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Abstract 

The extensive usage of conventional internal combustion engine vehicles (ICEVs) 

is responsible for a large amount of greenhouse gas emissions. However, the battery 

electric vehicle can not substitute for the traditional vehicle due to its limited energy 

storage ability. To moderate this issue, the extended range electric vehicle (EREV) 

provides a solution by providing a satisfactory driving range and lower production 

cost than battery electric vehicle (BEV). An EREV is characterized by having an 

auxiliary power unit (APU) to provide electric power to the traction motor and the 

energy storage system, and its battery pack can meet a majority of pure-electric 

driving needs. To distinguish from the other vehicle structures, the potential of the 

EREV platform should be further studied/presented on a full scale, and novel 

control strategies can be designed to improve the power performance of the vehicle. 

In this thesis, a research on the development process of an extended range logistics 

vehicle is conducted in the automobile theory and vehicle control points of view. 

The research priority of the study consists of three parts: the background review 

and the vehicle structure design, the consumption and cost analysis and the 

innovation on its control strategy.  

First of all, a comprehensive background investigation and literature review are 

conducted and discussed. The investigation systematically introduces the current 

developments of EREV in terms of the powertrain structure, energy management 

and vehicle performance, while the two key focus areas of the auxiliary power are 

the unit (APU) charging control and hybrid energy storage system (HESS) power 

management. A case analysis on a typical EREV is presented along with a general 



 

manufacturing cost analysis for different types of vehicles, showing the EREV as 

one of the cheapest options for long term usage.  

Secondly, an extended range mathematical platform for a logistics van is proposed. 

Suitable configurations for the sizing of the APU, ESS and the traction motor are 

selected for a standardized mid-size van. This study presents a thorough energy 

consumption and Total cost of ownership (TCO) analysis for an Extended range 

logistics van (ERLV). Both EREV and BEV mathematical models are constructed 

and compared, and their dynamic long-term battery degradation comparison is 

conducted. Dynamic programming (DP) algorithm is adopted in the energy 

management strategy optimization, and the global result reveals the optimal energy 

consumption of the EREV. Comparative results demonstrate that the ERLV has a 

relatively long drive distance, slower battery aging trend and cheaper TCO (6.6%) 

when compared to the BELV. 

Thirdly, a novel auxiliary power unit (APU) charging strategy with multi-object 

optimization is proposed on the ERLV platform to achieve high fuel conversion 

efficiency while maintaining battery charging health. The state-of-the-art algorithm, 

Soft Actor-Critic (SAC) is applied to perform a better exploration of the possible 

APU behaviour, and its performance is further verified by the results of the Deep 

Deterministic Policy Gradient (DDPG) algorithm and DP. Three targets are selected 

as the RL rewards for optimization: the engine fuel rate, SOC charging trajectory, 

and the battery charging rate (C-rate). The comparative results show that the SAC 

had a 36% faster convergence speed than DDPG while providing a smoother and 

more stable action space. The fuel consumption with SAC also outplays DDPG by 

around 3%, which achieves almost 90% of the global optimization result. The 



 

successful deployment of the SAC algorithm as an EMS indicates its standout 

ability in dealing with wide-range actions and states with high randomness, 

revealing the practical potential compared with the existing RL strategies. 
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