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Abstract:- Photovoltaic (PV) systems are gaining
popularity as a sustainable and renewable energy
solution. Charge controllers play a crucial role in
maximizing the energy harvested from PV panels and
ensuring efficient battery charging. This study presents a
comprehensive comparison between Pulse Width
Modulation (PWM) and Maximum Power Point Tracking
(MPPT) charge controllers, analyzing their performance,
efficiency, and suitability for different PV system
configurations. The analysis begins with an overview of
PWM charge controllers, which regulate the charging
process by rapidly switching the PV panel voltage on and
off. PWM controllers are known for their simplicity,
affordability, and reliability. However, their fixed voltage
operation limits their ability to extract maximum power
from the PV panels, especially in scenarios with varying
solar irradiance and temperature conditions. In contrast,
MPPT charge controllers employ advanced algorithms to
continuously track the maximum power point (MPP) of
the PV panels. By dynamically adjusting the operating
voltage and current, MPPT controllers can optimize the
power transfer from the PV panels to the battery bank.
This capability results in higher energy harvesting,
especially in situations with partial shading or non-ideal
operating conditions.
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l. INTRODUCTION

This report compares two types of charge controllers in
solar panel systems: Pertaining to renewable energy system,
two handling techniques namely; Maximum Power Point
Tracking (MPPT) and Pulse Width Modulation (PWM).
These regulate the charging of batteries from solar panels to
prevent damages as well as to maximize the effectiveness of
the charging system. It controls the voltage and current to try
and avoid over-charging and over-discharging of batteries as
it affects batteries. Photovoltaic modules are then composed
of panel, charge controllers, batteries, and loads where the
sun’s rays are converted to stored electricity. They enhance
this procedure by directly controlling the voltage and current
projected to the batteries while charging them with no
dangerous situations. It is therefore important to be quite
familiar with these charge controllers in order to get the best
charge from the photovoltaic system as well as its durability.
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1. SOLAR PANEL SYSTEM OVERVIEW

A solar power system enters of several sub components
basically that supports the sun power converter and works
hand in hand to collect sunlight and convert it into power
supply. Here’s an overview of each component and their
functions within the system:

Here’s an overview of each component and their
functions within the system:

A. Solar Panels:

» Function:

Solar PV system also called photovoltaic system, use
solar panels that are made up of photovoltaic cells which are
silicon in structure that is able to change sunlight into direct
current DC electricity.

» Interconnection:
Several solar panels are wired in series as well as parallel
connections so as to acquire the needed voltage and
current relevant to the system.

B. Charge Controller

» Function:

A charge controller mainly controls current voltage
from the PV panels to the batteries. They help in controlling
the magnitude of current and voltage that is required and
applied to charge these batteries, thus eliminating issues like
overcharging and over-discharging.

» Interconnection:

The charge controller is normally placed between the
panels and the batteries at most times. ACDs also monitor the
battery voltage of electric cars as it helps them update the
charging parameters for a healthy battery.

C. Batteries:

» Function

Solar batteries help to retain the electrical power
produced by these solar panels for use during those times
where light is not available, such as during the night or during
very cloudy days.
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» Interconnection

These include battery, charge controller and the load
which can either be an appliance or any device that utilizes
electricity. It also convert energy to DC and can be connected
as series or parallel connection to allow for the required
capacity and voltage.

D. Load:
> Function:

The loads are the appliance, device, or the equipment
that uses electrical energy produced from the solar panel
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systems. This may involve any electrical gadgets from
household, lighting, pumps and or any other related
equipment.

» Interconnection:

These include batteries or a battery bank directly to the
DC load output from the charge controller. If there is a need,
the power stored in the battery can be converted to AC power
through the use of an inverter before meeting the electrical
load with AC equipment.
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Fig 1: The Solar System Connection

11. CHARGE CONTROL SYSTEM

A. Role of Charge Controllers in Solar Panel Systems:

Since charge controllers regulate the charging of
batteries from the solar panels, it is essential that they are
given consideration as they influence the efficiency,
durability and safety of the battery. They control the voltage
as well as the current input from the solar panels to the
batteries in this regard. This regulation is important because,
when charging a battery, specifically when setting the amount
of current and voltage to charge the battery, overcharging can
occur because of an incorrect setting on the charging current
and voltage, which can harm batteries.

B. Types of Charge Controllers:

There are two main types of charge controllers: Pulse
Width Modulation (PWM or SCPWM) techniques and
Maximum Power Point Tracking (MPPT) techniques.
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» PWM Charge Controllers:

Advantages:

v" The most beneficial method in utilizing solar panels for
households with smaller photographic walls.

v' The structural aspects of this invention are its simplicity
in construction and lack of any complex features in the
way it is used.

v Highly suitable for solar panel systems in which the

voltage levels of the solar panel near that of the battery.

Disadvantages:

v’ Since the voltage of the battery and other electrical
equipment is not tracked, it is less efficient compared to
other MPPT controllers but more productive than P&O
methods when a huge voltage difference between the solar
panel and batteries exists.

v Some limitations are associated with the ability to limit or

increase exposure to weather conditions or shades.
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PWM Charge Controller
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Fig 2: Working of PWM Charge Controller

» MPPT Charge Controllers:

MPPT (Maximum Power Point Tracking) technology
enhances solar panel efficiency by optimizing power output
based on environmental conditions such as solar radiation,
temperature, and load. It adjusts the system to operate at its
Maximum Power Point (MPP), ensuring maximum power
generation. MPPT charge controllers act as DC-DC
transformers, adjusting voltage levels to maintain constant
power output. Factors influencing MPPT include irradiance,
temperature, and load conditions, which collectively
determine the optimal operating points for solar panels.

e Advantages:

v" Improved efficiency due to the ability to change the
operating point of the solar panel enough so that
maximum power is delivered.

v

Suitable for power applications and effective in
converting high-voltage solar panels into increased
current output.

Suitable for slightly larger, power solar panels or where
conditions of sunshine differ.

Disadvantages:

Although these controllers are generally more expensive
than PWM controllers, they offer a host of advantages.

It may be costly and might also be slightly more difficult
to construct when compared to a more straightforward
model.
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Fig 3: Working of MPPT Charge Controller
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C. Protection Mechanisms:
Charge controllers implement several mechanisms to
protect batteries from overcharging and over-discharging.

» Voltage Regulation:

Charges the battery and keeps on checking its voltage
and shuts off the circuit when battery charge reaches
maximum level to avoid over charging.

» Current Regulation:

Regulates the amount of current to be charged by the
battery to what the battery needs and which does not harm the
battery through overcharging.

» Temperature Compensation:

Overcharge control adjusts charging current and voltage
depending on battery temperature to help avoid damaging of
battery.

» Low Voltage Disconnect (LVD):

Cuts off the load from the battery, in other words,
disconnects the load, whenever the battery voltage is low or
reaches its critical point thus avoiding over-discharging. -
discharging.

Iv. CONCLUSION

In conclusion, this report has extensively examined two
critical aspects of solar panel systems: There is a general
concepts of charge controllers with illustrations of the
Maximum Power Point Tracking (MPPT) and Pulse Width
Modulation (PWM) charge controllers as well as the system
components. A charge controller is very important in the
management of voltage and current from the solar panel to
the batteries since high current harms the batteries and the
solar system in general. A conventional type of a solar
electrical system composed of solar panels, charge
controllers, batteries and loads-being appliances which utilize
electricity. The basic stationery units that harness direct
sunlight, converting it into electrical energy and storing it in
batteries are called panels; further, the electric energy from
the panels is regulated by means of charge controllers to
withstand adverse conditions of charging. This report goes
beyond mere component description and enlighten that
charge controllers have become indispensable since they are
involved in determining the maximum output, acting as the
main system protector from damage to the batteries and
improving the reliability of the energy production.
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