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1. Introduction to charge controllers

Charge controllers play a vital role in solar photovoltaic (PV) systems by managing the flow
of current to and from the battery, ensuring optimal performance and protection. Their primary
function is to prevent overcharging and over-discharging, which can harm the battery.
Additionally, they regulate the voltage entering the battery and protect it from high
temperatures, thereby extending the battery's lifespan. Modern controllers are equipped with
sensors to monitor temperature and adjust operations accordingly, such as through a battery
temperature sensing unit.
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Figure 1: Solar charge controller.

2. PWM charge controller

PWM charge controllers operate by rapidly switching the current on and off, using pulse width
modulation to control the amount of energy sent to the battery. The voltage of these pulses
depends on the duty cycle, where a 100% duty cycle would transmit the full voltage (e.g., 5V),
while a 50% duty cycle transmits half the voltage (2.5V). The controller continually monitors
the battery state and adjusts the pulse frequency and duration accordingly, delivering longer
pulses for more depleted batteries and short pulses for fully charged ones.
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Equation 1: Duty Cycle formula.
2.1.Advantages of PWM Controllers

e Cost-effective and widely available, up to sizes of 60A.
e Durable and equipped with passive heat sink cooling.
e Auvailable in multiple sizes based on current requirements.

2.2.Disadvantages of PWM Controllers
e Limited to 60A, restricting scalability for larger systems.



e Efficiency losses up to 30%, as the panel voltage is reduced to match the battery
voltage, which lowers power output and efficiency.

e Does not optimize the panel's voltage for maximum power output, leading to
underperformance of the solar panel.

Example 1:

For a system with four parallel strings, each with a short-circuit current (I5.) of 8.68A, the
required controller current (1) is calculated using:

I =1.25 % Isc*N
I =1.25% 8.68*4 =43.4A

Equation 2: Controller current.

3. MPPT Charge Controller

MPPT controllers are more advanced, providing efficiencies between 94-98%. They adjust the
PV panel voltage to a level suitable for charging the battery, maintaining a higher current to
maximize power transfer. Unlike PWM, MPPT controllers extract up to 30% more energy,
making them ideal for larger systems. The MPPT allows the system to operate at higher panel
voltages, optimizing efficiency and increasing flexibility for future expansion.

3.1.Advantages of MPPT Controllers

e Up to 30% increase in charging efficiency.
e Can accommodate higher voltage inputs from the solar array.
e Available in larger sizes, up to 80A, offering better system scalability.

3.2.Disadvantages of MPPT Controllers

e More expensive than PWM controllers.
e Larger in physical size, which may be a consideration in space-constrained installations.

Sizing MPPT Controllers:

MPPT controllers are rated based on maximum input voltage, short-circuit current, and
charging current. To properly size an MPPT controller, ensure the ratings accommodate the
PV system’s power and environmental conditions, factoring in temperature coefficients and
input/output current.

Example 2:

If a 60A MPPT charge controller is used and the charging current exceeds 60A, the controller
will limit the current to 60A, with the excess energy being safely wasted without damaging the
controller. In contrast, a PWM controller would be damaged in such a scenario.



