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INTRODUCTION


Our sun is the source of life and the source of
electrical energy for all of us. The sun is 92 million miles away,
far out in our solar system, yet it impacts everything here on
earth. The sun rotates counter-clockwise on its axis every 27 days.
Because our sun is a ball of hot gas (plasma), parts of it rotate
at a different rate. The poles take 35 days to rotate. The sun’s
equator takes 25 days to rotate. The axis of rotation is tilted
7.25 degrees toward earth. And the earth rotates counter clockwise
(CCW) on its axis as it moves around the sun. All the rest of the
known planets also rotate CCW except Venus and Uranus, which rotate
clock-wise on their axes.

 


The earth has a negative electrical
charge so it acts like a huge sponge for radiation and acts like a
virtual expressway for almost 48 megawatts of incoming solar
radiation from the sun. Most of this solar radiation bounces off
earth’s ionosphere and travels forever on into deep space. However,
some of this radiation washes over our earth electrically affecting
certain materials (such as silicon) here on the planet. This book
is about using this solar electricity to perform work.

 



CHAPTER 1

Solar is About Radiated Energy

 



Solar is About Radiated Energy

Silicon is a good
conductor of electricity and is affected by the presence of
photons—discrete units of light energy radiated out from the sun.
Think photons. Think light. Light refers to packets of photons
whose energy depends of the frequency and color of the light. The
frequency spectrum of solar energy ranges from ultra violet (UV) to
infrared. Around 30% of light is visible. Yet over 50% is within
the infrared frequency range. You can’t see it, but combined, the
photons in UV and the visible range contain enough energy to affect
electrons in certain materials such as silicon. It can also affect
your body if you’re out in the sun too long.

 


The source of light energy
is the sun—that globe in our sky. You’ve probably seen pictures of
the sun with flare-ups of hot gases that explode out of the surface
like a volcano on earth. Each time a flare-up occurs, a group of
light particles called photons are released and travel like a wave
of energy out from the sun across space to earth. Solar radiation
describes these waves of light energy. They radiate out from the
sun into space and toward earth.
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Figure 1 –
Eruptions on the sun create waves of
photons.

 


The waves of photon
particles travel almost 92 million miles
from the sun to us here on earth in just a few minutes (light
speed). Our planet is 8,000 miles thick, and being affected by a
sun that’s a gigantic 865,370 miles thick and set off far away in
deep space! Yet those waves of photons still reach us
here.
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Figure 2 –
Photon waves wash over earth.

 


As these particles wash
over earth they can be used to create electrical energy.
In a solar system, electrical voltage is
generated when photons strike devices that can create
direct current (DC) potential. The sun-driven solid state system is called
a photovoltaic (PV) power
generator. This generator includes
solar cells, solar panels, solar modules and
solar arrays.

 


The term
“photo” is from
the Greek word “phos” or light, and the term “voltaic” comes from
“volt”, a title
introduced by Volta (1745-1827) as he studied electricity about 200
years ago. It turns out that photons striking certain materials
such as silicon can cause an electrical charge to develop in the
material. This electrical charge can be conditioned and stored in a
battery or applied to a device called an inverter to create
alternating current (AC), the electricity we use in our homes, work places and
literally everywhere on earth.

 


In a this solar power
system we can get alternating current (AC) from a direct current
(DC) solid state material by applying the DC output from a solar
collector to an inverter. The inverter changes the direct current
into alternating current. It has a potential that we call a volt.
So the DC voltage-current combination from the solar panel is
connected to an inverter that converts the DC to AC creating useful
AC electrical power.

 


Solar panels are
identified by the watts of power they generate and the voltage and
current they generate. Connect panels together and you can produce
kilowatts (thousands of watts) of DC power. And it all starts with
photons making contact with a solar cell containing
silicon.
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Solar Powered Electrical Generators

There are actually three
types of these systems—grid-connected, off-grid, and custom
built.

 


Grid Connected Solar
Generator

Any time the sun
washes over a solar panel, DC voltage is created. How we use this
DC is up to us.
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Figure3 –
The sun causes a solar panel to create direct
current.

 


We can make
electricity using the sun, a solar collector, and a pathway to use
the DC to energize a load—a device that operates on electricity.
The load could be a DC lamp as shown below.
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Figure 4 –
The output of the solar panel can drives a DC
lamp.

 


A controller can
be connected to the solar panel to configure its DC output for use
by a load.consumption device. The controller is a device that helps
condition the DC for use with a storage device
(battery).
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Figure 5–
The three components needed to produce
electricity from the sun.

 


If we feed the DC
from the battery into an inverter, its output is AC.

 


Solar electicity
can be generated and used tied to or associated with our local
electrical grid or generated independently as a stand-alone system.
Figure 6 shows a grid tied solar electric generator system. Notice
the DC-AC inverter directly tied to the output of the solar
panels.
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Figure 6 –
Grid-tied solar electric generation.

 


When you hear the word, “solar”, think
of the word “photon.” Photons are radiation caused by gaseous
explosions (solar flares) on the surface of the sun. When a solar
flare erupts out from the sun, photons of electromagnetic radiation
are released out into space. These photons are particles that race
out from each explosion in the form of waves. It takes 8.3 minutes
for a wave of these particles (photons) to reach earth. Photons
have no mass, but they can transfer energy into solid materials.
They are responsible for causing living tissue to grow and thrive.
They are also responsible for photosynthesis to occur in plants and
trees. We owe our very lives to the existence and operation of the
sun and the photons that wash over us.

 


A solar collector is a material that
reacts to incoming photons to create an electrical potential. Sun
exposure over the earth can create between 4 and 6.5 kilowatts (kW)
of electricity per square meter of solar collector. Collectors or
“solar panels” have a conversion efficiency (photon to electricity)
of 15 to 27 percent, depending on the material used to make the
solar panel.

 


Below is an example of a grid-tied
solar system with dedicated inverters for each solar
panel.
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Figure 7 –
Grid-tied solar system with dedicated inverters
for each panel.

 


Below is a grid-tied solar system
using battery backup.
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Figure 8–
Grid-tied solar system with battery
backup.

 


Off-Grid Solar Electric
Generator

Using a battery and an
inverter, your solar generator can be completely disconnected from
the local power grid giving you an independent power
station.
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Figure 9 –
An off-grid- solar system with dedicated
inverters for each panel.

 


My nephew built an
off-grid cabin in the woods. His power comes from a propane
generator; soon he will add solar panels on his roof and be able to
switch out the generator and go on solar alone as long as the sun
is shining. He’s using a bank of batteries for backup power.His
bank of batteries is like the Powerwall from Tesla. I’ll describe
this later.

 


How Solar Power Gets
Generated

Build one and watch it work! Soon
you’ll be hooked on using solar power.

 


My book,
How to Construct (and Use) the Harbor Freight 45W
Solar Kit, goes into great detail on
actually building such a kit. This book will generally follow the
process described in the Harbor Freight book. Today, 100W solar
kits are being sold by Harbor Freight. The concept is the
same.

 


It all begins with the
solar cell. A solar cell is a photovoltaic
device that acts like a semiconductor—think positive and negative
sides like a battery. It converts sunlight into direct current. The
first photovoltaic cell was invented in the late 1950s. Cells were
combined to create modules or panels and panels were connected to
create arrays. The DC output could be applied to a battery to
create a long term storage media. DC energy could be taken out of
the battery and provided to an inverter to create AC energy. Both
DC and AC have uses in our lives.

 


Amps, Volts, and Watts
Revisited

In the last book, I
introduced you to the terms and expressions regarding electricity
and power generation. Let’s revisit these terms to get our minds
oriented for solar applications.

 


Start with work. Work is
measured in joules—after the English physicist, James Prescott Joule
(1818-1889). He defined a unit of energy—joule—as the work required
to move an electric charge across an electrical potential in one
second. Work is the force applied to cause displacement.
Mathematically, work is mass times velocity per unit of time times
displacement. It’s the energy transferred every second. It’s
described in watts Think of work as watts per second.

 


A watt refers to
transferring one joule every second. A thousand watts is a
kilowatt. Now add in time. Apply electrical power to a 10 watt LED
for 100 hours and you’ll consume 1000 watt hours (10 watts x 100
hours = 1,000 watt hours) or 1 kilowatt hour of energy. In terms of
the joule, a joule is 2.78 x 10-7 kilowatt hours (kWh). Expressed another way, one watt hour is
3600 joules, so one kilowatt hour is 3.6 million joules (3600
joules times 1000 = 3,600,000 joules). But let’s stay with the
term watt because
this is how we think of energy produced or consumed.

 


The output of a solar
panel is direct current (DC) at some electrical potential (voltage)
and current. If this current is applied to an inverter, the DC can
be changed into alternating current (AC
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