the electric storage system is required to provide only 
a small amount of energy. And the electrical power supply unit is re-charged immediately after energy has been withdrawn, that is prior to the next 
power supply process. This is done primarily by switching over the electric motor to the alternator mode above all under applica​tion of the brakes 
and with the car in overrun. 

In this case the system naturally charges not only the high-voltage energy storage unit, but also – via a converter – the conventional 12 V on-board battery. To avoid drag losses, the clutch between the com​bustion engine and the electric motor opens up in this case, enabling the Active Transmission 
to immediately re-gain kinetic energy other​wise simply con​verted into heat and lost in a conventional car. Being fed back into the system as electrical energy, this power cycle is re​ferred to by experts as “recuperation”.

Truly Unique: Recharging the Electric Power Source Every Time 
You Press Down the Brake Pedal.

Whenever the driver presses down the gas pedal to accelerate in stop-and-
go traffic, the electrical power supply units are discharged but then re-charged again just as quickly as soon as the driver applies the brakes. It is particularly under such dynamic driving conditions with ongoing, significant changes in load that the fuel consumption of a combustion engine increases significantly. BMW Active Hybrid, in turn, offers the driver two benefits in one in this respect: even greater driving dynamics on a lot less fuel.  

A further option is to re-charge the energy storage unit whenever re​quired 
by raising the load points in the combustion engine: The control strategy of the BMW Active Hybrid Concept is laid out consistently never to deliver more electrical energy than can be re-charged very quickly even under the most unfavourable conditions. In other words, the driver will never experience a loss of power resulting from an empty electrical storage unit. Instead, he can rely on BMW Active Hybrid at all times, knowing that driving conditions will always remain consistently smooth and superior. 

Optimum Energy Storage for Dynamic Motoring: Super Caps. 

Whenever looking at electrical energy storage systems, one initially always thinks of batteries. In reality, however, the self-charging battery is most unsuitable for the driving conditions and requirements typically encountered with BMW Active Hybrid, involving very dynamic perform​ance with fast charging and discharging processes. Particularly this style of motoring and 

operation calls for the use of energy storage sys​tems with the highest possible level of power density. And precisely this is where double-layer capacitors 
also referred to as Super Caps are absolutely unbeatable in comparison with the electrochemical battery. 

A Super Cap offers specific power density of approximately 15 kilowatts per kilogram of weight, compared to about 1.3 kW/kg in the case of a nickel/metal hydride battery, meaning that a Super Cap outperforms a self-charging battery in this respect by a factor of more than ten. This superiority is then maintained throughout the usual driving mode, the Super Cap offering a power density 
of more than 5 kW/kg compared with not even 0.5 kW/kg provided by a battery. So given the same weight, voltage and power supply, a double-layer capacitor offers a level of efficiency of 98 per cent compared with 84 per cent provided by an NiMH battery. 

Broadside Power: Copper Red Super Caps in the Side-Sills.

The Super Caps are within clear sight on the BMW Concept X3 
Effi​cientDynamics, with tubes glowing copper red integrated in transparent 
side-sills. This point of installation ensures optimum results in terms 
of the car’s lateral and vertical dynamics as well as the space available. 

Together with the Active Transmission, the Super Caps represent the 
key elements of the Concept Car. They are able to take up a very high level of electrical energy within fractions of a second without any losses worth mentioning, delivering that energy just as quickly and efficiently. So far Super Caps have been used above all in wind power systems as maintenance-free energy storage units with an unlimited service life. 

The Super Caps featured in the X3 Concept Car measure approxi​mately 
50 millimetres or not quite 2.0´´ in diameter and generate an overall capacity 
of 190 kW. 

Internal Resistance Reduced to a Minimum: Switching over from Charge to Discharge without the Slightest Loss of Power.

The only disadvantage of Super Caps versus the electrochemical 
bat​tery is their far lower energy density. However, even this drawback is of only theoretical significance, since the energy density offered by an el​ectrochemical battery today is generally used only to a very small ex​tent on account of the battery’s service life: An NiMH battery generates approximately 5 watt-hours per kilogram, as opposed to roughly 4 watt-hours/kg in the case of a Super Cap. 

Another factor is that batteries have a high level of interior resistance dramatically increasing even further as they are discharged. A high level of interior resistance, however, means substantial loss of energy when 
charging, with a lot of the energy regained through application of the brakes thus being lost and the charge process lasting longer. 

The interior resistance of a Super Cap, by contrast, is virtually zero, regardless of the current charge level. In practice this means that the cycle from 
charging to discharging and back again may be repeated as often as required within a very short time, Super Caps thus offering all the requirements for use in stop-and-go traffic, as already described. 

The overall capacity of the Super Caps of 190 kW is quite sufficient also for 
a car driven very fast and dynam​ic​ally. And at the same time the driver is 
able to drive the car under elec​tric power alone, for example when parking 
or manoeuvring, Super Caps again providing adequate energy. 

BMW Hybrid Cars: Fifteen Years of Research and Development. 

The BMW Group has been working on hybrid drive ever since the early ’90s. In particular, BMW’s specialists have focused on the development of a 
disc-shaped electric motor suitable for automotive use and now fea​tured in the X3 Concept Car. 

In 1991 BMW moreover registered an “Electric Transmission” for pa​tenting and even built various prototypes. Given the high weight of the batteries and electrical drive components, the system was however not able to meet the great demands made by BMW of a automotive con​cept suitable for the market and regular use. 

3.
BMW CleanEnergy
3.1
BMW World Speed Record  
 
Hydrogen Car in Model Size – 
 
the Eyecatcher at the 
 
2005 Frankfurt Motor Show. 

The hydrogen combustion engine is fully suited not only for a car the size of the BMW 7 Series, but also for a model car. Precisely this point has been clearly proven by a Project Team at Ingolstadt Technical Col​lege, a model of BMW’s H2R World Speed Record Car designed by students and young doctors of engineering reaching a top speed under re​mote control of 80 km/h or 50 mph. 

“Our model clearly shows that hydrogen drive also makes sense in mini​ature size”, says Professor Jörg Wellnitz, who was in charge of the project at 
his Institute. He adds that “the Project was to make students more acquainted with hydrogen technology, especially as the hydro​gen-powered combustion engine will play a dominant role also in fu​ture. And more than 1,500 working hours invested in the Project proves that everybody involved enjoyed their work and made a great effort.”

This model of BMW H2R will be able to clearly prove its performance 
at this year’s Frankfurt Motor Show on a race track specially built up for this 
purpose. And naturally, this also means that the audience will be able to experience the benefits and potentials of hydrogen in a truly playful manner.  

Hydrogen Drive in Model Size – the Process of Development. 

In the course of the 2004 summer semester, four students and two post-graduates currently preparing for their doctor’s degree started out by designing the chassis of the car. The plans and designs for the com​bustion engine, the hydrogen tank and all other parts were conceived with the 
help of simulation software and then implemented by the stu​dents. So all that was missing for the final, ready-to-go model was the proper body. 

Here again, BMW’s World Speed Record Car was obviously suited per​fectly 
as the starting point: With the support of BMW, the appropriate body 
was designed and manufactured according to original design drawings 
of the full-sized BMW H2R, applying the rapid prototyping method. 

Fitted together, the chassis with its hydrogen power unit and the outer shell of BMW H2R represent a true-to-original rendition of BMW’s record-breaking car. Both vehicles – the original and the model – are of course absolutely unique, one-off creations, the miniature version of the BMW H2R being successfully built in cooperation with Graupner, the German model-building company. 

Important Features of the Model.

The model of BMW’s Hydrogen World Speed Record Car comes in 1: 8 scale, measuring 70 centimetres or 27.6´´ in length, 25 centimetres or 9.8´´ in width, and 15 centimetres or 5.9´´ in height. The chassis is made of aluminium and composite carbon-fibre materials. Maximum output of 2.2 horsepower from a supercharged 11.5 cc four-stroke power unit with water cooling ensures adequate power and driving force.  

Hydrogen is supplied from two different sources: Two high-pressure tanks take up an equivalent of 60 litres or 13.2 Imp gals of hydrogen under standardised conditions. As an alternative, the model of the BMW H2R may also be equipped with two metal hydride tanks acco​modating 300 standardised litres of fuel and allowing approximately 25 minutes of operation. 

A “standardised litre” of hydrogen is the amount of gas that fits into 
1,000 cubic centimetres at a pressure of 1.01325 bar and a tempera​ture 
of 0 °C (32 °F). As progressive and future-oriented as this technol​ogy 
of metal hydride storage may be, it does not make sense in practical use in the car due to the high cost involved and the substantial weight of such a system. 

3.2
BMW CleanEnergy:

The Vision of Sustained Mobility. 

Expressing a consistent commitment to hydrogen, the BMW Group has already paved the way for its sustained strategy of mo​​bil​ity. The CleanEnergy concept seeks to ensure individual mo​bility in the long term, while at 
the same time reducing emis​sions in general and CO2 emissions in particular. 

Experts agree that hydrogen is the best fuel to reach this goal. Indeed, hydrogen is acknowledged worldwide as the most ap​propriate source of energy of the future for use in motor vehi​cles. So pursuing this strategy, 
the BMW Group is going far be​yond the usual activities serving to enhance the efficiency of existing gasoline and diesel engines as well as the intro​duction 
of hybrid technology. For the big difference between hydrogen and fossil sources of energy is that the generation and use of hydrogen may be directly embedded in the regen​erative circle of nature: As long as hydrogen is generated from solar, wind and hydro-energy as well as biomass, it is avail​able with virtually no limitations and emissions. 

The Hydrogen Saloon Already in the Process of Series De​velopment. 

Throughout decades of research and development, the BMW Group has become the world’s leader in the practical use of hy​drogen. BMW is therefore clearly committed to the use of hy​drogen in the combustion engine offering the widest range of benefits due to its dual-mode operation, its dynamic 
per​form​ance and high degree of all-round maturity. And indeed, a version of the current BMW 7 Series is already going through the process of series development. 

In the words of Professor Burkhard Göschel, Board Member De​velopment and Purchasing of BMW AG, “we will be offering customers a hydrogen car within the next three years able to run not only on hydrogen but also on gasoline. 
In the process our objective is to verify the everyday driving qualities of this innovative drive technology, refining its features to an even high​er standard”.

Dual-Mode Drive – Ongoing Mobility with either Hydrogen or Gasoline.  

Using current technology, only the combustion engine offers the big advantage of being able to run on both hydrogen and gasoline. This ensures that any “white spots” in the supply of hydrogen still prevailing in the beginning can easily be over​come simply through the use of gasoline when required. 
So that the motorist opting in favour of the hydrogen combustion engine is not 

in any way limited in his freedom or mobility. In​deed, the world’s first 
saloon with a hydrogen combustion en​gine will be able to cover a distance of approximately 200–300 kilometres or 125–185 miles on hydrogen and 
up to 500 kilo​metres or 310 miles on gasoline, with a top speed in ex​cess of 215 km/h or 133 mph.  

Fuel Cell APU Feeding the On-Board Network of Tomorrow.

In the long term the BMW Group’s hydrogen concept also in​volves the use of a fuel cell – the so-called APU or Auxiliary Pow​er Unit. The objective in this case is to create a system gen​erating electricity for the on-board network with a far high​er degree of efficiency while the engine is switched off. In practice, this means that ancillary units such as the air con​ditioning or heating may be run without problems even when the engine is not on. 

Given the level of maturity already achieved in PEM fuel cell research it is fair to assume that the Auxiliary Power Unit will be ready for use in the next generation of hydrogen cars. 

Moving into the Future at Record Speed: BMW’s H2R Hydrogen Research Car Breaks the 300 km/h Barrier. 

In September 2004 the BMW Group convincingly demon​strat​ed the advanced stage of development achieved in hydro​gen drive technology in the meantime, setting up no less than nine international speed records for hydrogen 
drive vehicles with a combustion engine on the High Speed Track in Miramas, France, with the BMW H2R Research Vehicle. This unique pro​totype is powered by a 12-cylinder engine displacing six litres and developing maximum output in excess of 210 kW/285 hp. This kind of power accelerates the 
BMW H2R Re​search Vehicle to 100 km/h in approximately six seconds, giving it a record speed on, say, the flying-start kilometre of 300.175 km/h or 
186.11 mph. 

Further records set up by the BMW H2R included the stand​ing-start mile 
in 19.9985 seconds, ten kilometres with a stand​ing-start in 146.409 seconds, as well as ten miles with a stand​ing-start in 221.773 seconds.

Hydrogen for Enhanced Efficiency. 

Hydrogen has excellent qualities and properties to give the combustion 
engine a very high standard of efficiency. Apart from the fast rate of combustion allowing optimum combustion management, the hydrogen combustion engine, benefiting from its wide range of ignition with its 
ignition limits spaced out far apart, is able to run on both a rich and lean fuel/air mixture. This, in turn, ensures a very high level of efficiency thanks to 
un​throttled operation particularly under part load, exceeding the efficiency 
of current gasoline and diesel engines. 

Clean Air/Fuel Mixture Formation: Greater Economy under Part Load, More Power under Full Load. 

Running under full load, the twelve-cylinder power unit ope​rates with a fuel/air mixture of lambda = 1. In this case the maximum amount of fuel is burnt completely in the air in the cylinders, generating the highest level of power and perform​ance. When running under part load – which, again, is an ad​vantage offered by hydrogen – the power unit operates in the economical lean burn mode with surplus air. 

The combustion of hydrogen under specific conditions, that is with a specific fuel/air mixture, generates nitric oxides within a certain “window”. 
This slot or “window” starts slightly above lambda 1 and goes up all the way 
to a lambda factor above 2. 

Such generation of nitric oxides can however be avoided, since this fuel/air mixture window is not required for running the engine. Accordingly, the rapid and efficient engine man​age​ment system boasted by BMW’s hydrogen 
power unit can​cels out this specific operating area, ensuring superior power from the twelve-cylinder with virtually no other emissions but vapour.

The BMW 750hL: BMW’s Demonstrator Fleet has Proven 
Its Qualities.

The BMW Group has been conducting research on engines and vehicles running on liquefied hydrogen ever since 1978. On 11 May 2000 BMW became the first car maker in the world to introduce a fleet of demonstration models running on hydro​gen – the BMW 750hL. In the meantime these cars have pro​ven their qualities under all kinds of testing conditions, cover​ing 
an overall distance of more than 170,000 kilometres or 105,000 miles. 
In 2001 and 2002 some of these cars accom​panied the BMW Group’s CleanEnergy WorldTour seeking to create heightened international awareness of hydrogen tech​nology.

First Hydrogen Filling Station in Berlin Supplying Fuel for 
Large-Scale Tests.

“BMW’s hydrogen technology is now in the process of series de​v​e​lopment. So the time has come to join forces with politi​cians and the energy industry in turning our vision of sustain​ed mobility into reality”, states Professor Göschel. An import​ant step in this direction was the opening of the first public hy​drogen filling station in Berlin in November 2004. Apart from conventional fuel, this filling station offers Compressed Gase​ous Hydrogen (CGH2) as well as liquid hydrogen (LH2), the fuel used by BMW. The BMW Group is participating in this pro​ject with test cars filled up and operated under regular, every​day conditions.

This hydrogen filling station is one of the highlights of the CleanEnergy Partnership (CEP) co-initiated by the BMW Group: CEP was established by BMW together with Aral, BVG, DaimlerChrysler, Ford, GHW, Linde, Opel, 
and MAN in June 2002, with the objective to set up a full-scale supply network for hydrogen as a sustained source of energy. The CleanEnergy Partnership is part of Germany’s National Sus​tainability Strategy and is promoted and subsidised by the Ger​man Federal Government. 
The Partnership demonstrates trendsetting, future-oriented technologies and presents both the technical and economical requirements for the use of 
al​ter​native fuels in road traffic. 

The World’s First Public Hydrogen Filling Station in Munich – 
in Operation without Problems for Five Years. 

Developing the concept for this new, trendsetting filling station in Berlin, 
the BMW Group was able to resort to a wide range of experience and know-how in filling up the tank of a hydro​gen vehicle: BMW, together with oth​er manufacturers, has now been using the world’s first public hy​dro​gen filling station at Munich Airport for more than five years, where so far more 
than 30,000 litres of liquid hydrogen has been filled into the tanks of various vehicles more than 600 times. The passenger cars and buses filled 
at the Munich Airport filling station have covered a distance of more than 500,000 kilometres, again con​vincingly proving the everyday driving 
qualities of this tech​nology. And last but certainly not least, more than 
12,000 in​terested visitors from all over the world have already seen and checked out this modern tank facility allowing the regular, daily use of hydrogen technology vehicles on the Airport premises.

The Tanking Process.

Filling hydrogen into the fuel tank manually is fundamentally the same process as with conventional fuel: Vehicles running on hydrogen drive up to the fuel pump like at every other filling station. While the customer is filling up the tank, he is identi​fied by means of his tanking card. Using both hands, the driv​er guides the tank connector to the tank lock, fastens it in po​si​tion and thus links up the vehicle to the fuel tank with a gas-tight connection. 

To facilitate use and manipulation of the tank connector, the entire unit is suspended on a cable and may therefore be moved easily with virtually 
no weight on the user’s hands. Liquid hydrogen is “precipitated” into the tank of the vehicle at a temperature of – 253° Celsius. The hydrogen gas above 
the liquid phase in the tank is condensated in the process, with the partial pressure of the hydrogen gas in the tank dropping accordingly. The entire process of filling the tank takes about 8 minutes. 

Also for Long-Range Use: The BMW Group’s Commitment to Liquid Hydrogen. 

Filling the tank and running hydrogen vehicles in this way, the BMW Group has clearly proven that yet another prerequisite for the full-scale introduction of hydrogen as an alternative fuel has been fulfilled in the meantime: Filling the tank will be just as easy in future as it is today. Indeed, this applies to both types of hydrogen fuel currently being tested in practice – li​quid and cryogenic fuel, on the one hand, gaseous and highly compressed fuel, on the other. 

The BMW Group is focusing on liquid hydrogen, mainly be​cause the 
energy density of such liquid fuel related to the vo​lume of the tank system is approximately 1.5 times that of a compressed gas tank system operating 
at 700 bar. As a re​sult, liquid hydrogen allows a much longer range before 
the driver has to fill up again. But at the same time the BMW Group is of course carefully observing the ongoing technical development of gaseous fuel and tanking systems. So what counts ulti​mately is the best solution for the customer. 

Partnerships for Development. 

In cooperation with Magna Steyr as the Company’s partner in this project, BMW is developing the latest generation of tank filling systems serving to fill the tank of a car with liquid hydro​gen quickly, with minimum loss, and without the slightest risk. In order to develop a liquid hydrogen connector standardised the world over and suitable for automotive use, the BMW Group and General Motors/Opel established an Open Con​sortium together with Linde and Walter in April 2003. Honda then joined this Consortium in August 2005. 

In close cooperation with Rotarex, another specialist company in this area, the BMW Group is developing hydrogen valves suitable for the automobile and able to fulfil the strict require​ments made of the system in ensuring absolutely tight, her​met​ically sealed connections. 

Pressure Management in the Tank. 

Described in simple terms, the hydrogen tank is similar to a thermos flask: 
The hydrogen is kept in a stainless steel con​tainer separated from the outer shell by so-called super-insu​lation. 

As a result of the operating principle and ambient tempera​ture, the liquid hydrogen in the tank will warm up in the course of time, pressure in the tank slowly increasing up to a limit cur​rently set at approximately 5 bar. Should 
the liquid hydrogen continue to grow warmer with tank pressure increasing 
ac​cord​ingly, any excess pressure is relieved via a pressure check valve. 
Boil-off management catalytically converts the hydrogen together with oxygen in the air to form water. 

With current tank technology, the hydrogen in the tank takes about one day with the engine not running to reach a pressure of 5 bar. If the car is driven 
in the meantime, the pressure drops accordingly and any loss of hydrogen is avoided. 

Moulded Tank instead of a Hydrogen Cylinder.

So far cylindrical tanks have been used to store liquid hydro​gen in all cases, since only such a cylindrical configuration is able to perfectly meet the substantial demands made in terms of insulation and safety. But experts in tank technology also see the future in an optimistic light, focusing in their develop​ment processes on moulded hydrogen tanks making optimum use of the space available in the body of the car and again re​ducing losses while 
not in operation. The objective is to en​sure optimum integration of the hydrogen tank within the ve​hicle, thus offering the customer the space and roominess he is used to.  

Safety Tests with Liquid Hydrogen Tanks. 

Conducting an extensive range of tests, the BMW Group, in close cooperation with the South German Technical Inspection Authority (TÜV), has simulated various accident scenarios, checking out how the liquid hydrogen tank behaves under such circumstances. In one series of tests, for example, full tanks with intentionally blocked safety valves were destroyed under 
high pressure. The additional safety valves inside the tank provid​ing for such extreme conditions ensure that the hydrogen is discharged safely, without causing any kind of major hazard.

In another series of tests vehicle tanks filled with liquid hydro​gen were exposed to fire on a test bed, being completely sur​rounded by flames of almost 
1,000° Celsius for up to 70 min​utes. Here again, the tanks did not present any problems, hy​dro​gen evaporating in the process being able to escape in a controlled flow via the safety valves. And since hydrogen quick​ly moves up into the atmosphere, the worst possible ef​fect is that it will burn in a local flame. 

Gasoline spreading out on the ground in the case of tank leak​age and immediately causing a “sea” of flames when exposed to open fire obviously presents a far larger risk. 

German Technical Inspection Authority: Hydrogen is Just as Safe 
as Gasoline. 

In the last series of tests, car tanks containing liquid hydrogen were deformed by hard and solid objects causing substantial damage in the process. 
Again, there was not one single case of a tank exploding even under these circumstances. 

Following this wide range of tests and examinations, the Ger​man Technical Inspection Authority (TÜV) comes to the con​clusion that running 
a car on hydrogen can be just as safe as running a vehicle on gasoline. 

Infrastructure: How to Store and Distribute Hydrogen.

Unlike electrical energy, hydrogen can be stored in large amounts in either liquid or gaseous form. This makes it pos​sible, using regenerating sources of energy such as the sun, hydro or water power, to generate electrical energy serving to both separate and – going beyond the current standard – store hydrogen. Apart from the types of storage already men​tioned, there are also so-called hydride tanks taking up hydro​gen in the form of compressed metal powder subsequently released through the addition of heat. Since a hydride tank is however able to take up only about 2 per cent of its weight in the form of hydrogen, a tank of this kind would not be suitable for use in the automobile.  

A further technology currently being studied is the storage of hydrogen in 
so-called nano-fibre structures or chemical hydro​gen compounds (alanates). And should these technologies prove viable, they would indeed open up 
new perspectives for the storage of hydrogen energy. 

Transportation by Truck and Pipeline is Already Routine Practice.

Networks of pipelines in areas with a high level of chemical in​dustry are already in place for the long-distance transportation of gaseous hydrogen. 
In principle natural gas pipelines will also be suitable for this purpose, 
as long as they meet the technical requirements involved, for example in remaining ab​so​lutely tight without any leaks. 

Regional transport of hydrogen is likewise already standard practice and can be handled in technical terms on a broad scale: With liquid hydrogen having a far higher level of energy density than compressed gaseous hydrogen, 
trucks are al​ready in use today for transporting cryogenic hydrogen. The tanks used for this purpose, as in the case of nitrogen, oxy​gen, or argon, 
are high vacuum-insulated double-shell tanks with all the features required.  

This technology makes it possible to transport hydrogen from the place of production all the way to the vehicle for subse​quent use on the road: Immediately after being generated, the gas is cooled to – 253° Celsius. 
Tank trucks then transport the now fluid hydrogen to the filling stations, where it is again kept in cryogenic storage tanks. From there the hydrogen flows through fuel pumps either in liquid form to appropriate car tanks or is allowed to warm up and is then pressed into com​pressed hydrogen tanks at the 
level of pressure required. Both of these operations may be conducted at one and the same filling station and are already being tested in practice at the Hydrogen Filling Station in Berlin. 

The Source: Generation of Hydrogen. 

Like electricity, hydrogen is not a primary source of energy to be found 
in an appropriate form for direct, immediate use. In​stead, hydrogen has to be 
recovered – and this can be done in various ways crucial to the overall 
ecological balance of hy​dro​gen as a fuel. The most common processes used 
for this purpose today are based on fossil sources of primary energy:  

•
Reformation of natural gas, liquid gas and naphta. 

•
Partial oxidation of heavy oil. 

•
Gasification of coal.  

•
Pyrolysis of coal to form coke. 

•
Reformation of gasoline. 

In the long term these processes will not offer a lasting, sus​tainable alternative: First, because they are based on finite raw materials and sources of energy. Second, because un​wanted substances such as carbon dioxide are released in these processes. 

Acting on behalf of the European Union and the German Fed​eral Government, scientists are therefore now considering the option to “sequester” CO2, 
which means separating and hold​ing back this gas, for example in the production of hydrogen from natural gas, and the long-term storage of carbon dioxide in former, now empty crude oil, natural gas or coal deposits. 
Whether this can be done on a large scale in practice and what the ecological effects will be, however, still remains un​known. 

Production Today: 600 Billion Cubic Metres Worldwide.

The current volume of hydrogen produced worldwide is more than 600 billion cubic metres a year. This hydrogen comes both from the reformation of natural gas serving to recover hy​drogen in the first place as the final product and from the pro​duction of coke or the electrolysis of alcalic chlorine, where hy​drogen is generated as a by-product. The annual production of hydrogen in Germany alone is approximately 300 billion cubic metres.  

Half of this hydrogen is required for synthesising ammonia used for the production of artificial fertiliser and for synthesis​ing plastics. One-quarter of the hydrogen produced is for pro​cessing mineral oil and the remaining quarter is used for a number of metallurgical production processes as well as for synthesising methanol used primarily in the textile, dye and plastics industry.  

Simple, Effective, Clean: Electrolysis.

The most promising method applied today for recovering hy​dro​gen in a consistently regenerating process is electrolysis: 

Using electricity, we are able to recover hydrogen in virtually unlimited 
quantities from water. And the principle applied for this purpose is simple, 
two electrodes dipped into a bath of water being subjected to the same 
flow of direct current. As a result, the positively charged hydrogen ions (cations) gather around the negative cathode and the oxygen ions (anions) around the positive anode. The hydrogen gas generated in the process – 
and, if required, also the gaseous oxygen, is sub​se​quently recovered by way 
of various methods:

•
Alcalic electrolysis. 

•
Diaphragm electrolysis. 

•
Alcalic high-pressure electrolysis. 

•
Alcalic high-temperature electrolysis. 

Alcalic electrolysis developed in the meantime to a higher stand​ard is currently acknowledged as the most economical method for the industrial production of hydrogen in large amounts. 

Pressure electrolysis has been developed as an alternative me​thod for the decentralised production of high-energy hydro​gen with a high degree of purity, that is hydrogen of the kind and the production methods involved currently being tested at the Hydrogen Filling Station in Berlin. In this case water is se​p​arated under pressure by means of direct current into its pri​mary components hydrogen and oxygen.   

The production facility required for this purpose is conceived for fully automatic, ongoing operation at a specific output. The drawback is that this method will only become economically vi​able when pressure electrolysers of this kind are built in se​ries.  

In the long term electrolysis will make sense ecologically above all when the electricity required for separating water is supplied from regenerating sources. 

Free and Unlimited: Solar and Wind Energy.

In the long term both the sun and wind may make a significant contribution to the supply of energy and may be used also for the generation of hydrogen. 

Within just one hour the sun sends as much energy to our pla​net as the whole of mankind consumes worldwide in an entire year. Each year the solar energy reaching the Earth amounts to approximately 1.1 billion terawatt hours (TWh), which is about 10,000 times the current annual consumption of all mankind. 

Conversion of this “free” energy nevertheless requires solar power stations or wind turbines to generate electricity. And while wind energy is already on 
the threshold to economical operation, already accounting for a share of more than 5 per cent in the total amount of electricity in Germany also thanks 
to public support and promotion, both solar-thermal power stations and photovoltaic production methods still require a significant re​duc​tion of 
costs for their viable operation. 

The long-term perspective, however, is that in Europe alone solar 
thermal energy has a potential of approximately 1400 terawatt hours (TWh), photovoltaic energy of about 600 TWh, and wind energy generated by offshore facilities of approxi​mately 1800 TWh. On land, on the other hand, there is hardly any new, economically viable potential for wind energy at least in Germany.

Biomass: Hydrogen from Warm Materials Constantly Re-Growing. 

Re-growing raw materials may also be used for the generation of hydrogen instead of fossil carbon compounds. Indeed, the procedures for generating hydrogen from biomass are truly unique in two respects: First, these are the only methods for re​covering hydrogen directly from a regenerating source 
of pri​mary energy – for example by means of gasification. The se​cond point is that biomass is largely regarded as neutral in terms of the CO2 balance, with plants taking up approximately the same amount of carbon dioxide from the air through photo​synthesis as they generate while being processed. Looking at ecological requirements, numerous experts propose to use only waste in order to recover hydrogen from biomass, as well as the limited cultivation of energy plants on areas closed down for other purposes. Obviously, this would set a definite limit to the availability of usable biomass. 

Studies indicate that hydrogen recovered from biomass would have 
a potential in Europe of about 30 per cent in substituting conventional fuel. The underlying assumption is that all the bio​mass available including the 
use of energy plants would serve exclusively for the production of fuel when used in road traffic. But since biomass may also be used for stationary 


pur​poses in the generation of electricity and heat, it is realistic to assume 
a potential substitution rate of about 15 per cent. So the bottom line is 
that while biomass can certainly contribute to the reduction of carbon dioxide emissions, it is by far un​able to meet the full demand. 

Long-Term Cooperation: The Economic Transport En​ergy 
Strategy (ETES).

No company is able to introduce hydrogen as the fuel of the future all by itself on its own resources. And it is precisely with this in mind that the BMW Group, acting as a pioneer, has in​itiated suitable joint ventures: One example is the Economic Transport Energy Strategy (ETES) launched with the support of the German Federal Government in May 1998 and now comprising ARAL/BP, 
the BMW Group, DaimlerChrysler, MAN, Opel, RWE, Shell, TOTAL, and VW.

The main objective of this initiative is to work together in pre​par​ing a strategy for the introduction of alternative energy and drive systems. Further major targets are to make the transport system less dependent on oil, to preserve finite resources, to further reduce emissions including CO2, and to expand the in​itiative to the whole of Europe.  

The vision behind all these activities and developments is to en​sure a reliable, ongoing and crisis-resistant supply of en​ergy preserving both the environment and the world’s resour​ces in the long term. In combination with a new generation of highly efficient vehicles, this is intended to pave the way for more ecological and, at the same time, more economical mo​bility in future.

ETES: Hydrogen is the Most Sensible Alternative in the Long Term.

Experts involved in the ETES project have scientifically stu​died and evaluated all alternative fuels potentially suitable for the future. Proceeding from more than 80 different options in this process, they found that hydrogen is clearly the most future-proof solution in the long term, the main political and strategic advantage of hydrogen being that it may be recover​ed with a very high level 
of flexibility in future and offers a great potential in a regenerating process. This, in turn, will be able to significantly reduce CO2 emissions and supply risks in the long term both in mobile and stationary applications. 

A further important point is that hydrogen technology offers a significant potential for innovative mobile applications and, ac​cordingly, for establishing new areas of growth in Germany as a centre of industry and economic life. 

The Economic Transport Energy Strategy has been success​fully presented at numerous international events. And to test the concepts developed in this process, the members of the Economic Transport Energy Strategy Group have established the CEP CleanEnergy Partnership already mentioned, which is gaining experience in Berlin in the area of hydrogen drive.  

European Union: 2.8 Billion Euro for the Development of Hydrogen.

A lot has happened in Europe recently in the process of de​veloping 
a hydrogen economy: In early 2004 the EU Com​mis​sion established 
a new body, the European Hydrogen and Fuel Cell Technology Platform (EHP), focusing on the devel​op​ment and use of low-cost but highly competitive European energy systems based on hydrogen and fuel cell technologies for both mobile and stationary use. In the next 10 years 
the EU will be providing approximately 2.8 billion Euro in order to set up and establish a hydrogen economy compatible with the environment. 

Employees of the BMW Group have been appointed in the mean​time to various consulting bodies such as the Advisory Council and belong 
to the management of the EHP Deploy​ment Strategy Panel as well as the 
California Hydrogen High​way Implementation Advisory Panel of the Government of Cali​fornia. This ensures an efficient transfer of know-how on an in​ternational level, the BMW Group contributing its experience from no less than 25 years of hydrogen research. 

A Clear Message: Hydrogen has the Same High Level of 
Acceptance as Gasoline. 

To be introduced on a broad scale in the hydrogen car, hydro​gen must of course be fully accepted by society as a fuel. Pre​cisely this is why the Berlin Institute for Mobility Research has examined the attitude of the population 
on hydrogen in a com​prehensive study, coming to the conclusion as far as back as in the late ’90s that hydrogen enjoys a high level of accept​ance. 
But at the same time the general level of knowledge on hy​dro​gen is quite limited, especially young people knowing relatively little about the many ways and means of using hy​drogen. So here again, the teaching material published by BMW makes an important contribution to an equally important cause. 

A public survey has shown in the meantime that the image of this source of energy so important to its acceptance is more or less neutral. Although the risks presented by hydrogen in driv​ing a vehicle are subjectively regarded as “more significant” than in a vehicle running on gasoline and/or diesel, 
the re​spon​dents confirm the view that hydrogen should be used in future to 

replace conventional fuels. And the introduction of hydrogen for driving an 
all-round or high-tech vehicle would speed up this process, the importance of hydrogen to society and to each individual lying first and foremost in its contribu​tion to the protection of the environment.   

“H2 – Mobility of the Future” as the Subject of Inter​national Research.

The 2001/2002 BMW CleanEnergy WorldTour was one of many modules used by the BMW Group to create greater sensitivity to the acceptance of hydrogen among the public. Through the “H2 – Mobility of the Future” Project, the BMW Group offers schools throughout Germany a wide range of teaching materials on the subject of CleanEnergy: The mate​rials for use in Secondary Stages I and II at Modern Technical and Secondary Schools comprise not only a teacher’s folder, but also an interactive CD-ROM.   

Offering teachers the “H2 – Mobility of the Future“ teaching material, the 
BMW Group is indeed taking up the wishes of many educators confronted increasingly often at school with questions on alternative energy. The material may therefore be used not only as the foundation for in-depth studies on 
this subject in class, but also for inter-disciplinary teaching activi​ties promoting students in their own initiatives and in gaining new knowledge oriented to purposeful action in favour of our world. Particularly important topics are the significance of mo​bility and energy, the reasons for climate problems, 
the regen​erative production of energy, the use of hydrogen as a source of energy in future for mobile and stationary applications, and the process 
of transition to a hydrogen economy. 

This teaching material is also available in English and Manda​rin. 
And there is even a specially adapted version of this mate​rial for elementary schools available through BMW’s Press and Public Affairs Division. 

BMW CleanEnergy Featured at the Transportation Centre 
of Deusches Museum in Munich. 

As a founding member of the Transportation Centre of Deut​sch​es Museum 
in Munich, the BMW Group provides informa​tion at the Centre on hydrogen mobility of the future: Ever since 2003 the BMW CleanEnergy project has clearly shown how hydrogen will be able to ensure mobility also in the years and decades to come. Visitors to the Transportation Centre learn in an entertaining style all about the generation, distribu​tion, storage and use of hydrogen, interactive exhibits showing how electricity gained from renewable sources of energy is able to split water and generate hydrogen gas in 


the process. The filling station of the future, in turn, demonstrates how the cryo​genic fuel is filled into the tank of a car. And the heart of all this should naturally not be missing, the prototype of the first regular production hydrogen car in the world, a BMW 7 Series. 

Enjoying the convenience of a touch screen, the visitor is in​deed able to 
take a closer look at the technical highlights of the hydrogen car: the engine, fuel tank and fuel supply lines all the way to the exhaust system. 

This range of educational materials is rounded off by the H2 laboratory, as well as films and graphics available via the in​ternet. In all, therefore, the user receives a good impression of the benefits offered by hydrogen and becomes even more aware of the prerequisites still to be put into place by society in order to turn this fuel of the future into reality. 

CleanEnergy Exhibition at the China Science & Technol​ogy Museum in Beijing.

As a special contribution to growing public knowledge, the BMW Group 
has organised a BMW CleanEnergy Exhibition in Peijing in cooperation with the China Science & Technology Museum. The concept is based on 
the presentation already im​plemented by the BMW Group together with Deutsches Museum in Munich, presenting the entire cycle of hydrogen 
use and technology from production via distribution and the process of filling hydrogen into the tank all the way to its ulti​mate use on the road.  

BMW CleanEnergy Project in China.

To examine the introduction of hydrogen as a primary source of energy in the future in one of the world’s largest economies, the BMW Group plans a wide range of activities in China as part of the BMW CleanEnergy Project. 
One example is the close cooperation of BMW experts with partners from both Ger​many and China in implementing a hydrogen infrastructure in 
the country. Since April 2000 Chinese universities have furthermore been able to use an information kit in Mandarin with the title “Expert Knowledge 
on Hydrogen”. And last but not least a BMW CleanEnergy internet portal in Chinese makes sure that this information material is fully available throughout the entire country. 

Consistent Objective: Less CO2, More Independence.

There are various reasons for the BMW Group’s long-term and consistent commitment to the introduction of hydrogen as a fuel: One point is that in July 1998 ACEA, the Association of European Automobile Manufacturers, committed itself to the European Union to reduce the CO2 emissions of all newly re​gistered cars in Europe to an average of 140 grams of CO2/km 
by the year 2008, equal to a reduction by 25 per cent CO2 versus 1995.

The next point is that the further objective of ACEA currently being 
discussed and going beyond 140 g CO2/km cannot be reached by technical improvements on the car itself for the re​duction of fuel consumption, but rather, among other things, calls for the use of low-carbon or carbon-free fuel. And here the appropriate solution for the more distant future once again is hydrogen. 

At the same time this involves another essential benefit, since hydrogen 
may be recovered by means of all forms of primary energy, thus offering greater reliability in supply and greater in​dependence from fossil energy resources. 

Hydrogen – the Most Common Element in the World.

Yet another consideration which makes hydrogen – with its chemical symbol “H” – so interesting over and above all eco​logical and economical points is its virtually unlimited supply and availability: Hydrogen is the most common 
and, at the same time, the lightest element in the universe. Forming part of water and all organic compounds, it is part of our biological cycle. A non-toxic, colour- and odour-less gas, hydrogen is combustible and offers a calorific value about one quarter of that of gasoline in its liquid phase, relative to its volume. 

Related to its weight, in turn, liquid hydrogen offers almost three times as much energy as gasoline. And in the process of combustion, hydrogen leaves behind nothing but water (H2O), and no carbon dioxide. So that experts everywhere agree that in the sum total of its qualities hydrogen has the best potential to become the fuel of the future.  

For further information, please see the internet at:

www.press.bmwgroup.com

www.bmwgroup.de/cleanenergy





































