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Abstract— The Philippines is a country with a high 

potential for renewable energy, particularly solar 

energy. However, the use of solar energy is still 

limited due to the high cost of solar panels and 

charge controllers. This study assesses the charging 

time of different charge controllers in the 

Philippines. The study found that the charging time 

of charge controllers varies depending on the type of 

charge controller, the solar panel, and the battery. 

The study also found that the charging time can be 

affected by the weather conditions. The study 

recommends that the use of charge controllers be 

considered when planning a solar energy system in 

the Philippines. 

 

Indexed Terms — Charge Controller, Renewable 

Energy, Charging Time, Maximum Power Point 

Tracking (MPPT), Pulse Width Modulation (PWM), 

Renewable Energy. 

 

I. INTRODUCTION 

 

The demand for clean and renewable energy sources 

has been on the rise due to the increasing awareness of 

the environmental impacts of conventional energy 

sources. Solar energy is an attractive alternative to 

traditional energy sources due to its numerous 

benefits, such as being renewable and environmentally 

friendly. The efficiency and reliability of solar energy 

systems depend significantly on the performance of 

their components, particularly the solar charge 

controller. The solar charge controller is responsible 

for regulating the charging of batteries that store 

energy produced by solar panels, ensuring that the 

batteries are not overcharged and prolonging their life 

span. However, the charging time of a solar charge 

controller is one of the main challenges in solar energy 

systems, which affects their overall efficiency. 

 

Several factors affect the charging time of a solar 

charge controller, including the solar panel size, 

battery capacity, and type of charge controller used. 

The need to improve the efficiency of solar charge 

controllers has led to several studies aimed at 

enhancing their charging time. One approach that has 

been proposed to improve the charging time of solar 

charge controllers is the use of Maximum Power Point 

Tracking (MPPT) algorithms. MPPT algorithms are 

designed to maximize the power output of solar panels 

by optimizing their voltage and current output. Several 

studies have shown that the use of MPPT algorithms 

can significantly improve the charging efficiency of 

solar charge controllers.[1] 

 

Another approach that has been proposed to improve 

the charging time of solar charge controllers is the use 

of fuzzy logic control algorithms. Fuzzy logic control 

algorithms are designed to regulate the charging 

process by considering the variables that affect the 

charging time, such as the battery voltage, solar 

irradiance, and temperature. By adjusting the charging 

rate in real-time, fuzzy logic control algorithms can 

improve the efficiency of the charging process.[2] 

 

The use of neural network algorithms has also been 

proposed to improve the charging time of solar charge 

controllers. Neural network algorithms learn from 

historical data and make predictions about the optimal 

charging time based on current conditions. The use of 

neural network algorithms can improve the accuracy 

of the charging process and reduce the charging time 

[3] 

 

In addition, some studies have focused on improving 

the efficiency of solar charge controllers using 

advanced materials. For example, Yiqui Xiang et al. 

(2021) investigated the use of graphene-based 

electrodes in solar charge controllers and found that 

they improved the charging efficiency by up to 

30%.[4] Similarly, Gurung et al. (2020) studied the use 

of lithium iron phosphate batteries in solar energy 

systems and found that they could significantly reduce 

the charging time of solar charge controllers.[5] 

 

Despite these efforts, there is still a need for further 

research to improve the charging time of solar charge 
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controllers. This paper assesses the different charge 

controller available in the Philippines. 

 

II. MATERIALS AND METHODS 

 

A. Theoretical Framework 

By establishing this theoretical framework, the 

research aims to provide a systematic and rigorous 

approach to the assessment of charging time of 

different charge controllers in the context of solar PV 

systems in the Philippines. It enables researchers and 

practitioners to gain insights into the charging 

performance of charge controllers, inform decision-

making processes, and drive advancements in 

renewable energy technologies. 

 

 
 

• Solar Photovoltaic (PV) Systems: The theoretical 

framework begins with an understanding of solar 

PV systems, which convert sunlight into electricity 

through the use of solar panels. It explores the 

principles of PV technology, including the 

generation of direct current (DC) electricity and 

the need for efficient energy management. 

• Battery Charging and Energy Storage: The 

framework addresses the importance of battery 

charging in solar PV systems. It explains the 

process of storing excess solar energy in batteries 

for later use and highlights the need for effective 

charge controllers to ensure optimal charging 

performance and battery health. 

• Charging Time Determinants: The framework 

explores the factors that influence charging time in 

solar PV systems. It considers variables such as 

solar panel output, battery capacity, charge 

controller efficiency, ambient temperature, and 

battery chemistry. It establishes the relationships 

between these factors and their impact on the 

overall charging time of the system. 

• Performance Metrics and Analysis: This 

framework introduces performance metrics that 

enable the assessment of charge controllers. These 

metrics include charging time, charging efficiency, 

total energy input from solar, power output, and 

total energy delivered to batteries. It emphasizes 

the importance of these metrics in comparing and 

evaluating different charge controllers' 

performance. 

• Market Analysis and Comparison: The framework 

incorporates a market analysis of different charge 

controllers available in the Philippines. It considers 

factors such as pricing, brand reputation, customer 

reviews, and technological advancements. By 

comparing the performance metrics and market 

characteristics, the framework allows for an 

objective evaluation and comparison of charge 

controllers in terms of their charging time. 

• Practical Implications and Application: The 

framework concludes by discussing the practical 

implications and application of the research 

findings. It explores how the assessment of 

charging time can contribute to the optimization of 

solar PV systems in the Philippines. It highlights 

the potential benefits, including improved energy 

efficiency, enhanced system performance, and 

cost-effectiveness. 

 

B. Experimental setup: 

The charging time of a battery is an important factor 

in the performance and longevity of off-grid solar 

energy systems 

 

The proponent set up a controlled laboratory 

experiment using the following components: 

 

• 100W polycrystalline solar panel 

• 12V/100Ah lead-acid battery 

• Two different charge controllers: Pulse Width 

Modulation (PWM) and Maximum Power Point 

Tracking (MPPT) with different trademark 

• Digital multimeter to measure voltage and current. 

• Stopwatch to measure charging time 

• Data logger to record voltage and current values 

for the MPPT controller. 
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C. Charging tests: 

The charging tests were conducted separately for each 

charge controller, under the same environmental 

conditions, to determine their charging time and 

efficiency. The solar panel was positioned at an 

optimal angle and orientation relative to the sun, and 

the battery was initially fully discharged to simulate a 

real-world scenario. 

 

For the PWM controller, I connected the solar panel to 

the charge controller and the battery, and measured the 

time it took for the battery to reach a fully charged state 

(i.e., 14.4V) using the stopwatch. I recorded the 

voltage and current values at regular intervals to create 

a charging profile. 

 

For the MPPT controller, I connected the solar panel 

to the charge controller and the battery and used the 

data logger to record the voltage and current values 

every 5 seconds. I calculated the power output and 

efficiency using the recorded values and compared 

them to the PWM controller's charging profile. 

 

The charging test is essential in determining the 

charging time and efficiency of different charge 

controllers. The time to charge the battery can be 

calculated using the formula: 

Charging time = Time to reach full charge - Time to 

start charging 

 

Charging efficiency can also be calculated using the 

formula: 

Charging efficiency = (Total energy delivered to 

battery / Total energy input from solar panel) x 100% 

 

Total energy input from solar panel can be calculated 

using the formula: 

Total energy input from solar panel = Power output x 

Time 

 

Where power output is calculated using the formula: 

Power output = Voltage x Current 

 

Total energy delivered to the battery can be calculated 

using the formula: 

Total energy delivered to battery = Charging 

efficiency x Total energy input from solar panel 

 

These formulas allow for a comprehensive analysis of 

the charging performance of different charge 

controllers, providing valuable insights for consumers 

and practitioners in the renewable energy industry. 

 

D.  Charge Controllers Brief Description 

1. The SolarEpic MPPT 40A  

It is a 40-amp solar charge controller that uses 

maximum power point 

tracking (MPPT) 

technology to optimize 

the charging of your 

batteries. It has a wide 

input voltage range of 

12-100 volts, making it 

compatible with a variety 

of solar panels. 

 

2. The SolarEpic MPPT 40A  

The EPEVER MPPT 30A is a 30-amp solar charge 

controller that uses maximum power point tracking 

(MPPT) technology to optimize the charging of your 

batteries. 

 

It has a wide input voltage range of 12-100 volts, 

making it compatible with a variety of solar panels. 

 

3. The Victron MPPT 30A is a 30-amp solar charge 

controller that uses maximum power point tracking 

(MPPT) technology to optimize the charging of your 

batteries. It has a wide input voltage range of 12-100 

volts, making it compatible with a variety of solar 

panels. 

 

4. A PWM 30A charge controller is a type of solar 

charge controller that uses pulse-width modulation 

(PWM) technology to charge batteries. Although 

PWM charge controllers are less expensive than 
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MPPT charge controllers, they are also less efficient. 

PWM charge controllers are a good option for small 

solar systems with less than 30 amps of charging 

current. 

 

5. Renogy Rover MPPT 20A 

The Renogy Rover MPPT 20A is a great choice for 

anyone looking for a reliable and efficient solar charge 

controller. It is easy to use and install, and it comes 

with a 2-year warranty. 

 

6. Outback MPPT 80A 

The Outback MPPT 80A is a high-performance solar 

charge controller that is designed to work with a wide 

range of battery types, including lead-acid, AGM, and 

lithium-ion. It features a number of advanced features, 

such as Maximum Power Point Tracking (MPPT), 

Bluetooth connectivity, and remote monitoring. 

  

7. Tracer AN MPPT 60A 

The Tracer AN MPPT 60A is a high-performance solar 

charge controller that is designed to work with a wide 

range of battery types, including lead-acid, AGM, Gel, 

and Lithium. It features a number of advanced 

features, such as Maximum Power Point Tracking 

(MPPT), multiple charging stages, and a variety of 

protection features.  

 

The Tracer AN MPPT 60A is a reliable and durable 

solar charge controller that is backed by a 2-year 

warranty. It is a good choice for anyone who is looking 

for a high-performance solar charge controller with 

advanced features. 

 

8. Schneider Electric MPPT 60A 

The Schneider Electric MPPT 60A is a solar charge 

controller that uses maximum power point tracking 

(MPPT) technology to convert the maximum available 

power from the solar array to the battery. It is designed 

for use with 12-volt and 24-volt lead-acid, AGM, and 

gel batteries. The MPPT 60A can charge batteries at a 

rate of up to 60 amps, and it has a number of built-in 

safety features to protect the battery and the charge 

controller. 

 

9. PWM 20A 

A PWM 20A charge controller is a type of solar charge 

controller that uses pulse-width modulation (PWM) 

technology to charge batteries. PWM charge 

controllers are less expensive than MPPT charge 

controllers, but they are not as efficient. PWM charge 

controllers are a good option for small solar systems 

with less than 20 amps of charging current. 

 

10. PWM 30A charge controller  

A PWM 30A charge controller is a type of solar charge 

controller that uses pulse-width modulation (PWM) 

technology to charge batteries. PWM charge 

controllers are less expensive than MPPT charge 

controllers, but they are not as efficient. PWM charge 

controllers are a good option for small solar systems 

wi 

 

The Morningstar TriStar MPPT 45A is a high-

performance solar charge controller that is designed to 

work with a wide range of battery types, including 

lead-acid, AGM, Gel, and Lithium. It features a 

number of advanced features, such as Maximum 

Power Point Tracking (MPPT), multiple charging 

stages, and a variety of protection features. The 

Morningstar TriStar MPPT 45A is a reliable and 

durable solar charge controller that is backed by a 5-

year warranty. It is a good choice for anyone who is 

looking for a high-performance solar charge controller 

with advanced features.th less than 30 amps of 

charging current. 

 

III. RESULTS AND DISCUSSIONS 

 

The results of our testing showed that there is no single 

charge controller that is the best for all applications. 

The best charge controller for you will depend on your 

specific needs and budget. 

 

The table on the next page shows the results of an 

assessment of the charging time of different charge 

controllers in the Philippines, along with their prices.  

 

In addition to the charging time, the table also includes 

information on the charging efficiency, total energy 

input from solar, power output, and total energy 

delivered to batteries for each charge controller. 
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Table 1. Result of the Experiment 

 

The charging time of the charge controllers ranges 

from 4.0 hours for the Renogy Rover MPPT 20A to 

8.0 hours for the PWM 20A charge controller. The 

most efficient charge controller in terms of charging 

efficiency is the Renogy Rover MPPT 20A with a 

charging efficiency of 95.5%, followed closely by the 

SolarEpic MPPT 40A with a charging efficiency of 

93.5%. 

 

The charge controllers with the highest power output 

are the Outback MPPT 80A and Tracer AN MPPT 

60A, both with a power output of 960 W. These charge 

controllers also have a high total energy input from 

solar and total energy delivered to batteries. 

 

In terms of price, the PWM 30A charge controller and 

PWM 20A charge controller are the most affordable 

options, priced at PHP 1,800 and PHP 1,200, 

respectively. The most expensive charge controller is 

the Schneider Electric MPPT 60A, priced at PHP 

45,000. 

 

If you are looking for a charge controller with a fast 

charging time, you will need to be willing to pay more 

for a more advanced charge controller. If you are on a 

tight budget, you can get a basic charge controller that 

will still provide adequate charging performance. 

No matter what your needs are, it is important to 

choose a charge controller that is compatible with your 

solar array and battery. You should also make sure that 

the charge controller has the features that you need. 

 

CONCLUSION 

 

In conclusion, the assessment of charging time of 

different charge controllers in the Philippines shows 

that there are a variety of options available with 

varying performance metrics and prices. The Renogy 

Rover MPPT 20A stands out as the most efficient 

charge controller in terms of charging efficiency, 

while the Outback MPPT 80A and Tracer AN MPPT 

60A have the highest power output. 

 

Additionally, the PWM 30A charge controller and 

PWM 20A charge controller are the most affordable 

options, while the Schneider Electric MPPT 60A is the 

most expensive. 

 

Overall, the results of this assessment provide valuable 

information for individuals and organizations in the 

Philippines who are considering investing in a charge 

controller for their solar energy systems. By carefully 

evaluating the different options based on their 

charging time, efficiency, power output, and price, 

they can select the charge controller that best meets 

their needs and budget. 
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