RENEWABLE RAW MATERIALS 

                           —— the trend of innovation in BMW

Renewable raw materials in automotive production

     Natural fiber materials represent high-quality alternatives to synthetic fibers. They display excellent mechanical properties, are light in weight and nevertheless stable. Moreover, their use can reduce the burden on the environment. The BMW Group therefore uses natural fibers and other natural products whenever this proves practicable from a technical, ecological and economic point of view.
     In addition to metal, plastics and glass, the most familiar materials used by carmakers, the BMW Group also employs a whole range of renewable raw materials in its vehicle production. Alongside natural fibers, this also includes leather, natural rubber (caoutchouc) and vegetable oils. The BMW 7 Series, for example, contains of around 24 kilograms of “renewable materials”, of which more than 13 kilograms are natural fibers.

Sustainability firmly established as a guiding principle

    Conscious use of renewable resources in automotive production is just one of many ways to contribute to the sustainable management and conservation of resources. The BMW Group is keenly aware of its responsibility for resources and the environment. This is reaffirmed in a resolution passed by the Board of Management of the BMW AG which states: Sustainability is becoming a central model for economic and social prosperity, as well as for the interaction between market forces and democracy. The BMW Group will continue to regard sustainable development as a guiding principle of its corporate strategy. A comprehensive view of materials, processes and products is taken from the outset in any evaluation of individual intentions. Only when all advantages and disadvantages have been weighed is it possible to determine the optimum solution. This likewise applies to the selection of the most suitable materials.

High-grade raw materials from natural sources

    In addition to supplying food, the cultivation of renewable raw materials has counted among the main tasks of the agricultural industry from time immemorial. Renewable raw materials are officially defined as “products derived from the agricultural and forestry sectors which are used for non-food purposes”. From woods, fibers and colorants to bio-diesel, oils and medical drugs, many important high-grade substances are derived from nature. Thanks to modern technology, in recent times their variety has grown enormously. At present, oilseed crops are the most frequently used renewable raw materials by a wide margin, followed some way behind by starch-producing crops. In addition there are plants which serve as a source of fibers, and a larger number of medical herbs which provide a valuable basis for the manufacture of therapeutic drugs. Agricultural crops can even be used as a substitute for fossil materials. Alongside the use of leather for car interiors and natural rubber for the tires, natural fibers enjoy preference in the automotive industry as attractive materials. In BMW 7 Series vehicles, for example, flax and sisal fibers are used for the interior door linings and panels, cotton fibers are incorporated in the soundproofing material, wool fibers in the upholstery, and wood fibers are used to enclose the rear side of seat backrests.
Optimized by the processes of nature

    Plant fibers consist mainly of cellulose; if obtained from the stems, they are referred to as bast fibers. The most significant plants of this family include flax, hemp, jute and kenaf. By contrast, so-called hard fibers are derived from the leaves, leaf sheaths or plant fruits, for example sisal and coconut fruit fibers. However wood too is an important source of fiber products. In the automotive industry these fibers are used not in their original form, but in combination with other components in order to create optimum material properties. Such materials are known as composites, in which the fibers are embedded in a so-called matrix of polymers. In the production of composites, many types of natural fiber are capable of competing with “technical” materials such as glass fibers – they have after all been optimized by nature over millions of years. Natural fibers display attractive mechanical properties, they have high tensile strength, durability and rigidity, are easy to process and lighter in weight than glass fibers. They are therefore excellent for reinforcing composites, since the matrix which is usually made up of plastics generally features lower tensile strength and is therefore more ductile. In this way, the fiber and matrix properties complement each other perfectly.

Renewable is not necessarily synonymous with recyclable

    Renewable raw materials are frequently brought into the discussion on the recycling of end-of-life vehicles, not least, because “renewable” is often equated with “biodegradable”. In principle, however, there is only an ostensible link between natural fibers and endeavors to attain maximum vehicle recyclables. The use of natural fibers by no means presents a recycling concept. For technical reasons it is actually necessary to prevent crop fibers used in automotive production from biodegrading (rotting). It is after all essential to ensure long-term component stability worldwide and under all climate conditions throughout the vehicle’s entire service life. This is another reason why fibers are currently enclosed in special plastic binders. These binders surround the fiber surface and protect it from moisture and micro-organisms, thus preventing the natural fibers from rotting.

Light construction potential

    Fiber-based composites possess a high degree of light construction potential. Within broad limits, given a suitable combination of fibers and matrix materials the desired properties can be determined via the method of production. This makes fiber-based composites suitable for the most diverse types of component.

It is nowadays possible to manufacture fiber based-composite components which are up to 40 percent lighter in weight than equivalent injection- molded plastic parts. In view of the ever-scarcer availability of resources, the use of natural fibers provides an exceptionally attractive solution, both ecologically and technically.

Cooperation between agriculture and the automobile industry

   The use of renewable raw materials in automotive production is by no means a recent idea at the BMW Group. The company’s involvement in this area began in the early nineties with projects to investigate the use of plant fibers. At that time the Bavarian Ministry of Agriculture and a flax management specialist were integrated into a pilot project undertaken by the BMW Group together with a partner company and a manufacturer of non-woven fabrics. The background to this work lay in the European Union policy of curbing surplus production of foodstuffs. Growers within the Community were required in return for appropriate compensation to set aside a certain percentage of their land used for arable crops. In order to address the question of cultivation, however, it was permitted to use this land for the production of renewable raw materials. These efforts to promote the production of renewable materials have paid off. Whereas industry was previously compelled to import the requisite fibers such as flax from abroad, a substantial proportion can now be supplied by the domestic agricultural sector. In this context, the BMW Group is also among the members of the non-profit organization C.A.R.M.E.N. The German acronym stands for “central network for the marketing and development of agrarian raw materials”. This organization has made it its mission to sponsor R&D work on the use of indigenous renewable raw materials. Experts estimate that the German automotive industry’s requirement for natural fibers in the medium term will amount to up to 45,000 tons per year. In 2004, the BMW Group in manufacturing its vehicles consumed some 10,000 tons of natural fibers.

From crops to components

How are natural-fiber-reinforced components produced? Basically in the same way as parts that are containing synthetic fabrics. In the first phase, the supplier’s process natural fibers – often flax – to produce so-called non-woven fabrics, or mats made of evenly distributed fibers. For this purpose, the bundle of fibers is loosened and the individual fibers are distributed to form a fine web. Several layers of the web can be placed on top of each other according to the intended thickness of the finished part; the layers are then stitched together and cut to size. If thermoplastic fibers are not already worked or melted into the non-woven fabric, the next stage involves impregnating the mats with the matrix material or binder. The latter may consist of the most diverse materials, from acrylates, to phenol resins, through to polyurethanes, and in future perhaps even biopolymers. All these “duroplastic” materials have one characteristic in common: Through thermal action or by means of two reactants, they are able to form long-chain molecules in the form of a solid network which bonds with the reinforced fibers. The option of applying additional adhesive agents helps to enhance the contact force between the fibers and the binder (the matrix material).

Taking shape

     The mats, which are either mixed with thermoplastic fibers or saturated with resin, are then placed in a forming tool, in which they are then pressed at high pressure at a temperature of 190 °C to produce the desired component shapes. As the composite cools, it hardens. The press is opened and the component is removed from the tool. Holes are then punched out or other elements pressed onto the part as required. With the aid of modern production technology, it nowadays takes no more than a minute to mould this type of basic part.

The advantages of natural materials

  In keeping with its comprehensive approach to sustainability, the BMW Group always adopts a holistic view which combines ecological as well as economic and social considerations. In this context, the use of renewable raw materials in car production offers a wide range of advantages:

Technological considerations

    Natural-fiber-reinforced components have meanwhile proven their technical advantages in practice: The material is light, and while featuring favorable mechanical and acoustic properties it displays outstanding damping capacity, a low tendency to splinter and therefore positive behavior in crashes. Moreover, it causes minimal wear damage to tools and is versatile in terms of processing and machining.

Economical considerations

    There are also irrefutable economical advantages which have already been confirmed through the material’s use in series production. Renewable raw materials are cost-efficient, especially when technically advanced harvesting and processing methods are employed. They also improve revenues in the agricultural industry.

Ecological considerations

    Among the most important features are the ecological advantages: Renewable raw materials are renewable resources with an extremely favorable impact on CO2 emissions and energy consumption. During a crop’s growth cycle, it binds carbon which it extracts from the air, and therefore the earth’s atmosphere, in the form of carbon dioxide. In the first instance, crops thus contribute to a reduction in the greenhouse gas CO2. When a vehicle is scrapped at the end of its service life and carbon dioxide is released, the volume does not exceed the original amount absorbed by the crop. This is therefore a closed loop process. Additional energy is of course required to process the crops and produce the components. On the whole, however, the energy and CO2 balance of renewable raw materials is far more favorable than comparable synthetic materials, especially when the weight-saving potential of these composites is exploited. In a clear example of the benefits, the energy required from sowing the crop to completing the non-woven fabric of natural fibers amounts to a mere fifth of the amount required to manufacture glass-fiber non-woven web. At the same time weight can be saved in components such as interior door trim panels. In turn this leads to fuel savings during the vehicle’s service life, bringing further significant reductions in energy consumption and CO2 emissions. 

Recycling

     Components made of natural-fiber-reinforced composites can also be used after a vehicle has been scrapped: For example, as a source of energy for power stations and other industrial plants. The procedure as described above is largely CO2-neutral and produces negligible residue, in contrast for example to the incineration of glass-fiber-based composites. Despite these advantages, there is still a conflict of aims with the recycling standards in the EU directive on end-of-life vehicles (2000/53/EC). This rules that only a very small quota of material may be used as a source of energy. By far the bulk must be recycled, in other words the material must be re-used. However re-using materials to make new products requires a great deal of energy and entails considerable cost, for which reason it is neither economically nor ecologically practicable. The alternative is to recycle the waste to create new raw materials: For example via a special and similarly costly process it is possible to extract methanol. In some cases, these recycling requirements may force car designers to switch to other materials which offer a less attractive light construction potential and a less favorable energy and balance.

Future prospects

     As with any organic product, natural fibers display marginally varying properties according to area of cultivation, climate and seasonal changes. Therefore in order to ensure that the component quality remains consistently high, sophisticated processing technology is called for which can guarantee that tolerances are kept to a minimum. The BMW Group is consistently engaged in exploiting the available potential for development. In order to facilitate the recycling process, it is useful whenever possible to manufacture components using just one type of material. This obviates the need for costly separation procedures during dismantling. In the case of natural-fiber-reinforced components, there is considerable development work still to be done in this field. The more precisely the natural fibers are tailored to suit their application, the easier they are to process and the greater the extent to which their advantages can be exploited. The bulk of naturally produced fiber is still processed by the textile industry; only a relatively low percentage is used in car production. However, if those fibers required by the automotive industry can be more efficiently grown, developed and processed for specific applications, the range of properties offered by these renewable raw materials can be further optimized. In particular, this allows the potential of natural fibers as reinforcing materials to be still more widely exploited: Thinner walls, lighter components, no compromises in strength. Until now, natural fibers have generally been used in combination with plastic matrix materials. The object of development is to allow the matrix systems likewise to be manufactured using naturally based materials. So far, this has only been achieved on a laboratory scale, since the costs involved in series production are still too high. To reduce these costs, the BMW Group is working to optimize the initial development results. Whereas pressing techniques are currently the most commonly used technology for renewable raw materials, the use of alternative methods such as injection molding will also be available in the future. In addition, combining different types of fiber will help to achieve better overall composite material properties. Automobile manufacturers, parts suppliers and research institutes are working closely together to make better use of the potential of renewable raw materials and expand the range of potential applications. One example of this cooperation is the “Natural Fiber-Reinforced Polymers” working group whose aim is to expand and accelerate the application of such polymers. An intact environment is an important precondition for the economic and social prosperity of future generations. Sustainability has therefore become a guiding principle to which the BMW Group is likewise committed. Renewable raw materials have the potential to preserve and conserve natural resources: Their CO2 balance is sound and the energy cost of processing these materials is lower than that of comparable synthetics. The use of renewable raw materials in automotive production must therefore be as far as possible extended to the advantage of all as well as in the interests of a sustainable economy.
