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Abstract: In this Paper, energy management system design of a conventional internal 

combustion engine vehicle is carried out using a newly proposed algorithm, which uses battery 

and solar energy to power its auxiliary electrical loads. In a modern automobile, the major 

subsystems/loads of electrical/electronic content such as lighting and air-conditioning impose a 

considerable load on the vehicle engine and hence fuel consumption. The power necessary to 

operate these loads, is significant in comparison to the power required to propel the vehicle at an 

average speed, and is actually provided by the fossil fuel on which the vehicle runs. Thus, a 

conventional vehicle is considered which also uses a photovoltaic (PV) array, to be mounted on 

vehicle’s body, along with the battery to power this electrical load, thereby reducing fuel 

requirement. Effective control coordination among PV source, internal combustion (IC) engine 

connected rotating generator and battery is achieved during dynamical switching of the load 

between PV source, engine and battery. The DC bus voltage is maintained constant irrespective 

of variations in engine speed, PV power and load along with battery current control. Extensive 

MATLAB/Simulink simulations establish the satisfactory performance of the proposed energy 

management algorithm and controllers. 
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1. INTRODUCTION 

In the last two decades, the electric vehicles and hybrid electric vehicles have come up as a 
possible solution to reduce the dependency on fossil fuel consumption and carbon dioxide 
emissions. But the problem with electric/hybrid vehicles is that these vehicles are recharged mainly 
with the grid electricity which till date comes largely from these conventional fossil fuels only. 
Also, the electric vehicles require the replacement of the current vehicle fleet or the construction of 
the new infrastructure. These factors fail to make electric/hybrid vehicles an eco-friendly solution 
to the problem of ever decreasing and polluting fossil fuels, in true sense, in the current scenario. 
Thus, another solution could be the one which can be incorporated with the current vehicle 
infrastructure. One such solution may be to power the electrical loads of a vehicle with alternative 
sources of energy such as a photovoltaic (PV) array. In a modern automobile, the major 
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subsystems/loads of electrical/electronic content impose a considerable load on the vehicle engine 
and hence fuel consumption. Some of these electrical load categories are engine management, 
multimedia, heating, ventilation and air-conditioning (HVAC), body electronics, chassis 
electrification, exterior and interior lighting and future systems. Among these some of the loads 
such as air-conditioning become more significant. The power necessary to operate a vehicle air-
conditioning compressor can be greater than the engine power required to move a mid-sized 
vehicle at a constant speed of 56 km/h [1]. It is seen around a total of 4.7 KW of electrical power is 
required in a typical automobile [2]. 

A substantial work has been reported in the area of PV powered electric vehicles, but relatively 
almost none of the work in this field has investigated the performance of PV powered electrical 
system of a vehicle. Recently, a solar powered electric auto rickshaw has been reported [3]. 
Various papers on plug in electric vehicles have also been reported. Such as, a grid connected 
residential PV energy system with plug in hybrid electric vehicle as energy storage has been 
reported [4]. Another paper on PV plant intermittency mitigation using constant DC voltage PV 
and EV battery storage has been reported [5].  

But in all these papers on PV powered vehicles, powering the auxiliary electrical load of a 
conventional vehicle by a PV source has not been undertaken. In this paper, a hybrid system is 
proposed consisting of a PV array, to be mounted on a vehicle’s roof, which along with the engine 
and a battery as already present in a conventional vehicle, powers the electrical load of the vehicle.  

Design and modelling of this proposed system has been implemented in MATLAB/Simulink with 
emphasis on its energy management system along with consideration of keeping DC bus voltage 
constant under various conditions and battery current control to enhance its life. The proposed 
system uses PV array as an additional source to feed the electrical/electronic load of the vehicle 
and thus contributes in the reduction of the fossil fuel consumption. 

2. SYSTEM DETAILS 

The proposed system consists of a PV array, its MPPT controller along with the engine and battery 
which are already present in a conventional vehicle. The battery is charged by the PV array and the 
vehicle engine. The vehicle system consists of a DC motor and a synchronous generator, which 
simulates the engine and alternator system of a conventional vehicle respectively, which is used 
there to charge the battery to feed its various electrical/electronic loads. The flowchart for the 
energy management of this system is as shown in Fig. 1 where discharging and charging limits of 
battery are kept to be 0.2 and 0.8 respectively. 
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Fig. 1 Energy management algorithm 

First of all, load power requirement (PL), available PV power (PPV) and power available from 
engine connected rotating generator (PE) is measured. Load requirement is first met by PV source, 
then IC engine connected rotating generator and in case both of these are absent or insufficient then 
by battery. In case PPV and PE are greater than PL and BSOC > 0.8, then the extra power can be given 
to a dump load such as an additional battery, which is not shown in this paper. The additional 
charged battery can then be used for various purposes. When BSOC becomes less than 0.2, then 
battery will stop discharging thereby enhancing battery life which may get shortened due to deep 
discharging. In this way, the proposed system reduces the load on the engine and the battery and 
hence the fossil fuel consumption which is used to generate it.The modeling of PV array in 
MATLAB/Simulink is used in this research [6]. The solar array specifications used for this 
research are those for KC200GT manufactured by Kyocera. The electric vehicle data used to show 
that PV array is mountable on a small car is taken from the manufacturer’s specifications for a 
compact car (marutisuzuki swift). Based on the same, maximum number of PV arrays which can be 
connected in series have been calculated and is found to be three [7]. Physical dimensions of a 
typical small car/four wheel vehicle and size of PV array used in this research validate the 
feasibility of PV array to be easily mountable on the vehicle’s case.  

3. ESTIMATED FUEL SAVING BY THE PROPOSED SYSTEM 
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As per [1], a 400-W load on a conventional engine can decrease the fuel economy by about 0.4 
km/L. Thus, assuming that a private vehicle runs about 80 Km per day with air-conditioning and 
other loads on, for an average of 240 days a year, around 80 litres of fuel could be saved per 
vehicle per year when its various loads are running on the proposed system and not on the fuel, 
considering fuel economy to be 10 Km/litre and air conditioning and other loads being run at a time 
to be around 400 W. Thus, with a large number of fossil fuel-based vehicles being used today, a 
considerably large amount of fuel saving can be achieved by the proposed system. 

4. RESULTS AND DISCUSSION 

4.1 PV-MPPT system with engine and battery to run electrical load 

Fig. 2 shows the simulation arrangement for a PV assisted vehicle for a DC load. The system 
consists of a PV-MPPT system which extracts the maximum power from the array under any given 
conditions for irradiance and temperature and runs the load as well as charges the battery. 

 

Fig. 2 Simulink model for the PV assisted vehicle for DC load 

To simulate the engine of the vehicle a separately excited DC motor with constant field excitation 
is used. The armature is supplied from a DC source voltage of 240 V and seeing that the field 
excitation, and hence current, is kept constant the motor speed is directly proportional to the 
applied armature voltage. This arrangement simulates the engine of the car, which drives the 
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alternator (synchronous generator) via a belt and pulley mechanism. As the driver accelerates, the 
engine speed changes as does the speed of rotation of the alternator. The DC motor output power is 
fed into the synchronous machine as an input. The alternator is a three phase synchronous 
generator with its field current regulated to give control over the output voltage. The three phase 
AC output of the alternator is fed into the six pulse rectifier to give the DC voltage required to 
charge the car battery. The buck converter with PV system, voltage regulator with alternator 
system and that both the outputs are connected to the battery are keeping the DC bus voltage 
constant. In the proposed system there are three parameters which keep on varying viz. vehicle’s 
engine speed, PV power and load. Speed keeps on varying throughout the journey as driver 
accelerates or decelerates the vehicle. Similarly, PV power is dependent upon time of the day and 
month of the year which makes it highly variable in nature. Moreover, in a vehicle there are a 
variety of loads viz. lights, music system, wiper, AC, etc., which are turned on or off randomly, 
thus making load to be variable. The desired response from the system should satisfy two 
conditions. One, despite of highly variable nature of the two sources present in the system, the load 
requirement should be met at all times. Secondly, when multiple loads are switched on at the same 
time, i.e., the effective load of the system changes, the DC bus voltage should remain constant, i.e.; 
for example if lights are on and at the same time fan motor is turned on, lights should not dim. To 
illustrate this desired response of the proposed system, results are explained with the help of 
different modes to show power distribution between PV source, engine connected rotating 
generator and battery for various changes in the load, PV power and engine power.  

4.2 Proposed system response  

4.2.1 Mode 1 

It represents the response of the system for varying engine speed. PV panel is subjected to an 
irradiance of 620 W/m2 and temperature of 25°C. As can be seen in Fig. 3, the blue curve in the 
graph titled ‘Powers’ represents the PV power, the red curve shows the Load power, the green the 
engine power, the sky blue the battery power, the light green the engine power used to meet load 
power requirement and the purple colour line shows the part of PV power being used to charge the 
battery. From t = 0 sec to t = 5 sec engine speed is 180 rad/sec which is changed to 90 rad/sec at t = 
5 sec up to t = 10 sec. As can be seen in Fig. 3, that despite of reduction in engine speed, the DC 
bus voltage is maintained constant at 22 V due to voltage regulator acting on synchronous 
generator. Also, it can be seen from the graph titled ‘powers’ that PV power is just sufficient to 
meet the load demand, i.e.; 280 W. Due to this all the engine power is being used to charge the 
battery. It can be seen that engine power is equal to the battery power. Battery charging is also 
validated by the negative value of the battery power and increasing state of charge (SOC) of the 
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battery. As the PV power is just sufficient to meet the load demand almost nil of the PV power is 
used to charge the battery.  

 

Fig. 3 Mode 1 – response with varying engine speed  

4.2.2 Mode 2 

This mode illustrates the response of the system for varying PV powers and varying load demands 
as shown in Fig. 4. Two values of irradiation for PV array have been chosen. At t = 0 sec 
irradiation is 200 W/m2 which increases to 1,000 W/m2 at t = 5 sec and is maintained at that value 
up to t = 10 sec. Here also, the various different colors represent different powers and are same in 
representation as in mode 1. Between t = 0 sec to t = 5 sec, it can be seen that PV power is around 
100 W where as load power required is around 280 W. Since PV power at the moment is not 
sufficient to meet load demand, part of engine power is used to fulfill load demand. It can be seen 
that total engine power at the constant engine speed of 180 rad/sec is around 555 W out of which 
around 180 W goes to load so that PV power + engine power to load = load power and remaining 
of the engine power is used to charge the battery. It can be seen that battery power is now around –
364 W. Negative sign shows that it is being charged. At t = 5 sec PV power increases to around 
600 W due to an increased irradiation of 1,000 W/m2 which is also the maximum power available 
from the PV array at STC. Here load demand is also shown to increase to 360 W to illustrate the 
effect of changing load power. Now as available PV power is more than the required load power, 
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part of this PV power is used to charge the battery which can be seen by PV power to battery level 
to be at around 240 W. So clearly, PV power = load power + PV power given to battery. Here, 
engine is also generating a power of around 555 W, which goes solely to charge battery as load 
power requirement is being already met by the PV system.  

 

Fig. 4 Mode 2 – response with varying PV power and load  

4.2.3 Mode 3 

Sometimes, it may happen that a load needs to be switched on when vehicle is not running and also 
when PV power is not available. For example during night time, lamps, music system, fan, etc., 
may be switched on, in a stand still vehicle. In that situation, PV power and engine power both are 
zero, thus the load power requirement is to be met by battery alone. This situation is depicted in 
Fig. 5 in mode 3. Here, it can be clearly seen that all powers except battery and load powers are 
zero and battery is able to meet the load demand of around 280 W. Also, this is validated by a 
decreasing SOC and positive power values for the battery, indicating that it is being discharged. In 
this situation also, DC bus voltage can be seen to remain constant. Thus, the above three modes 
illustrate the various possible situations, which the proposed system may be subjected to and is 
seen to have the desired response. 
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Fig. 5 Mode 3 – response with both PV and engine power being unavailable  

5. CONCLUSIONS 

The proposed PV system runs the electrical load of the conventional IC engine vehicle in 
association with battery and engine. This scheme, designed to reduce the stress on engine in a 
conventional vehicle, is tested to receive the required AC and DC power for variable AC and DC 
loads viz. air conditioner, wiper motor, etc., variable engine speed and variable PV power. All the 
results show that the proposed energy management algorithm along with various controllers are 
performing satisfactorily and hence validate the proposed scheme. Thus, the use of proposed 
system may result in lesser fossil fuel consumption and reduced environmental pollution, without 
requiring many changes in the current available infrastructure, thereby making it a more practical 
solution as compared to other available alternatives. 
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