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Abstract 

Air conditioning (AC) system, as a main electricity consumption unit among the Electric vehicle (EV) auxiliary 
devices, has significant effects on the electricity efficiency of EVs. An energy management strategy is critical to 
distribute the energy more reasonable and extend the driving range. In this paper, a Stochastic Dynamic Programming 
(SDP) control strategy is used to optimize the electricity consumption of AC system. To study the relationship 
between solar radiation and electricity saving of AC system, a thermal model of the cabin and a mathematical model 
of AC system have been built. The electricity consumption using SDP algorithm is 10.35% less than using a rule-
based controller. Additionally, the fluctuation of cabin temperature is considerably reduced with an AC system 
controlled by SDP. 
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1. Introduction 

Electric vehicles (EVs) have attracted much attention for its environmental-friendly performance, due 
to the excessive depletion of fossil energy and global warming. However, its development has also been 
deterred due to disadvantages such as short mileage and high cost of Li-ion batteries. To promote the 
application and generalization of EVs, the driving range must be further extended. One way is by 
improving the energy efficiency of the electrical auxiliary system of EVs [1]. 

Air conditioning (AC) system, as a primary energy consumption unit among the EV auxiliary devices, 
has significant impact on the vehicle electricity efficiency. The overall electricity consumption of an AC 
system is accounted for 12%~30% of the total amount, sometimes even higher [2-3].It is usually treated 
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as one of the most energy consuming units besides the electric motor [4]. Studies indicate that the power 
management of AC systems plays an important role on enhancing the global energy efficiency of EVs. 

In the literature, a number of studies on the energy analysis and management regarding AC systems 
have been proposed. Pino, F. J. et al. studied the hydrogen consumption of an AC system under a Model 
Predictive Control (MPC) strategy in a fuel cell vehicle. The results show that the hydrogen consumption 
increases 3%to 12.1% when the AC unit is on [5]. In ref. [6], an energy-based model of A/C system with 
storage evaporator is developed and a switched Dynamic Programming (DP) algorithm for the 
optimization of the A/C system has been presented. An optimal clutch command sequence of a new 
storage evaporator is produced from DP to balance the fuel consumption, cabin comfort and driving 
performance constraints. Khayyam, H. et al. proposed an adaptive neural network tuned PID controller to 
improve the energy efficiency associated with the AC unit operation [7]. A coordinated energy 
management system that manages the operation of evaporator, blower, and recirculation gates was 
presented. The energy management algorithms approximately reduced the energy usage under the 
simulation conditions by 14%. Khayyam, H et al. developed a fuzzy controller enhanced with a look-
ahead system that grants the AC system a load-prediction ability, and the energy consumption is reduced 
by 3% [8]. 

However, to the authors’ best knowledge, the research on energy management of AC system in EVs 
still lacks a detailed investigation to precisely quantify the energy saving potential by optimizing the 
operations of AC systems. This paper targets to employ SDP to fully evaluate the AC system’s energy 
conservation capability, and the main contributions of this study include: (1) the SDP algorithm is 
adopted to optimize the AC control decisions, and a globally optimal AC energy management strategy is 
presented; (2) the energy saving potential is revealed by comparing a rule-based controller with the SDP 
benchmark under a varying solar radiation condition and a stochastic solar radiation condition. 

2. Air Conditioning System and Cabin Thermal Load Model 

2.1. Air Conditioning System Model 

The nominal capacity of the AC system in this paper is 6.8 kW and the displacement is 36 cc/r. The 
Coefficient of Performance (COP) is defined as the relation between the cooling capacity and the power 
consumed by the AC system. COP is influenced by the cabin temperature, the ambient temperature and 
the partial load ratio (PLR) [5], as shown in Fig. 1 (a) and (b). PLR is the ratio between the actual cooling 
capacity and the nominal capacity of the AC system in operating conditions. The power consumption 
required from the AC system is formulated as equation (1), 

coolQ
P

COP
                                                                          (1) 

where P  is the power consumption required from the AC system, 
coolQ  is the cooling capacity. 

2.2. Cabin Thermal Load Model 

External thermal loads transfer heat into the cabin mainly through three ways: heat conduction, 
convection and radiation. The heat produced by the occupants could be estimated for a 5-passenger 
vehicle. A certain amount of cooling capacity is needed to balance the thermal loads indoor to keep the 
cabin temperature maintained within a comfortable range. Thus the thermal loads of the cabin are 
important references in the optimizing control of AC systems.  
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