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The future has arrived: World premiere of the Mercedes-Benz Citaro FuelCELL-Hybrid bus

· Emission-free, whisper-quiet vehicle conserves resources

· Innovative concept with proven components

· Reduced fuel consumption, extended service life

· New combination of fuel-cell and hybrid bus technology

· Lithium-ion batteries for energy storage

· Two highly efficient fuel-cell stacks

· Weight reduced considerably (now approx. 1 tonne lighter)

· Linear development from NEBUS to Citaro FuelCELL-Hybrid
Stuttgart/Vienna - It generates no emissions while running, is whisper-quiet and conserves resources: the new Citaro FuelCELL-Hybrid bus from Mercedes-Benz opens up a whole new era in drive technology for urban buses. The newcomer will have its world premiere from 7 - 11 June in Vienna at the UITP Congress (the World Congress of the International Association of Public Transport). The advent of the Citaro FuelCELL-Hybrid bus means that the future really has arrived: the launch of the prototype will shortly be followed by small series production while next year will see the start of a large-scale test of the Citaro FuelCELL-Hybrid bus on the basis of ten customer vehicles in service in Hamburg. The objective is for further in-service testing in customer fleets to be conducted at European level.

Innovative concept with proven components

The first fuel-cell hybrid bus from Mercedes-Benz is an innovative vehicle concept which combines elements of already proven Mercedes-Benz fuel-cell buses, the diesel-electric Citaro G BlueTec Hybrid bus and technical enhancements to form a new, trend-setting drive concept. The platform is provided by the successful Mercedes-Benz Citaro urban bus. Developed within the context of Daimler's global "Shaping Future Transportation" initiative, the Citaro FuelCELL-Hybrid bus represents another major step on the way towards emission-free travel. 

Growing calls for environment-friendly drive systems 

A rapidly increasing number of official low emission zones, discussions (occasionally heated) about particulate emissions from vehicles and particulate concentrations in urban areas, the introduction next year of immission limits for nitrogen oxides in the European Union and last summer's oil price shock – these are just a few of the many factors behind the growing calls for a drive system which is emission-free and helps conserve resources at the same time.

The answer to these calls is the Mercedes-Benz Citaro FuelCELL-Hybrid bus. Its outstanding characteristic is the comprehensive environmental friendliness with which it operates. It emits no pollutants whatsoever while running and is also virtually silent. It is therefore extremely well suited to operation in heavily polluted city centres and in metropolitan areas. The Citaro FuelCELL-Hybrid is the next logical step on the path to zero-emission public transport, which Daimler had already announced it would take, and thus represents an important element in the development of the mobility solutions of the future.

Reduced fuel consumption, extended service life

What's more, the commitment with which the development of the new technology of fuel-cell drive systems is being pursued means that its economic efficiency is increasing. In consequence, the developers of the Citaro FuelCELL-Hybrid antici​pate that its hydrogen consumption will be reduced drastically – by almost half, in fact – compared with the first generation of fuel-cell buses. 

At the same time, the technology has been enhanced and matured in all respects to such an extent that it is now significantly closer to series-production standard. In addition to the considerably increased service life of the fuel cells, which has now risen to at least six years or 12,000 hours of operation, the service require​ments have been reduced drastically: not only the fuel cells, but also the batteries and electric motors are practically maintenance-free for life. Furthermore, in a departure from the previous arrangement for fuel-cell buses, service and mainte​nance tasks will in future be performed by specially trained employees of the transport authorities which operate the buses.

New combination of fuel-cell and hybrid bus technology

The new Mercedes-Benz Citaro FuelCELL-Hybrid embodies the genes of not only the proven fuel-cell-drive Citaro, but also the latter's pioneering ancestor, the NEBUS, and the current Citaro G BlueTec Hybrid. It brings them together to form a new whole and sets standards for the development of drive systems for urban buses.

Hydrogen storage capacity reduced despite increased operating range

As in the first-generation fuel-cell-drive Citaro, most of the technical components of the Citaro FuelCELL-Hybrid are accommodated out of the way under stylish panelling on the reinforced roof of the bus. The pressurized hydrogen tanks are situated at the front end. These are the only elements of the fuel-cell system to have been taken over directly from the predecessor model, all the other compo​nents having been newly developed.

As the drive technology of the Citaro FuelCELL-Hybrid cuts fuel consumption considerably, it has been possible to reduce the number of tanks from nine to seven with a total capacity of 35 kg of hydrogen.

Lithium-ion batteries for energy storage

In a first for fuel-cell buses, the traction batteries situated immediately behind the hydrogen tanks use lithium-ion technology. Their capacity of 27 kWh allows them to supply the electric motors with a constant 120 kW and is sufficient for the Citaro FuelCELL-Hybrid bus to run for several kilometres on battery power alone. In order to maximise performance and efficiency, the batteries are water-cooled as the optimum temperature range for lithium-ion batteries lies between 15 and 55 degrees Celsius.

Two highly efficient fuel-cell stacks

The heart of the drive system of the Mercedes-Benz Citaro FuelCELL-Hybrid is to be found in the form of the two fuel-cell stacks to the rear of the passenger-compartment air-conditioning system which is situated in the centre of the roof. Although adjacent to each other, the stacks function independently. They, too, deliver sufficient power for continuous operation of the electric motors at 120 kW. Each stack contains 396 individual fuel cells. Situated between the stacks are the metering systems for the hydrogen as well as the air feeds to the fuel cells.

The fuel-cell stacks of the Citaro FuelCELL-Hybrid differ significantly from those of the previous bus generation. Their service life has been extended by some 50 per​cent to at least six years. Their efficiency has also been increased consider​ably: it now attains an impressive 51 to 58 percent compared with 38 to 43 per​cent for the first generation.

Heat exchangers to the rear of the stacks use the waste heat from the fuel cells to heat the passenger compartment. If no heating is needed or if the available heat is surplus to requirements, four fans evacuate the hot air. The exhaust at the rear of the bus emits no pollutants whatsoever; the only exhaust emission is harmless water vapour.

Electronic and electrical modules at rear of vehicle

A twelve-metre-long solo urban bus with three doors provides the platform for the Citaro FuelCELL-Hybrid. Whereas the rear of the diesel-powered version of this model accommodates the vertically mounted engine followed by the automatic transmission and, in turn, the drive axle, the new bus has a different architecture. Here, the rear is home to the electronic and electrical modules which drive the ancillary components. Whether power-steering pump, air conditioning or air compressor – the ancillary components of the Citaro FuelCELL-Hybrid are all driven electrically on an on-demand basis for optimum efficiency. As the compo​nents themselves are the same as those used in the Citaro G BlueTec Hybrid, the new model is able to benefit from mature technology and a proven operating strategy.

The space which would normally be occupied by the automatic transmission in the diesel bus now accommodates two DC/AC converters on the left-hand side. The central motor which featured in the first generation of fuel-cell buses has now given way to water-cooled asynchronous wheel hub motors. Together, these attain a continuous output of 120 kW and peak (starting) output of 160 kW. The ample output of the motors means that they are also able to cope with very demanding topography. The wheel hub motors have also been taken over un​changed from the Citaro G BlueTec Hybrid, as have the DC/AC converters and batteries.

Sophisticated energy management, reduced fuel consumption

The entire drive system is designed for the greatest possible efficiency. Like the diesel-powered hybrid bus, the fuel economy of the Citaro FuelCELL-Hybrid bus benefits from regenerative braking – that is to say, the recovery of braking energy. Thanks to this technology, the Citaro FuelCELL-Hybrid is able to achieve hydrogen savings of between about 10 and 25 percent, depending on the traffic conditions and topography.

The particularly sophisticated energy management system for the serial hybrid drive is another notable feature of the Citaro FuelCELL-Hybrid bus. Depending on the topography, the bus can cover a distance of some 2 to 3 km on battery power alone. When operating in this mode, it is even quieter than when running on the fuel cells. If the bus should require its full drive power, when accelerating or negotiating steep ascents, for example, the fuel-cell drive cuts in to support the traction batteries.

Highly efficient fuel cells, the reduced hydrogen storage capacity with the associated reduction in weight and on-demand activation of electrically powered ancillary components also reduce fuel consumption. Overall, this results in consumption of only some 11 to 13 kg of hydrogen per 100 km. This compares with a consumption of some 22 kg of hydrogen per 100 km which was achieved by earlier buses with a fuel-cell drive. In addition to the economic benefit, the reduced consumption of the Citaro FuelCELL-Hybrid helps reduce the demand on the resources required for hydrogen production.

Weight reduced considerably (now approx. 1 tonne lighter)

The reduced weight also contributes to the lower fuel consumption: despite its additional batteries, the Mercedes-Benz Citaro FuelCELL-Hybrid is about one tonne lighter – at approximately 13.2 t (kerb weight) – than its predecessor. The new model's passenger capacity is correspondingly greater.

Factors responsible for the lower weight include the absence of the automatic transmission, lighter fuel-cell stacks and a smaller cooling system. The reduced hydrogen storage capacity also plays a significant role. Nevertheless, the operating range is increased – depending on the topography – from about 200 km to some 250 km. Like the vehicle's performance, this is on a par with the figures for a conventional diesel bus.

During the development of the first generation of fuel-cell buses, priority was given to minimising risks, maximising reliability and, above all, ensuring that the technology functioned correctly. Now that the long-term viability has been validated, the new phase has shifted the focus to the optimisation of fuel consumption and economic efficiency in general.

These considerations include such aspects as reliability and length of service life, both of which have been increased once again. For example, the valves which meter the hydrogen are now engineered for the special requirements associated with use in a road vehicle, as are the power electronics. As well as being operated on an on-demand basis, all the ancillary components are actuated and loaded in accordance with individually defined parameters in order to maximise their service life. The availability of two power sources also minimises the load on the drive system.

Fuel gauge: hydrogen instead of diesel

Although the Citaro FuelCELL-Hybrid is an entirely new development, there is no change from the driver's point of view – even in comparison with the diesel Citaro. This sense of familiarity applies not only to the actual driving experience, but also to the look and feel of the cockpit – right down to the fuel gauge: instead of indicating the amount of diesel in the tank, this now shows how much hydrogen is left.

In comparison with the first generation of fuel-cell buses, the Citaro FuelCELL-Hybrid offers the driver and passengers considerably improved ride comfort. This is thanks to the exemplary response and handling provided by the Citaro's inde​pendent front suspension. As in the first Citaro fuel-cell bus, a pitch/roll control system prevents uncomfortable body roll when cornering.

The interior layout corresponds to that of a diesel-powered Citaro. The sense of spaciousness is enhanced by the absence of the diesel tank. Furthermore, passengers aboard the Citaro FuelCELL-Hybrid prototype will notice that it differs from conventional urban buses in a number of ways: with its stainless steel hand​rails and ship's-deck-effect flooring, the passenger cabin reflects the ex​clusivi​ty and sustainability which characterise the drive system.

Win-win for buses and passenger cars

The Citaro FuelCELL-Hybrid bus underlines the leadership of Mercedes-Benz and Daimler Buses in drive system technologies. The Group's engineers at the Fuel-Cell Competence Centre in Kirchheim-Nabern benefit from their cross-divisional role within the Group: they develop fuel-cell drive technology centrally for all brands and divisions.

This structure makes for a highly effective development function which is geared to getting results, not least through the exchange of findings and test results for the Citaro FuelCELL-Hybrid bus and passenger cars with fuel-cell drives. As this technology is used in several model series with correspondingly high production volumes, it is possible to develop components which would never be viable for a manufacturer who produces buses or commercial vehicles only. For example, the fuel-cell stacks of the new Citaro FuelCELL-Hybrid bus are identical to those of the Mercedes-Benz B-Class with fuel-cell drive, which will enter series production in the course of next year.

Linear development from NEBUS to Citaro FuelCELL-Hybrid
The urban bus has always been the priority for Daimler Buses in the course of its rigorous and single-minded pursuit of the goal of emission-free driving. It started in 1997 with the NEBUS research vehicle – the world's first bus to be equipped with a fuel-cell drive system. There then followed the fuel-cell Citaro and the Citaro G BlueTec Hybrid with a diesel-electric hybrid drive system and now the new Citaro FuelCELL-Hybrid of 2009.

Fleet test with ten buses in Hamburg

The Citaro FuellCell Hybrid isn't a futuristic study – it is already a reality: indeed, from next year, Mercedes-Benz Buses will be monitoring its performance in normal line-service operations very closely in the course of a fleet test conducted in conjunction with Hamburg public transport operator Hamburger Hochbahn. A small series of ten buses will be built for this fleet test which is being supported by the German Federal Ministry of Transport, Building and Urban Affairs.

A further goal is a Europe-wide large-scale test in several cities. It is intended that this should proceed along the lines of the successful CUTE fleet test conducted by the European Union. Since 2003, a total of 36 Mercedes-Benz Citaro buses have performed outstandingly well in service across three continents with twelve public transport operators (located as far apart as Iceland and Australia) within the context of the CUTE test and its HyFLEET CUTE follow-on project as well as other related testing programmes. To date, the buses have been driven a combined total of more than two million kilometres in some 135,000 hours of operation. Their availability – between 90 and 95 percent – has provided an impressive demonstration of the environmentally friendly fuel-cell drive’s suitabili​ty for everyday use in urban regular-service buses. The new Mercedes-Benz Citaro FuelCELL-Hybrid bus will continue this successful development.

Mercedes-Benz Citaro G BlueTec Hybrid
Mercedes-Benz unveiled the first Citaro with diesel/electric hybrid drive in autumn 2007. The highly sophisticated serial hybrid-drive system allows emission-free operation under battery power alone on appropriate sections of bus routes. The configuration is equally ambitious: the system is installed in a Citaro G articulated bus, and drives the centre and rear axles using four wheel hub motors. This combination is currently unique to the Citaro Hybrid.
Rather than providing continuous driving power, the diesel engine in the Citaro G BlueTec Hybrid operates as a generator to produce electrical power as and when required. Typically of a serial hybrid-drive system, the engine has no direct mechanical connec​tion to the driving axles. This gives more freedom for innovative configuration of the interior.
The electrical power is stored in maintenance-free lithium-ion batteries mounted on the roof of the Citaro. Notable features of this battery technology are its high power density and storage capacity. The battery system has an output of 180 kW and with a weight of less than 350 kg, including cooling, is relatively light. The batteries are charged not only by the diesel gene​rator but also by fuel-saving energy recuperation from braking.
Four electric wheel hub motors drive two axles

The actual drive power to the wheels of the Citaro Hybrid is provided by four electric wheel hub motors on the centre and rear axles of the bus. These motors develop a maximum output of 80 kW each and are liquid-cooled. The total wheel hub motor output of 320 kW is ample for an articulated bus, even under strenuous operating conditions. Two-axle drive, meanwhile, provides better traction. Also, the fact that in principle it would be possible to control the four wheel hub motors individually opens up interesting possibilities in terms of traction control and the use of electronic safety systems.
A 650-volt high-voltage intermediate circuit handles the power transmission between the generator, battery and wheel hub motors. The fact that the diesel engine is mechanically decoupled from the drive train and that energy can be recuperated from braking allows new control strategies to be implemented in order to reduce emissions. For example, the braking energy recuperated when pulling into a bus stop or coming to a stop at traffic lights can be used to provide electrical power when the vehicle is stationary or when moving off.
Emission-free stopping, standing and starting at the bus stop
When drawing into, standing at and accelerating away from bus stops, the hybrid bus can operate in electric-only mode, which is virtually emission-free. A further plus point is that the vehicle can hardly be heard stopping and starting at bus stops or traffic lights.

A big advantage of the serial hybrid drive in the Citaro is down​sizing: instead of the large 12-litre six-in-line OM 457 hLA engine normally used in the articulated model, the hybrid bus is fitted with a compact OM 924 LA unit which develops maximum power of 160 kW (218 hp) from a displacement of 4.8 litres. This reduces the weight of the engine from approximately 1000 kg to around just 450 kg.
Since the diesel engine of the Citaro G BlueTec Hybrid does not drive the vehicle directly, it is not required to produce peak outputs and is therefore able to operate very econo​mically and with low environmental impact over a narrow rpm range at or close to its peak efficiency. The torque curve of the hybrid-bus engine is there​fore tailored predominantly to steady-state operation, for optimal emissions performance and fuel efficiency.
Electrically powered auxiliaries

This hybrid bus is able to dispense with a conventional automatic trans​mission. This results in improved efficiency and weight savings. The auxiliary units have also been optimised: the air-conditioning compressor, power-steering pump and air com​pressor are no longer belt or gear-driven from the internal combustion engine but are individually driven by electric motor.
This leads to a further improvement in efficiency, since drive is only supplied to the various auxiliary units when necessary. There are virtually no constraints on the positioning of these electrically driven auxiliary units. For example, they can be placed on the roof of the bus. 
A new layout for the passenger compartment

The sophisticated drive technology used in the Citaro Hybrid also provides the basis for a new interior layout. Since no transmission or differential are required, and since there is no rigid connection between the individual drive train compo​nents, the rear passenger compartment layout in the Citaro G BlueTec Hybrid can be reorganised. Despite the engine's vertical tower design, the engine cowl can be situated low enough to be used as a luggage shelf by passengers, who enjoy an excellent all-round view.
Diesel/electric hybrid bus: a logical step on the way to fuel-cell drive
A close look at the hybrid-drive Citaro reveals it to be a logical step on the way to an emission-free fuel-cell-powered urban regular-service bus of the future. For example, the hybrid-drive Citaro already features a suitable electric drive unit, along with an energy store in the form of batteries. In principle, the diesel engine would simply need to be replaced by fuel cells when the time comes. The generator and the diesel and AdBlue tanks could then be dispensed with and the hydrogen tanks could be mounted on the roof in the usual way in the area over the front axle.
These are relatively minor changes from the design and manufacturing point of view but they would allow the bus to operate with virtually zero emissions in urban areas. This Zero-Emission Vehicle would emit no particulates, nitrogen oxides or CO2, and would also be even quieter in operation.

Deliveries scheduled from 2009

With the Citaro G BlueTec Hybrid having successfully completed regular winter testing in the Arctic Circle, deliveries of customer vehicles are scheduled to begin from the end of 2009. An ambitious and closely related project is to make the diesel/electric urban hybrid bus an economical proposition for the operator. With the present small production volumes, the cost-effectiveness threshold has not yet been reached, despite the improvements of up to 30 percent in fuel efficiency. Ultimately the success of hybrid vehicles will depend not only on advances on the manufacturing side but also on the willingness of the public to recognise and support the ecological benefits of the concept.
Daimler: 40 years of hybrid buses
Mercedes-Benz and the Daimler Group have more extensive, and longer, experience with hybrid buses than any other manufacturer in the world. Daimler-Benz AG presented the world's very first hybrid bus at the Frankfurt Motor Show in 1969. It was based on an eleven-metre urban regular-service version of the 
Mer​cedes-Benz OE 302. The DC electric traction motor developed a steady-state output of 115 kW (156 hp) and a peak output at low speeds of 150 kW (204 hp). The traction motor was powered by five underfloor battery blocks, whose 189 cells produced a total system voltage of 380 V and had an energy capacity of 91 kWh. This gave an operating range in regular service of approximately 2.5 hours. The batteries had a weight of 3.5 t.

The bus was also fitted with a 3.8-litre four-cylinder diesel engine developing a maximum output of 48 kW (65 hp). This unit, which operated fuel-efficiently and at constant rpm and was transversely mounted in the rear of the vehicle, was acti​vated to provide additional power when operating on the outskirts of town. This vehicle already featured an electric brake for braking-energy recuperation.
From the Mercedes-Benz OE 302 to the OE 305

The OE 302 was succeeded ten years later by the OE 305 urban regular-service bus, whose batteries were now accommodated in two compartments running width-wise across the vehicle between the axles. They had a rated voltage of 360 V and a capacity, depending on specification, of between 150 and 275 Ah. Their weight ranged from 2.0 t to 3.5 t. In battery-only operation, they had a range of between 50 and 75 km. The traction motor had the same output as before, namely 115 kW (156 hp) in steady-state operation, with a peak output of 150 kW (204 hp), while the diesel engine was now a six-cylinder unit developing 74 kW (100 hp).
From the hybrid bus to the Duo bus

The hybrid bus was also joined by an electric-only Duo bus, whose traction motor could be powered either from overhead trolley lines or by batteries. A further version of the Duo bus had no batteries and was powered either by overhead lines or a diesel engine. Field trials of the trolley/battery Duo bus began in Esslingen, Germany, in 1975. From 1979, twenty-five O 305 buses with various types of hybrid drive were operating in Stuttgart, Esslingen and Wesel.
By 1984, a limited-production Duo articulated hybrid bus, the O 305 GTD, was operating in everyday regular service. In Essen it even used a guided busway and some parts of the tram network. The drive system now comprised an electric traction motor, powered from overhead lines, in combination with a normal diesel engine. The two power sources alternated with each other to drive the third axle.
The O 305 GTD Duo bus and its successor, the O 405 GTD, even carved out some​thing of an international career for themselves. For example, over 200 units were supplied by Mercedes-Benz to the Ecuadorian capital Quito. In Europe, approxi​mately 50 units of the O 405 GTD went into service. In Esslingen, some of these are still operating in regular service today.
O 405 NÜH: the first hybrid bus with wheel hub motors
The mid-1990s marked a new milestone in the development of hybrid-drive buses. For urban operation, Mercedes-Benz began trials of the O 405 GNDE, a diesel/ electric articulated bus with wheel hub motors, but no batteries to store energy. A further landmark in hybrid bus development was the O 405 NÜH low-floor hybrid rural-service bus. This was the first hybrid bus with wheel hub motors, a diesel engine and traction batteries. The two asynchronous wheel hub motors at the rear axle each had an output of 75 kW (103 hp). The low-floor design of the front end of the bus led to the four traction batteries being mounted on the roof, to save space. The powerful sodium-nickel-chloride batteries weighed 800 kg and had a range of 10 km in continuous electric-only regular-service operation. After each such electrically-powered trip through an urban area, the batteries were recharged by the diesel engine. 
The Mercedes-Benz Cito urban midibus, presented in 1998 and in production from 1999 to 2003, also featured diesel/electric drive. The drive system, comprising a diesel engine which powered a generator, which in turn powered an electric traction motor, was fitted in the form of a "power pack" in the rear of this compact low-floor urban regular-service bus. Here too no battery was used to store energy.
Approximately 1700 Orion hybrid buses already on the road 

The Orion-brand buses built by Daimler's North American bus subsidiary are already well past the trial stage. Since 2003, Orion has won contracts to supply numerous US and Canadian cities, from New York to San Francisco, with a total of some 2800 Orion VII HybriDrive low-floor urban regular-service buses, around 1700 of which are already on the road. This makes Orion the world market leader in hybrid buses. The company also has extensive development experience: the first Orion hybrid buses went into service in the early 1990s. 
The Orion VII HybriDrive was developed by Orion in association with US partners BAE Systems and is a serial hybrid vehicle. The diesel engine operates con​tin​uous​ly, powering a generator which in turn powers the electric motor. The driving axle is a conventional axle with a differential. The diesel engine is trans​versely mounted in the rear, develops 191 kW (260 hp) from a displacement of 5.9 litres and is equipped with a particulate filter. The traction motor delivers maximum power of 184 kW (250 hp), which can be raised for short periods to 
235 kW (320 hp). A transmission is dispensed with.
Alternatively, the Orion uses standard lead batteries to supply energy, and since 2008 has also been able to use lithium-ion batteries. The lead batteries are housed in two containers on either side of the roof. They each comprise 23 modules and weigh more than 1.5 t. No provision has been made for recharging the Orion from an electric power outlet. Instead the batteries are recharged by braking‑​energy recuperation and by using excess power from the diesel engine. Customer tests revealed that the Orion is approximately 25 percent more fuel-efficient than a diesel‑powered competitor vehicle.
Fuso Aero Star: Japan's first standard-production hybrid bus
Likewise active in the field of hybrid-drive urban buses is Daimler's Japanese commercial-vehicle subsidiary Fuso, with the low-floor Aero-Star model. Techni​cally, the Aero-Star's serial hybrid-drive system is similar to that of the Orion vehicle in North America: a 177 kW (241 hp) diesel engine with application- optimised performance characteristics, transversely mounted in the rear of the vehicle, drives a generator which powers two electric traction motors, which together produce an output of 134 kW (182 hp). These motors supply their torque to a combining gearbox. The vehicle features a portal axle and roof-mounted lithium-ion batteries with a weight of just 323 kg.

A number of these first standard-production Japanese hybrid buses have already gone into regular-service operation. Testing was already under way in Japan at the time of the 2002 Football World Cup.
Bus Rapid Transit Solution: urban-transport solutions for today and tomorrow

· BRT: fast and fluent transport

· Major plus: cost-effective, fast and flexible implementation

· World-wide team of BRT experts at Daimler Buses

· Dedicated BRT after-sales team at Daimler Buses

· BRT in action: BusWay in Nantes, France

· BRT in action: Metrobüs in Istanbul, Turkey

Many cities in the world are facing similar transport challenges as a growing need for mobility is leading to failures in transport systems and extra burdens on the environment. The solution to these problems is called Bus Rapid Transit (BRT): flexible bus-based transport systems. Whether it be Nantes in France, Istanbul in Turkey, Bogota in Colombia or Mexico City in Mexico, all of these cities have one thing in common: BRT systems that are already operating successfully with Mercedes-Benz buses. In Brasilia in Brazil, Cancun in Mexico and the cities hosting the 2010 FIFA World Cup in South Africa (including Johannesburg, Cape Town and Pretoria), Daimler Buses has been involved right from the outset in projects aimed at implementing such systems.

BRT: fast and fluent transport
BRT systems consist of one or more main routes, on which high-capacity buses run frequently, as well as ancillary routes served by a fleet of shuttle buses. Designated bus lanes not open to private traffic coupled with safe and easy boarding at plat​form-style bus stops ensure fast and fluent transport. Buses with various capacities can be used at varying frequencies as and when required, while ticket sales and admission control are dealt with outside of the vehicle in order to minimise passenger-​handling times. An intelligent, computer-controlled traffic management system – including priority for buses at traffic lights, for example – enables real-time traffic control and fast transport from A to B. 

Bus Rapid Transit has its roots in Latin America and now enjoys world-wide recognition. Whereas in Latin America BRT initially allowed intelligent transport systems to keep pace with rapid population growth, the priority in industrial nations is to help protect the environment by reducing the need for private transport.

Major plus: cost-effective, fast and flexible implementation
Like rail-based systems, BRT systems allow more people to be transported quickly and comfortably on inner-city routes; however, they can be implemented faster and more cost-effectively than their rail-based counterparts, plus they offer greater flexi​bility moving forward into the future. A further strength of the BRT concept is the fact that it can be applied individually to each city and easily adapted to local requirements, since existing means of transport can be integrated into new BRT systems.

World-wide team of BRT experts at Daimler Buses

The team of BRT experts at Daimler Buses provides assistance with the planning, introduction and development of custom-designed concepts for local BRT systems. The team – comprising a mix of transport, urban and regional planning specialists – works all over the world.

In addition, the BRT specialists have access to the knowledge of local and regional transport planners. And they do not just look at the bus side of the system, their aim being to ensure that existing and new forms of transport complement each other locally to create a smoothly functioning transport network. The Mercedes planners can count on vast experience in this field as it was around 25 years ago that Mercedes-Benz was involved in the design and implementation of a BRT system in Adelaide, Australia. Since then, the experts have been providing support and assistance for an extremely wide range of transport systems on a world-wide scale. When individual systems are planned, cities and transport operators there​fore benefit from the experience gained through implementing and operating other systems of the same kind.

Comprehensive analysis and planning

Any city wishing to implement a BRT system needs to perform a detailed analysis and engage in an extensive planning process, taking into account legal require​ments, urban planning and demographic structures along with the needs of the city, passengers and operators. Furthermore, enlisting the help of a political decision-maker is crucial in order to implement the project. The experts at Daimler Buses act as advisors and help the customer to arrive at a decision and plan the project, all the while adopting a wholly unbiased approach. External transport planning companies take care of the detailed analyses, traffic planning and network planning. 

When it comes to implementation, experts employed by the city help choose and purchase the most suitable vehicles to form the backbone of the BRT system. As the world market leader, Mercedes-Benz offers the widest range of products in terms of capacity, entrance heights and bus drive systems and can therefore supply the ideal vehicle every time, whether it be for the main lines or the shuttle routes. The range of products and services also includes finance schemes for purchasing the vehicles as well as service and after-sales solutions.

Dedicated BRT after-sales team at Daimler Buses

BRT systems offer high transport capacity and cost-effective vehicle usage. Fre​quent services, high mileage and large numbers of passengers place a huge amount of strain on the vehicles. The dedicated BRT after-sales support offered by Omni​plus – the Daimler Buses service brand – ensures vehicle reliability and availabili​ty. The experts are reassuringly familiar with the special requirements and proce​dures involved. Plus their vast knowledge assists the operators when it comes to aspects such as workshop planning, process optimisation and training, with the focus on reliable lifecycle support, individual planning security and cost-effective​ness.

BRT in action: BusWay in Nantes, France

The French city of Nantes boasts a prime example of a highly successful BRT system. An unattractive local public transport network used to cause regular congestion on the access roads serving the centre of the city with a population of 600,000. To solve the problem, a system called BusWay was introduced in autumn 2006. Since the initially planned tram-based solution would have proved unprofi​table over a period of years, the city opted for a BRT system. The buses, which operate on a specially designated route, are some 50% quicker than passenger cars at peak times.

The result has been a significant increase in passenger numbers, a reduction in the number of passenger cars and, therefore, a lower environmental impact. Some 26,500 passengers a day currently use the number-4 line served by 20 BusWay regular-service buses based on the Mercedes-Benz Citaro G with natural-gas drive. These buses link the 15 stations along the seven-kilometre route in less than 20 minutes, departing every three minutes at peak periods.

The buses feature a highly individual, extremely appealing design with a fairing around the roof edge, double-glazed side windows and masked wheel arches at the two rear axles. LED spots in two different colours split the passenger compartment into two distinctive zones. Further equipment and appointments available in the passenger compartment include uplights at the window pillars, grab rails in polished stainless steel, dark-blue seats and a camera-based monitoring system. The driver sits apart from the passengers in a separate, enclosed compartment.

BRT in action: Metrobüs in Istanbul, Turkey

The implementation of a BRT system in the Turkish city of Istanbul, completed in just two years, proved to be an equally tough challenge. The "Metrobüs" covers a 40.6-kilometre route on its own dedicated line. At peak times, a bus departs on this line more than once every 30 seconds, all of which adds up to around 750,000 passengers per day, the ultimate target being to carry one million passengers per day. This BRT system is based on the Mercedes-Benz CapaCity high-capacity bus which, as well as allowing a high passenger handling capacity, achieves an astonishingly high average speed of 40 km/h.
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250 CapaCity highly successful as a Metrobus for Istanbul 

With 250 CapaCity ordered and delivered for operation in Istanbul, this XXL bus from Mercedes-Benz has proved its worth in every respect. The extra-long (19.5 m) articulated buses cover the new Metrobus route on a non-stop basis, and the fleet is augmented with Citaro articulated buses. During the first quarter of 2009 all the 100 CapaCity buses ordered at the end of 2008 were delivered to the transport operator, Istanbul Elektrik Tramvay ve Tünel (IETT). The first section of the new Metrobus route was taken into service in September 2007. This BRT route originally ran between the suburb of Avcilar in north-western Istanbul and Topkapi in the city centre, but was extended in 2008 to include a Topkapi – Zincirlikuyu connection by virtue of high customer acceptance. This extension increased the original route length of 18.3 kilometres to 29 kilometres. In March 2009 the third section between Europe and Asia became operational, extending the total route to 40.6 km. The buses travel in their own bus lanes.

At the beginning of this year the Metrobus project by the Istanbul city authorities was the recipient of a Sustainable Transport Award in Washington D.C. This award is given to projects that reduce greenhouse gases and improve the quality of life in the inner-city areas of major cities worldwide. 

750,000 passengers daily – rising to 1 million after route extension
The high expectations of the planners for this modern BRT system (Bus Rapid Transit) have rapidly proved justified, as around 750,000 passengers use the buses daily on the 40.6 km long route. This has noticeably relieved congestion on the peripheral motorways and feeder roads into Istanbul, for with 12.5 million inhabitants (Istanbul city), the number of commuters is extremely high. The resulting daily commuter traffic leads to long tailbacks, delays and severe atmos​pheric pollution. Travelling by CapaCity is a quite different matter: environ​mentally friendly, comfortable and with no congestion.

High speed and fast turnaround
The smooth operation of the system is considerably assisted by fast turnaround times of up to 30 seconds (!) at peak times, as well as high travelling speeds – around 40 km/h including stops. Nobody needs to wait for long: compared to earlier times with a conventional regular bus service, the daily journey time has been reduced from 1.5 hours to just 40 minutes. This brisk procedure was achieved by specifically designing the route as a separate bus lane without crossing traffic. The six-lane E5 highway leading into Istanbul from the west was designed with a wide central reservation separating the two traffic flows. This provided the ideal facilities for the two parallel bus lanes of the new Metrobus service. The bus stops positioned in the centre can only be accessed via pedestrian walkways, which means that changing to the Metrobus from other regular services or reaching a bus stop from the car parks is completely safe and convenient. While passengers getting out are able to leave the CapaCity quickly via the four double doors, incoming passengers pass through a modern service area with electronic ticketing. The system was already introduced by the transport operator IETT under the name Akbill in 1995, and gained rapid public acceptance. Each stop also has a counter or cash-desk for passengers paying in cash. The tickets and prices are valid for the entire urban public transport system of Istanbul – including the ferries that cross the Bosporus.

Comfortable travel at pleasant temperatures
The passengers not only benefit from the well-organised operation of the Metrobus service, but also from the comfort of the CapaCity buses: wide double doors, no-step entry and exiting, platforms for standing passengers with plenty of space for wheelchair users and pushchairs. The friendly atmosphere in the bright, spacious passenger compartment is enhanced even further by the attractive colour scheme of the ceiling, side walls, seating and flooring. The effective climate control of the CapaCity has been particularly well received, as air conditioning is by no means a standard feature in the enormous fleets that operate in the wide transport network of the Turkish metropolis. It is not only the many passengers, but also the CapaCity drivers who enjoy the pleasant interior temperatures. These are all experienced professionals who have already absolved countless bus kilometres in the busy traffic in and around Istanbul. They know what it means to be on the road with a fully occupied regular service bus in the burning heat of mid-summer. Driving a CapaCity is therefore already a very desirable assignment because of the air conditioned cockpit. Moreover, the drivers are already familiar with the user-friendly arrangement of the controls, as the 494 Mercedes-Benz Citaro city buses that ushered in the low-floor era in Istanbul in 2005 also have an instrument panel according to the VDV standard, and substantially the same cockpit functions.

CapaCity: highly manoeuvrable and easy to steer 

The outstanding handling of the 19.54 m long CapaCity is one of its major advantages. As it needs only one articulation joint, slow manoeuvring and rever​sing present no problems. In the latter case, the driver is greatly assisted by the "Omnicam" installed above the rear window, whose wide-angle lens shows him the situation to the rear on a monitor in the cockpit. All in all, the CapaCity offers considerable practical advantages over other bus solutions with two articulations or a bus trailer. Its turning circle of only 22.85 metres also corresponds exactly to that of the shorter Citaro articulated combination (18 m). This was made possible thanks to the well-proven modular design of the Citaro series, which was also the basis for the development of the CapaCity. This design is simple in principle: instead of having only a single axle at the rear, the Citaro G was extended by adding the rear-end module of the 15-metre Citaro L solo bus. The additional, fourth axle – an electrohydraulically controlled trailing axle – is the reason for the impressive manoeuvrability of the longest Mercedes bus. At the same time the axle loads are optimally distributed, which ensures even more safety in view of the permissible gross vehicle weight of 32 tonnes, the payload of 13 tonnes and the enormous passenger capacity of 193 (Citaro articulated bus: 150 passengers). 

The drivers in Istanbul experience the good driving characteristics of the CapaCity on a daily basis. Even though there are no bends on most of the route, they still need to execute turns at each terminus or cross the city to fleet head​quarters. Efficient braking is also particularly important, as the CapaCity buses have a clear road and cover the distances between bus stops at higher speeds than are otherwise possible in urban transport. Safety reserves and rapid respon​ses are ensured by the electronic braking system EBS, which includes ABS, ASR and disc brakes all-round and is standard equipment for the CapaCity. There are markings on the road surface to ensure that the buses of the Metrobus service are always braked gently and in good time. Counting down from the prescribed cruising speed (70 km/h) these markings show the optimum speed before a precisely defined stopping point is reached.

Distinctive design – environmentally friendly technology
The contrasts in the Istanbul urban public transport system fully reflect the vibrancy of this multicultural city, ranging from often quite dated Dolmuş minibuses and more or less up-to-date regular service buses right up to the innovative BRT system with CapaCity articulated buses. First presented as a prototype in 2005, this large-capacity variant from Mercedes-Benz impresses with its unmistakable design, whose appearance suggests a successful synthesis between a bus and a rail vehicle. This effect has above all been achieved with very deep-drawn window areas and a bus body that appears higher than it is, with elegantly superimposed side panels that conceal the roof-mounted technolo​gy. The result is an imposing vehicle that enjoys great public affection in Istanbul. Another very important factor for the transport operator IETT is the modern, tried-and-tested drive ​technology of the CapaCity, with the environ​mentally friendly OM 457 hLA six-cylinder in-line engine installed in the rear. The 12-litre engines used in Istanbul meet the Euro 4/5 emission standard and are equipped with economical BlueTec diesel technology. Realising a modern urban public transport system with low-emission drive systems on attractive terms – as in the case of the new Metrobus service with its 250 CapaCity buses – meets the need to reduce the density of private traffic in the inner city area. Accordingly the plans by the Istanbul city authorities and IETT are increasingly taking effect, as the large, and growing, number of paying passengers amply demonstrates. Many of these are already leaving their cars at home, and not always for reasons of environmental protection: fuel prices in Turkey are higher than in most western European countries, while a Metrobus ticket costs only 1.30 TL (approx. 85 Cents). Travelling into the city from the outskirts by one of the world’s most up-to-date bus systems is also faster and more comfortable than by car.

Urban public transport with a long tradition – IETT as the central organisation

Istanbul has already had modern urban public transport with regular service vehicles for 138 years. In 1871 one of the world’s first horse-drawn bus services was introduced. Just four years later this was joined by another urban service that remains a technical highlight to this day, namely the 574 m long "Tünel" line, an underground funicular railway constructed in the northern suburb beyond the Golden Horn. More than 5 million passengers per year use this only 600 m long stretch, which covers an altitude difference of 61.55 m between the base station (Karaköy) and Tünel. 1930 saw the introduction of the first electric tramway, and the increasing use of buses. The transport operator IETT (Istanbul Elektrik Tünel Tramvay) was formed in 1939 following the merger between the now nationalised electricity and transport companies. The organization now operates the subway, tram, urban railway and bus systems. IETT employs 8189 personnel and uses 2831 buses on 534 routes. Since 1997 this Istanbul transport operator has purchased its buses almost exclusively from Mercedes-Benz, with ease of maintenance, comfort and economy as consistently convincing arguments. It is not by chance that Mercedes-Benz is also the market leader in Turkey in the regular service bus and touring coach segment (> 8 t perm. GVW). 1076 new vehicles were registered in 2007, and Mercedes-Benz Türk accounted for 686 of these (63.8 %).

BRT systems increasingly popular – 
independent advice from a team of experts
Increasing population figures and a high demand for mobility require worldwide solutions that are reliable, cost-effective and flexible. At the same time it is vital to prevent the imminent threat of total gridlock in many cities by taking environ​mentally friendly measures. Modern "Busway" or "Bus Rapid Transit" (BRT) systems – as they are internationally known – have proved successful in many parts of the world. Their decisive advantage over rail-based transport systems is that an effective mobility concept can be realised with a comparatively modest investment just about anywhere where there are roads. Since these routes are independent from a rail system, they can also be adapted with relatively low cost and effort. In terms of their environmental balance, modern buses are anyway ahead of the field compared to all other personal transport systems.

Mercedes-Benz Buses has its own team of experts to advise city authorities and transport operators when planning BRT systems. It is based in Stuttgart, and consists of traffic planners, traffic researchers and strategists who concern them​selves with solving traffic-related problems on a national and international level. This team operates independently, and is active purely on a consultative basis.

There are further, impressive examples of well-run BRT systems apart from Istanbul, among them Amsterdam (Netherlands), Bogota (Columbia), Mexico City or Nantes (France). All of them successfully employ buses – predominantly articulated buses – from Mercedes-Benz. Other projects are planned in South Africa, where urban public transport in Johannesburg, Cape Town and Pretoria is to be optimized with modern bus systems in preparation for the 2010 Football World Cup. Here too, the BRT experts from Daimler Buses are involved as consultants.

CapaCity and Citaro – two models working hand in hand

More than 260 units of the CapaCity model have already been sold. In addition to Istanbul, these extra-long articulated buses are in service in Stuttgart, Tübingen and Osnabrück. The German operators have however preferred to give a standar​dized appearance to their fleets, and opted for the capacity-related advantages of this XXL bus equipped with the current Citaro bus body. This also works well the other way round: the Citaro articulated buses for the BusWay system in Nantes were ordered with an "outfit" whose exclusive design comes very close to the CapaCity. Solutions such as this once again demonstrate the flexibility made possible by the modular concept of the Citaro series.

Metrobus Istanbul – facts and figures
· The Metrobus line was taken into service in September 2007

· It is operated by the transport company IETT

· It has an overall length of currently 40.6 km. The first two sections of the BRT line ran between the suburb of Avcilar in north-western Istanbul and Zincirlikuyu in the city centre, and the route was extended to include the Zincirlikuyu – Sögütlücesme connection (on the Asian side of the city) in 2009 as a result of high customer acceptance
· The route has no junctions, with a dedicated bus lane in each direction

· All the 250 CapaCity buses ordered have now been delivered

· At peak times the buses run every 30 seconds 

· Around 750,000 passengers are carried every day

· The average speed incl. stops is a fast 40 km/h

· The Metrobus has connections to other regular services at every station

· The ticketing system is linked to the Metrobus, subway, tram system, city buses, Dolmuş and ferry
Datum:�June 2009














Daimler Communications, 70546 Stuttgart/Germany
Mercedes-Benz – Eine Marke der Daimler AG

Daimler Communications, 70546 Stuttgart/Germany
Mercedes-Benz – Eine Marke der Daimler AG


