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Solar Energy Secondary Education 
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Capturing Sunlight to Make 
Electricity 

Sunlight is a gift from the natural world that can be 
used to make electricity.   When energy from the sun 
shines on a solar panel it quietly and cleanly makes 
electricity.   

We can use this electricity for many useful things 
including for powering lights, a fan, or charging a cell 
phone.   This natural source of electricity can help 
make all of our lives better. 

In these photos (left) barbers are using electricity 
produced by a 100-watt solar panel that is stored in 
and a 12 volt battery. This stored electricity is used to 
power their hair clippers, power cell phones, and a 
light for cutting hair at night. 

Let’s learn how this all works! 
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Electricity Basics 
First let’s start with learning about electricity.  There are two basic ways to measure electricity.  One is 
measuring the voltage and the other is measuring current.  

Electricity is Similar to Flow of Water 
through a Pipe 

The height or pressure of the water in a pipe is 
similar to measuring the voltage (pressure) for 
electricity. 

The flow of water through a pipe is similar to the 
flow rate of electricity current.  The current for 
electricity is measured in amperes or amps for short. 

For electricity the pipe is a wire.  The pressure or height of 
the water is measured as voltage.  The rate of flow water is 
measured as amperage. 

Across a battery it looks like the illustration below. 

     voltage 

current
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Simple Electrical Circuit 
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Direct Current (DC) and Alternating Current (AC) 
Electricity coming from a battery or solar panel is called Direct Current.  There is a Positive 
contact/wire (+) and a Negative (-) one.  

Direct Current (DC) – looks like this     Alternating Current (AC) – looks like this 

Electricity for powering a fan or charging a cell phone needs to be 
Alternating Current (AC).  LED light bulbs can be made such that they 
use AC, alternatively they can also be made to use DC current.  
These devices use a plug-in outlet (photos above) supplied by AC.  
DC run through an inverter (photo example to the right) to turns 
into AC. The wavelength has a frequency measured in hertz (Hz). For Africa the AC power is 
240 volts 50 Hz.   
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Measuring Electrical Power 
Power in electricity is measured by multiplying the voltage (pressure) X current (flow rate) = 
watts (power).   

Voltage is measured in volts and symbolized as V 

Current is measured in amps and symbolized as I 

Power is measured in watts and is symbolized as P 

Loads like lights, radio, and cell phone charging all need electrical power which is measured 
in watts.    

If you know two of the factors in the formula you can determine the third.  For example, the 
amount of amps a 14 watt LED bulb powered by a 12 volt battery source draws is 12 volts 
x___ amps = 14 watts power.  The current is 14 watts/12 volts =1.2 amps. 

Another example is a fan that is labled as using 3 amps and 12 volts direct current uses ___ 
watts of power.  The answer is 3 amps X 12 volts = 36 watts  Total power used is measured by 
multiplying the power needed by the amount of time it is needed.  For example, if the fan is 
operated for 1 hour the power used is 36 watts x 1 hour = 36 watt-hours.  If the fan is 
operated for 3 hours the power used is 36 watts x 3 hours = 108 watt-hours
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  Photovoltaic Effect 
Why use solar electricity?  It uses 
natural energy, is silent, creates no 
pollution, simple, reliable and is 
modular (can add more panels as 
needed to increase the size). 

1) Photovoltaic or solar cells are
made from 2 layers of semi-
conductor material made from
silicon (sand).  Electrons flow
between the 2 layers when
sunlight (photons) shine on it.

2) To work properly each cell of a
solar panel needs to receive
sunlight.

3) The electricity produced can be
used directly however most of
the time it is stored in batteries
for use when needed – on
cloudy days when there is little
sunlight or at night.
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Sizing a Solar System
a) First determine the size of the ‘load’ or how much electricity you will need to operate what you want

to power.   A reminder that electric power is measured in watts.  To follow is an example of powering
a light, a cellphone, and a fan.  The chart below shows how about 300 watt-hours of electricity is
needed each day to power them.

Description Voltage Amperage Watt Quantity 
Est. Hours 

of Use Watt-hours 

Fan 12 1.25 15 1 6 90 

LED Lights 12 1.17 14 2 10 280 

Cell phone Charger 5 1 5 1 6 30 

Total watt-hours 400 

A reminder that electrical power is calculated by: 

Power = Voltage x Current 
Power is measured in Watts (W) and symbolized as P 

Voltage is measured in Volts (V) and symbolized as V 

Current is measured in Amperes or Amps and symbolized as I 

A 14 watt LED light for a 12 volt direct current (DC) power source uses 1.17 amps 

12 volts x 1.17 amps = 14 watts 

A 14 watt LED light designed for a 240 volt alternating current (AC) power source uses .06 amps 

240 volts x .06 amps = 14 watts 
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b) Next, determine the size of solar array or system needed to power this load.  Perfect or Peak Sun Hour
(PSH) represents one hour of perfectly sunny day with no clouds for the geographic location the solar
array will be installed.  Use the map below to determine the PSH for your region. For much of Africa
using a PSH of 5.5 makes sense.

400 watt-hours per day/5.5 PSH =  73 watts 

73 watts solar system/.8 efficiency factor for the solar panel and wiring = 91.25 watts 

Rounded up to the nearest system size this would be a 100 watt solar system. 

This PSH map can be found online at:  www.solardirect.com/outdoor-lighting/solar/street/area-light/solar-insolation-map.html
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c) How much battery storage needs to be connected to the 100-watt solar?  This depends upon on how
many days of ‘autonomy’ are needed.  In other words, how many cloudy days can occur in a row and
you still have electrical power available from the batteries.  Battery capacity is measured in amp-hours
(Ah).

1. Watts/Volts = Amps (use same formula as in the load calculations)
400 watt-hours/12 volts = 33 amp-hours (Ah) of storage needed per day

2. Only 50 percent or half of the stored power should be used each day to protect the battery.
33 Ahs/50 percent = 66 Ahs

3. For standby capacity of 3 days ( you still have electrical power after 3 cloudy or rainy days)
66 Ahs x 3 days = 198 Ahs

So one 200 Ah battery for storage would work for this system (or two 100 Ah batteries hooked in parallel 
– to - , + to +).  It will provide enough electricity to operate the fan, cell-phone charger, and LED lights for
3 days even if it is not sunny.

d) So now you have the solar panel and battery size determined.  In addition, there are two more
components to complete a solar system.  A controller box regulates the amount of power coming out
of the solar panel to ensure the correct voltage, in this case 12 volts, is feed to the batteries.  An
inverter is optional. The inverter transforms direct current (12 volts in this case) to alternating current
(240 volt, 50 Hz for Africa).   Use of alternating current for computers, televisions and fans may be
needed.  LED lights and cell-phone chargers have the option of being run by either direct current or
alternating current.  The inverter has a plug in outlet for connecting an alternating current power
strip.
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Solar Electricity Measurement Exercise 
In the back of this teachers manual you will find a 
digital volt-ohm meter and a single solar cell. Solar 
panels are made up of multiple solar cells 
connected in parallel and series configuration the 
yields the desired voltage, typically either 12 or 24 
volts.  Volts and amperes are explained on page 3.   

Ohms are measurement of resistance.  This is a 
useful measurement to determine if a connection is 
good or continuous.  It can also measure a ‘short’, 

for example, when two wires are touching that are not supposed to be connected.  In either 
case, there is zero resistance or zero Ohms.  When you touch the red and black leads together 
and the meter setting is on 200 Ohms or less it will emit a sound indicating continuity or zero 
resistance. 

For this exercise we will concentrate on measuring the voltage of a single solar cell.  Each solar 
cell in a solar panel has about .5 volts (half a volt).  The amount of amps a solar cell puts out 
depend upon the strength of sunlight hitting the surface.  If part of it is shaded the amps 
decrease instantly.  Both the volts and amps of the solar cell can be measured. 
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Measuring the amount of electricity produced by a solar panel in sunlight 

provides proof it is being produced.  Put the solar cell in sunlight. 

On the back of the solar cell are two flat wires.  Place one of the probes on each 

one of the flat wires while the top-side of the solar cell is in the sunlight.   
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Step 1.  Set the meter as shown (photo 

to the left) and measure is the voltage of 

the single solar cell.  Each cell provides 

about .4 to .5 volts of electricity. Solar 

panels are made of many of these cells.   
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Step 2. Set the meter as shown (photo 

to the left) and measure is the 

amperage of the single solar cell.  The 

amount of sunlight shining on the cell 

will determine the amount of current 

or amperage measured.   
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Fun Solar Electricity Facts 
 Solar panels are made up of .5 volt solar cells
(usually 36 cells for a 12 volt panel).  When solar cells
are connected in parallel (+ positive to + positive and -
negative to - negative)  voltage remains the same and
the current or amperage increases as each cell is
added. When the solar cells are connected in series (+
positive to – negative and –negative to + )

 Shading solar cells or part of a solar panel will
cause a drop in the amount of current generated.  The
amount of current generation depends upon the

amount of surface area exposed to sunlight and the intensity of the light. 

 Solar cells generate the same voltage no matter what size they are.  The amount of current generated
depends upon the dimensions or size of the cell.  The more surface area there is available to absorb
sunlight the more current there will be generated.  A square meter solar panel generates 60 to 120
watts of power.

We hope you will continue to read and learn more about solar electricity! 




