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Summary 

A new low emission generator-electric vehicle (GEV) has been developed at 
Fraunhofer LBF to bypass the issues of today’s electric mobility and to provide a 
more sustainable perspective for passenger cars. The drive train topology of the GEV 
is based on a power unit (PU) and electric traction drives. The PU consists of a 
single-cylinder internal combustion engine (ICE) – tuned to operate with compressed 
natural gas (CNG) at a favorable operation point. The PU serves to an average 
power request for typical driving cycles. A lithium-ion battery buffers increased power 
requirements, is charged during recuperation and underperforming power demands 
and enables zero-emission commuting up to 50 km. The operational strategy has 
been optimized by numerical simulation and proven functional by experimental 
testing. 

1 Need for sustainable and affordable transport 

Recently, by legislation sustainable mobility becomes more important to fight climate 
change and environmental pollution. Battery-electric vehicles (BEV) are widely 
discussed as solution for sustainable mobility. However nowadays, limited range and 
high costs of BEV currently available slow down the market impact of sustainable 
mobility [1]. Criticism about BEV’s well-to-wheel balance arises as long as batteries 
are not charged by renewable energy. The current lack of a charging infrastructure 
additionally thwarts a desired market penetration. Hybrids are considered as a 
technology to bridge the gap until a charging infrastructure might be established and 
the costs for energy storage have dropped significantly. However, all available hybrid 
vehicles burn fossil fuels which remains a major drawback in terms of sustainability. 
By using CNG that is known as clean fuel CO2-emissions are cut up to 24 % 
compared to petrol and the emission of hydrocarbon and nitrogen oxides are reduced 
drastically without the need of a complex after-treatment of exhaust gases that are 
required for diesel engines [2]. The ability for zero emissions is enabled by CNG from 
power-to-gas plants [2]. This yields CNG as a sustainable resource for upcoming 
decades with an already existing infrastructure at affordable costs.  



2   FORMForum 2016 

 

2 GEV|one - a new approach  

The need for sustainable and affordable transport propelled researchers at 
Fraunhofer LBF to develop a concept demonstrator (Fig. 1) for a new low emission 
generator-electric vehicle that bypasses the actual issues of today’s electric mobility 
and provides a more sustainable perspective for passenger cars in the short term 
future. The drive train topology of the GEV consists of a power unit and two electric 
traction motors used for propulsion. The PU consists of a radically downsized single-
cylinder ICE – tuned to operate with CNG at a favorable operation point - and a 
transversal-flux synchronous motor (TFM) for energy conversion. The PU serves to 
an average power request for typical driving cycles. A lithium-ion battery buffers 
increased power requirements for acceleration and high speeds or is charged during 
recuperation and underperforming power demands. The battery enables a zero-
emission commuting distance of 50 km. The operational strategy has been optimized 
by numerical simulation of the energy flow and proven functional by experimental 
testing on a dynamometer. The key components of the propulsion system and the 
operational strategy will be described in the following sections. 

 

Fig. 1: GEV|one demonstrator  

2.1 Propulsion system 

The power unit is illustrated in figure 2. The 330 ccm low friction design single 
cylinder ICE (2) provides approx. 22 kW of mechanical power at 5.000 rpm. After 
electromechanical conversion made by TFM (4) and inverter (7) 20 kW of electrical 
power are fed either to the rechargeable energy storage system (REES) or to the 
electric drive system depending on the driving condition. The engine frame (5+6) is 
designed to decouple the vibrations of the power unit from the chassis [3]. The 
electric driveline consists of two identically TFM with coaxial planetary reduction 
gears driving the rear wheels. Each TFM is rated with 20 kW continuous and 40 kW 
peak power, resulting in an overall system peak power of 80 kW. The REES is built 
from lithium-iron-phosphate (LFP) chemistry, which delivers a 10 kWh capacity. 
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Fig. 2: GEV- Power Unit 

2.2 Operational Strategy 

As mentioned before the operational strategy has been designed to meet the 
average power request for driving. The activation of the PU takes place if one of two 
conditions is satisfied. The first condition occurs if the battery’s state of charge (SOC) 
falls below a value of 20 %. In this case the PU starts charging the battery until a 
SOC of 80 % is exceeded. The second condition for activation is based on the 
average power request of the traction drives. If the request exceeds an average 
value of 20 kW over a period of 60 s, the PU starts to supply energy to the REES 
until a SOC of 80 % is reached. This operational strategy has been proofed 
functional by numerical simulation [3]. Calculations have been made with the New 
European Driving Cycle (NEDC), LBF traction cycle, ARTEMIS and WLTC class 2c. 
Fig. 3 and Fig. 4 show actual, average and threshold values over time for the power 
request of the traction drives as well as SOC of the battery system and the supplied 
power of the PU during two different driving cycles. During the artificially designed 
New European Driving Cycle (NEDC), an activation of the PU takes place only once 
at the end of the drive cycle due to the average power transgression (Fig. 3). 
Although for most of the time during NEDC the vehicle is operating in electric vehicle 
mode, at the end of the cycle the ICE starts running at 5000 rpm to produce 20 kW of 
electrical power. The LBF-traction cycle simulates a real-word driving scenario. In this 
driving cycle the actual and average power request is far more often higher than the 
defined threshold value. In contrast to ARTEMIS and WLTC the slope of the 
simulated track is taken into account to simulate overload and recuperation in a 
realistic way. Furthermore, the PU is activated during this cycle twice for approx. 
1.000 s each time as figure 4 illustrates. This corresponds roughly to a third of the 
whole cycle duration [3]. 
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Fig. 3: GEV|one operational strategy during LBF traction cycle  

 
Fig. 4: GEV|one operation strategy during LBF traction cycle [3] 

2.3 Experimental Validation 

By numerical analysis the demonstrator concept and its operational strategy have 
been proofed functional. With respect to savings in CO2-emissions a target of 20 % 
is considered. Therefore, a dedicated dynometer testing program with simultaneous 
exhaust gas measurement has been set up. First tests have been carried out at 
Technical Control Association in the State of Hesse (Fig. 5). Due to some technical 
problems the analysis of the exhaust gas composition has not been possible so far. 
However, it was possible to show that the numerical calculation of the estimated 
power and voltage prediction have been carried out in a realistic scope (Fig. 6). 
Dynometer testing will be repeated to validate the real emission savings potential on 
the demonstrator and testing on public roads is foreseen to evaluate power 
consumption during real-world driving and acceptance of the operational strategy.  
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Fig. 5: GEV|one dynometer test set up 

 
Fig. 6: Measured voltage, speed and power during NEDC dynometer testing 

2.4 Conclusion 

The GEV is an enabler for sustainable mobility that is bridging today's powertrain 
technology and future zero-emission vehicles in a new way: globally viable because 
of an integrated CNG low emission power supply unit as supplement to the battery 
system which helps to unglue from the need of having charging points available. The 
radically downsized driveline components cause merely an increased system cost of 
10 up to 15 % and therefore maintain the aspect of affordability.  
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