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Abstract 
Solar radiation at any time can be different due to various things such as 
blocking of sunlight due to clouds, the intensity of the sun from sunrise to 
sunset, cloudiness in the rainy season, and the presence of fog in certain areas 
which causes different levels of solar energy. radiation that causes the output 
power of solar cells to vary. and not optimal. For that we need a control device 
that can stabilize the energy output from solar cells called Solar Charge 
Controller (SCC). This research was conducted to determine the value of the 
output power, voltage, and current of SCC type Type Pulse Width (PWM) and 
Maximum Power Point Tracking (MPPT), then determine the value of 
efficiency, and compare which type of SCC is better to use. Sampling of solar 
voltage and current data in the field at 10.00 – 15.00, this is because at that 
time the sunlight reaches its maximum intensity. The results showed that the 
MPPT type SCC efficiency was higher than the PWM type SCC efficiency value, 
namely 84.623% the MPPT type SCC efficiency compared to 80.935% PWM 
type SCC efficiency. 
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INTRODUCTION 

 The Solar Power Plant (PLTS) is a modular power plant, making it easy to 

install. In addition, PLTS can also be applied for installation on a small scale for 

household use, so that the potential of existing natural resources is utilized 

properly. Of course, in addition to utilizing existing natural resources, the 

installation of small-scale solar power plants for households can minimize monthly 

electricity bills. Installation of small-scale PLTS for household needs is usually an 

Off Grid system, this system regulates the use of energy produced from PLTS only 

for personal use, not distributed to the PLN network. Off Grid PLTS systems are 

usually equipped with battery installation for backup systems, the purpose is for 
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use at night or when the electricity from PLN goes out [1]. 

 Several researchers have conducted research related to SCC, among others: 

[2] stated that SCC is used in PV mini-grid systems to protect and control the 

process of charging and discharging batteries. There are two types of SCC 

technology on the market, namely the PWM and MPPT types. This paper examines 

the comparison of the characteristics of the two types of SCC with the same 

technical specifications and the same environmental conditions. 

 [3] tested the voltage and current values of the MPPT type SCC on the market 

using the ATmega328 microcontroller. SCC has its own type and specifications, in 

this study used ACS712 current sensor, Arduino nano voltage sensor contained in 

the ATmega328 microcontroller IC, LCD (Liquid Crystal Display), and personal 

computer. The solar panel receives sunlight then the current and voltage will be 

read by the current sensor and voltage sensor. After testing the tool, the data 

obtained in the form of voltage and current. [4] explained that with the increasing 

demand for energy, energy conservation and the use of renewable resources have 

become an important need. Solar energy will become the main energy source in 

the near future, therefore, highly efficient and energy-efficient solar-powered 

equipment and applications will soon become a major requirement in future PV 

mini-grid installations. In this journal, the Maximum Power Point Tracking (MPPT) 

solar charge controller and Pulse Width Modulation (PWM) solar charge controller 

are analyzed and compared. The role of the SCC is to regulate the power that flows 

from the solar panels to the battery. This charge controller is designed in such a 

way that the solar battery can be recharged quickly and does not become 

overloaded, thus extending the battery life. [5] said that solar panels are a solution 

to fight the energy crisis and also environmental pollution, but the high installation 

costs and large land required to build large-scale PLTS are obstacles to the 

sustainability of this technology. So it is necessary to maximize the value of 

equipment efficiency in PLTS installations so that the maximum potential of a PLTS 

is achieved. 

Solar cells or also often called photovoltaic cells are devices that are able to 

directly convert sunlight energy into electrical energy [6]. Solar cells play a very 

important role in maximizing the enormous potential of abundant solar energy. 

Solar cells can be analogous to devices with two terminals that can generate 

voltage when exposed to sunlight [7]. There are various kinds of PLTS components 

for small-scale installations, two of which are batteries and SCC. SCC is basically an 

electronic device to control the current and voltage that flows into the battery 

when it is in a charging state so that there is no overcharging of the battery which 

can reduce the life of the battery itself, besides that SCC also controls the battery 

discharge process so that the battery voltage and drain conditions do not exceed 

the limit given from the battery datasheet. In the market, you can find two types of 

SCC, namely SCC with pulse width modulation (PWM) type and SCC with maximum 
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power point tracking (MPPT) type, these two types of SCC have different 

characteristics. The aim of this study was to compare the efficiency of the two types 

of SCC. With this comparison, it is hoped that a complete picture of the process and 

results of controlling the output will be known. And it can be presented in a 

systematic way which can later support the application of solar cell renewable 

sources with optimal efficiency and effectiveness. 

 

Literature Review 

Charger Controller Charger  

The controller is an electronic device that is used to regulate the direct 

current that is charged to the battery and taken from the battery to the load. The 

charger controller regulates over charging (excess charging because the battery is 

full) and excess voltage from the solar panel / solar cell. Overvoltage and charging 

will reduce battery life[8]. 

The charger controller applies pulse width modulation (PWM) technology to 

regulate the function of charging the battery and releasing current from the battery 

to the load. According to [9] some of the detailed functions of the charger controller 

are as follows: 

1. Regulating the current for charging the battery, avoiding over charging and over 

voltage 

2. Regulating the current released / taken from the battery so that the battery is 

not full discharge and overloading 

3. Monitor battery temperature. To buy a charger controller that must be 

considered are: a. Voltage12 Volt DC / 24 Volt DC b. Capability (in direct current) 

of the controller. For example 5 Ampere, 10 Ampere and so on c. Full charge and 

low voltage cut. 

A good charger controller usually has the ability to detect battery capacity. 

When the battery is fully charged, the charging current from the solar cell stops 

automatically. The way of detection is through the battery voltage level monitor. 

The charger controller will charge the battery to a certain voltage level, then when 

the voltage level drops, the battery will be recharged. Charge controllers usually 

consist of: 1 input (2 terminals) connected to the output of a solar cell, 1 output (2 

terminals) connected to a battery/accumulator and 1 output (2 terminals) 

connected to a load[10]. 

Solar Charge Controller Technology 

There are two types of technology commonly used by solar charge 

controllers, namely PWM (Pulse Wide Modulation). As the name suggests, it uses 

the pulse width of the offelectrical ondan, thus creating a sine wave electrical form. 

The PWM (Pulse Width Modulation) charge controller is a charging controller that 

functions to charge the battery from a solar panel by using pulse modulation to 

control the continuity of charging. As the battery approaches a fully charged state, 
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the PWM tool will slowly decrease the amount of power going into the battery in 

order to reduce stress on the battery. PWM chargers are widely available in the 

market, they are also cheaper, and they come in various sizes for a wide range of 

applications. The limitations of the PWM controller include the size of the charger 

voltage must match the battery bank voltage, and the capacity of the PWM device 

is usually limited to 60 amperes Maximun Power Point Tracker[11]. 

All PV solar panels are rated in Watts. This identifies the potential power that 

can be generated by the PV panel when exposed to sunlight. If we multiply the 

maximum voltage (Vmp) with the maximum current (Imp) listed on the PV panel 

label, then we can determine the panel capacity in Watts. MPPT stands for 

Maximum Power Point Tracking, which is an electronic device found in a battery 

charging regulator that can optimize the performance of solar arrays (PV panels) 

and battery banks. In other words, this tool is able to convert the high voltage DC 

output from the solar panel to the lower voltage required by the battery / battery 

bank. In this charging process, the MPPT mechanism also increases the DC current 

(amperage) that is charged to the battery/battery bank. Back again to the example 

calculation above. With MPPT, the battery charging regulator maintains a stable 

voltage of 29.7V, so that the power drawn from the solar module remains 240W 

and the battery charger controller then converts the 29.7V voltage to 12V to adjust 

to the battery voltage. Thus the current going into the battery becomes 20A (240W 

/ 12V). So the current power obtained by the battery is 20A and no longer 8.1A as 

generated by a PWM type charging regulator. The difference between the two 

types of battery charging controllers is very clear. With an increased amperage of 

11.9A (20A-8.1A), MPPT is much more efficient than PWM [12]. 

Variable voltage regulator IC LM 317 to regulate a stable output voltage of 

around 16 volts, Variable resistor VR controls the output voltage, when the solar 

panel generates current on D1 it is forward biased and the regulator IC will receive 

current input at that time. The output voltage depends on the VR setting and the 

output current is controlled by R1. This current passes through D2 and R3, when 

the output voltage is above 16 volts (as defined by VR), the ZD2 zener diode 

engages and provides a steady voltage of 15 volts for charging the 12 V battery 

charging depending on R1 and R3, around 250 s/ d 300 mil . Ampere current will 

be available for charging the 12 V battery. The green LED indicates the state of 

charge and when the battery reaches full voltage of approx. 13 volts, the zener 

diode ZD1 engages and T1 is in forward bias. This drains the output current from 

the IC regulator via T1 and 10 the charging process will stop. When the battery 

voltage drops below 12 volts, ZD1 turns off and battery charging starts again [13]. 

PWM Solar Charge Controller 

The charge controller which is between the solar panel and the battery bank 

is with the function of preventing the solar panel from overcharging the battery. 

The algorithm, or control strategy, of the charge controller determines the 
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efficiency of battery charging and solar panel utilization, which ultimately affects 

the system's ability to meet load demands, and battery life. 

Pulse Width Modulation (PWM) Setting pulse width modulation or PWM is 

one of the "effective" techniques used in current control systems. Modulation 

width settings are used in a wide variety of fields, one of which is: speed control, 

power control, measurement and communication (measurement or 

instrumentation and telecommunication). Pulse width modulation (PWM) is 

achieved with the help of a square wave which is a duty cycle. The waveform can 

be varied to obtain a varying output voltage which is the average value of the 

waveform. PWM is basically turning on (ON) and turning off (OFF) a DC motor 

quickly. The key is to set how long the ON and OFF times. [14] PWM is a way of 

regulating the voltage by adjusting the on period (Ton) in a fixed period as shown 

in Figure II. 6 PWM time diagram The value of the duty cycle (D) is obtained if we 

compare the time at Ton (logic High) with the time at Toff (logic Low) [15]. 

PWM is the most effective way to achieve constant voltage battery charging 

by replacing solar system control power devices. When in PWM regulation, the 

current from the solar array decreases in response to battery condition and 

charging requirements. PWM solar chargers use technology like any other high 

quality modern battery charger. When the battery voltage reaches the setting set-

point, the PWM algorithm slowly reduces the charging current to avoid heating and 

gassing of the battery, but charging continues to return the maximum amount of 

energy to the battery in the shortest time. The result is higher charging efficiency, 

fast recharging, and a normal battery at full capacity. 

MPPT Solar Charge Controller 

Maximum Power Point Tracker (MPPT) is used to condition the solar cell to 

be at its maximum power point. One of the algorithms used is Incremental 

Conductance (INC). MPPT itself consists of a DC-DC converter and a 

microcontroller. There are two types of MPPT, dynamic and static. Dynamic MPPT 

is an MPPT that uses a motor to position the surface of the solar panel so that it is 

perpendicular to the direction of sunlight, often referred to as a mechanical 

tracker. The mechanical tracker is expected to be able to maximize the output 

power of the solar panels, but the problem with this tool is that the mechanical 

tracker drive motor itself requires energy to move, so if the light sensor on this 

device is too sensitive, the motor will continue to move so that a lot of energy is 

wasted. Meanwhile, static MPPT has a different way from dynamic MPPT to 

maximize the output power of solar cells. The workings of static MPPT are by 

utilizing the current-voltage characteristic curve in which there is a maximum 

power point. In static MPPT, it has a DC – DC converter which functions as a 

conditioner for the output voltage of the solar panel. The presence of this DC – DC 

converter is expected to increase the working voltage of the solar panel so that the 

working voltage can be at the maximum power point. 
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Currently the use of DC electricity is needed, one of which is sunlight, which 

is a very effective renewable energy source. Alternative energy as a substitute for 

fuel for power generation. Maximum Power Point Tracker aims to maximize the 

power output of absorbed solar panels to make it more optimal. The tracking 

algorithm used is perturb and observe. An algorithm that looks for zero dP/dV as 

a sign of the peak of the Maximum Power Point (MPP) curve. To further maximize 

the system made by moving solar panels. The drive used is a DC motor gearbox. 

The results obtained from this system are tracking single axis solar panels that can 

be perpendicular to the direction of the sun and get greater voltage, current and 

power values using Maximum Power Point Tracker (MPPT) based on the perturb 

and observe method [16].The use of static control with the Maximum Power Point 

Tracker (MPPT) method, the Incremental Conductance algorithm works as a 

conditioner for solar panel operations. A buck converter is used to condition the 

operating voltage of the solar panels. A 6 V battery and a resistive load are used as 

the solar panel load. The solar panel used has a peak power of 50 watts [17] 

Based on the use of the Human Machine Interface Supervisory Control and 

Acquisition Data (HMI SCADA) software which functions to receive or transmit 

data or information, controllers, networks, communication devices and several 

other supporting software. The HMI design and monitoring system is a simulation 

tool that functions to tell what activities are taking place in the laboratory room, so 

that the user can find out what activities are taking place in each laboratory room 

without having to check the rooms one by one. The function of this tool is to 

provide information on activities that occur on a display on an operating system 

and requires a design that is easy to see and read [18]. 

 

METHOD  

In this study, we will compare how the performance of the PWM type SCC 

with the MPPT type SCC with the same equipment specifications and with the same 

environmental conditions will be compared. Using Solar Panel Solana Poly l00Wp 

with GH solar specifications with type PSP-50 W with specifications Maximum 

power Pmac 50 Watt, Voltage at Pmax Vmp 18 Volt, Current at Pmax lmp 2.78 

Ampere, Open circuit voltage VOC 21.6 Volt, Short circuit voltage ISC 2.99 Ampere, 

Temperature module -40 to 85°C, ACT 18" Small Matrix Dc 36volt, Power Interer 

Hanaya 1000W DC to AC 220V, Solar Charge Controller PWM with battery 

specifications 12/24 Volt voltage, LED Current 50-3000 mA, Max LED Voltage 55 

V, L/N 170505V112, MPPT Solar charge controller with specifications Max PV 

Charge 15 A 256 W/12 V, 510 W/24 V, Max LED Power 60 Watt, Output Voltage 

17-55 V/12 V, 29-55 V/ 24 V, Output Current 150-3300 mA, and Dry Battery 60 

AH, 12 Volt with specifications Nominal Voltage 12 V, Nominal Capacity 7 Ah, 

Standby Used 13.5 to 13.8 Volt Cycle Use14.4 s/ d 15.0 Volts, Initial Current 0.7 to 

1.7 A. 
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RESULT AND DISCUSSION 

Comparison of PV Voltage and Battery Connected to PWM 

 

Figure 1 Charging Test Between PV Voltage and Battery 

 
Based on figure 1, the solar module voltage is directly proportional to the 

irradiation value given by the sunny web box sensor. The higher the irradiation 

value, the higher the voltage value on the module. In the test there are several times 

of irradiation decrease, it can be seen in the graph that there is a decrease in 

voltage. Although the voltage on the module increases and decreases several times, 

the voltage on the battery remains stable due to the use of PWM type SCC. 

 

Comparison of PV Voltage and Battery Connected to MPPT 

Figure 2. Charging Test of the Relationship between PV Voltage and Battery 
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Figure 2 shows that the solar module voltage is directly proportional to the 

irradiation value given by the sunny web box sensor. The higher the irradiation 

value, the higher the voltage value on the module. In the test there are several times 

of irradiation decrease, it can be seen in the graph that there is a decrease in 

voltage. Although the voltage on the module increases and decreases several times, 

the voltage on the battery remains stable due to the use of MPPT type SCC. It can 

be seen that the graph of the solar module voltage on the MPPT type SCC is higher 

than the graph of the solar module voltage with the PWM type SCC. 

 

Comparison of PV Voltage on SCC Type PWM and MPPT 

Figure 3 Comparison of the Voltage on the Solar Module With SCC PVM And 

MPPT 

 
 

Figure 3 shows that the voltage generated by the solar module with MPPT 

type SCC has a higher voltage when compared to the solar module with PWM type 

SCC. This is because the MPPT type SCC works by maximizing the voltage on the 

module, while the PWM type SCC works by equating the module voltage with the 

battery voltage. The average PV voltage connected to the PWM type SCC is 15.69 

Volts while the average PV voltage connected to the MPPT type SCC is 17,099 Volts. 
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Comparison of PV Currents in SCC Types of PWM and MPPT 

Figure 4 Comparison of Currents in Solar Modules with Two Different SCC 

 
 

Figure 4 shows that the current generated by the solar module with MPPT 

type SCC has a higher current when compared to the solar module with PWM type 

SCC. The average PV current connected to the PWM type SCC is 0.9077 Ampere 

while the average PV current connected to the MPPT type SCC is 1.024615 Ampere. 

 

Comparison of battery voltage at SCC Type PWM and MPPT 

Figure 5 Comparison of the Voltage on the Battery with Two Different SCC 

 
Based on the figure 5, it can be seen in the graph. The voltage on the battery 

using the MPPT type SCC is higher than the battery using the PWM type SCC. Based 

on the experimental results, it is known that the MPPT type SCC is more suitable 

for use in lithium-ion batteries, because lithium ion batteries have a smaller than 

lead acid batteries, so they require a longer time and higher voltage for charging. 
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The average battery voltage connected to the PWM type SCC is 13,566 Volts while 

the average battery voltage connected to the MPPT type SCC is 13,791 Volts. 

 

Comparison of Battery Current in SCC Type PWM and MPPT 

Figure 6 Comparison of Current in Batteries with Two Different SCC 

 
 

Figure 6 shows that at 11.30 to 12.00 there is a current surge in both types 

of SCC. However, the battery is currently in bulk mode, after which the current 

tends to stabilize. There is a slight change in current up and down due to changing 

irradiation conditions. At the end of the test time the current in the battery 

decreases, this is because the battery is full so it enters absorption mode. This 

mode is to maintain a constant charge to prevent overcharge. In addition, it can be 

seen in the graph, the final voltage of the battery using the MPPT type SCC is higher 

than the battery using the PWM type SCC. This means that the MPPT type SCC 

causes excessive stress during the charging process. The average battery current 

connected to the PWM type SCC is 0.839230 Ampere while the average battery 

current connected to the MPPT type SCC is 1.062307 Ampere. 
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Efficiency Comparison of PWM and MPP . SCC Types 

Figure 7 Comparison of Efficiency at Two Different SCC 

 
 

Figure 7 shows that the MPPT type SCC has a slightly higher efficiency value 

when compared to the PWM type SCC. However, this depends on many factors, 

including irradiation and temperature. In this study, the temperature used comes 

from the sunny box sensor, so the temperature obtained is the average 

temperature instead of the individual temperatures of the two solar modules used 

for testing so there is a possibility of error due to slightly different temperatures 

between the two solar modules which can cause differences in efficiency. 

 

CONCLUSION 

Based on the research that has been done, the following conclusions can be 

drawn that he efficiency of the MPPT type SCC is higher than the efficiency value 

of the PWM type SCC, which is 84.623% the MPPT type SCC efficiency compared to 

80.935% the PWM type SCC efficiency. The characteristics of the MPPT and PWM 

types of SCC are different, including: the first MPPT type SCC can maximize the 

voltage and current from the solar panel to near its maximum power point value, 

when charging the current and voltage values flowing to the battery are greater 

than the PWM type SCC. And the second the PWM type SCC produces a voltage and 

current output whose value is slightly higher than the nominal voltage and current 

of the battery, but not close to the maximum power point of the solar panel.  The 

irradiation value affects the output voltage and current from the solar panel 

connected to the MPPT and PWM type SCC. When the irradiation value is low, the 

current and voltage from the solar panel output also decreases in value. When the 

irradiation value increases, the current and voltage values of the solar panel output 

also increase. 
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