
 
Charge Controller Overview 

There is a plethora of charge controllers on the market now. Many types and sizes. For someone just 
getting started the situation can be very confusing. Why do I need a charge controller? What are my 
options? Which one would be best for my situation? 

This white paper is designed to provide you a simple overview to get you started. The overview 
addresses charge controllers used with renewable energy sources only. Common AC battery chargers 
are not covered here. 

Why do I need a charger controller? 
The primary function of any charge controller is to regulate the amount of charge going to a battery 
(bank) so that the battery does not over-charge, which can damage the battery and shorten its life. As 
the battery approaches full charge, the amount of charge it can accept decreases. Any excess charge is 
converted to heat. The battery can dissipate some heat without damage, but any heat in excess of that 
limit will start damaging the battery. The amount of heat the battery can accommodate varies with the 
size and type of battery. 

A secondary function for the controller is to adjust the system voltage. Most power sources will be 
producing power at elevated voltages so that it can be transmitted with minimal losses. The controller 
steps this voltage down to a “safe” working voltage level. 

Renewable Energy (RE) Power Sources 
We will discuss controllers used with solar PV, wind, and hydro. For purposes of the controller, the 
wind and hydro can be lumped together. There is a fundamental difference in how these RE power 
sources act.  

Solar is a “passive” power source. Whenever it is exposed to light, the solar panel has the potential to 
generate power. Potential is the key word. It will only supply power in response to a demand from an 
electrical load. A solar panel can sit in full sunlight, producing no power, with no damage to the panel. 
It will only start supplying power when an electrical load (battery, appliance, etc) is connected that 
needs power.  

Wind and hydro are “active” power sources. When the wind is blowing (or water is flowing) and the 
turbine is spinning, it is producing power. And something needs to be done with that power. It needs 
somewhere to send that power. The battery/electrical load acts as a point of resistance, keeping the 
rotational speed of the turbine and the voltage in check. Without the electrical load connection, the 
turbine will “free wheel”, generating excessive rotational speed and voltages – both of which can 
damage the turbine. You can liken this to coasting downhill in your car. Without brakes (the resistance) 
to slow you down, the car will continue to speed up. 



How Does the Charger Controller Work? 
Virtually all controllers use system voltage as the regulation parameter. When the power being 
generated starts exceeding what can be absorbed/used by the battery/electrical loads, the system 
voltage starts rising above safe levels. When the controller sees this happening, it takes action. The 
type of action the charge controller will take one of two basic forms. 

Shunting – At the “safe” voltage threshold, the controller will disconnect the power source from the 
battery/electrical loads (and sometimes divert it somewhere else). This is an “all or nothing” situation. 
The controller is either connected or disconnected. When power is diverted, all of the power is 
diverted. With solar PV, that can be a simple disconnect from the battery/electrical loads as the solar 
can be disconnected without damage. With wind and hydro, the power is typically sent to an external 
electrical load – which can be something useful like an electrical hot water heater or just a heat “dump” 
(resistor) that converts the excess power to heat. When the system voltage drops to safe levels, the 
controller will reconnect the power source to the battery/electrical loads (and disconnect the diversion 
if applicable). 

Proportional – When the “safe” voltage threshold is reached, proportional controllers will regulate the 
amount of power passing through to the battery/electrical loads so that the system voltage does not rise 
above the “safe” voltage threshold. The excess power can either be lost or diverted to another electrical 
load. This is not an “all or nothing” situation. The amount of power passed through is proportional to 
that needed. 

How does the controller regulate voltage? 
With the proportional controllers, there are two basic types of voltage regulation technologies. The first 
(and oldest technology) is called “pulse width modulation” (PWM). PWM is simply a bunch of 
electrical “gates” that open and close at varying speeds to regulate the amount of power that can pass 
through the controller. The advantages to PWM are that it is inexpensive and simple. It works well 
with solar PV. In the case of wind or hydro, the turbine must be capable of handling the increased 
rotational speed and voltage (on the turbine side) that will result. Some turbines can handle this. Check 
with your turbine manufacturer. 

The newest voltage regulation technology is “maximum power point tracking” (MPPT). MPPT 
technology was developed initially for solar PV but is being adapted, and works well with, wind and 
solar too. To understand MPPT, you need to understand two basic concepts: 

1. Wattage (power) = amperage (current) x voltage 
2. Solar panels are “current limiting” devices. In other words, the voltage that the panel operates 

at and the maximum amount of current it can produce are both fixed. If a panel is rated at 100 
watts and the operating voltage is 17.0 volts, the maximum current rating is 5.88 amps 
(100/17.0). The panel cannot produce more than 5.88 amps. 

This is important as it relates to the PMM controller because, when the controller steps the voltage 
down to a “safe” level, say 14.5 volts for a 12 volt nominal system, the maximum current is still 
5.88 amps. So in full light conditions, the maximum power the solar panel can generate is 5.88 
amps x 14.5 volts = 85 watts. You have lost 15 watts of potential power. This is a disadvantage 
with respect to the Pulse Width Modulation (PWM) controllers. 



MPPT technology eliminates this loss. The amount of power coming into the controller (voltage x 
amperage) and the amount of power leaving the controller (voltage x amperage) are (with the 
exception of minor “overhead” internal losses in the controller) the same. So, in our example, 100 
watts into the controller (17.0 volts x 5.88 amps) will still be 100 watts out of the controller (14.5 
volts x 6.90 amps). 

The other big advantage to the MPPT technology is its ability to convert lower output voltages into 
increased amperage. This allows you to have an input voltage that is much higher than the output 
voltage. You could, for instance, have a solar array operating at 60 volts feeding a 12V battery 
system. The wire sizes (and cost) are considerably less, especially with long wire runs and large 
systems. 

The disadvantage to the MPPT controllers is primarily their cost. There is also a little more 
complexity in setting up the controller. But, especially if you have a large power source, the 
savings and additional power from the MPPT controller will have quick pay-back. With solar you 
gain with respect to both the current limiting aspect of the panels and the savings in wire cost. With 
wind and hydro, the benefit is primarily in the wire size (cost) savings. 

This white paper has not addressed sizing of the charge controller. And there are various potential 
combinations of the controller technologies. But this should provide an overview that will give you 
a conceptual frame of reference. 
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