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* Please Remember *

Safety First! Everything you do that is related to your DIY project is at your own

risk. Please use safety precautions at all times. If you do not understand something or
do not feel comfortable doing something - consult a professional.

Thank you for trusting our product. Because you trust us, I'd like to return
the favor by presenting you a fresh new project. | hope this project will
mean a lot in terms of mobility, reliability and independence, regarding
your energy independence.

James Hall
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CHAPTER 1. Introduction

a. Basic principal regarding solar energy

There are three main types of solar electric systems: off-grid, grid-tied
or grid-tied with battery back-up. Off grid systems typically use batteries
as their form of energy storage and have been around for many decades.
Grid-tied systems have only gained popularity in recent years, as utility,
state and federal incentives have made the solar system much more cost
competitive with its dirty rivals: the fossil fuels.

These grid-tied systems use the utility grid (the network of wires and
cables that span every city and town in the US) to store their energy,
sending excess energy into the grid during the day and pulling from it at
night.

Every solar system, no matter which type, will always start at the
solar panel. This is where the energy starts, and from there it must enter
some conductor to reach its destination. This conductor is typically an
insulated copper wire. The amount of energy and the distance of the wire
will determine what size wire to use. In an off-grid application, the energy
from the sun typically flows through these components:
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From the solar panel the current flows into a charge controller. This
unit is in essence a regulator of energy. It is a customizable unit that
regulates the flow of energy to the battery and determines how much
energy is being pulled from the batteries at nighttime or in cloudy
weather. Depending on the size of the solar array you may spend
anywhere from under $100 to a couple hundred dollars for your charge
controller(s).

Solar Charge Controller

+&- +0O- +9- +9-

Controllers are available in a variety of sizes and appearances.
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The batteries are a crucial component of your off-grid system. This is
what will be powering your appliances when the sun goes down or behind
clouds. Most batteries now are lead-acid batteries, although as more
funding is being put into the R &D of batteries the chemistry is constantly
evolving and becoming more efficient.

Batteries are also available in unsealed and sealed types. The
unsealed types are much more common due to their lower cost. However,
they do require weekly maintenance to keep their electrolyte levels above
the plates inside the battery. The sealed batteries come at a premium, but
do not require the maintenance, since the electrolyte is usually in a gel
substance.

For either battery you will want to keep them away from any
potential heat or fire sources. A shed or a well vented room in your home
will work best. Try to avoid temperature extremes for your battery bank,
as this will affect the performance negatively.

The charge controller can be programmed to stop flow from the
batteries when they reach a certain depth of discharge (DOD). The DOD is
typically no less than 50% of the battery’s capacity. The further you
discharge a battery on a regular basis the shorter the life span of a battery
will be. For solar applications you will want to use deep cycle batteries.
Wired together, they form a battery bank.
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These may look very similar to car batteries but are only similar in
appearance and greatly differ in their requirements. Car batteries are
meant to be fully discharged and then rapidly recharged. Solar deep cycle
batteries are slowly charged throughout the day and then discharged
slowly at night. Their energy input will vary throughout the day and the
discharge will be sporadic at night, too.

A car battery used for a solar application would not be expected to
last even one year, while a well maintained deep-cycle battery can be
expected to last 6 years or more, depending on the depth of discharge
level you have set and how often you keep the electrolyte levels
maintained.

If you are using just direct current (DC) loads you will not need an
inverter and can just charge the loads from the battery, assuming the
voltages match up. However, the cost and availability of DC appliances
remains an impediment to the solely DC home.

Alternating current (AC) appliances dominate the home appliance
landscape and require an inverter to change the DC current from the solar
array to AC current for your refrigerator, TV, lights, etc. You should expect
to spend around $0.50/watt or more depending on the size of the inverter
needed.

Typically, all but the largest residential solar systems will work fine on one
inverter.

Inverters, like the charge controllers, will vary in shape and size
depending upon the inverter’s output rating and manufacturer.
You may be able to save some money on larger systems by purchasing an
inverter that has a charge controller inside its circuitry.
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Check the spec sheets to determine this. Many of the larger
manufacturers of inverters have solar string sizing programs available for
free on their website, so you may want to reference this to determine
what size inverter to use. The inverter’s input voltage window is the main
determination to determine how many panels you can wire together in a
series string, which is why they are often called string inverters.

You can get by with an inverter that is rated below the name plate
rating of the array. For example, a solar array with a name plate rating of
3,300 watts (3.3 kilowatts) will work just fine with a 3,000 Watt inverter,
since you will typically lose up to 20% of the output from the panels from
many factors. Among them, voltage losses in the wires, panel mismatches,
dirt or pollen on the panels and the DC to AC inversion.

Disconnect switches are often times built into the inverters, but
many municipalities require a separate disconnect switch for either the DC
side or the AC side, or both. If you are planning on getting your system
inspected by a licensed inspector or are going to connect your system to
the grid check with your local laws to determine which disconnects you
will need to install. The National Electrical Code (NEC) book, too, has set
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laws on mounting the equipment, such as how high off the ground,
distance from batteries and other components, etc.

Disconnect switches, depending on how many strings of panels you
are creating may need to have an integrated fuse. These disconnects can
be purchased at a local electrical supply or hardware store.

If you are constructing a small array, you may get away with just one
battery, a small charge controller and a low wattage inverter, like the kind
you can plug into your car adaptor. You can plug many AC electronics or
even appliances directly into the inverter, so long as the inverter is rated
to handle the load requirements.

For larger systems, you should opt to run the inverter AC wires
directly into your homes breaker panel with breaker slots allotted for the
inverter. A master electrician’s services should be sought for this step.

To make sure your breaker panel can handle the back fed current
take the busbar rating found on the inside cover, multiply it by 1.2 and
then subtract your main breaker size. The max continuous output current
of the inverter multiplied by 1.25 (depending on which NEC Code year you
reference) must be below this number.

For example, a 200 A breaker panel (standard in most new
construction) with a 200 A main breaker will allow for 40 A to be backfed
(200 x 1.2 — 200 = 40 A). You can typically fit up to about 7000 watts on a
200 A breaker panel since the max continuous output of a 7,000 Watt
inverter is usually close to 32 A. The max continuous output of the inverter
is found in the spec sheet or by contacting the manufacturer.
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Grid-tied systems substitute the utility grid for the batteries. Most
homes that are connected to the grid opt for this service. If going this
route, you will want your utility provider to install a net meter for you.
This meter records the flow of electricity in both directions, essentially
crediting your account for sending excess electricity into the grid.

When the sun is out and your panels are producing more electricity
than your home needs, your meter will spin backwards. When the sun
goes down and the lights come on you begin to pull electricity from the
grid and your meter spins forwards again. Most states have now adopted
net metering for renewable energy systems. If you don’t get a net meter
your old meter may actually charge you for energy consumed and energy
produced!

It is important to note that when you lose power from the grid, you
won’t be able to use the power from your solar array. This is a safety
feature built into the inverters so that if you have a utility lineman working
on the power lines in your front yard they can be confident there is no
current in the lines. If your array were in the backyard feeding the grid and
he was working in the front he would run the chance of having a bad
electric shock.

A small percentage of homeowners opt for a grid-tied solar system with
battery backup. This is more common in places with an unreliable utility
connection like very remote areas or places with inclement weather. Aside
from the extra maintenance and introducing more toxic chemicals into
your home and the environment, you could pay up to 50% more on the
total cost of an installed system by adding battery backup. There are
inverters out there that have grid-tied/battery backup capabilities, but you
may need two inverters for this option.
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Having a crucial load subpanel is a good option for when the power
goes down and you are drawing from the batteries. This isolates some of
your electric loads on a separate breaker panel so that you won’t pull
down the battery’s storage too fast by running unnecessary loads.

b. General technical reqards

The sun’s rays are comprised of many tiny photons of light. These
photons, while technically without matter, do possess energy. These little
balls of energy multiplied many times over strike the surface of the solar
panel and cause the necessary commotion to knock the electron free in
the solar cell.

Solar cells are typically made up of high grade silicon as the
semiconductor, but this alone is not sufficient to create an efficient
enough solar cell. However, if a doping agent is introduced, commonly
boron and phosphorus, it causes an unbalanced chemical structure, with a
surplus of electrons in the silicon-phosphorus layer on the front surface of
the cells.

This creates a negative charge and is referred to as the N-layer.
Boron is often added to the back layer of the cells, creating a silicon-boron
mixture that has a positive charge and can easily accept extra electrons,
often referred to as the P-layer.

In between the two is a positive/negative junction, or P/N junction.
This middle junction between the other two layers has a neutral charge
and will only allow the flow of electrons in one direction; from the P-layer
to the N-layer.

Inherently, electrons like to move from negative to positive charges,
and the only pathway for the electrons to return to the P-layer from the
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N-layer is through the conductor, which offers them very little resistance
and allows them to flow out of the surface of the solar cell.

It then returns to the solar cell through the completed circuit into
the Player.

By taking this flow of electrons, or electricity, and attaching a load to
its circuit you make the electrons do work and have usable, renewable
energy.

When each photon hits the cell it carries enough energy from the
sun with it to excite one electron in the cell into the movement that
creates the electricity. That is where the importance of the sun comes in.

Without an outside energy source, the circuit would not flow.

However, when there is enough sunlight, the electrons from the P-layer
leave their unbalanced atom and leave holes behind, which are easily
filled by new electrons returning from their work in the circuit. This
process happens until the sun sets for the day and they lay in wait for a
new day.

A blocking diode on the positive lead prevents any current from the
cells at night and draining the batteries. You can wire the solar cells
together to form a solar panel. When solar panels are wired together they
form a solar array.

Of the three, monocrystalline cells are the most efficient, while
polycrystalline cells are a close second.

Amorphous cells, while considerably less efficient tend to cost only a
fraction of what the crystalline cells do. The crystalline cells comprise the
panels that are typically used in residential installation. Because they are
so much more efficient than the amorphous cells you do not need as
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much roof or ground space to provide enough energy to offset a typical
home’s usage.

However, due to amorphous panels’ low costs they tend to be
preferred for many commercial applications, since space is not an issue in
many cases.

When you know both the voltage and amperage of a solar cell you
can multiply them together to find its rating in watts. Completed solar
panels are rated in watts, so it’s important to understand this formula.

Knowing just two parts of the formula, you can also derive the third
component. For example, understanding the basic formula V (volts) x A
(amps) = W (watts) allows us to derive the amps from a 100 Watt 18 Volt
panel.

VxA=WorW/V=A
100w / 18v = 5.55 amps that the panel will deliver

Once you know the voltage and amperage of your solar cells you can
begin to wire them together to form the solar panel.

The solar cells are wired together with conductors, commonly tab
ribbon. This allows us to take the single solar cell and pair it with similar
cells to create a solar panel with customizable power outputs.

So, let’s start to see how you can make this at home with a very
decent budget and effort. This device is a solar charger but it can be also a
small solar generator; in order to make it a power solar plant you can scale
it up to your requirements

First, let’s see what we need to complete this project.
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CHAPTER 2. Tools and components

a. Tools

Pliers

Flat and Cross Screwdriver;
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Cable Crimper Pliers;

Decorticator pliers;
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Sliding Measuring Calipers;

Fixed Wrenches;

Plastic Cable Ties;

© 2023 SolarSafeGrid.com. All rights reserved
PROTECTED BY COPYSCAPE DO NOT COPY

16



Hand Drill

Multimeter (Amp\Voltage Measuring Device).
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b. Components (electronic parts needed)

MC4-Female MC4-Male

Solar Panel Cable Coupling — 4 pieces each;

Power Inverter 12V — 110V (220V) at 800W / 600W;
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Solar charger controller — 2 pieces;

Electrical cables for wiring (red and black) #1.5-2mm- 3.5 ft (10 m);

Industrial socket for coupling the solar panels — 2 pieces
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Connectors;

On/Off Switch;
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Socket for 110V or 220V;

Car Lighter Socket 12V;
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USB Socket;
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2x Lamps 10W or 20W;

Aluminum Profile — 4 pieces;
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4 x 100 / 110W Solar Panels;

2 AGM or car batteries from 60 A and above;

© 2023 SolarSafeGrid.com. All rights reserved
PROTECTED BY COPYSCAPE DO NOT COPY

23



24

2 professional toolboxes with a clipping system for better
maneuverability and ergonomics;

For testing the Device we'll use a cell phone and other household
devices.

Next you'll see the step-by-step assembly process, and we'll do a
final recap at the end of the video.

CHAPTER 3. Assembling and Wiring the Box

3.1 Preparing the boxes

Remove labels and any other fastening elements. While we
exclusively used new products, it is not mandatory for you to do the same.
However, it is essential to choose safe, high-quality products.

We will start by marking out the external elements of the box. We
will label each component on the box (hence, it's important to have a
light-colored marker to mark on black boxes). Measure the size of the
reflector and trace its dimensions on the box. If you have irregular shapes,
try to trace as close to the inner contour as possible.
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On the opposite side of the box, we will attach a power coupling,
which will ensure connection with the panels. In this regard, we will
measure the diameter of the coupling using a caliper.

On the front side, we will mount a standard consumer socket, a USB
socket, and a 12V car socket, a battery charge indicator, and a switch to
disconnect the sockets. Another switch that will control the turning on/off
of the spotlight will be fixed on the side with the spotlight. The sockets will
be measured at their inner diameter, and their position will be determined
while considering the box's opening system.

For a cleaner appearance of the box, we will aim to symmetrically
align each socket vertically and horizontally. We will account for the inner
diameter and ensure that we always have a margin that, even if it needs
slight filing, will not be too wide. The positions of each element are
indicative and can be chosen based on your convenience and preferences.

First, we measure each component, then we mark it on the box.
Verify to see if it’s well placed, and only after that, make the cut. This is
the golden rule to measure right and ensure that all the components will
fix just in place. Measure twice, cut once.

The last to be marked will be the socket switch. The cutting path will
be made inside the marking. We will also mark the spotlight switch. We
will repeat all markings on the second box in the same order. For the
spotlight part, we will explain another marking method using its frame,
with the marking to be cut on the inside.

The coupling, sockets, and switches will sequentially receive their
respective markings on the box. Both boxes have the positions of the
external elements marked; next is the cutting of each position individually.
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Straight cuts will be made using an oscillating saw in our case, and
the round ones with the help of routers. After cutting, burrs are removed
using a cutter, with the necessary caution to avoid injury. If you don't have
a sufficiently large step router, you can use an electric router or any other
manual device (saw).

Once the cuts are completed, we will fix the spotlights, noting that
the chosen model has fixing screws on the corners. We will mark the
screw locations and use a drill for drilling. After drilling, we will fix the
screws using the drill. We will then drill the box for the fixing locations of
the consumer socket and fix it with casing screws, and on the reverse, we
will fix the nuts for the socket frame.

The other sockets, USB and 12V, will be pushed into their places. If
certain burrs prevent entry into the socket, they will be slightly widened
using the router.

IMPORTANT: Do not force to avoid cracking the box.

If any adjustment is needed in order not to force the attachment of
any of the components into the box, a small drilling / or burrs removal will
be performed.

Also, make sure that when you press the socket into the box, you
have a counter part from the other side, so it won’t crack.

We will also fix the power coupling. If the chosen sockets have a
gasket, then just pressing is sufficient. If not, use sanitary silicone for
sealing.

In our case, will perform some drills to fix it with screws. Because it’s
the power socket, we need to fix it tight to the box, in order to have all the
safety measures when handling / transporting the box.
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This is how the completed box looks, with the elements attached to

the casing.

We perform the same operations for the second box.

This time, we will also show you how to apply silicone if needed.
Wipe off the excess with a damp cloth.

Once the attachment of the sockets and spotlights is completed, the
next step is the wiring of the boxes.

3.2. Wiring the boxes

The first step is to wire the plug that will connect the 220V / 110V
output of the inverter to the consumer socket. For this, after connecting
the plug to the inverter, we will measure the required wire length to reach
the socket, ensuring it is neither excessive nor too tight.

First, we strip the ends of the wires to connect them into the plug.
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For this purpose, we will position the inverter demonstratively,
without fixing it, just to gauge the necessary cable length. We cut the
cable and strip its ends, after which we connect it to the 220V / 110V
socket. You can use terminals for a better connection.

Currently, we also measure the wires for the socket switch. For those
who are very meticulous, the joints with the switch cable can be soldered
using a soldering gun. We opted for the simplest version, using insulating
tape.

The spotlight is connected as follows: the yellow wire (ground) is
nullified (cut off/isolated). One of the wires goes to the switch, and the
other goes directly to the 220V/110V socket in the switch.

Attached you have the electrical diagram for the connections:

Diagram 1. Wiring inside the box Legend:
s Positive connection

Warning!

Make sure the connections are
made with the invertor off!

. ‘
L=

';.
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For the inverter, we will adhere to the color code, considering we are
working with direct current: red for positive, black for negative. Once the
ends are fixed in the inverter, we will determine the cable length needed
to connect to the battery, keeping in mind the same observation: cables
should neither be left too long nor too tight, risking disconnection. With
the battery already positioned, we will also connect the 12V sockets, and
fix the necessary terminals on the ends of the USB/12V sockets for direct
connection to the terminals.

For an easy connection, we’ll use cable connectors at one end of the
cable (the one that will be connected to the battery. The other end of the
cable will be either soldered or simply connected to the cable of the 12 V
sockets, and then taped.

All positive (red) wires will be connected to the battery's positive
terminal using a screw directly into the battery, and the negative (black)
ones to the negative terminal.

After wiring the 12V and USB sockets, we will also wire the battery
charge indicator. For those who did not understand just from the video,
please also consult the diagram in the documentation.

The last to be connected is the coupling that will link the panels and
the box (battery). Here too, we use the color code, but we will mark on
the terminals which is the positive (red) terminal. Ensure the terminals are
correctly mounted and the connections in the coupling are tightly secured.

Once the wiring is completed, we remove the battery, clean the
inside of the box from burrs, wire remnants, etc., and proceed to mount
the inverter and battery inside the box. You will now more easily observe
how the connections are made.
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The inverter has red and black wires at one end for connection to
the battery, and a consumer socket for 220V/110V at the other end. The
connection between the box socket and the inverter socket is made
through wires with a plug at the end, as you saw above.

Press gently to secure.

For fixing the battery, we will use the foam part that came with the
box, cutting off the excess while leaving some space around for wires.
First, fix the foam support and then the battery. Ensure all cables are
pulled to the side and do not obstruct when placing the battery inside.
With the remaining pieces, stabilize the positioning, especially around the
main switch. Ensure everything is okay and there are no loose parts. If
needed, and if you find it useful, you can use double-sided tape on the
back of the battery for additional fixation.

After positioning, all negative (black) terminals are connected to the
battery. Similarly, the positive (red) ones. Tightening will be done using
screws and a wrench. Before connecting to the positive terminal, ensure
the main switch is in the off position.

After tightening the terminals (solid but not overly tight, with slightly
flared connectors), we will secure all the wiring with cable ties. Also, all
contacts inside the box will be insulated with insulating tape or shrink
tape. Proper insulation and proper cable arrangement will significantly
reduce any risk regarding the use of the boxes.

We have now reached the end. Turn on the inverter (the battery has
some charge in it), close the box, and press the button. For disconnection,
remember to also turn off the inverter!
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As you notice, you can leave the light on but have the rest of the
consumers turned off for better battery power management.

Similarly, we will prepare the second box, with the wiring being
perfectly identical.

For an extended period of non-use, we recommend completely
disconnecting the battery (both terminals down) and bundling the cables
corresponding to each terminal in an insulated bunch.

The only difference is given by the size of the inverter and the
positioning of the 220/110V output socket.

Here is the final version, with both boxes built from scratch.
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CHAPTER 4. Assembly and Wiring of the Panels

4.1 Tools and Components Required for Solar Panel Production

Before we begin, it's important to note that the tools utilized here
surpass the minimum requirements. They are included in this presentation
because they can save time during project assembly. Lack of a particular
tool does not preclude you from completing this project.

Consequently, the tools used in this tutorial include:
- Wire stripping pliers
- Various types of screwdrivers

- Marker for markings
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- Adjustable wrench

- Cutter

- Insulating tape

- Screwdriver bit set

- Cordless drill

- Measuring tape

- Wood/metal drill bit set
- A measuring device

In terms of materials, the list of items you'll need for connecting the
panels is as follows:

- 6 mm cables for connections - 10 meters

- Double cables for internal connections (power cable) - 4 pieces of
identical sizes

- Power connectors - 2 pieces
- Y-type solar panel connectors (for parallel connection) - 4 pieces

- Charge controller (specific characteristics such as voltage, amperage,
etc., may need to be checked) - 1 piece

- Separate connectors - 4 pieces
- Locks - 2 pieces

- Hinges - 6 pieces

- Carrying handles - 2 pieces

- Corresponding screws and nuts
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- Aluminum brackets - 4 pieces

- 4 photovoltaic panels 100/110 W

4.2 Preparing the Panels for Use and Panel Wiring

We will position two panels back-to-back, aiming to create a single
"suitcase" type panel.

Initially, the attachment of the hinges is paramount. Utilizing three
for each set of panels, we mark the location of the holes on the solar
panels' frames. Selecting a drill bit that corresponds with the size of the
chosen screws, we carefully drill into the panels' aluminum frame. Post-
drilling, the hinges are attached. First, the screws are inserted into the
designated holes, with their final tightening adjusted at the hinge end. For
the bottom panels, it's recommended to insert the screw first, followed by
securing it with a nut.

Aluminum corner brackets will be utilized as lifting supports to
establish an optimal angle for the panels, thereby maximizing the
efficiency of solar energy capture. These brackets will be attached to the
inside of the frame and anchored using wooden reinforcements,
enhancing the attachment and ensuring safer and more effective use of
the arm. The wooden plates are attached as depicted in the image, using
wood screws, after which the aluminum corner bracket is secured to the
wooden plate. This solution was chosen to provide sufficient sliding
distance from the panel's surface. The same operation is repeated for the
arm of the second panel.

Once the “arm” is installed, we do the same operation to the other
solar panel.
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IMPORTANT: Ensure correct sizing by measuring the same attachment
distance from the panel frame's corner for the wooden plates, so that the
support arms are assembled equidistant from the edge.

Subsequently, we will affix the handles, measuring according to their
size and identifying the panel's center. Drilling into the panel frame, the
handle is secured by tightening. To amalgamate the two panels into a
single entity, a lock will be employed for each set individually, ensuring
they remain closed and immobile during handling/transportation.

Securing the lock proceeds similarly to the hinges, with initial
marking of the holes. Careful drilling at the markings is followed by affixing
the lock (both upper and lower parts using screws).

HINT: The marking for the upper part of the lock should be made in the
"closed" position.

Once secured, they will provide optimal fastening of the panels for
transportation to any desired location. We opted for this variant as it
offers maximum mobility and flexibility, eliminating issues caused by
affixing the panels in a stationary location (such as a roof).

4.3 Cable Preparation and Panel Connection

We will utilize the double cable (power cable), stripping it at both
ends. One end is inserted into the power plug, with wires introduced into
the corresponding slots of the coupling plugs, ensuring consistency with
the respective colors. The coupling on the plug is tightened, followed by
securing the screw at the back for stabilization. The same procedure is
applied to the other power cable.
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IMPORTANT: Remember the color code for + and -. You can mark on the
industrial socket the + sign.

The subsequent step involves preparing the cables for connecting
the panels. Utilizing the individual connectors, we strip the wire ends and
affix the connector to the wire as depicted in the image, proceeding in this
manner with both ends. Male connectors will be used for +, and female
connectors for -.

g co Gétting Started
harga ntrodlar
Solar Panel A waRNING: Connect Battery 1o chanpe

oonbrofer before 1ol parsis. to prrvent
ereversible damage bo companents
Adaptor Kit
-. - 1. Conast batbinry o chiipe ohnlioller
| e 1. Conmsct solar panel bemale MC4
cornctod inho the Adapted K" malke
WAL connactor
1 Conssect soler pansl make MC4
corler it the Adspter Kit's
ferrale BACA comnecton
4. Consd negities 1007 panil g Big
| naegation solae bedrminal of the chanpe
g Tray Cables conirplier
= Battery

5 Consset positeed Loled pasel less inkg
povitive jolar termingl of the changs
coniroler

{Optional)

— i & Conredt negatne hatbery Terminal ba

the reegative port of the powes
imverter

Power Inverter (Optional)

7. Connsdt podithes Battery torminsl bo
positive port of the power iInverter

I A bAGle MO Connecton S Female MO Connector =) Ring Tenminal I

A set of shorter cables (red and black) - approximately 50 cm, will
also be prepared to provide the “exit” from the charge controller. They
are connected to the charge controller.

Power cables are connected in parallel (plus to plus, minus to
minus). In the image, brown denotes +, while blue represents -. These will

© 2023 SolarSafeGrid.com. All rights reserved
PROTECTED BY COPYSCAPE DO NOT COPY



37

be connected to the charge controller and will proceed to the boxes for
battery charging.

Wiring Solar Panels in a Series Circuit

OBSERVATION: Consistently, the plus from the battery must correspond
with the plus on the charge controller. Thus, it is vital to remember both
the color used for the plus terminal and the connection in the power plug.
For convenience, you may mark the plus terminal, analogous to how the
phase is marked on a plug.

Subsequently, the panels are connected in series: one of the plus
terminals from the first panel to the minus on the second. The plus
terminal from the second panel is connected to the Y connector, into
which the plus from the entrance to the controller is introduced. The
minus from the controller is connected to a new Y connector and to the

minus of the first panel. In the plugs remaining free in the Y connectors,
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the second set of panels will be connected, plus to plus and minus to

minus, adhering to the same principle as stated above.

Joining Solar Panels in Series Parallel

- _ gy

Branch Connectors or Combiner Box will be needed for
this type of connection depending on individual system

design regulations.
R
= al

- g
MC4 Connectors

omo

Solar Panel

Solar Cable Negative

Solar Cable Positive

The final operation, post-connection completion, is to affix the
charge controller to one of the panels, on the interior side, ensuring they
are independent of the boxes. This step also maximizes mobility and
flexibility in the panels' movement and use. Gently press after applying
the double-sided adhesive tape. Ultimately, the basic set of panels used
for this project appears as follows. While the other set is optional, this set
(where we affix the charge controller) is mandatory to utilize the boxes.

© 2023 SolarSafeGrid.com. All rights reserved
PROTECTED BY COPYSCAPE DO NOT COPY



+
+
+
+
+
+
+
.

L e e S TR P
L A A e S I 3
* 4 4 2 e+ e
¢+ 4+ + o+ e o

| Solar Panel

60W, 12V, 5A
Panels In Parallel

Charge
Controller

\  DCLoad

Direct Load Not Connected

i.e, Panels will supply 20A to the Battery
Charging purpose only, which we can use it
later during Night time or in Emergency

+
Batteries In Paralle I

AiNot Connected)

AC 220V

39

(fans, Lights) (Suppose load is 800 W)

+{[= <2200

| AC Output

Inverters
1000W

)

12V, 100Ah

+ Battery -|

12V, 100Ah

220V
DC to AC inverter

Displayed here is the final assembly, featuring two sets of “suitcase”
type panels and the two boxes.
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4.4 Recap — short review of the process

Let's recap. From the solar panels we have to outputs (negative to
negative and positive to positive). These will connect to the controller,
which will be connected to the battery bases.

Solar Panel
60W, 12V, 5A
+
Panels In Parallel AC 220V
(fans, Lights) (Suppose load is 800 W)
L s ON = ON
|5 off B B
| Charge 2 J J
| Controller B S . e
ey, p—
- + - 77 ;

\ DCLoad
FewwlliNot Connected)

#{[= D<220v

AC OQutput

Inverters
&g 1000W

Direct Load Not Connected

i.e, Panels will supply 20A to the Battery
Charging purpose only, which we can use it|
later during Night time or in Emergency

Batteries In Paralle

220V
DC to AC inverter

12V, 100Ah

+ Battery _|

12V, 100Ah

The green LEDs show that the panels are already charging. The
inverter is also connected to the battery through an on/off switch on the
positive side, and the negative coupling is connected directly to the
battery. The 110V (220V) socket is connected through a plug to the
inverter and also connected with the 10W lamp to a switch. The 12V
sockets go directly to the battery, following the polarities (red to red and
black to black). We also have a switch connected to the battery and also
to a switch. This will show you how much battery you have at your
disposal. All the appliances will be connected to the 110V / 220V. If you
have more than one, you can add an extension cord socket. The maximum
amount of appliances that can be connected to the box is given by the
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maximum output of the inverter. For example, if you have a 800 W
inverter, you can connect a number of appliances of which amount of
power needed is 800 W. We also recommend to use though no more than
700 Watts.

NOTE: on the back of every appliance is written the power absorbed.
For example, a new model of TV is about 70 to 90 Watts (top), a new
fridge is about 130 to 150 Watts, a microwave is about 1500 Watts, a LED
light bulb power absorbed is between 5 and 15 Watts, a vacuum cleaner
can need up to 350 Watts and so on.

Below you can find in full size the three diagrams for wiring: the one
for the boxes (inside connections) and the one for the connections of the
solar panels to the boxes:
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Diagram 1. Wiring inside the box Legend:

DC Current.

—— Negative connection

s Positive connection

Warning!

Make sure the connections are
made with the invertor off!
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Joining Solar Panels in Series Parallel

-
-
Branch Connectors or Combiner Box will be needed for
this type of connection depending on individual system

design regulations.
-

o] [ o] [o

-t gan—
MC4 Connectors

omo

Solar Panel

Solar Cable Negative

Solar Cable Positive
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Here is the list where you can find the most important components for

this project:

For Solar Panel Battery Charging Controller 60A 12/24v:
Amazon: - version one: >> Click Here <<

- Version two : >>> Click Here <<<
- Version Three : >> Click Here <<

Walmart: >> Click Here <<

eBay: >>> Click Here <<<

For AGM battery 100A 12v:

Walmart: >>> Click Here <<<

eBay: - version one : >>> Click Here <<<

- Version two: >>> Click Here <<<
- Version three : >>> Click Here <<<

For Solar Panels:

a. Amazon.com >> Click Here << or >>> Click Here <<<

b. Walmart.com >> Click Here <<
c. Enjoy-solar.de >> Click Here << (a good kit)
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https://www.amazon.com/WERCHTAY-Controller-Intelligent-Regulator-Adjustable/dp/B09XDY4RVL/ref=sr_1_43?crid=2S4VLLP1JQOUH&keywords=solar+charge+controller+60a&qid=1699277403&sprefix=solar+charge+controler+60%2Caps%2C244&sr=8-43
https://www.amazon.com/Controller-Backlit-Display-Temperature-Flooded/dp/B0C211V9L6/ref=sr_1_56?crid=2S4VLLP1JQOUH&keywords=solar%2Bcharge%2Bcontroller%2B60a&qid=1699277425&sprefix=solar%2Bcharge%2Bcontroler%2B60%2Caps%2C244&sr=8-56&th=1
https://www.amazon.com/Controller-Battery-Intelligent-Regulator-Display/dp/B0BLVMC2JS/ref=sr_1_6?crid=2S4VLLP1JQOUH&keywords=solar+charge+controller+60a&qid=1699277340&sprefix=solar+charge+controler+60%2Caps%2C244&sr=8-6
https://www.walmart.com/ip/MPPT-Solar-Charge-Controller-TSV-100A-Panel-Regulator-Renewable-Energy-Controllers-12V-24V-Auto-Focus-Tracking-Panels-Battery-Controller/274616791
https://www.ebay.com/itm/404595241936?hash=item5e33c173d0:g:nL8AAOSw6-JlRE8W&amdata=enc%3AAQAIAAAA8B5HeEjzd4WCBAcLOB3f6an4pnd5zKmgu5fW0ADkSbkYr79V4%2FcytABaH80shuynJhocGPG5cvdJ7rTbbvFnVwWApKdFKzrXAIq%2FCda%2F%2BDxBr6BD6nQ83J7T4RjAMn6LVGrk06Pa79Xp8yX45fx4hbih4HX130LbcvrNn9vX0%2BjFFhfS5q0p5ZjtVfRjDavTEA9ocQF7aaLD41lXEVO6OOxlBNgoKHXahc1aJrJV%2FvcT8LQZK77gONqg%2FWCachCwljDrnmQcx2jOWEgT0zMwvV0OcLRbXLey7bzejZf6P%2BJqi3SiQiv3s2RDhGxtyXafHw%3D%3D%7Ctkp%3ABk9SR5rapc_0Yg
https://www.walmart.com/ip/Renogy-Deep-Cycle-AGM-Battery-12-Volt-100Ah-Home-Improvement-Renewable-Energy-Marine-RV-Carbin-Solar-Storge-Maintenance-Free-off-Grid-System/464076661?athbdg=L1600
https://www.ebay.com/itm/384205107569?hash=item597468b171:g:WHkAAOSw49FlG8SR&amdata=enc%3AAQAIAAAA4Ps6OTZSGDGaMTGVA15kHq4BEwww7yGdsYH59fppRvXrH6Ctsk10yPl%2BM5ffz5efZi15Zv%2FwBYjC4%2Fpj3AGBc72SVO2dnl%2Fc5VBa5YbMVmp31Bk9a2pKVywHmlDxcw6ppAsGpyFnIZxcTyjGiCS%2Fxyyd%2FclAJdJ0Mfu2FaNCg%2BaOUK8OhFCy3sJkpwHr2zPqAQ4xfNEUenyZlN%2FYRmCI18LtFKf6ENAn2KdKDgBsH82gm1HU%2BF6wAd2I%2FtxxNlwmTodFAMUhQHl7aHCffkBdu%2FoDuAfrmEnoUJ8ICpsC9xbH%7Ctkp%3ABFBMzuvhzvRi
https://www.ebay.com/itm/303581344418?epid=2256404692&hash=item46aedbb2a2:g:hIcAAOSw5r5e3cuU&amdata=enc%3AAQAIAAAA4MI63g93iOvls2MqhdXhxged9V8g5Cd1ii7HrINwVge9dW1aiXvRJR0vCTs1tOvOxKLic8U5lcaXReHk6Eh5OmToNikEtRdWyPxIJgjqRLe%2BgQgSfDltIKoBlNCj28%2BEIcpq7gnyRhUILfOGMbVCEJYL5rErdOdlFrtwr%2FD03vxPeXbfZLaZxpUhHR%2B1nxb0ziUJj7R0z3OrqrLjfveDJJjJ3Ooavr%2BHaD07XDm1KjSQka4FWTOZnFdwb1hNu4F93sLeoWwWeugAFzWuzT9e8DvyO0rvUhI9k%2BAlqyVzK2cO%7Ctkp%3ABFBMzuvhzvRi
https://www.ebay.com/itm/386008785062?hash=item59dfeaa0a6:g:maQAAOSwDedk5XYz&amdata=enc%3AAQAIAAAA0Fakf1uKxQhvC8dU707T2%2BRI6Gwnp5CWs1r82SGNRFS6CtOtXKcsVLNu7%2F9kca4GAgRoMoAu%2FwEVlOODINX%2FQV7WigoBHeDNV0xVHoq%2B3ThkB7oAQRkeK0CUJFi60%2BX%2FB7k8wRZMoeM4IGoPIYY00OCRdCP81Lpvm4a%2FFF4g1JNdW6dEjbWq5copDPJPP8QNbj5gPOkig%2BH%2Fh1Z%2FuI6clTEROBKPmLcoUMtHRHKjo4GHam%2FUn9oEncr0dxDiOUFpOoBqsS4B%2Beq40HuvpZQ1EzM%3D%7Ctkp%3ABk9SR5aF9c70Yg
https://www.amazon.com/Monocrystalline-Efficiency-Charger-Motorhome-Off-Grid/dp/B0CF21SP63/ref=sr_1_17_sspa?c=ts&keywords=Solar%2BPanels&qid=1699284525&s=lawn-garden&sr=1-17-spons&ts_id=2236628011&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1
https://www.amazon.com/DOKIO-Solar-Monocrystalline-Charge-Battery/dp/B07NVJLLZ5/ref=sr_1_25?c=ts&keywords=Solar%2BPanels&qid=1699284525&s=lawn-garden&sr=1-25&ts_id=2236628011&th=1
https://www.walmart.com/ip/Eco-Worthy-195W-12V-Monocrystalline-Solar-Panel-Module-for-Off-Grid-Outdoor-PV-Power-Generation/1350623914?athbdg=L1600&from=/search
http://www.enjoy-solar.de/Komplettangebote/Campinganlagen/Starter-Kit-100W-mit-Mono-Solarmodul-Camping::1168.html

For Invertor 110/220-12v:

a. Walmart.com >> Click Here << or >>> Click Here <<<
b. Eco-worthy.com >> Click Here <<
c. Ebay.com >> Click Here << (for upgrades)

For 110/220v Panel Mounting Socket:

a. Alliedelec.com >> Click Here <<

For 12V Auto Socket

a. Amazon.com >> Click Here <<

For USB Socket:

a. Amazon.com >> Click Here <<

For ON/OFF switch:

a. Amazon.com >>Click Here <<

For Terminal Connectors (on the cables):

a. Eco-worthy.com >> Click Here <<

For Digital battery monitor:

a. Amazon.com >>> Click Here <<<
b. eBay : >>> Click Here <<<
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https://www.walmart.com/ip/Yinleader-Power-Inverter-1000W-2000W-Peak-DC-to-AC-12V-to-110V-1000W-Car-Inverter-DC-12V-Inverter-with-3-1A-USB-Car-Adapter/1163093888?adsRedirect=true
https://www.walmart.com/ip/12V-QC3-0-Dual-USB-Car-Fast-Charger-Socket-Power-Outlet-LED-Waterproof-I3U9/1524471360?from=/search
http://www.eco-worthy.com/catalog/worthy-grid-pure-sine-wave-inverter-110v220v-p-531.html
https://www.ebay.com/itm/295932119063?hash=item44e6edc817:g:gNIAAOSwWehlAvNF&amdata=enc%3AAQAIAAAA4DHrNQQDdKLzyBLL2XKV9fcHlApJnIXArWza7ZQ7KlWxHqwsF9CBRkuXb9pcNuneGOV54fF7u10ovLRpgMpPsi%2B8TwK%2FDOjh5Acs5RCnw031MGsbU040NXtqS9PXRHKEGst1%2BP6yFNNAh4mtxulkq5K2iEBA4RX00PY8SC%2FAxwO2%2Bh%2BStMOYC3cf36EBVDA9R0PcE6Z3xKtya2eT0KMHij3dW5SVHJBae1ub2iOVskIZdKKLBDxQ2incSy2w9M7DpM86LrmFY4ZWywDYwjV%2BqYkF9drBzwxCSrt6YSoPxtnk%7Ctkp%3ABk9SR5aar8_0Yg
http://www.alliedelec.com/altech-corp-pmrbu/70025320/
http://www.amazon.com/Marine-Grade-Cigarette-Lighter-Socket/dp/B0002KRC5Y/ref=sr_1_21?ie=UTF8&qid=1449263831&sr=8-21&keywords=12vtechnology
https://www.amazon.com/Charger-Aluminum-Digital-Voltmeter-Motorcycle/dp/B0936RGWZJ/ref=sr_1_19_sspa?crid=2350UTSTYN7VI&keywords=12v+battery+charge+indicator&qid=1699280286&sprefix=12v+battery+charge+indicator%2Caps%2C204&sr=8-19-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&psc=1
http://www.amazon.com/Heavy-Duty-Toggle-Switch-SPST/dp/B0002ZPBRA/ref=sr_1_1?s=automotive&ie=UTF8&qid=1454252675&sr=1-1&keywords=on+off+toggle+switch
http://www.eco-worthy.com/catalog/worthy-10pcs-6mm2-tinned-copper-battery-cable-connector-terminal-p-290.html
https://www.amazon.com/Battery-Monitor-Voltage-Digital-Capacity/dp/B09X35WL5B/ref=sr_1_121?crid=28H1CSAE72MYY&keywords=12v+battery+voltage+meter&qid=1699280450&sprefix=12v+battery+voltage+%2Caps%2C208&sr=8-121
https://www.ebay.com/itm/382595734334?hash=item59147b9b3e:g:I8EAAOSwx5JicvB3&amdata=enc%3AAQAIAAAAwDrUfbmkm9%2FibzG39aORactaGPOJnYMVK8NJJ2C9XUA6HIxdBJll%2BonKnTF749ZRl%2BLCY499vRPyivQ359KkWULFRSZz8SsUwL61carBLZ2Zu33gJOutm5i1JZ%2FuVbfff911sYI0bum7Zxxp4VG5b74%2Flf%2FLdL36GeYlJQuJ5x%2BxyijmcEJsWCeZ%2FTdrOJhxPisiG%2FlZMWKngDyrALb8tpURUiiw6y93q2vwaD4RbpI1h3ucV3Jl%2BIbnP%2BydsEiqPA%3D%3D%7Ctkp%3ABk9SR_DCq9D0Yg
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For all the other components, we recommend you General / Local Shops.

In order to cut your acquisition bill, we recommend you follow these
steps:

- Decide the scale of your system according to your needs.

- See if you can find items like batteries, inverters, cables on General
Shops or even secondhand shops. If you buy anything from a
secondhand shop, make sure that you receive what you asked for
and also a test for the device would spare you for further problems.

- Follow our video guides as much as you need to complete your
device.

Thank you for your time and trust. If you have questions, we'll be more
than happy to answer them on the support address
support@solarsafegrid.com and will reply as fast as possible.

James Hall
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TERMS & LEGAL DISCLAIMER

The authors and publishers both disclaim liability regarding any loss or risk
incurred as a direct, or indirect, consequence of the application and usage of any
of the contents within the Smart Solar Box Program (smartpower4all.com).

By using, viewing, and/or interacting with the Smart Solar Box guide, program,
videos, and/or the smartpower4all.com website, you agree to all terms of
engagement, thus assuming complete responsibility for your own actions. The
authors and publishers will not be held liable or claim accountability for any loss
or injuries. Use, view, and interact with these resources at your own risk.

All products from smartpower4all.com and its related companies are strictly
for information and entertainment purposes only. While all attempts have been
made to verify the accuracy of information provided on our website and within
our publications, neither the authors nor the publishers are responsible for
assuming liability for possible inaccuracies.

The authors and publishers disclaim any responsibility for the inaccuracy of the
content, including but not limited to errors or omissions. Loss or damage of
property, injury to self or others, and even death can occur as a direct or indirect
consequence of the use and application of any content found herein.

Using and working with solar panels, alternative energy & related
equipment/sources, and electricity are dangerous. You are working with many
dangerous factors (including but not limited to electricity, hot soldering
equipment, power tools, the roof of your house if you decide to mount your solar
panel, and many other unknown conditions that will arise during your project) so
seek expert opinions and help when necessary.

The authors and publishers assume that you are aware of all the risks and
possible damage associated with a DIY project and while using electricity and
renewable energy resources.

© 2023 SolarSafeGrid.com. All rights reserved
PROTECTED BY COPYSCAPE DO NOT COPY



49

Check with your local officials, state, county, and country for applicable laws
about home improvements, alterations, and using alternative energy (especially if
connecting to the grid). It is often necessary to obtain local government permits
and licenses to prevent legal implications.

We also highly recommend you consult with your local electrician, and other
applicable home improvement professionals, to assist in your alternative energy
project. Failure to do so could result in injury, loss/damage of property, or death -
you are acting at your own risk.

By choosing to use the information made available on smartpower4all.com or
within any of our publications, videos, or related works, you agree to indemnify,
defend, and hold harmless the authors, publishers, and any other related
company from all claims (whether valid or invalid), judgments, suits, proceedings,
losses, damages, and costs or expenses of any nature that result from the use or
misuse of any information in our Smart Solar Box Program.

The information provided in our DIY program may need to be downloaded
using third party software, such as Acrobat or Flash Player. Moreover, any
downloads, whether purchased or given for free from our website, any
related/affiliated websites, or our web hosting, are done at your own risk. We
give no warranty that these websites are free of corrupting computer codes,
viruses, or worms.

If you are a minor, you can only use the Smart Solar Box Program and related
contents with permission and guidance from your parents or guardians. Children
are not eligible to use our services unsupervised. Further, smartpower4all.com
specifically denies access to any individual covered by the Child Online Privacy Act
(COPA) of 1998.
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