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Let me be honest: most solar resources available online are just plain bad.

Although they claim to be “beginner-friendly”, they’re either very poorly written or aimed
at people with advanced electrical knowledge.

This makes them nearly impossible for most people to understand.

As an electrical engineer with 5 years of experience in the solar field, I know firsthand
that solar isn’t as complicated as those resources make it seem.

That’s why I wrote this book — to simplify it all.

My goal is to turn confusing, jargon-filled explanations into something anyone can pick
up and grasp.

And I’ll start with the very basics — The Components.

In this book, you’ll learn how solar panels, inverters, batteries, and other components
work together to power your home.

Let’s start with the most important piece of the puzzle: sunlight — the very fuel that
powers everything.
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Sunlight, or any light really, is made of small particles called photons. It’s a bit
counterintuitive but these super tiny particles actually have energy.

To help you visualize it, imagine sunlight as a rain shower, where photons are
like drops falling down. 

Now, since these photons have energy, we can use a device that converts this
electromagnetic energy into a more usable source of energy, electrical
energy.

1.
Sunlight — The Fuel
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2.

Solar panels convert sunlight into electrical energy using a process called the
photovoltaic effect. 

But before we get into that, let’s first understand what electricity is. 

Electricity is simply the flow of free electrons — electrons that aren’t bound to an atom —
in a conductor like a wire.

Solar Panels — The Engine

Semiconductors are unique because their
electrical properties sit between
conductors and insulators. 

They don't have enough free electrons to
act as full conductors, but they aren’t
complete insulators either.

Simply put, when free electrons move through a wire, we have electric current. 

The photovoltaic effect explains how photons can provide electrons with enough energy
to escape their atoms and become free electrons.

Now, the photovoltaic effect can only happen in certain materials called
semiconductors.

However, what makes semiconductors
truly special is their relatively low band
gap. 

The band gap is the amount of energy an
electron needs to be able to break free
from the atom.

And this is where sunlight comes in.
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Since photons have energy, when a photon strikes an electron, it can transfer some of its
energy to the electron. 

If this transferred energy is ≥ the band gap, the electron will escape from the atom,
allowing it to move freely through the material.

And when free electrons flow through a material, what do we call it?

Electricity!

It’s important to note that this is a very simplified explanation of how solar panels work.

I purposely left out some details to keep things easy to follow.

If you’re craving the full nerdy (yet super consumable) explanation, be sure to check out
my book, How Solar Panels Work!
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We mentioned earlier that current is the flow of electrons through a conductor. 

But what we purposely left is that there are 2 types of current; Direct Current (DC) and
Alternating Current (AC). 

The main difference between them is the direction in which the electric current flows. 

In Direct Current (DC), the electric charge flows in one constant direction. Think of it as
water flowing through a pipe.

3.
Solar Inverter — The Device That
Humms

In Alternating Current (AC), however, the electrons move back and forth, reversing
direction many times each second. It’s more like the ocean tide, constantly moving in and
out.

No matter where you are in the world, your home’s electrical system runs on AC, mainly
because it can travel long distances with less energy loss compared to DC. 

Now, here’s the catch: Solar panels produce DC. 

This means that we need something to convert this DC into AC for our homes.

IThis something is called an Inverter. 

So, in a nutshell, your home and most appliances use AC, solar panels generate DC, and
the inverter is the device responsible for converting the DC into AC.
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4.

You don’t need an entire section of me talking about what batteries are. 

They’re just batteries. Take it or leave it. 

What I’m gonna say, though, is that electricity can’t be stored

Batteries — Optional But Often
Worth It

Yes, you read that right. 

The energy carried by electrons — electricity — can’t be stored directly. 

In Batteries, for example, we use electrical energy to drive chemical reactions (electrical
energy to chemical energy).

When you need that energy back, the battery undergoes a reverse chemical reaction,
releasing the stored energy as electrical power you can use (chemical energy to electrical
energy).

In Pumped Storage Hydropower (PSH) — which is the most common utility-scale storage
system — we use electricity to pump water uphill into a reservoir (converting electrical
energy into potential energy).

When we need this energy back, we open the reservoir, and as water discharges, it spins
a turbine that generates electricity.

We can, however, convert this electrical energy into another form of energy that we can
store.s — electricity — can’t be stored directly. 
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5.

Batteries are a bit sensitive — they like to be
charged just right. 

Too much charging current, and they can
overheat or wear out faster. Too little, and they
won't store enough energy.

Charge Controllers
— Please Use Them

Solar panels, however, aren't exactly consistent. The amount of electricity they produce
can vary with the sunlight intensity throughout the day. 

That’s why we use a Charge Controller to regulate the flow of electricity from the solar
panels to the batteries.

Without it, your batteries might get overcharged, which is just a fancy way of saying they
could get damaged or even become hazardous. 

And trust me, you don't want that. 

Charge controllers also regulate how much electricity you can take out of your batteries.

Batteries have something called Depth of Discharge (DoD), which is the maximum
amount of energy you safely drain from them without causing a lot of stress — I told you,
they’re sensitive. 

Draining more electricity than the Battey’s DoD can severely damage your batteries and
reduce their lifespan.

In a nutshell, charge controllers regulate the charge going in and out of your batteries,
protecting and making sure they last longer.
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6.

Solar systems often consist of many strings — that’s solar panels connected in series. 

To connect all these strings together, making the entire solar array, you need a
Combiner Box.

Combiner Box — Keeping Things
Organized

Think of the combiner box as a power strip for your solar panels.

It takes the individual wires from each string and combines them into one larger wire that
goes to your inverter. 

This keeps things tidy and makes your system safer and easier to manage.
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7.

When it comes to electricity, things can go wrong. And when they do, you want
something in place to protect your system from damage. 

That’s where fuses and circuit breakers come in.

Fuses & Circuit Breakers — The
Protectors

Fuses: Think of a fuse as a one-time protector. If too much current flows
through the system, the fuse "blows" or melts, cutting off the electricity to
prevent damage. It’s simple but effective — once a fuse blows, you’ll need to
replace it.

Circuit Breakers: These are like reusable fuses. When they detect an
overload, they automatically switch off the flow of electricity. The best part?
You can simply reset them without needing a replacement.

Both fuses and circuit breakers are critical to preventing electrical overloads, short
circuits, and potential fires. 

They keep your solar system (and home) safe from electrical mishaps.

THE SOLAR EBOOK



8.

We use Disconnect Switches to cut off the flow of electricity from your solar system, so
we can safely perform maintenance, troubleshoot, or shut things down in an emergency.

In solar systems, we use 3 types of disconnects:

Disconnects — Safety First

Solar DC Disconnect: This cuts off the DC power coming from your solar panels,
isolating them from the rest of the system.

Inverter AC Disconnect: This cuts off the AC power coming from the inverter into
your home’s electrical system.

Batteries DC Disconnect: This disconnects the DC power flowing between your
batteries and the system, ensuring you can safely work with your energy storage.

These disconnects are essential for safely isolating different parts of your solar setup
when needed, keeping your equipment — and yourself — protected.
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9.

The grounding system connects your solar components — like the metal frames, inverter,
and other parts — to the earth.

Grounding System — Staying
Shock-Free

The grounding system consists of the following:

If there’s ever a fault, such as a short circuit or lightning strike, the grounding system
provides a safe path for the electrical current to travel into the ground, rather than through
your equipment (or worse, you).

Grounding Electrode: A metal rod (usually copper) driven into the earth, providing
the connection to the ground.

Equipment Grounding Conductors: Wires that connect metal parts of your solar
system (like panel frames and mounting racks) to the ground, preventing electrical
faults from reaching equipment.

Grounding Bus Bar: A central hub (usually the combiner box) where grounding
wires from various components come together, ensuring a reliable grounding
connection.
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10.

In most residential solar systems, we install the solar panels on the roof. 

To do this, we need 3 main components:

Mounting System — Keeping Solar
Panels in Place

Bolts: These hold the mounting rails firmly to the roof. 

Rails: Metal tracks that provide the structure for securing the panels. 

Clamps: They lock the panels onto the rails, ensuring stability in all weather
conditions.

Here’s a quick overview of how the installation process goes:

We Locate roof rafters using a rubber hammer (we don’t use metal ones to avoid
damaging the shingles)

Once located, we use a chalk line to align the bolts and ensure the racking is level.

We drill the bolts to the shaft and seal it carefully.

Once all the bolts are installed, we connect the rails to the bolt heads.

Finally, we connect the solar panels to the rails using the clamps.

If you want to learn more about the full installation process and learn how to do it
yourself, make sure to read my book, Solar Panel Installation — Step by Step.
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Conclusion — Wrapping It All Up
So, there you have it!

We’ve gone from photons in sunlight to the flow of electrons powering your home. 

By now, I hope it’s clear that while solar energy might seem complex at first glance, it’s
really just about understanding how these pieces work together to capture sunlight and
turn it into usable electricity.

Along the way, we covered the essential components of a solar energy system—solar
panels, inverters, batteries, charge controllers, and more.


