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1 Introduction 
 

1.1 Document overview 
Work package 6 as defined in the Giantleap proposal: 

Prototype will compromise the construction of a range extender powered by hydrogen fuel cells. The 

range extender will be tested in an emulated relevant environment with long term and accelerated 

tests. Robust hybridisation strategies will be developed to interface buses with range extenders. 

 

1.2 Background and project context 

 
Figure 1: The overarching relationships between the work packages 1-6 (Ref. Giantleap proposal) 

 

1.3 Scope 
This document is deliverable D6.1 from WP6.1. The objective of this document is to describe the 

standardisation of interface between battery buses and hydrogen FC range extenders.  

This document will be the basis for:  

- WP6.2, “The construction of a prototype range extender”  

- WP6.3, “The validation and demonstration” 

 

1.4 Responsibilities 

The responsibilities between the project partners technically are written in document D5.1, “Fuel Cell 

Interfaces” chapter 3. 
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2 Overview of the system 
 

From 2025 Zero Emission Public Transport will be a requirement in most of the EU countries.   

 
Figure 2: Bus, trailer combination 

 

The bus operator has to fulfil services on different lines and routes. Not every route is suitable for 

battery or opportunity charged buses. You can divide the operation of E-buses in 3 major groups: 

- Buses for school transport, exposition, airports, rush-hour services etc. This can be battery 

buses because the mileage is low and there is enough time to slow charge the vehicles during 

the day or night 

- Buses for (heavy) city transport. This can be opportunity charged buses. By adding 10% more 

buses to your fleet, you can do the same operation as with diesel buses, without increasing 

maintenance costs, energy costs or driver costs 

- Buses for regional transport with long distances or no possibility to charge them in the 

mostly not crowded areas. This can be the opportunity charged bus with for example a 

hydrogen range extender 

The last two versions can be the same E-buses but with for example 30% trailers on the total 

amount of the buses. So 60 buses and 18 trailers in operation. Every bus can now be used for city 

and/or regional transport by only adding the range-extender trailer to the basic bus. This 

increases flexibility and standardisation of the bus fleet and reduces the TCO costs. 
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Conclusion: 

To make all city buses and delivery trucks zero-emission, VDL believes that there is not one optimal 

solution for all existing operations: all the three described possibilities will be integrated in the VDL 

bus program and two of the described possibilities will be integrated in the truck program.  

 

For buses this range extender will be a separate trailer (For truck separate module), because: 

- Vehicle can be standard battery bus 

- No extra weight on vehicle, no loss of passengers 

- Easy to integrate in small cities, due to its flexibility in curves 

- Easy changeable 

- Flexibility in use, can be used by all E-buses  

- Less investment costs 

- Less maintenance and repair costs 

- Less infrastructure costs (for example in depot) 

- Can also be used as stationary charging station 

- Etc. 

 

2.1 Electric bus 
The electric bus can be any electric bus. The bus has a battery of 20kWh or 85-170kWh. The battery 

is used for driving the bus. The range extender is used to fill the battery during bus operation, like a 

normal charging station, which is connected to the grid. The adaptations, which have to be made to 

the bus, are: 

- Changing the Software (SW) so that the bus can drive during charging. This is of course not 

possible if the bus is charging at a fixed charging station 

- A mechanical connection to the back of the bus to tow the trailer 

- An electrical connection to the back of the trailer. A High Voltage (HV) plug  

- A communication connection for sending (CAN) signals from and to the trailer 

- An air-connection for braking the trailer, with its control valve and controller 

- A low voltage connection to control all trailer based equipment, for example backlights. This 

can also be used to check if there is a trailer and that the bus is allowed to drive during the 

charging of the battery 

 

2.2 Trailer 
 The trailer is a new development. For the bus, the trailer is a (mobile) charging station which 

produces energy for the battery. The energy is generated by an ElringKlinger stack. Bosch 

Engineering is responsible for the integration of the stack in the fuel cell system, together 

with Balance of Plant components including the management of the system through the fuel 

cell control Unit. VDL delivers the tanks, the cooler, the communication and its protocol to 

the bus and the trailer. 
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2.3 Energy Management 

Because it is an electric bus the FC in the trailer is used as pure range-extender so the energy 

management between the battery in the bus and the fuel cell in the trailer can be optimised to 

increase the lifetime or efficiency of the FC. The energy management must give an average power of 

around 50kW during the day for regional transport. The optimal energy management is still under 

development. 
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3 Interfaces between bus and trailer 
There are 3 main interfaces: 

- Mechanical 

- Electrical 

- Communication 

o CCS protocol for (dis)connecting the High Voltage and for the power request to the 

trailer 

o CAN Communication between Trailer and Vehicle for “Status” information of the 

components. For example pressure in the hydrogen tanks 

The two other interfaces air and low voltage are already standardized in the EU. 

 

3.1 Mechanical interface 
Because the bus-operator and politicians don’t want to have a real trailer behind the bus, the design 

has to be optimized so that trailer and bus looks one integrated vehicle. For this reason and for an 

optimal integration in small cities, the trailer and bus combination has to be as short as possible. This 

means a short, high trailer. 

 

With the existing technologies, for example the standard ball coupling, a close coupling of a short, 

high trailer to a bus is not possible because: 

- The point of gravity of the short, high trailer is too high, and makes the trailer instable with 

one connection point, especially in curves 

- The bus has to fulfil standards. 12.5m turning radius and 1 to 8 (or 12.5%) gradeability. For 

safety reasons regarding the short distance between the trailer wheel and the coupling on 

the bus, the angle has to be bigger than 20 degrees in vertical direction. Other existing 

technologies are all based on one main coupling point and therefore not stable. 

Basic concept of hydrogen range extender mechanical coupling: 

- The coupling exists of two ball connections above each other. The standard approved ball 

couplings on the vehicle side and two standard approved trailer couplings on the trailer side 

(red arrows).  

 

 

 

Picture is under construction 

Figure 3: Mechanical coupling 
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3.2 Electrical interface 

To use the “Range-Extender” not only as trailer but also as “Generator-Set”, the electrical High 

Voltage plug between bus and trailer can differ. The High Voltage plug is also used for the CAN 

communication during coupling and uncoupling of the trailer and to send the power request from 

the bus to the trailer.  

- For a static “Generator-Set” a Combo2 plug with CCS protocol is used 

 

 
 

Figure 4: High Voltage Combo2 plug 

 

- For a dynamic “Range-Extender” a plug AEF DIG030 with CCS protocol is used. This plug is 

defined for future agricultural applications. Availability is checked. 

 

 
 

Figure 5: High Voltage AEF DIG030 plug 
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The standard trailer Low Voltage plug ISO 12098 is used. This plug will also communicate by CAN the 

FC system status from trailer to bus. This can be the status of the Fuel-Cell, the H2 level, etc. 

 

 
Figure 6: Low Voltage plug 

 

The overall High Voltage electrical system will be as in figure 7. On the bus side from VDL nothing 

physically changes, on the trailer side the picture is divided in the Heliox and Bosch responsibility. 

Most of relays are used for safety reasons or as pre-charge, to make the voltage of the inverter equal 

to the bus battery voltage to limit the inrush current. 

 

Heliox communicates between VDL bus controller and Bosch FC controller and controls the electrical 

connections. These are the Main High Voltage relays, the Pre-Charge relays and the Isolation 

monitoring.  

 

Bosch manages the whole FC system. These are the bidirectional inverter, the compressor, the pre-

heater, the cooling fan and the 24 Volt systems. 

- The stack is from a ElringKlinger 

- The coolers are from Hydac and Ziehl-Abegg 

- The mechanical compressor is from Rotrex, together with an electrical machine from Bosch 

- The heater is from “” 
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Figure 7: Electrical connections between trailer and bus 

 

3.3 Communication interface 

The basic principle (which is still under development) of connecting the bus to the trailer is as 

follows: 

1- Trailer will be mechanically coupled (including air) to the bus 

2- Low and High Voltage will be connected to the bus 

3- Connection is checked on “EV, Isolation and DC Supply” 

4- A DC voltage will be suggested at the trailer side to close the electrical connections (this is 

the only difference with the CCS protocol)  

5- The system will be pre-charged and the output of the bidirectional inverter will have the 

same voltage as the battery 

6- With this direct bus battery connection the bidirectional inverter can generate power to heat 

the FC, to start the compressor, to open the valves and to start the ElringKlinger FC 

7- If the FC is started the FC system will burn the generated power in its own system until the 

bidirectional inverter is switched 

8- After switching the bidirectional inverter the FC will deliver a minimum amount of power to 

the battery and waits for a (higher) power request from the bus 

9- The bus SW must be adapted that driving during charging will be allowed when there is a 

trailer connection 

In case of a “Generator-Set”, the battery power of the bus cannot be used for starting the FC. 

The needed starting power is than (as option) available from the 400VAC Grid (with external plug) or 

from a “24 Volt Battery-Inverter set” in the trailer itself. This is a further development. 

 

The CAN communication of the status of the FC system is independent from the High Voltage CCS 

Communication. 
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3.3.1 Communication HV control and power request 

As independent “Generator-Set” with Combo2 plug the communication between the bus and the 

trailer charger will be equal to the current CCS protocol, which is used for E-buses and E-cars. The 

reason for this is that as “Generator-Set”, the FC will not need the bus battery to start, is one 

directional and can generate itself a voltage signal. It starts from its own power supply or uses the 

400VAC Grid.  

 

 
Figure 8: Standard CCS protocol 
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As “Range-Extender” and in combination with a vehicle battery the communication is slightly 

different than the CCS protocol. The reason for this is that the system will be bidirectional and that 

the trailer can NOT generate a voltage signal itself.  

The main differences are in action 6 “DC Link/Output Voltage” and in action 12 “DC Output Current” 

In action 6 a DC Voltage is suggested to close the relais.  In action 12 a current from bus to trailer is 

used to start the FC. If the FC is started than the current goes from trailer to bus, which is standard 

for a charger. All the other blocks stays the same. 

 

 
Figure 9: Adapted CCS protocol for “Range-Extender” 

The final communication protocol is still discussed between Bosch and VDL. 
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3.3.2 CAN Communication FC system status 

 

The CAN Communication (J1939 protocol), which is needed to give the driver or central operation the 

status of the FC is done through the Low Voltage plug. For example: 

- Hydrogen level 

- Status of FC and system components: 

o Maintenance needed 

o Change trailer  

o Emergency 

o Etc…… 

o  
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4 Conclusion 
The final interfacing between bus and trailer will be finished at the end of the project and can be 

optimized during the testing phase. 
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5 Figure overview 
Figure 1: The overarching relationships between the work packages 1-6 (Ref. Giantleap proposal) 

Figure 2: Bus, trailer combination 

Figure 3: Mechanical coupling 

Figure 4: High Voltage Combo2 plug 

Figure 5: High Voltage AEF DIG030 plug 

Figure 6: Low Voltage plug 

Figure 7: Electrical connections between trailer and bus 

Figure 8: Standard CCS protocol 

Figure 9: Adapted CCS protocol for “Range-Extender” 

 


