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Abstract: In this paper, the design of MPPT controlled DC-
DC boost converter for PV charger application is 
presented.  Duty cycle of the designed converter, which 
operates in 50 KHz, is controlled directly by Incremental 
conductance algorithm in order to track maximum power 
point of the PV panel that is changing in response of 
variation irradiance of sunny day. The designed converter 
is used as interface unit for matching 24V battery bank 
(20AH, 12V, C/5) with CANADIAN SOLAR CS5C-90 
panel. The overall system is built and validated by using 
MATLAB SIMULINK. The simulation is performed under 
two cases of environmental conditions which are slow and 
fast changing conditions. In addition, the performance of 
simulated MPPT system is measured in term of tracking 
efficiency, conversion efficiency, and response time. The 
simulation results show that the proposed converter has 
averaged tracking efficiency of 98% and 97.55% and 
averaged conversion efficiency of 98.52% and 98.24% for 
slow and fast changing conditions respectively, and 
response time in the range of 70 ms, which is measured 
over the simulation time of 2.5s for both conditions. These 
results express the high performance and effective 
operation of designed converter, as compared with other 
systems in literature. 
 
Key words: Boost Converter, MPPT Algorithms, Solar 
Panel, Solar charger. 
 
1. Introduction 

Non-renewable energy sources have a limited 

supply, often releasing harmful gases, and their prices 

are increasing continuously. These have become the 

main driving forces to use renewable energy sources, 

such as solar, wind, biomass and hydropower energy. 

As compared to other sources, solar energy is more 

attractive since it is environmentally clean, 

abundantly available, cheap, and easily transferrable 

to other forms of energy. One practical application of 

solar energy is solar photovoltaic panels as a source 

of electricity. PV panels can be connected to grid 

systems as renewable power plant that provides 

power into system. In addition, the availability of 

energy storage system, such as batteries, enables PV 

panels to be used in stand-alone solar systems. Stand-

alone systems are not part of the grid and are essential 

for regions that are remote from public grid. In these 

systems, batteries are used to either supply load when  

 
PV panel has not enough energy because of low 

irradiance, or supply load continuously as in the case 

of some application such as electric vehicle and 

lighting systems. In both case of application, battery 

should be charged by PV system fully and safely as 

fast as possible for high performance and reliability 

of stand-alone [1]. 

However, power extracted from PV panel is 

restricted due to certain limitations. The first 

limitation is the low efficiency of PV panel in 

converting solar energy into electricity (10 to 16% 

efficiency for amorphous silicon solar cells). 

Secondly, because of highly nonlinearity of P-V and 

I-V characteristic curves of PV panel, there is only 

one operating point, which called maximum power 

point (MPP), at which PV panel provides maximum 

available power. In addition, this MPP point is not 

fixed and depends on environmental conditions such 

as temperature and insolation level. In consequence, 

the direct connection of the PV panel and load (or 

battery) reduces the power that could be supplied to 

load (or battery), if the operating point of load (or 

battery) and Maximum power point (MPP) of PV 

array are not in concurrence, which is the normal case 

of operation. Therefore, the performance of load (or 

battery) will be affected badly [2, 3]. 

In order to continuously obtain the maximum 

available power from the solar panels; thus improve 

the performance of supplied load (or battery), it is 

necessary to match the operating point of load (or 

battery) with MPP of PV panel. This matching can be 

done by inserting an interface unit between PV 

system and load.  This unit is called a maximum 

power point tracking (MPPT). In this manner, the 

MPPT system continuously tracks the peak power 

condition by monitoring the output voltage and 

current of the solar panel and determines the optimum 

operating point of PV panel; thus increasing the 

efficiency of extracting power from the solar panels. 

MPPT system consists of two main components. 

Firstly, MPPT algorithms which determine the 

required operating point for maximum power 
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generation of PV panels. Secondly, DC-DC 

converters which perform the tracking action by 

controlling its duty cycle according to the determined 

operating point [4]. 

In this paper, the design and modelling of MPPT 

system is simulated by using SIMULINK. In this 

simulation, CANADIAN SOLAR CS5C-90 panel is 

used to charge 24V battery bank (12V 20AH C/5) 

through MPPT system. Generally, the simulated 

model of battery should involve all parameters that 

affect the performance of battery, such as charging 

current, charging voltage, state of charge, temperature 

of battery. However, in this simulation, because the 

operation of MPPT system in extracting maximum 

power is under consideration, battery is represented 

ideally by constant voltage. In this simulation, MPPT 

system model composes of boost converter model 

which its duty cycle is controlled directly by InC 

algorithm.  

The proposed design MPPT system in this paper 

has superiority over many systems that have been 

proposed in literature. In [2], the design of MPPT 

system is similar to the one proposed in this system. 

In that study, InC algorithm is used to control boost 

converter. The conversion efficiency of that MPPT 

system is 92% which is compared with 98.52% 

obtained in this paper. Furthermore, the high 

conversion efficiency of proposed system in this 

paper has been approved in different environment 

conditions. 

In [5], the two phase interleaved boost converter is 

used in the design of DC-DC converter which is 

controlled by InC algorithm. The topology is used in 

order to reduce the ripples in input voltage and 

current. However, this topology reduces the 

conversion efficiency and increases the cost of MPPT 

system due to the additional inductor. In this paper, 

the input capacitor reduces the ripples of input voltage 

and current with lower cost and higher efficiency of 

designed MPPT system 

In another study [6], the Interleaved Fly-back 

converter is used in the design of DC-DC converter. 

This study is based on comparing the performance of 

three different algorithms with the selected topology 

of converter. The maximum tracking efficiency in this 

study is 98.26% which is achieved by InC algorithm. 

This efficiency is compared with that achieved in this 

paper. However, the implementation of MPPT system 

in [6] is complex and costly as compared to the 

system of this paper. 

In order to express the superiority of proposed 

MPPT system in this paper, the high performance of 

proposed system, which is measured in term of 

tracking efficiency, conversion efficiency, and 

response time of MPPT system, is analyzed in more 

details under different conditional environment. 
 

2. PV Solar Charger Characteristics 

2.1 PV Panel Model  
PV panels comprise of many solar cells, which are 

connected part by part in integrated series and 

parallel, as building blocks. A solar cell converts sun 

energy into electricity by means of the photoelectric 

action that could be found in specified types of 

semiconductor materials such as silicon i.e. generates 

electric voltage and current on exposure to light. The 

ideal PV cell is modelled as single diode circuit as 

shown in Fig. 1. This circuit contains of a current 

source, a diode in parallel with source, series resistors 

RS, and parallel RSH to represent dissipation of PV 

cell [7].  

The relation between voltage and current of PV 

panel can be described, mathematically, as in (1). 
 

𝐼 = 𝐼𝑃𝑉 − 𝐼𝑜[exp((𝑉 + 𝑅𝑠 𝐼)/𝑘𝑇) − 1] 

−(𝑉 + 𝑅𝑠 𝐼)/𝑅𝑝                 (1) 

 

Where, I is the PV cell current (A). IPV is the PV 

cell photocurrent (A). Io is the diode saturation 

current. T is the cell temperature (K). RS and RP are 

the series and shunt resistance of PV cell (ohms) and 

V is the output voltage of PV cell (V) [8] 

Equation (1) of the ideal PV cell does not define 

the I-V characteristic of a practical PV array. 

Practical arrays are manufactured by using several 

connected PV cells and the determination of the 

characteristics is done at the terminals of the PV 

array.  

If the array is composed of Np parallel connections 

of cells the PV and saturation currents may be 

expressed as in (2) and (3). 
 

𝐼𝑃𝑉 = 𝐼𝑃𝑉,𝑐𝑒𝑙𝑙   ∗  𝑁_𝑃                           (2) 

𝐼𝑂 = 𝐼𝑂,𝑐𝑒𝑙𝑙   ∗ 𝑁_𝑃                              (3) 

 

Where RS is the equivalent series resistance of the 

array and RP is the equivalent parallel resistance [8]. 

Terminal characteristics of PV panel are 

represented as P-V and I-V curves which are 

generally supplied by manufacturer. These curves 

have highly nonlinear characteristics and depend on 

environmental conditions where PV panel is located. 

 

 
 

Fig. 1. Single diode circuit modelling of ideal PV cell 
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2.2 Boost Converter Model  

Boost topology is chosen for DC-DC converter 

since it is capable of transferring maximum energy 

from PV panel to load irrespective of different 

irradiation of sun through the day. The topology of 

converter is shown in Fig. 2. It consists of dc source 

VS, inductor L, power switch S, diode D, output 

capacitor C, and output load R. When the switch S is 

in the on state, the current in the inductor increases 

linearly and the diode D is off at that time. The load 

is supplied by the output capacitor. When the switch 

S is turned into off state, both the source and the 

energy stored in the inductor is transferred through 

the diode to the output load [9]. 

The converter waveforms in the CCM are 

presented in Fig. 3. As shown in the waveform for 

inductor voltage, in the first period the inductor is 

supplied with VS and in the second period the (VS-VO) 

voltage with reversed polarity is induced across the 

inductor to keep flowing of current in the same 

direction, where VO is the output voltage [9]. 

According to Fig. 3, change of inductor current in 

both periods (∆ILP and ∆ILN) could be written as in (4) 

and (5). 
 

 
 

Fig. 2. Boost converter topology equivalent circuit 

 

 
 

Fig. 3. Boost converter waveforms in the CCM 
 

∆𝐼𝐿𝑃 = (𝑉𝑆/𝐿 )DT                             (4) 

∆𝐼𝐿𝑁 = ( 𝑉𝑂 − 𝑉𝑆/𝐿)(1 − 𝐷)𝑇                    (5) 

 

In steady state operation, the positive and negative 

periods of inductor voltage waveform are equal and 

accordingly the rising and falling of inductor currents. 

Equations (4) and (5) could be written as in (6). 

 

𝑉𝑆 𝐷𝑇 = ( 𝑉𝑂 − 𝑉𝑆)(1 − 𝐷)𝑇                    (6) 

 

From (6), average output voltage could be obtained 

as in (7). 

 𝑉𝑂 = (1/(1 − 𝐷))  𝑉𝑆                          (7) 

 

The output voltage of the converter could be 

controlled between VS < VO < Vmax, where Vmax is 

the maximum required output voltage [9]. 

 

2.3 Boost Converter Design Process 

To design and size the components of boost 

converters, many factors should be considered such 

as, input voltage to converter, output voltage 

magnitude, DC-DC converter efficiency, output 

voltage ripple, input power, desired output power,  

input current, output current and duty cycle of PWM 

controller. 

There are five components that should be chosen 

when boost converter is designed. These are power 

switching device, diode, inductor, output capacitor, 

and input capacitor. [9]. 

• Power switching device:  The main switching 

device must withstand the maximum current and 

voltage stresses and also operate at the desired 

frequency [9]. 

• Diode: Diode must be characterized by capability 

of withstanding the required reversed off–state 

voltage stress as well as the maximum and average 

current. In addition, it must have low forward voltage 

drop, reduced reverse–recovery, and fast switching 

capability [10]. 

• Inductor: the design of boost inductor depends on 

the maximum required ripple current which is 

determined at minimum duty cycle and maximum 

input voltage. The value of boost inductor is 

determined for specific load as shown in (8), where 

Fs is the operating switching frequency. 
 

𝐿 = (𝑉𝑆 ∗ ( 𝑉𝑂 − 𝑉𝑆 ))/(∆𝐼𝐿𝑃 ∗ 𝐹𝑆 ∗  𝑉𝑂 )            (8) 

 

Regarding the current flowing in inductor, the 

boost converter can operate in continuous mode of 

operation (CCM) and discontinuous mode of 

operation (DCM). For CCM of operation, the 

minimum inductance required (LMIN) is calculated as 

can be shown in (9). 
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𝐿𝑀𝐼𝑁 = (𝑉𝑆 ∗ ( 𝑉𝑂 − 𝑉𝑆 ))/(2 ∗ 𝐼𝑠 ∗ 𝐹𝑆 ∗  𝑉𝑂  )        (9) 

 

Where IS is the source current. When Fs is selected, 

there should be a trade-of between minimizing the 

size of the inductor and limiting the loss of the power 

switching device. Generally, high-frequency of Fs is 

imposed and it should be checked if the current ripple 

is correct by low frequency [10, 2]. 

• Output capacitor: Output capacitor must be 

designed carefully to perform two important 

functions. Firstly, it must limit the output voltage 

ripple as well as withstand the required ripple current 

stress. The second function, it must supply the 

required output current to the load when the diode in 

off state. The minimum value of the output 

capacitance that provides the specified voltage ripple 

(∆V0) is calculated as in (10). In addition, the required 

ESR that give the required voltage ripple could be 

determined as in (11) [10, 11]. 
 

𝐶𝑚𝑖𝑛 = (𝐼𝑜 ∗ 𝐷)/(𝐹𝑆 ∗ ∆𝑉𝑜 )                   (10) 
 

𝐸𝑆𝑅 ≤ ∆𝑉𝑜/((𝐼𝑆 + (∆𝐼𝐿𝑃)/2))                 (11) 

 

• Input capacitor: The minimum value of input 

capacitor is necessary to regulate the input voltage 

due to the current requirement of power supply. This 

minimum value can be increased in case of noisy 

input [11]. 
 
3. Incremental Conductance Algorithm. 

The InC algorithm is one of the most commonly 

used technique because its cost is low and 

implementation is easy. This algorithm depends on 

the fact that the derivative of conductance at MPP is 

equal to the negative instantaneous conductance. [12] 

Figure 4 shows chart of InC algorithm. As can be 

shown, the operation of this algorithm is initialized by 

sensing the operating point of PV panel at successive 

(n) and (n+1) instants. Depending on these operating 

points, the incremental conductance is calculated as 

(∆I / ∆V) and compared to the instantaneous 

conductance (I /V). The process continues until the 

incremental conductance equals the negative 

instantaneous conductance ((∆I /∆V) = (-I /V)). [12]  

In practical, there is steady state oscillation of 

power around MPP. In this case, MPP of PV panel is 

detected when ((∆I /∆V) + (I /V)) is within the 

tolerance band. [12] 

This tolerance band can be controlled by step size 

of perturbation. The selection of step size is tradeoff 

between steady state oscillation and speed of 

performance of algorithm [12]. 

 
 

Fig. 4. MPPT InC algorithm chart 
 
 
4. Simulated PV System Model  

Figure 5 shows the simulated PV system which is 

constructed by Simulink in MATLAB. The simulated 

system consists of PV array, MPPT controller, DC-

DC boost converter and the battery. 

 In this simulation, CANADIAN SOLAR CS5C-

90 panel is used for simulating PV array. The 

specification parameters of the used PV panel are 

listed in Table 1. The maximum power of 90W is 

given Under Standard Test Conditions (STC) of 

irradiance of 1000 W/m2, spectrum AM 1.5 and cell 

temperature of 25°C. 

 Figure (6) and (7) represents P-V and V-I curves 

of this panel for different irradiance levels. These 

curves represent maximum power that can be 

extracted from PV panel in different level of 

insolation.  

In this simulation, the design of boost converter is 

performed according to the equations (7-11). 

According to the requirements of charging, the design 

specifications are listed in Table 2. As mention, five 

parameters should be determined when designing of 

boost converter. The Schottky diode and IGBT 

switch is chosen to withstand the maximum stress of 

current and voltage of system under operating 

frequency. 
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Fig. 5. Simulated PV system components and 

arrangement 

 
 

Fig. 6. I-V curves CANADIAN CS5C-90 panel 
 

 
 

Fig. 7. P-V curves CANADIAN CS5C-90 panel 
 

 

 

 

Other parameters are designed as in the following 

process. 

Maximum Duty cycle of boost converter is 

calculates as in (5). 
 

𝐷𝑚𝑎𝑥 =
1 − 18

24
= 0.25 

 

The inductance of boost converter is calculated for 

required input ripple of current ∆IL. Input ripple is 

taken as 20% of input current, that   ∆IL = 0.2* 4.99= 

0.998. The inductance is calculated as in (8). 

 

𝐿 =
18 ∗ (24 − 18)

0.998 ∗ 50 ∗ 103 ∗ 24
= 90.2 ∗ 10−6𝐻 

 
The minimum output capacitor is calculated for 

required ripple of voltage ∆Vo.  Output ripple is taken 

as 2% of output voltage, that ∆Vo = 0.02* 24= 0.48. 

The conductance is calculated as in (10) and (11): 
 

𝐶𝑚𝑖𝑛 =
4 ∗ 0.25

50 ∗  103 ∗ 0.48
= 42 ∗ 10−6 𝐹 

 

𝐸𝑆𝑅 ≤
1.2

(4.99 +
0.998

2
)

= 218.6 ∗ 10−3𝑜ℎ𝑚 

 

The specification of boost converter is listed in 

Table 3. The output capacitor is chosen to be 68 µF 

and ESR is 200mH. Input capacitor is chosen as 330 

µF with ESR of 38mH based on ∆Vin of 2%.  

24V Battery bank (12V, 20AH, C/5) is used in the 

simulation. As can be shown in Fig. 5, constant 

voltage source is used to model the performance of 

battery ideally. This battery is charged by current that 

is supplied by MPPT system. This charging current is 

filtered through low pass filter. 
. 
 

TABLE 1. SPECIFICATION OF PV PANEL 

Parameter Value 

STC (standard test conditions) CS5C-90M 

Nominal Maximum Power (Pmax) 90 W 

Optimum Operating Voltage 
(Vmp) 

18.0 V 

Optimum Operating Current (Imp) 4.99 A 

Open Circuit Voltage (Voc) 22.3 V 

Short Circuit Current (Isc) 5.34 A 
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TABLE 2. SPECIFICATION OF DESIGN OF PV SYSTEM 

Parameter Value 

Maximum output voltage Vout 24 V 

Maximum Output Current Iout 4 A 

Range of Input voltage  Vin 22.1- 17.5 V 

Switching Frequency of the 
system 

50 KHz 

 

 

TABLE 3. SPECIFICATION OF BOOST CONVERTER 

Components Value Remark 

Switching  Device IGBT Chosen Ideally 

Diode Schottky Chosen Ideally 

Inductance 90.2 µH    Equation (8) 

Output Capacitor 68 µF    ESR=200 mohm 

Input Capacitor 330µF ESR=38 mohm 
 
 
5. Simulation Operation and Result  

The simulation is run for different irradiance levels 

to simulate the real solar irradiation through a sunny 

day. The variation of temperature through a day could 

be taken constant approximately; because the 

decreasing of open circuit voltage of PV array is 

associated with increasing of short circuit current of 

PV array. Generally, there are many cases of 

environmental condition that represent different 

levels of irradiance through sunny day. In this 

simulation, two cases of environmental condition are 

taken under consideration which represent the most 

common conditions of environment. These two cases 

are slow changing environmental condition and fast 

changing environmental condition which are 

explained in the following points: 

• Slow changing environment (SCE): Under this 

environmental condition, the level of irradiance 

changes slowly through the simulation periods to 

simulate the slow changing through normal day as 

shown in Fig. 8 which represents irradiance Levels of 

(600, 800, 1000, 700, 500) kw/m2 respectively. In 

addition, the transition between irradiance levels is 

represented by ramp changing. 

• Fast changing environment (FCE): Under this 

environmental condition, the level of irradiance 

changes rapidly through the simulation periods to 

simulate the rapid changing through normal day as 

shown in Fig. 9 which represents irradiance Levels of 

(600,  1000, 500) kw/m2 respectively. In addition, the 

transition between irradiance levels is represented by 

ramp changing 
 

 
 

Fig. 8. Simulated Irradiance Levels Waveform under SEC 

 

 
 

Fig. 9. Simulated Irradiance Levels Waveform under FEC 

 

The effective operation of designed MPPT system 

under these different cases of environmental 

condition can be   evaluated by analyzing carefully 

the performance of the system. There are many 

parameters that determine the performance of system. 

In this paper, three parameters are investigated which 

affect the performance of the system hardly. These 

parameters are tracking efficiency of MPPT system, 

conversion efficiency of MPPT system, and response 

time of MPPT system. These parameters are 

explained in details in following sections. 
 

5.1 Tracking Efficiency of MPPT System 

The tracking efficiency of MPPT system represents 

the capability of designed system on tracking MPP of 

PV panel under different conditions. The tracking 

efficiency of the designed MPPT system can be 

investigated through simulation results that are 

shown in Fig. 10 - 12 which represents voltage, 

current, and power of PV panel under SEC of 

environment respectively. 
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Fig. 10. Output simulation of PV voltage under SEC   

 

 
 

Fig. 11. Output simulation of PV current under SEC   
 

 
 

Fig. 12. Output simulation of PV power under SEC   

 

In addition, tracking efficiency can be investigated 

through simulation results that are shown in Fig. 13 - 

15 which represents voltage, current, and power of 

PV panel under FEC of environment respectively. 
 

 
 

Fig. 13. Output simulation of PV voltage under FEC   

 

 
 

Fig. 14. Output simulation of PV current under FEC  

  

 
 

Fig. 15. Output simulation of PV power under FEC   

 

The tracking efficiency of designed MPPT system 

under different level of irradiance can be computed 

numerically as shown in Table 4 and Table 5 for slow 

and fast changing conditions respectively.  

In these table, the tracking efficiency of MPPT 

(Eff.) system at certain level of irradiance can be 

calculated taking the ratio between proposed 

maximum power (PPV, max) and averaged tracked 

maximum power (PPV2, max) by designed MPPT 

system. 

PPV,max can be obtained from P-V curve of PV panel 

at certain level of irradiance as shown in Fig. 7, 

whereas, PPV2,max can be calculated from PV panel 

voltage (VPV,av)  and current (IPV,av ) that are averaged 

over the period of simulation. 
 

TABLE 4. TRACKING EFFICIENCY OF DESIGNED SYSTEM 

UNDER SCE 

IRRADIANCE 

W/M2 

PPV 

 (W) 

 FIG.7                     

VPV,AV  

(V) 

FIG. 10 

IPV,AV   

(A)  

FIG.11 

PPV1,AV 

(W) 

FIG.12 

EFF. 

% 

1000 89.82 18.88 4.635 87.53 97.45 

800 72.18 18.74 3.801 71.24 98.70 

700 63.23 18.70 3.319 62.06 98.15 

600 54.2 18.73 2.837 53.14 98.04 

500 45.11 18.80 2.343 44.05 97.65 
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TABLE 5. TRACKING EFFICIENCY OF DESIGNED SYSTEM 

UNDER FCE 

IRRADIANCE 

W/M2 

PPV 

(W) 

 FIG.7                     

VPV,AV  

(V) 

FIG. 13 

IPV,AV   

(A)  

FIG.14 

PPV2,AV 

(W) 

FIG.15 

EFF. 

% 

1000 89.82 18.82 46.44 87.42 97.33 

600 54.2 18.68 2.841 53.06 97.9 

500 45.11 18.81 2.335 43.92 97.36 

400 35.96 18.76 1.863 34.94 97.16 

 

Depending on Table 4 and 5, tracking efficiency 

curve of designed MPPT system in term of solar 

irradiance level is constructed as shown in Fig. 16 and 

17 under SCE and FCE respectively. As shown, 

average efficiency is 98% and 97.55% under SEC and 

FEC respectively.  

 

 
 

Fig. 16. Tracking efficiency curve in term of solar 

irradiance level under SCE  
 

 
 

Fig. 17. Tracking efficiency curve in term of solar 

irradiance level under FCE 

 

5.2 Conversion Efficiency of MPPT System 

The conversion efficiency of MPPT system 

represents the amount of maximum power, which is 

extracted by MPPT system, which is available at the 

load (or battery) side of PV system. This efficiency is 

affected by the losses of MPPT system, which can be 

resulted from losses of boost converter. 

The conversion efficiency of the designed MPPT 

system can be investigated through simulation results 

that are shown in Fig. 18 and 19 which represents 

current, and power of PV panel under SEC of 

environment respectively. 

 
 

Fig. 18. Output Simulation of Battery Current under SCE 

 

 
 

Fig. 19. Output Simulation of Battery Power under SCE 

 

In addition, conversion efficiency can be 

investigated through simulation results that are 

shown in Fig. 20 and 21 which represents voltage, 

current, and power of PV panel under FEC of 

environment respectively. 
 

 
 

Fig. 20. Output Simulation of Battery Current under FCE 

 

 
 

Fig. 21 Output Simulation of Battery Power under FCE 
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The conversion efficiency of designed system 

under different level of irradiance can be computed 

numerically as shown in in Table 6 and Table 7 for 

slow and fast changing conditions respectively.  

 
TABLE 6. CONVERSION EFFICIENCY OF DESIGNED 

SYSTEM UNDER SCE 

IRRADIANCE 

W/M2 

PPV1,AV 

(W)  

FIG.12                     

VBAT,AV  

(V) 

 

IBAT,AV   

(A)  

FIG.18 

PBAT,AV   

(W)  

FIG.19 

EFF. 

% 

1000 87.53 24 3.604 86.5 98.82 

800 71.24 24 2.931 70.35 98.75 

700 62.06 24 2.55 61.20 98.61 

600 53.14 24 2.188 52.52 98.83 

500 44.05 24 1.751 43.00 97.6 
 
 

TABLE 7. CONVERSION EFFICIENCY OF DESIGNED 

SYSTEM UNDER FCE 

IRRADIANCE 

W/M2 

PPV2,AV 

(W)  

FIG.15                     

VBAT,AV  

(V) 

 

IBAT,AV   

(A)  

FIG.20 

PBAT,AV   

(W)  

FIG.21 

EFF. 

% 

1000 87.42 24 3.6 86.50 98.91 

600 53.06 24 2.17 52.19 98.36 

500 43.92 24 1.79 42.98 97.86 

400 34.94 24 1.42 34.18 97.82 

 

In these table, the conversion efficiency (Eff.) of 

MPPT system at certain level of irradiance can be 

calculated by taking the ratio between maximum 

extracted power PPV1, max and PPV2, max at different level 

of irradiance, and supplied power to battery PBAT,av 

which can be calculated from battery voltage (VBAT,av) 

and current (IBAT,av). 

Depending on Table 6 and 7, conversion efficiency 

curve of designed MPPT system in term of solar 

irradiance level is constructed as shown in Fig. 22 and 

23 under SCE and FCE respectively. As shown, 

average efficiency is 98.52% and 98.24% under SEC 

and FEC respectively. 

 

 
 

Fig. 22. Conversion efficiency curve in term of solar 

irradiance level under SCE  

 
 

Fig. 23. Conversion efficiency curve in term of solar 

irradiance level under FCE 

 

5.3 Response Time of MPPT System 

In this research, response time of MPPT system is 

defined as the time required by PV power to settle 

within the tolerance interval of maximum power 

point of PV panel when a change of irradiance level 

is occurred.  

Therefore, response time of designed MPPT 

system is computed numerically as shown in Table 8 

and Table 9 for slow and fast changing conditions 

respectively. In these tables, Tres represents the total 

time required by MPPT to track the changing of 

irradiance level until and bring the PV power into 

specific tolerance of MPP of PV panel, Tcha 

represents the time of changing of irradiance between 

two levels, and ∆T represent the response time of 

designed MPPT system.  

The values of Trs and Tcha parameters are 

determined from transition periods of Fig. 12 and 15 

for SCE and FCE respectively 
 

TABLE 8.RESPONSE TIME UNDER SCE 

Irradiance 

KW/m2 

Tres     

(ms) 

Tcha        

(ms) 

∆T      

(ms) 

600-800 140 100 40 

800-1000 142 100 42 

1000-700 116 100 16 

700-500 112 100 12 

 

 

TABLE 9. RESPONSE TIME UNDER FCE 

Irradiance 

KW/m2 

Tres     

(ms) 

Tcha        

(ms) 

∆T      

(ms) 

600-1000 166 100 66 

1000-400 145 100 45 

400-1000 170 100 70 

1000-700-1000 220 200 20 

1000-500 130 100 30 
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As shown in Tables 8 and 9, the maximum ∆T time 

required to settle the ripples of power is in the range 

of 70ms in both cases of environmental condition. 

This delay is small compared with 2.5 s which is the 

selected time of simulation to represent the changing 

of environmental condition through a day. 

 

6. Conclusion 

The design of MPPT controlled boost converter has 

been presented. When PV system is used to charge 

battery, it crucial to use DC-DC converter as interface 

MPPT unit in order to achieve the matching between 

battery and PV system, and ensure the operating of 

PV panel in MPP. The InC algorithm has been used 

to control the duty cycle of converter directly through 

PWM operating in 50 kHz. The overall system has 

been simulated and validated in SIMULINK 

MATLAB. The high performance of the designed 

MPPT system has been proved under slow and fast 

changing environmental conditions. The high 

performance of this design could be shown through 

its ability to track the MPP of PV panel with 

efficiency of 98% and 97.55% for slow and fast 

condition respectively. In addition, the designed 

system can convert power to battery system with 

efficiency of 98.52% and 98.23% for slow and fast 

condition respectively. Furthermore, the designed 

system has been proved for its high response time.  In 

this simulated system, the battery is represented by 

constant voltage ideally that does not affect the 

operation of MPPT system and efficiency of whole 

system. Practically, the parameter of battery, such as 

charging current, charging voltage, state of charge, 

temperature of battery, should be taken into account 

in designing MPPT system in order to ensure the 

operation of the system with high efficiency. In future 

work, the designed proposed in this system will be 

verified practically. 
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