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ABSTRACT 

Maximum Power Point Tracking (MPPT) is a technology used in PV solar inverters to optimize output power under 

ideal sunlight conditions. It can reach the value of the Maximum Power Point (MPP) of the PV system. In addition, 

this MPPT is used to adjust the power needed by the load on the grid. The presence of MPPT then if the load requires 

more power due to less PV output, it will regulate the taking of power from the grid to the load so that as a back-up of 

the load is the grid. The method used is Perturb and Observe for MPPT. Results using this method give rise to 

oscillations in the output graph but are not too large. On the other hand, MPPT helps divide the output power from the 

inverter, load, and grid. The division is carried out by MPPT in order to meet the needs of the load used so that the grid 

becomes back-up if the PV output system does not meet the desired power of the load 

Keywords: MPPT, Solar Power Plant System,On Grid, Perturb and Observe Method. 

1. INTRODUCTION 

The performance of PLTS depends on solar 

irradiation from an area where the ideal solar irradiation 

occurs within 4-5 hours so that the output power 

produced is different causing the quality of the power 

produced to be different, so technology is needed to 

control the power output so that there is no change in 

power change significantly concerning MPPT. In 

addition, the demand for different loads with intermittent 

PLTS characteristics causes the power quality to be 

highly considered to meet the desired load. 

2. BACKGROUND 

2.1 Characteristic of PV Module 

The output produced by the PV module is in the form 

of currents and voltages. The PV module produces an I-

V curve (current-voltage) and a P-V curve (power and 

voltage). Every PV module has this characteristic. 

I = Iph −  Is (exp
q(V+IRs)

NKT
− 1) −  

q(V+IRs)

Rsh
      (1) 

Where  Iph is the short circuit current, Is is the reverse 

saturation current of the diode, q is the electron charge 

(1,602x10−19 C), V is the diode voltage, k is the 

Boltzman constant (1,381x10−23 J/K), T is the junction 

temperature, N is the ideal factor of the diode, Rsis the 

series ground of the diode, and Rsh is the shunt resistance 

of the diode. 

The equivalent circuit image of PV module is shown 

as this: 

 
Figure 1.  The PV Module Equivalent Circuit 

In the module PV equivalent circuit, the V-I and P-V 

characteristics are obtained so that the PV model used is 

SunPower SPR-230-E WTH-D with a maximum power 

of 230.4 Wp. This research combines 21 series PV 

modules and 6 modules installed in parallel on 1 array. 

The data are obtained from the following formula with a 

total power is 30kWp and a maximum voltage (Vmpp) is 

810 V. 

V𝑚𝑝𝑝𝑀 = Ns V𝑚𝑝𝑝  (2) 
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Where V𝑚𝑝𝑝𝑀 is the maximum voltage at the peak to 

peak of the PV module circuit, Ns is the series circuit, 

V𝑚𝑝𝑝𝑀is the peak voltage value. 

I𝑚𝑝𝑝𝑀       = N𝑝 I𝑚𝑝𝑝  (3) 

Where I𝑚𝑝𝑝𝑀 is the maximum current generated by a 

PV system, N𝑝 is a total of  parallel circuit, and  I𝑚𝑝𝑝 is the 

maximum current generated by one to PV module. Thus, the 

series of PV modules can produce the following V-I and P-

V characteristic curves: 

 
Figure 2 Characteristics of Cells Photovoltaic Against 

Irradiation Change 

This curve shows that the relationship between the 

voltage and the current of the solar irradiation intensity is 

different. The red graph shows the highest solar 

irradiation as 1000W/m2, producing a Voc value is 

1008V, and an Isc is 38.5A. If the solar irradiation is 

different, the current and voltage values are different. 

 
Figure 3 Characteristics of Photovoltaic Cells Against 

Temperature Changes 

2.2 Maximum Power Point Tracking (MPPT) 

Maximum Power Point Tracking (MPPT) is an 

electronic system that exists in a PV system so that the 

system can produce maximum power according to the 

MPP output on PV. MPPT is not a mechanical tracking 

system that is used to change the position of the module 

to the sun’s position to get maximum energy. The solar 

irradiation factor and the module temperature greatly 

determine the amount of electrical energy produced by 

the PV system. These two parameters cause the PV cell 

output power characteristic curve to be non-linear. 

By understanding the different levels of solar 

irradiation, as well as different loads, on the side of the 

PV module, the voltage is set to be at Vmpp, and does not 

depend on any load conditions: household electrical 

loads, batteries, or grids. Therefore the importance of the 

MPPT circuit lies in the inverter for grid connected 

systems and lies in the charge controller for off-grid 

systems. Conditions that affect the voltage on a solar 

panel include: 

1. Solar irradiation shining on the panel. 

2. The load caused by solar panels is electricity. 

3. Panel temperature 

The quality of the MPPT system certainly needs to be 

measured so that the performance of the MPPT system 

can be known. Measuring the quality of the MPPT 

system can be useful in the MPPT system development 

process. There are three parameters obtained to 

determine the quality of the MPPT system 

a. Dynamic Parameters 

MPPT system to find the maximum power point 

when there is a change in environmental conditions (cell 

temperature and changing solar irradiation). The faster 

the time required, the better the MPPT system 

performance. 

b. Static Parameters 

It is the change in the value of the output power 

when the power point maximum is has been reaching and 

there is no change in environmental conditions. The 

smaller the changes that occur, the better the MPPT 

algorithm 

c. Parameters of Actual Power Ratio and Ideal power 

It is the ratio between the actual output power in a 

period of time with the maximum power measured in the 

working conditions of the solar cell. The value of this 

parameter will range from 0 to 100%. 

2.3 Inverter 

Inverters can be classified as single-stage and two-

stage configurations. The two-stage inverter consists of 

two-tiered stages. The first stage is a boost dc-dc 

converter, and the second is an H-bridge inverter. The 

single-stage inverter must increase the input voltage and 

convert it to ac voltage.  
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Figure 4 Single-Stage control 

The development of network-connected photovoltaic 

power supply systems is divided into two categories, 

including centralized converter type and microcontroller 

converter type. The former uses multiple photovoltaic 

modules for string and/or parallel combinations to 

centralize utilities such a frame usually adopts a stable 

DC bus design and uses a large capacity electrolytic 

capacitor to obtain a stable DC voltage. The advantage is 

more flexible than the converter design, but with poorer 

operating performance for each module while the latter, 

it usually uses one or several photovoltaic modules for 

utilities, and the DC bus and small volume capacitor 

design is adopted. Thus, the photovoltaic module can 

have better performance. However, each photovoltaic 

module team requires a special converter to transfer 

energy to electricity. 

3. RESEARCH METHODS 

3.1 Data Analysis Techniques 

The simulation consists of several simulation blocks, 

namely the PV system block, the single-stage inverter 

system block, and the MPPT control algorithm block. 

The following data analysis techniques use 

simulation  

1. PV module 

The PV module uses the SunPower SPR-230-E 

WTH-D type with a maximum power of 230.4 Watt. This 

PV system uses 1 array consisting of 6 strings and 1 string 

consisting of 21 modules. 

2. Inverters 

The inverters used in MATLAB/SIMULINK 

include: specifications as follows  

Table 1. Inverter specifications 

Vout 380 V 

Frequency 50 Hz 

Switching 

Frequency 

50 kHz 

L filter 10.21 mH 

R filter 0.25 Ohm 

3. MPPT 

The MPPT algorithm used is Perturb and Observe. 

The algorithm usually uses changes to the duty cycle but 

this time changes are made to the reference current from 

the input to the PV. 

 

3.2 Simulation Specification Data on 
MATLAB/ SIMULINK 

In this section, component specification data and 

calculations are needed in making MATLAB/ 

SIMULINK simulations: 

3.2.1 PV Module 

The PV module used in this research is SunPower 

SPR-230-E WTH-D with a maximum power of 30kWp. 

In this PV system, 1 array consists of 6 strings, and 1 

string consists of 21 modules. The SunPower module 

specifications are as follows: 

Table 1. SunPower SPR-230-E WTH-D Module 

Specification 

Parameter Value 

Tested at 1000 W/m2 

Surface Temperature 25 ⁰C 

Pmax 230.04 W 

Vmpp 40.5 V 

Impp 5.68 A 

Voc 48.2 V 

Isc 6.05 A 

Temp coefficient of Voc (%/deg.C) -0.31 ⁰C 

Temp coefficient of Isc (%/deg.C) 0.016 ⁰C 

Cells per module (Ncell) 72 

Rsh (ohms) 396.8073 

Rs (ohms) 0.34627 

Tolerance error ± 5% 

The solar radiation data is obtained for 24 hours 

which can represent monthly solar irradiation data. This 

test used solar irradiation, as shown in the following 

graph: 
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Figure 5. Solar Irradiation for 24 hours 

In the graph there is an average irradiation data 

against time for 24 hours, then the irradiation data is 

taken 12 hours where the sun starts to shine and is applied 

to SIMULINK with a time span of 20 seconds so that it 

will get some output that moves for 20 seconds. 

3.2.2 Inverter 

The inverter uses DC voltage inverter on PV that can 

be directly converted into AC voltage. This inverter has 

an output voltage of 380V, which if there is excess 

production power it can be channeled to the grid. This 

inverter is transformless and uses IGBT which gets a 

pulse signal from the MPPT. The filter calculations for 

the inverter are as follows: 

 

3.2.3    Maximum Power Point Tracking (MPPT) 

Maximum Power Point Tracking (MPPT) used is the 

Perturb and Observe algorithm. This MPPT gets input 

from the value of PV voltage, PV current, and delta duty 

where the value of deltaD has been determined because 

of the current regulated setting on this MPPT to produce 

a reference current as a reference for the inverter output 

current. This MPPT is designed to find the Maximum 

Power Point (MPP) value at the PV output and adjust the 

load changes. 

3.2.4   Three Phase V-I measurement 

Three Phase V-I measurement measures the current 

and voltage at the output of the inverter, load, and grid. 

 

3.2.5   Three Phase Series RLC Load 
 

Three Phase Series RLC Load functions for loads that 

vary in power. 

3.2.6   Grid 

The grid serves to channel excess PV output power or 

take power from the grid when there is a lack of power 

on the load. 

3.2.7   Signal Builder 

The signal builder functions to enter solar irradiation 

data in real time. 

3.3 Testing and Analysis of Simulation Results 

Testing for the system uses SIMULINK on 

MATLAB with the arrangement on a PV system that uses 

1 array.  

 

Figure 6. PV Controller Block Diagram 

 

Figure 6. is a control block diagram performed on this 

PV system simulation. The results of the MPPT 

algorithm control will be read through the output voltage 

and current from the inverter. After that, by comparing 

the overall results of the MPPT control system testing, an 

analysis of the advantages and disadvantages of the 

perturb and observe algorithm used in this system will be 

written. 

 
Figure 7. Block Diagram of Matlab / Simulink 

Simulation on on-grid PLTS system testing on MPPT 
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This is engineering of making algorithms for MPPT 

with changes in solar power plant radiation that vary and 

according to different load demands, as follows : 

 
Figure. 8. Perturb and Observe Curve 

In this curve there are 3 conditions where the left-

peak dP / dV> 0, the peak of the curve dP / dV = 0, and 

dP / dV <0. These conditions indicate the use of perturb 

and observe.  

When perturb works, it functions to increase or 

decrease the Iref, every change in Iref causes a change in 

its power. If the present power is greater than the previous 

power, the Iref will be raised again. If the present power 

is less than the previous power, the Iref will be reduced.  

Therefore this method requires the input power 

output value to determine the power that falls in the load. 

The following is a flowchart of perturb and observe 

method. 

 
Figure 9. Perturb and Observe Flowchart 

 

 

 

3.3.1 Output PV 

The PV output includes the output voltage and current 

that varies according to changes in solar irradiation. The 

first graph produced is the value of the PV output power 

that reaches maximum power point tracking which is 

shown by the following graph : 

 

Figure 10. Graph of PV Power Output 

 
Figure 11. Output curent PV 

Figure 11 shows a graph of the PV voltage output 

where it can be seen that the voltage is very stable due to 

the influence of MPPT which is very closely related to 

Figure 11.  

 
Figure 12. Output current on PV 

Figure 12. shows the current output in the PV where 

the current can be shaped like that following the existing 

solar irradiation.  
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3.3.2 Daya Output Inverter 

Figure 13 shows the active and reactive power results 

that will be supplied to the load or grid. The graph shows 

the relationship between power and time for 20 seconds 

where the power is multiplied by 1000 watt/m2. 

 
Figure 13. Power Active and Reactive of the Inverter 

3.3.3  MPPT Performance Efficiency 

MPPT performance is needed to adjust the output 

power of the inverter to show the MPPT value and adjust 

the power to the grid. This MPPT performance uses the 

Perturb and Observe method so that the MPPT 

performance efficiency is obtained as follows:  

The maximum output P value shows 17.44 kW, while 

the Pmaximum at PV is 17.86 kW. 

 
so, MPPT performance efficiency is 97.64% 

3.4 Discussion Result 

3.4.1 PV Output Power > Load Power 

At the with the following data P output inverter = 17.47 

kWp; Q output inverter = 4,496 kVAR ; P load = 12 kW; Q load 

= 2kVAR. So that the graph of the simulation results can be 

shown as follows: 

 

Figure 14. The current Graph at Load where PV Output 

Power > Load Power 

 

Figure 15. The current graph on grid PV Output Power 

> Load Power 

 

Figure 16. The current on Inverter PV Output Power > 

Load Power 

 

Figure 17. The current graph on Inverter, Load, and Grid 

During Irradiation Low Sun PV Output Power > Load 

Power 

 

Figure 18. The current graph on inverter, load, and grid 

during Irradiation the sun is starting to rise PV Output 

Power > Load Power 
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Figure 19. The current graph of Inverter, load and grid 

at peak Irradiation PV Output Power > Load Power 

The setting is governed by the work of the MPPT with a 

power percentage of 39.55% 

3.4.2 PV Output Power = Load Power 

At the inverter output power equals to the load power 

with the following data P output inverter = 17.47 kW; Q 

output inverter = 4,496 kVAR; P load = 17.47 kW; Q 

load = 4.496kVAR. 

 

Figure 20. The current graph at Load where PV Output 

Power = Load Power 

 

Figure 21. The current on Inverter PV Output Power = 

Load Power 

 

Figure 22. Current graph on Inverter, Load, and Grid 

During Irradiation Low Sun Output Power = Load 

Power 

 

Figure 23. The current graph of Inverter, load and grid 

at peak Irradiation Output Power = Load Power 

The setting is governed by the work of the MPPT with 

a power percentage of 5.88% 

3.4.3 Inverter output power < load power 

At the inverter output power is equal to the load 

power with the following data P output inverter = 17.47 

kW; Q output inverter = 4,496 kVAR; P load = 30 kW; 

Q load = 5kVAR. So that the graph of the simulation 

results can be shown as follows: 

 

Figure 24. The current Graph at Load where PV Output 

Power < Load Power 
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Figure 25. The current graph on grid PV output power < 

load power 

 

Figure 26. The current graph on Inverter, Load, and 

Grid During Irradiation Low Sun PV Output Power < 

Load Power 

 

Figure 27. The current graph of Inverter, load and grid 

at peak Irradiation PV Output Power < Load Power 

 

The setting is governed by the work of the MPPT with 

a power percentage of 44.37%. 

4. CONCLUSION 

In the discussion of MPPT performance on on-grid 

PLTS, conclusions can be drawn as follows : 

1. MPPT will adjust the output power on the PV so that 

it can reach the MPPT value on the PV where the 

MPPT efficiency is 97.53%. 

2. Based on this efficiency, with variations in load, the 

percentage of power from and to the grid as a back-

up from this solar power plant system is as follows, 

when the PV power is greater than the load, the 

power to the grid is 39.55%, the PV power is equal 

to the load power, so it should not require back-up 

from the grid, but in this simulation, there is a 

residual so that it automatic requires 5.88% power 

from the grid, and when the PV power is less than 

the load it will consume power from the grid by 

44.37%. 
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